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PASSENGER-TRANSPORT 
CHASSIS WITH 
UNDER-FLOOR ENGINE. 


THERE is little doubt that many advantages are 
to be gained on public-service motor vehicles by 
fitting the engine under the floor. With the engine 
in this position, the benefits of forward control can 
be obtained without the disadvantages associated 
with the usual arrangement in which the engine 
is installed beside the driver. On vehicles of this 
class, the engine usually projects into the cab, 
and unless it is in good condition and exceptional 
care is taken with the fitting of the engine cowlings, 
there is a danger of obnoxious fumes entering the 


but it has been installed horizontally and arranged 
so that those components most likely to require 
attention such as the valve-adjusting screws, fuel 
pump, filters, etc., are grouped at the side of the 
vehicle. This arrangement can be seen in Figs. 6 
and 7, on Plate 1, which accompanies this issue of 
ENGINEERING. Fig. 6 shows the valance of a coach 
body raised to facilitate inspection of the engine. The 
engine is a six-cylinder unit having a bore and stroke 
of 120 mm. (4-72 in.) and 142 mm. (5-59 in.), respec- 
tively. It develops 125 brake horse-power at the 
maximum governed speed of 1,800 r.p.m., and a 
maximum torque of 430 Ib. ft. at 1,000 r.p.m. The 
compression ratio is 16 to 1 and the maximum brake 
mean effective pressure is 110 lb. per square inch. 
A drawing showing a cross-section of the engine 








pins and journals, which are cross-drilled for the 
lubrication of the main and big-end bearings. The 
camshaft is made from a high-grade alloy cast iron 
and runs in seven bearings, the end thrust being 
taken by a large collar on the camshaft front bearing. 
It is driven from the crankshaft through a simple 
train of helical gears which include a spring-loaded 
idler to prevent backlash and a vernier adjustment 
for setting the camshaft gearwheel. The cylinder 
head is formed from two separate units each having 
three bores. As will be seen from Fig. 4, they 
are fitted with “‘ overhead ”’ valves operated from 
the camshaft through push rods and rocking levers 
in the usual manner.. Cleaning doors are provided 
for access to the water passages, and the exhaust 
manifold is in two sections to allow free expansion. 
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driver’s compartment. Furthermore, the heat from 
the engine can render the cab uncomfortably hot, 
a marked disadvantage for tropical conditions. 
With the engine located under the floor, however, 
all such disadvantages are eliminated ; in addition, 
an appreciable increase in the seating capacity is 
possible as the space usually occupied by the engine 
can be used for the passenger entrance. There is, 
therefore, a distinct tendency towards placing the 
engines of public-service vehicles under the floor and 
the latest passenger chassis produced by Messrs. 
A.E.C. Limited, Southall, Middlesex, namely the 
Regal Mark IV single-deck ’bus or coach chassis, 
is fitted with a 9-6-litre under-floor Diesel engine. 
This arrangement permits 40 seats to be accom- 
modated in a single-deck bus body. 

Photographs of the new chassis, arranged for left- 
hand control, are reproduced in Fig. 1, on this page, 
and in Fig. 5, on page 3, from which it will be seen 
that the engine is fitted to the near side of the 
vehicle under the chassis side member. At first 
sight it wou'd appear that placing the engine in 
this position renders it comparatively inaccessible, 


is reproduced in Fig. 4, on page 2. The engine 
casing is split vertically at the crankshaft centre- 
line, the main portion consisting of an integral 
crankcase and cylinder block to which a crankcase 
extension piece and the sump are bolted. The 
cylinder block is provided with renewable dry liners 
of centrifugally-cast iron. The pistons, which are 
made from heat-treated aluminium alloy, are barrel 
shaped to give a true fit and to ensure minimum 
clearance on the thrust faces under working condi- 
tions. The gudgeon pins are of the fully-floating 
type and each piston is fitted with three compression 
rings and one scraper ring. The connecting rods 
are H-section alloy-steel stampings, each rod being 
polished to facilitate examination for flaws; they 
are fitted with solid-type little-end bushes and 
steel-backed lead-bronze big-end bearings. The 
crankshaft is machined from an alloy-steel forging 
and runs in seven bearings, the top halves of which 
are lined with whitemetal and the bottom halves 
with lead-bronze. The main bearings have a dia- 
meter of 3? in. and the connecting-rod big-end bear- 
ings a diameter of 3in. The crankshaft has hollow 
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The fuel-injection equipment is, possibly, the 
most interesting feature of the engine, as it is of 
the pilot-injection type evolved originally by the 
Atlas Diesel Company, Stockholm, and on which 
extensive work has since been carried out in this 
country by Messrs. A.E.C. in conjunction with 
Messrs. C.A.V. Limited, London, W.3, who hold the 
United Kingdom manufacturing rights. The system 
is, designed to avoid the rapid pressure rise due to 
the delay period in injecting the fuel; the charac- 
teristic Diesel knock is thus eliminated. This is 
accomplished by using a two-stage cam designed so 
that initial delivery of the fuel is effected at a low 
rate followed, without interruption, by a higher rate 
of delivery. Owing to the lower injection rate during 
the first period, the quantity of fuel present in the 
combustion chamber when ignition occurs is so 
small that the pressure rise is insufficient to create 
knocking, whereas the heat generated is sufficient 
to ensure continuous burning of the fuel injected 
during the second stage. Obviously, pre-injection 
must take place at a low pressure and the fuel- 
injection nozzle is therefore designed so that it opens 
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Fie. 2. Fuet-Insection Pump. 
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at a pressure considerably lower than that usually 
employed. A spring-loaded non-return valve is 
incorporated in the nozzle to prevent the combus- 
tion pressure from driving the fuel in the nozzle 
holes back into the delivery pipe at the end of 
injection. The only other departure from stan- 
dard practice is the incorporation of a simple relief 
valve at the outlet from each injection-pump element 
to eliminate the reflection of pressure waves set up 
in the delivery pipes at the conclusion of injection. 
If these valves were not fitted, the reflected pressure 
waves would tend to re-open the nozzle valves, with 
consequent dribbling. 

In most other respects, the injection equipment 
follows standard practice. The pump is located 
across the front of the engine, as shown in Fig. 2, a 
position which gives good accessibility, and it 
is driven through spiral-bevel gearing from the 
forward end of the camshaft. A flywheel is 
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to dampen the impulses due to the fuel injection 
pressures, thereby relieving the pump drive and 
governor mechanism from excessive stresses. Idling 
and maximum speeds are controlled by a standard 
C.A.V. centrifugal-type governor fitted to the rear 
of the pumping unit. The injectors are fitted 
outside the cylinder-head covers to give easy access 
and each is fitted with a disc-type filter. The fuel- 
lift pump is of the vertical-diaphragm constant- 
pressure type ; it is fitted to the side of the injection 
pump and is operated by the injection-pump 
camshaft. 

The engine is provided with a dry sump having a 
capacity of approximately 54 gallons. There are 
two gear-type oil pumps, namely, pressure and 
scavenge pumps, both of which are driven from 
the front of the crankshaft through helical gearing. 
The pressure pump draws oil through a removable 
gauze strainer situated in the rear well of the sump 





incorporated in the injection-pump drive coupling 


and delivers it to the main and big-end bearings and 
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to the bearings of the timing-gear idler wheel. A 
low-pressure supply is led to the camshaft front 
bearing and the valve gear, surplus oil lubricating 
the cam followers and the remaining camshaft 
bearings. The scavenge pump returns the oil from 
the lowest point of the engine to the sump and, if 
necessary, a felt-type external oil filter can be 
incorporated in the scavenge-pump circuit. 

The engine cooling water is circulated by a centri- 
fugal pump installed at the front of the engine and 
fitted with a self-adjusting rubber and carbon gland. 
The water is fed into the front of the cylinder block 
and passes into the rear cylinder head through 
communicating holes, the two heads being connected 
by a pipe. The radiator is fitted just ahead of 
the front axle, below the floor of the body. It is 
resiliently mounted on brackets bolted to the chassis 
side members, longitudinal movement being pre- 
vented by a rubber-bushed tie-rod which connects 
the radiator with one of the frame cross-members. 
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Fig. 5. 


The top and bottom tanks are aluminium-alloy 
castings which are bolted to a block built up from 74 
Still-type radiator tubes. The radiator shroud 
incorporates fixed vanes which control the air drawn 
through the radiator by the fan and thereby prevent 
excessive swirl. The shroud also serves as a support 
for the front bearing of the fan-drive shaft; this 
extends from the front of the engine and is driven 
by twin V-belts from the front of the crankshaft. 
This arrangement can be seen in Fig. 8, on Plate I, 
and in 3. The cooling circuit incorporates a by-pass 
type thermostat and a water header tank (shown at 
the top of Fig. 3), which ensures an ample water 
supply and acts as a steam separator. 

The engine is supported by A.E.C.-Metalastik 
flexible mountings. The front bracket is bolted to 
the chassis side member and incorporates a large 
bonded rubber-and-metal bush. The rear mounting 
assembly consists of a cross tube bolted at one side 
to a bracket fitted to the chassis frame and sup- 
ported at the other side by a swinging link both 
ends of which are fitted with a rubber bush. The 
cross tube is fitted with a V-shaped mounting of 
bonded rubber-and-metal construction which sup- 
ports the rear of the engine. Longitudinal move- 
ment of the engine is restrained by a system of 
links and torque reaction by rubber buffers. 

To facilitate removal and installation of the 
engine, the vehicle is provided with a permanent 
hoisting device. This consists of a chain-and-roller 
hoist operated by the wheel-nut brace ; when free 
of its mounting bolts and other connections to 
the chassis, the engine is held at its point of balance 





Pian View oF CuHassis. 


by the end of the chain through a jaw-type coupling, 
and is lowered to the ground by a screw mechanism. 
The lifting gear can be seen in Fig. 9 on Plate I, 
which shows the wheel-nut brace in position ready 
for lowering. It is claimed that, with this device, 
it is possible to remove an engine in 13 minutes and 
re-fit it in 24 minutes. 

The drive is transmitted to the gearbox through 
a fluid flywheel, the driven shaft of which runs in a 
large ball bearing situated in the driving member 
and is located by a roller bearing fitted in the end 
of the crankshaft. The gearbox is an independent 
unit, the drive being transferred from the fluid 
flywheel through the usual form of open propeller 
shaft. It is of the four-speed and reverse epicyclic 
pre-selective type, the various ratios being brought 
into operation by an internal pneumatic piston and 
cylinder assembly. The gears are, of course, in 
constant mesh and the ratios for the various speeds 
are: first, 4-5 to 1; second, 2-53 to 1; third, 
1-64 to 1; top, 1 to 1; and reverse, 6-9 to 1. 
In accordance with usual practice, the pre-selector 
mechanism is fitted below the steering wheel and 
the pneumatic change-speed cylinder operated by 
a pedal. The drive from the gearbox is transmitted 
to the rear axle through an open propeller shaft. The 
rear axle is of the offset underslung worm type, 
there being a choice of three reduction ratios, 
namely: 4-143 to1; 4-571 to 1; and 5-167 to 1. 
The worm and worm-wheel assembly is fitted into 
a one-piece drop-forged axle casing which also 
serves as the load-carrying member. Although the 
general design of the axle follows the manufac- 


turer’s previous practice, several improvements 
have been incorporated. By eliminating screwed 
adjustable housings and introducing shim adjust- 
ment, for example, it has proved possible to fit 
larger taper-roller bearings to the differential cage, 
the parts being arranged so that it is possible to fit 
shims without removing the unit from its casing. 
Furthermore, the worm wheel is pressed on to a 
toothed register on the differential casing, thereby 
providing a positive drive and relieving the securing 
bolts from the shear load imposed by the driving 
torque. 

The front axle is an I-section alloy-steel forging, 
the road-spring pads being formed integrally with 
the axle beam. The king pins are of high-tensile 
alloy steel and are fitted with phosphor-bronze 
bushes at the top and bottom, the thrust being taken 
by hardened and ground spherical buttons. The 
chassis frame is of straightforward design, the 
channel-section side members having a maximum 
depth of 8 in. with 2}-in. wide flanges. The side 
member which supports the engine is reinforced by 
a channel-section flitch over most of its length, 
and the other side member by an angle section 
flitch. The frame is cross-braced by seven channel- 
section members which are hot-riveted to the 
side members. The frame design anticipates the 
use of an integral stressed-skin body, and for this 
reason four outriggers are provided at each side of 
the chassis ; provision is made, however, for fitting 
a conventional body on cross-bearers. Semi- 
elliptical leaf springs are fitted to both the front and 
rearaxles. They have a length of 5ft. 2 in. and full- 
load deflections of 5} in. at the front and 6 in. at 
the rear. An A.E.C. stabiliser unit is fitted to the 
rear axle and Newton directly-acting hydraulic 
dampers to the front axle. 

The steering gear is of the manufacturers’ worm- 
and-nut type. This comprises a rocker shaft fitted 
with a bronze nut which swivels about two trunnions 
and is operated by a worm formed on the lower end 
of the steering shaft. The vertical thrust is taken 
by a ball bearing fitted to the upper end of the 
steering shaft and located in the steering column 
by rubber rings. These absorb any shocks and also 
give the steering shaft freedom to swing about the 
bearing so as to allow for the displacement caused 
by the bronze nut as it passes through its arc of 
movement. The steering wheel has a diameter of 
21 in. and is fitted with a screw jack to facilitate 
removal from the shaft. 

A compressed-air braking system is installed, the 
brakes operating on all four wheels. The brake 
drums, which have an internal diameter of 154 in., 
are made from alloy cast iron and are provided with 
deep wide-section flanges to prevent distortion. 
The brake shoes are fitted with rollers in place of 
the conventional cam plates and these, in conjunc- 
tion with S-shaped cams and worm and worm-wheel 
adjusters, permit the linings to be worn down com- 
pletely without fitting packing pieces. The front 
brake shoes have a width of 33 in. and the rear shoes 
64 in., the total area of the linings being 562 sq. in. 
The linings have a thickness of } in. and, when 
new, are tapered so that they are of equa! thickness 
throughout their lengths when completely worn. 
Air for the brakes is supplied by a single-cylinder 
compressor fitted directly to the engine as shown in 
Figs. 3 and 4, and driven by an eccentric on the 
engine crankshaft. It is provided with a water- 
cooled head and has a capacity of 9-87 cub. ft. 
per minute at 1,800 r.p.m. of the engine. The air 
reservoir, which is fitted to the outside of the 
chassis frame underneath the floor of the driver’s 
cab, incorporates the brake and gearbox operating 
valves, an arrangement which places the whole of 
the pressure-valve gear in an accessible position and, 
at the same time, simplifies the layout of the air 
pipes. The compressed-air brakes are applied by 
pedal in the usual way and the system is designed 
for a maximum line pressure of 80 lb. per square inch. 
The hand brake is of the mechanical type and is 
arranged to apply the rear brakes only. 

The chassis can be supplied in either of two 
widths, namely, 7ft.6in. and 8ft. On the 7ft. 6in. 
model, the front and rear wheels have a diameter of 
20 in., with 6 in. wide three-piece rims, and are fitted 
with 9-00-20 in. tyres, single at the front and twin 





at the rear. Alternatively, 10-00-20 in. tyres may 
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be fitted to the front axle. On the 8-ft. model, the 
wheels also have a diameter of 20 in., but are 
7-33 in. wide, 11-00-20 in. tyres being fitted to 
both the front and rear wheels. A spare wheel 
and tyre are carried underneath the chassis, The 
carrier, which is mounted on twin rails, is fitted at 
the rear on ’buses and in the centre on coaches. 

The lighting and starting equipment is of the 
24-volt insulated-return type with compensated- 
voltage control. The batteries are situated in the 
body, the control box and battery-isolating switch 
being fitted on the chassis close to the batteries. 
The dynamo, which is a high-speed unit having a 
diameter of 7 in., has a maximum output of 1,390 
watts. It is fitted to an adjustable cradle and is 
driven by twin V-belts from a pulley on the gearbox 
input shaft, as shown in Fig. 5. The starter motor, 
on the underside of the engine, is of the axial- 
engagement type and is provided with a steel pinion 
which engages with a detachable hardened-steel 
gear ring bolted to the engine flywheel. The starter 
button and the head, side and tail lamp switches, 
are fitted to an instrument panel bolted to the 
steering column just below the steering wheel. The 
instrument panel also carries a speedometer, the 
air-pressure gauges for the braking and gear-change 
system, dynamo-charging and oil-pressure indicating 
lights, and a two-pin plug and socket for a servicing 
light. The horn button, headlamp-dipping switch 
and direction-indicator switch are fitted to an arm 
extending from the steering column. 

The 7 ft. 6in. chassis has a wheelbase of 15ft. Sin., 
an overail length of 23 ft. 10 in., and a wheel track 
of 6 ft. 2} in. at the front and 5 ft. 94 in. at the 
rear. The width over the front tyres is 7 ft. 5} in. 
and over the rear tyres 7 ft. 5§ in., and the mean 
frame height in the laden condition is 2 ft. 8 in. 
The 8-ft. wide, or overseas, model has a wheelbase 
of 17 ft. 6 in. and can be fitted with either left- 
or right-hand steering. 
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Dynamique Générale des Vibrations. By PROFESSOR Y. 
RocarD. Second edition. Masson et Cie., 120, 
Boulevard Saint-Germain, Paris, Vie. [Price 1,900 fr.] 

VisRATION phenomena, as exhibited by mechanical. 

acoustical and electrical systems, are of funda- 

mental importance. Despite the essential similarity 
between the differential equations governing their 
behaviour, they are usually studied separately. 

Moreover, until comparatively recently, attention 

was almost wholly confined to the simpler types of 

periodic motion, expressible in terms of purely linear 
equations. Professor Rocard, in this compact yet 
comprehensive treatise, covers all branches of 
linear and non-linear vibration theory. Mathe- 
matical methods are freely employed, though with- 
out ever losing sight of the physics of the situation, 
and the reader is assumed to be capable of filling in 
intermediate steps in the analysis. The simplest 
type of mechanical vibrating system is characterised 
by a single degree of freedom and, when disturbed 
from its position of stable equilibrium, is subject 
to a restoring force, proportional to its displacement 
from that position. The free vibration of such a 
system and its response to a periodic applied force 
are considered, after which the effects. of damping 
by solid friction and viscous resistance are investi- 
gated. The more complicated vibrational modes of 
membranes and bars are dealt with later, and 
torsional oscillations are treated in an appendix. 

Electrica] and acoustical analogies are illustrated 

from a consideration of the triode oscillator and the 

Helmholtz resonator. Practical applications of 

damping reviewed include hydraulic dampers for 

ship stabilisation, damping of flexural vibrations by 
internal friction, and damping due to radiation of 
energy in the form of waves. Extensive use is made 
of the generalised notion of impedance, both localised 
as in circuit components and distributed as in trans- 
mission lines. Lagrange equations are employed in 
the analysis of coupled circuits and of systems 
involving more than one degree of freedom ; exam- 
ples include the shock absorbers fitted to a motor car 
and ionic vibrations in crystals. One chapter is 
devoted to gyroscopes, gyro-compasses and gyro- 
scopic ship stabilisation, and another to electro- 





mechanical vibrating systems, such as loudspeakers, 
telephone receivers, the condenser microphone, 
piezo-electric and magneto striction oscillators. In 
handling shock excitation and transients, operational 
methods are used and are illustrated by a car mount- 
ing a curb and by the case of water hammer. 

The chapters on filters and spontaneous fluctua- 
tions of electricity, though rather away from the 
main theme, are of considerable interest. The 
important class of self-excited vibrations, in which 
the peziodic force maintaining the motion is supplied 
through the agency of the vibration itself, is investi- 
gated in detail. Among the numerous practical 
examples provided are aeroplane wing flutter, motor 
car “‘shimmy ” and the “nosing” of locomotives, 
to the study of which the author has made important 
contributions. Mathematical criteria of stability 
are thoroughly discussed and a brief reference is 
made to servo-mechanisms. The first part, which 
occupies three-quarters of the book, ends with a 
lucid account of non-linear vibrating systems and 
relaxation oscillations, including the striking pheno- 
menon of frequency demultiplication exhibited by 
them. 

The last hundred pages are devoted to matters 
connected with the propagation of sound waves. 
After deriving the spherical and cylindrical wave 
equations, the radiation impedance of a piston in an 
infinite baffle is deduced. Radiation from other 
types of source is then considered, together with 
certain problems arising from the diffraction of 
plane waves and the application of Huygens’s 
principle in acoustics. The propagation of sound in 
horns is dealt with at length and the results applied 
to problems connected with the adaptation of horns 
to gramophones and loudspeakers. A concise 
account of acoustical radiation pressure follows and 
the concluding chapter contains a summary of data 
relating to electrodynamic microphones. 

The topics mentioned represent only a selection 
from the exceptionally wide range of material 
covered by Professor Rocard, and his masterly 
exposition, both of the classical aspects and the 
more recent developments of vibration theory, makes 
this book one of the most original and valuable 
texts on the subject. Some misprints were noted, 
including several that do not occur in the first 
edition ; for example, 5s, for 5g, and qd for 84, 
on page 95, x for 7 on page 165, and the omission 
of I from equation (9) on page 216. Wrong numbers 
are also occasionally given in references to figures, 
paragraphs and pages in the text. 





Gas Turbines for Aircraft. By F. W. Gopsey and 
Lioyp A. YounG. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 4-50 dols.] ; and McGraw-Hill Publish- 
ing Company, Limited, Aldwych House, Aldwych, 
London, W.C.2. [Price 38s. 6d. net.) 

Tuts American publication is one of the Westing- 

house McGraw-Hill ‘‘ Engineering Books for Indus- 

try,” both authors having connections with the 

New Products Division of the Westinghouse Electric 

Corporation and, consequently, considerable experi- 

ence of various types of gas turbines. The first 

section of the book seeks to provide the fundamental 
knowledge necessary for the study of this subject, 
the first three chapters being devoted to elementary 
aerodynamics, propulsion theory and gas dynamics. 
The authors then proceed to the study of centrifugal 
and axial compressors, the information given being 
generally of a theoretical rather than a practical 
nature. Typical characteristics are shown, but the 
reader is assumed to be familiar with the pheno- 
menon of surge, and non-dimensional methods of 
plotting are not mentioned until almost the end of 
the book. In the case of axial compressors, the 
air flow is considered both from velocity triangles 
and the permissible lifts that may be obtained 
from aerofoils ; various types of blading, such as 
free vortex, constant reaction, and impulse stator 
are also compared, the free-vortex type being shown 
in, perhaps, a less favourable light than it really 
deserves. The chapter on fuels and combustion 
chambers (which are referred to, as is the American 
practice, as “‘ burners ’’) deals first with the general 
process of combustion and includes useful tables 





of the properties of aircraft gas-turbine fuels and 
the temperatures obtainable from various fuel-air 


ratios. Different types of combustion chamber 
and fuel-injection nozzle are then described in some 
detail. Following the natural sequence of the com- 
ponents in an actual engine, the authors deal next 
with the possible types of blading for the turbine. 
Typical characteristics are given, together with 
methods of blade cooling, including the use of water, 
where the large centrifugal head developed in the 
blade can be used to accelerate the thermo-syphon 
action. Properties of the materials normally used 
for the turbine blades and disc are tabulated, 
primarily from the aspect of creep and with no 
reference to fatigue properties, which are of some 
interest to the turbine-blade designer. 

After a short review of jet pipes and propelling 
nozzles, the authors consider in some detail the 
cycles normally used in aircraft gas turbines, the 
method of calculation being based on that developed 
by the United States Navy Department. The more 
complicated cycles, however, are not mentioned, 
although it must be admitted there is little prospect 
of their use in aircraft for some time yet, and this 
is a book on aircraft gas-turbines. A few pages 
devoted to the ram-jet precede a discussion of the 
variations of engine performance with changes in 
forward speed and engine speed, mention being 
made of the non-dimensional parameters normally 
used in the estimation of aircraft gas-turbine 
performance. The final chapters are devoted to 
accessories and controls, and the present develop- 
ment status of the aircraft gas turbine. In general, 
the book is a useful addition to the growing list of 
publications on this subject, though the chapters 
dealing with the fundamentals of aerodynamics 
and propellers might have been omitted in favour 
of more information on practical aspects; more 
references, also, would have been advantageous. 





Composition for Technical Students. By PROFESSOR J.D. 
Tuomas. Charles Scribner’s Sons, 597, Fifth-avenue, 
New York 17, U.S.A. [Price 3.75 dols.] 

Durine the past two decades, there has accumu- 

lated a considerable library of books designed to 

teach the use of the English language to engineers, 
and most of them emanate from the United States. 

This is not surprising when it is remembered that, 

to an appreciable percentage of the people of that 

country, English—even American English—is not 
their mother tongue, but that they must acquire 
some facility in its use to be able to take advantage 
of the available technical education. They have, 
therefore, an incentive to study English which the 

English-born student usually lacks and for which 

his tutors, too often, do not perceive any special 

necessity ; because they and he can make each 

other understand without constant recourse to a 

grammar or even a dictionary, they fail to see that 

precision in the choice and arrangement of words 
can be quite as important as precision in the use of 
figures and mathematical symbols. 

To inculcate this precision is one of the main 
objects of Professor Thomas's hook, and it is one 
of which he never loses sight ; but he recognises, 
too, that a mere dry-as-dust precision is not enough. 
The engineer has to make himself clear to all sorts 
and conditions of men, and there are occasions 
when he must study to attract and retain their 
attention as well as to convey his meaning with 
accuracy. This point, also, has been given due 
weight. The book is divided into four sections, 
varying in length. The first—‘‘ Introduction to 
Technical English ’’—contains only one chapter ; 
the second, ‘‘ Handbook of Fundamentals,’’ has 
four, dealing with ‘“‘ Problems of Grammar,” “‘ Pro- 
blems of Diction,”’ “‘ Problems of Punctuation ”’ and 
‘* Mechanics and Form in Technical Matter ”’ (a title 
which is somewhat less satisfactory than the text) ; 
the third, on ‘“‘Types of Discourse in Technical 
Composition,”’ has two chapters, covering most of 
the possible requirements ; and the fourth, “‘ Forms 
of Technical Communication,” in its four chapters, 
covers a wide field, from letter writing to library 
research, reports and technical speech. There are 
numerous appendices and a selection of suggested 
readings from ancient and modern writers, ranging 
from Francis Bacon to Mr. G. A. Stetson, the present. 
editor of Mechanical Engineering, the journal of the 





American Society of Mechanical Engineers. Inci- 
dentally, Mr. Stetson’s ‘‘ Summary of What To Do” 
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in writing a technical paper, though occupying only 
2 page and a half, is, in our opinion, one of the most 
valuable items in a book that contains few pages 
on which the would-be writer of technical English 
could not dwell with profit. To the English reader, 
the method of the book may seem at times to be a 
little strange ; some of the examples, especially of 
letter-writing, might have a different result than 
is intended, if addressed to an English recipient ; 
but the general guidance is commendably sound 
and the reader who absorbs it should acquire also 
the ability to adapt it to his own environment. 

An Introduction to the Design of Timber Structures. By 
PHILLIP O. REECE, A.M.1.C.E., M.I.Struct.E. E. and 
F. N. Spon, Limited, 22, Henrietta-street, London, 
W.C.2. [Price 16s. net.] 

THE author of this book is Director of the Timber 

Development Association and, therefore, is in a 

particularly favourable position, not only to discuss 

the uses of timber from a standpoint of personal 
knowledge, but to obtain access to other sources of 
information bearing on the subject. ‘‘ It is hoped,” 
he says in the preface, “‘ that the book will interest 
engineers who know little about timber, timber 
men who know little about engineering, and students 
who wish to learn something of both ’”’ ; a hope that 
should certainly be realised. It is mainly for the 
henefit of the second group, presumably, that he 
has included the chapter on ‘‘ Elastic Bodies and 
External Forces,”’ most of which is not specifically 
associated with the structural uses of timber as 
distinct from other materials ; on the other hand, 
it must be admitted that the wide appeal of the book 
might have been narrowed considerably if this some- 
what elementary portion had been left out. In 
recent issues of ENGINEERING, we have reviewed 
more than one American book on timber structures, 
but have felt constrained to remark that their 
utility to the English reader was rather limited by 
their natural preoccupation with American practice, 
which assumes the availability of supplies more 
liberal than this country has enjoyed for many years. 

Mr. Reece’s book tacitly recognises the problems of 

the English user of timber, and is the more valuable 

on that account. 





THE SOLUTION OF 
ENGINEERING EQUATIONS. 
By W. R. MircHett, B.Sc. 

In an earlier article,* a method was given which 
can be used for solving many equations that occur 
in engineering problems. There are, however, 
some equations that cannot be solved by this 
method, and the purpose of the present article is to 
establish a test which will distinguish between those 
problems that can be so solved and those which 
cannot. The article further shows that in some 
cases a solution can be obtained by a very simple 
extension of the method being considered. 

It will be noticed that of the examples used in the 
previous article, the one involving the least work 
was the inclined-track problem, which involved the 
solution of the equation v* = 171,089 — 405-7 v. 
As v varies from 50 to 55, v* varies from 125,000 to 
166,200, and 405-7 v from 20,300 to 22,300. The 
variation in v* is therefore 41,200, while the variation 
of 405-7 v is 2,000 ; so that v* is varying more than 
20 times as rapidly as 405-7 v. 

We shall now consider an equation which cannot 
be solved directly by the method. 

a* + 530-62 — 3,382-6 = 0 has a root between 
5 and 6, since f(5) = 625 + 2,653 — 3,383 = —105, 
and f(6) = 1,296 + 3,184 — 3,383 = +1,097. 

10050 

105 + 1097 

5-087, and since the variation in z* is 1,296 — 625 = 

671, while the variation in 530-62 is 530-6, we write 
c= 4/3,382-6 — 530-6 x. 

(Note that z* is varying only 1} times as rapidly 

as the other term whereas in the previous example 


v® varied more than 20 times as rapidly as 405-7v.) 
Put 2, = 5-087 


ae ee ees 
a = 0/3,382-6 — 2,700 = 5-112. 


The root is approximately 5+ 








* See ENGINEERING, vol. 168, page 28 (1949). 


Put x, = 5-112 


oo £m 4/3,382-6 — 2,713 = 5-087. 
On taking 5-087 as an approximation the method 
gives 5-112, and on using this figure as an approxi- 
mation the method leads to 5-087. The process 
continues to give these two values alternately and 
therefore does not give a closer approximation to the 
solution. 

It is interesting to note that the average of the 
two values (5-10) is a solution of the equation, and 
the reason for this is best illustrated by means of a 
graph. Fig. 1 illustrates the inclined-track prob- 
lem. The ordinate AB drawn to the straight 
line shows that the value of 171,089 — 405-7v 
was found when v = 53, the line BC indicates that 
the cube root of this value was found, giving the 
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second approximation, and so on. It will be seen 


that the points B, C, D, E, F, etc., are converging 
towards the point where the graphs meet. Fig. 2 
illustrates the other equation considered above. 
The ordinate A Bis drawn at the first approximation, 
BC is horizontal, and CD represents the second 
approximation. The horizontal through D meets 
AB on the curve of z*, so that BC DE forms a 
rectangle instead of converging towards the point 
of intersection. The intersection of B D and C E is 
midway between the two ordinates, and this corre- 
sponds to the fact that the actual solution of the 
equation is the average of the two approximations. 

The points BC DE can only form a rectangle 
if the slopes of the two graphs are equal in the 
region of their point of intersection. In other words, 





if the preliminary test shows that the variations 


in the two terms are approximately equal, the 
method given may not lead to a result directly, but 
may fluctuate between two approximations, the 
average of which is the true result. In general, the 
greater the “ratio of variation’ the sooner the 
method leads to a solution having the required 
degree of accuracy. 

Another type of problem in which the method 
fails to give a direct solution is the equation involv- 
ing a large number of terms. A typical example is 
that shown in Fig.3. Two rods, A B (4 ft. long) and 
CD (6 ft. long), move so that C B and A D are each 
perpendicularto AC. It is required to calculate the 
length of A C when E F, the perpendicular distance 
of the intersection of the rods from AC, is 1 ff. 

It is not difficult to obtain an approximate solution 
(about 3-8 ft.) by a scale drawing, and although this 
does not answer the question, it suggests a suitable 

















approximation. In the similar triangles ACD, 
‘ F EC - 
ECF, since is “ie then letting the length 
AC be =z ft., this becomes Pe. Se = 1.€., 
/ 36 — z* x 
EC= —-2—; similarly AE= ———, 
/36 —z* . / 16 —z* 
-*. By addition 
AE+EC a ro 
V16—22 4/36 — 2? 
=AC=2 
1 1 
(1) 








=1. 
V/ 16 — 2 hy / 36 — 2? 
When the radicals are removed from this equation 
it becomes 
a® — 100x* + 3,5442* — 52,1922? + 272,272 = 0 
: ° - (2) 

f (3-7) = 35,140 —256,640 + 664,300 — 714,590 + 272,270 
+ 480. 
f (3-9) = 53,520 — 351,860 + 819,840 — 793,830 + 272,270 
60. 
The variations in the terms are, respectively, 
18,380 ; 95,220 ; 155,540 and 79,240, so we write: 

3,5442* = 100z* + 52,1922? — 28— 272,272 . (3) 
This form, however, does not lead to a solution of 
the equation, and the reason is found in the variation 
of the terms. Although 3,5442* is the most rapidly 
varying term, yet as x varies from 3-7 to 3-9, 
3,5442* varies only through 155,540, whereas the 
right-hand side of equation (3) varies through 
95,220 +. 79,240 — 18,380, i.e., 156,080. 

The method is therefore seen to be best suited for 
equations of two variable terms, and for equations 
of more than two variables in which one term is 
varying more rapidly than the aggregation of the 
others. Equations for which the method is not 
suited can be solved by Horner’s or Newton’s 
methods. A neater solution to the above problem 
may be obtained, however, by applying the present 
method to equation (1). 


= — 


-—-1=090 





f(@)= 





1 1 
Vi6—x v/36—-2 





1 1 
f (3:9) = —_ + — = - 1 
V/0-79 20-79 
= 1-125 + 0-219 —1 
= 0-344 
f (3-7) = 1 





1 
es } ee — 
V2-31 922-31 
= 0-658 + 0-212 —1 
= — 0-130 


.*. 2 = 3-76, and since is varying more 





1 
V16 — x? 


rapidly than , we write 





1 
/36 — 2? 
a Sea, ea Se 
V 16 — V/36 — 2? 
Put x, = 3-76 
1 1 
16 — x? a/ 21-86 
we @ = V16 — (1-272) = 4/14-382 = 3-793 
Put x, = 3-793 
1 3 1 
V/16 — x? a/ 21-62 
we w= VW16 — (1-275) = 914-375 = 3-793 
The length A C is therefore 3-793 ft. 


=1- = 0-7861 








= 0-7849 
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THE ENGINEERING 
OUTLOOK. 


I.—RETROSPECT AND PROSPECT. 


BRITISH engineering had a good year in 1949. 
It contained no fuel or labour crisis ; few, if any, 
firms were short of work ; materials, including steel, 
were easier to get and the worries of management, 
in general, were much less than during the two 
preceding years. The many statements made by 
the heads of engineering companies in recent weeks 
confirm the impression obtained from the available 
statisticaldata. Production has proceeded smoothly 
throughout the year, with the supplies of coal, steel, 
components, etc., flowing evenly, though some, 
such as sheet steel, tinplate, wire rod and certain 
other materials and components, are still flowing 
too slowly to meet requirements. Inflation certainly 
persists, but it is much milder than in 1948. Good 
profits have been earned without much trouble, 
but costs continue to rise, and the industry as a 
whole lacks any strong incentive to economise or to 
make itself more efficient. Continued high taxation 
is doubtless the root trouble, but the habits of close 
co-operation between firms, contracted during the 
war, have encouraged the maintenance of price 
agreements and other practices which are unlikely 
to pay high dividends to a nation whose future 
prosperity lies in a rising volume of international 
trade, The industry has responded well, how- 
ever, to the continuous stream of exhortations 
which has flowed from the Treasury and the Board 
of Trade. Less tied by production problems, 
and with more time to devote to sales promotion, 
executives have made many visits overseas. These 
have led to a keener appreciation of export problems 
in what are fast becoming buyers’ markets. The 
world’s dollar shortage is doubtless British manu- 
facturers’ most powerful ally; devaluation has 
helped and will continue to do so for some time, 
but everywhere the importance of low costs is being 
underlined. The main task of the engineering 
industry in 1950 is to perpetuate the good effects 
of devaluation ; to lower the price of British goods 
overseas, not by lowering the value of sterling, but 
by raising the output per man and per unit of 
working capital. British engineering has never 
had to face a more difficult problem. 

Increase in production in most sections of the 
engineering, shipbuilding and electrical industries 
has been small, but a high level of activity has 
obviously been maintained everywhere. During 
the first eight months of 1948, the production index 
averaged 1344 (1946 = 100), fluctuating from month 
to month from 127 in July to 143 in February, 
April and September; during the corresponding 
period in 1949, it averaged 137, fluctuating from 
128 in August to 147 in May. Vehicle production 


(including aircraft, locomotives and rolling stock), | Machi 


on the other hand, increased substantially and will 
probably increase further as soon as the supply of 
motor-car sheet improves. The production index 
in this trade (1946 = 100) rose from an average of 
117-0 during the first eight months of 1948 to 
144-5 during the corresponding period of 1949. 
The labour force increased by about 12,000 during 
the 12 months ended September 30, 1949, rising to 
899,700, whereas the labour force of the machinery 
industries actually fell by 21,000 to 1-8 millions. 
The export performance of the machinery industries 
has also been very satisfactory. The value of 
machinery exports during the first nine months of 
1949 was 20 per cent. greater than during the 
corresponding period in 1948; the value of vehicle 
exports was 17 per cent. greater. 

The expansion in production in the engineering 
industry during 1949 was less than proportionate to 
that for industry as a whole. The production index 
for all industry for the first eight months of 1949 
averaged 126, as compared with 118 the year before. 
Engineering’s contribution to exports, however, has 
been more than proportionate. Only 22 per cent. 
of the number employed in manufacturing industry 
are engaged in engineering, but that industry 
accounted for 24 per cent. of the country’s exports 
in the nine months to September, 1949. The 
vehicle industry, employing 11 per cent. of the 
personnel in manufacturing industry, accounted for 





17 per cent. of British exports. The two groups 
were thus responsible for 41 per cent. of the total 
exports, compared with 36 per cent. during the 
corresponding period in 1948. It would seem from 
the foregoing figures, therefore, that British engin- 
eering’s performance during 1949 has been one of 
solid achievement, which should augur well for the 
coming year. There is, however, little room for 
complacency. The British economy is still pre- 
cariously supported by foreign aid; real strength 
can only be gained through further substantial 
increases in productivity. 

One of the main bars to higher productivity in 
the engineering industry, the shortage of steel, has 
been removed rather sooner than was expected. 
The Economic Survey for 1949 stated that, in the 
most favourable circumstances, the maximum 
possible output which could be achieved by the 
iron and steel industry was 15-5 million tons of 


TABLE I.—United Kingdom: Indices of Steel Deliveries 
and of the output of Steel-using Industries. (1946 = 100.) 




















Index of Output of Steel-Using 
Industries. 
Index of 
Home | 
Deli- Engi- | 
Year. veries | neering, 
of Ship- Other 
Finished | building, | Vehicles.| Metal | Total.t 
Steel.* Elec- Goods. | 
trical | 
| 
} | 
1946— | 
1st Qr. 94-1 96 86 . ) ae 
2nd ,, 97-4 97 99 98 97 
3rd ,, 98-6 99 97 103 100 
4th ,, 109-9 109 119 109 | 111 
1947— 
1st Qr. 109-4 103 93 94 98 
2nd ,, 124-9 112 122 103 111 
3rd ,, 117-0 115 114 104 112 
4th ,, 127-5 133 115 117 |= #124 
1948— 
1st Qr. 133-2 138 114 115 126 
nd ,, 134-9 139 124 117 | 127 
3rd ,, 121-2 130 118 103 | 120 
4th ,, 134-7 139 129 117 } 129 
| 
1949— 
1st Qr. 143-7 139 142 | 117 133 
2nd ,, 144-0 142 151 | 110t 134 
! 








* Excludes rails and colliery material. 
+ Weighted by estimated relative steel consumption in 1946-48. 
t Partly estimated. 


TABLE II.—Unrrep KINGDOM: VALUE OF EXPORTS 





industries can make little difference.” The Federa- 
tion contend that higher output in the engineering 
industry can no longer be secured by increasing the 
steel supply, but only by improving productivity. 
This viewpoint is supported by the statistical 
information given in Table I, herewith, which shows 
that expansion in the output of the steel-using 
industries since the last quarter of 1948 has been 
less than proportionate to the increase in available 
supplies of steel. Some time-lag must obviously 
occur before activity in the steel-using industries 
can respond to improvements in the supply of 
steel ; nevertheless, the leeway shown in the table 
is substantial, and it is expected to become much 
greater by the summer. 

Some types of finished steel are still in very short 
supply—for example, the availability of sheet steel, 
tinplate and wire rod still limits output in the 
industries dependent upon these materials—and the 
position is unlikely to ease very much in 1950. 
The motor-vehicle industry, for instance, though 
rapidly increasing its output, is still working at only 
about 75 per cent. of capacity, and it has been 
suggested that dollars should be spent on buying 
steel slabs which could be rolled into sheets in 
Britain. 

The improvement in steel supplies has been 
matched by an increase in exports, as will be seen 
from Table II, herewith. Table III, however, shows 
less ground for optimism. (Both of these Tables are 
based mainly on the Monthly Digest of Statistics.) 
In the first quarter of 1949, the various sections of 
the engineering industry were already within sight 
TaBLE III.—United Kingdom: Indices of Volume of 


Exports of Manufacturers of Metal Products, 1949. 
(1938 = 100.) 
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Pe oe 2nd 3rd 
— of 1949. Quarter.| Quarter.) Quarter. 
| | 
Iron and steel and manu- | | | 
factures thereof --| 138 | 133 | 132 131 
Non-ferrous metals and | } y : 
S- snag ne b thereof . . — | 291 255 233 
Cutlery, implements, in- | 
struments, ete... ..| 256 | 200 | 955 | 227 
Electrical goods and ap- | | 
paratus ’ % J .| 265 | 244 | 237 219 
Machinery ai Pe 214 | 220 204 203 
Vehicles .. ae ae 299 322 308 296 
Total exports an = 162 | 156 146 142 





OF MANUFACTURERS OF METAL Propucts. (1,000/.). 











1938. 1947. 1048, 1949. 
Current 1938 Current 1938 Current 1938 
_ Prices. Prices, Prices. Prices, Prices,* Prices.* 
| 

Tron and steel and manufactures thereof .-| 41,556 | 84,298 40,140 105,581 | 49,036 | 123,036 54,854 
Non-ferrous metal and manufactures thereof ..| 12,339 | 40,384 19,230 54,688 | 27,269 63,296 31,958 
Cutlery, implements, instruments, etc. . . aa 9,028 | 35,299 16,810 42,775 19,430 45,492 22,299 
Electrical goods and apparatus .. os --| 18,430 49,425 23,530 72,691 29,143 80,060 31,292 
inery .. “a - ve ee eu 57,868 180,545 85,970 253,713 105,898 276,984 118,629 
Vehicles .. ane eo ee oe oa 44,627 168,098 80,050 244,196 123,617 301,944 137,451 


























* Calculated on figures for the first three quarters of 1949. 


ingot steel, and that supplies of sheet, strip, tinplate 
and wire rod could not be adequate because of 
limited finishing capacity. Statistics for the first 
ten months of 1949 show that steel output for 
the year should reach a minimum of 15-5 million 
ingot tons and that, when allowance is made for 
exports and re-usable material, total supplies 
available in 1949 should be at least 1-6 million 
tons greater than in 1948. In the Economic Survey, 
the Government assumed that the demand for steel 
would be in excess of supplies ; available informa- 
tion suggests that, for many types of steel, this is 
no longer so. Mr. S. C. Goodwin, chairman of the 
Neepsend Steel and Tool Corporation, reported at 
the annual general meeting of his company on 
October 18 that, in common with the steel trade 
generally, they were experiencing a fall in the rate 
at which orders were being received. The Statistical 
Bulletin of the British Iron and Steel Federation 
(September, 1949) stated that the volume of finished 
steel products was then about 70 per cent. above 
1938 and concluded that “in conditions of full 
employment a larger home consumption of steel 
must presuppose an improvement in output per 
head in at least some of the using industries—for 





changes in the allocation of steel between different 


of their goals for the end of 1949. There was a reces- 
sion in the second and third quarters, probably due 
to monetary difficulties which devaluation has gone 
some way to solve ; indeed, there is little doubt that 
the engineering industry will, by the end of the year, 
reach the level of exports stipulated by the Govern- 
ment. The problem, however, is more than a mone- 
tary one. The lack of confidence in sterling, which 
brought about an increase in Britain’s dollar deficit 
from 82/. millions in the first quarter to 1571. mil- 
lions in the second quarter, was founded on a belief 
overseas that sterling was overvalued. The fact 
that British trade operates within tightly-drawn 
payment agreements, protecting manufacturers 
against the onset of the buyer’s market, has pro- 
vided no incentive to reduce manufacturing costs. 
Outside the sterling area, however, buyers have 
been showing less and less inclination to hold 
sterling which could be spent only in high-cost 
areas, and have traded it at a discount in hard- 
currency areas. Devaluation has temporarily 


brought British prices into line with world levels, 
but it has provided no incentive to reduce costs. 
The advantages of devaluation, moreover, must 
accrue within the first few months or not at all. 
Figures available for the first two months of de- 











JAN. 6, 1950. 


ENGINEERING. 





7 








valuation, October and 
encouraging. 

The dollar yield of British exports was higher 
than in the first two quarters of the year, but, 
November dollar earnings, at 41-4 million dols. 
are still below the 1948 monthly average of 46-4 
million dols. The price advantage gained has 
not, so far, produced a volume of sales Jarge enough 
to compensate for the devaluation of sterling. In 
any case, the price advantage gained has not always 
been so great as simple arithmetic would indicate. 
In the first place, the costs of materials have risen ; 
Mr. W. G. Rootes has said that, in the motor-vehicle 
industry, the rise is estimated at between 10 and 
124 per cent. Moreover, a high proportion of retail 
values in the United States is accounted for by such 
factors as customs duty, dock clearance, handling 
charges, inland freight, advertisers and dealers’ 
discount. For a motor car, this proportion is as 
much as 35 per cent. 

The engineering industry is well aware of its 
responsibilities in the attack upon the dollar markets. 
The mission to Canada last year, led by Sir Harry 
Gilpin, made certain proposals which are now 
bearing fruit. It was suggested that the British 
engineering industry should maintain specialist repre- 
sentatives in Canada to seek out opportunities there 
for expanding British exports. The British Engi- 
neers’ Association has passed on to its niembers a 
set of detailed proposals, formulated in consultation 
with the Government, which visualise the appoint- 
ment, by the various associations in the engineering 
industry, of representatives who will keep their 
own branches of the trade informed about important 
projects in Canada, insure that purchasing speci- 
fications give a fair chance to British firms, recom- 
mend appointment of agents, and publicise British 
technical achievements. The Treasury has offered 
to bear 75 per cent. of the cost of the scheme, and 
hopes to recover this expenditure from a levy on 
the additional business obtained by subscribers. 
These measures should provide a solid starting 
point for a full-scale assault upon the Canadian 
market. The scope in this market may be gauged 
from Canadian imports of United States machinery 
in 1948, which amounted to about 460 million dols. 
Imports from Britain amounted to only 20 million 
dols. A great deal of attention is now being devoted 
to improving selling methods on the American Conti- 
nent, and considerable expenditure has already 
been incurred in building up selling organisations ; 
but this outlay will have been entirely wasted if 
British prices do not become competitive. The 
only effective answer to the dollar problem is 
increased producuivity. 

The report of the Stee] Founders’ Productivity 
Team, issued at the end of September, suggests that 
British manufacturing industry is not using its 
man-power resources effectively. It estimates that 
productivity in the American steel-founding indus- 
try, in terms of man-hours per ton, is between 
150 per cent. and 190 per cent. of the British. In 
the United States, the most sparing use is made of 
skilled labour, which is always deployed at the 
points of maximum advantage. Trade unions are 
organised on an industry basis, and not on a craft 
basis as in this country. The report draws a dis- 
tinction between ‘‘ productivity-consciousness,”’ 
which is widespread in the United States, and 
‘* production-consciousness.”” The former is accom- 
panied by a readiness to accept technical innova- 
tions, advanced standardisation, and simple wage 
systems based on crude, direct and powerful incen- 
tives. Production-consciousness is, no doubt, preva- 
lent in Britain, but the Team wonder whether high 
productivity is really desired here, and follow this 
up by asking ‘‘ Over what features in the British 
industrial system does the desire for high produc- 
tivity take preference ? ”’ 

It is exceedingly hard to give a straight-forward 
answer to the Productivity Team’s question. Tradi- 
tionally, British engineering has paid more attention 
to the quality of its products than to their cost of 
production, to meeting the customer’s requirements 
exactly rather than to giving him a low-priced 
article. To some extent, this resulted logically from 
the nature of the markets for engineering products, 
For many sections of the industry, two-thirds or 
more of the output was sold in the home market, 


November, are not 


which is notoriously conservative if compared with 
most other industrialised countries, particularly the 
United States and Germany. The balance of 
output was exported generally in a very large 
number of shipments, most of them small, to a very 
large number of countries, and in most cases the 
manufacturer was called upon to meet the exact 
specifications of his customers. None of these 
things favoured the growth of large concerns with 
standard lines of production. Another most impor- 
tant factor in British engineering’s apparent lack 
of ‘‘ productivity consciousness” is the desire of 
most firms to have several strings to their bow. 
This was set aside to some extent during the war 
and during the period of the sellers’ market that 
followed, but it is now coming again to the fore— 
for instance, many of the engineering firms which 
supply the shipbuilding industry are now endea- 
vouring to develop industrial versions of their 
principal products. : 

This is not to say that the British manufacturer 
has been unaware of the possibility of reducing 
costs by specialising and by standardising his output, 
but the past has taught him that those firms with 
a diversified production come out on top during 
slack periods. The lack of specialisation in engi- 
neering production has meant that units have 
remained small and skilled labour has been unecono- 
mically employed in small machine shops, carrying 
out jobs which could readily be done by machinery 
for a relatively low capital investment. There is 
no doubt that, through the emphasis that has been 
placed on quality production, Britain has been able 
largely to keep the market for custom-built products 
throughout the world. To continue to do this, it 
would be essential that labour costs should remain 
low ; the sudden on-rush of the Welfare State, with 
its high public expenditure, high wages and shorter 
working week, has made this impracticable. It is 
now certain that the prospect that Britain will be 
able to right her economic affairs by concentration 
on quality production alone have become poor. 

The need for more standardisation and for a 
greater degree of specialisation has been stated in 
the Report of the Committee for Standardisation 
of Engineering Products.* This boldly visualised 
some far-reaching changes in the structure of the 
engineering industry. The Report points out that 
specialisation, simplification, and standardisation 
all have an important contribution to make to 
higher productivity, but that they must lead to 
longer production runs and to batch-production 
methods, which may result in a tendency towards 
the evolution of larger production units. This does 
not mean the elimination of small units, but it 
implies a considerable revision of their activities. 
There will always be a larger field in which they 
can be complementary to, or even competitive with, 
larger producers, provided that they specialise in 
the right directions and keep abreast of technical 
advances. The committee, however, probably 
under-estimated the dangers of monopoly, latent 
in the growth of concentrations ; they consider that 
the public interest is already well protected by 
legislation. 

The committee pointed out that very uneven 
progress had been made with specialisation, simpli- 
fication and standardisation in the engineering 
industry. The aircraft industry, despite constant 
and rapid technical development, has done much to 
reduce needless variety, and productive efficiency 
has reached a high level. The agricultural machi- 
nery industry, on the other hand, has been singled 
out (probably rather unfairly) from many in which 
relatively little has been done in this direction. 

The report cites eleven reasons for lack of stan- 
dardisation, ranging from the failure of manufac- 
turers to appreciate the benefit they could derive 
from it, to technical and financial difficulties. It 
also suggests ways in which the changes recom- 
mended can be brought about. Apart from a 
shortage of well-trained technical staff to develop 
and apply the up-to-date methods necessary for 
bulk production, perhaps the most important of 
the technical difficulties is the lack of co-ordination 





* This committee was set up by the Ministry of 
Supply in November, 1948, with Sir Ernest Lemon as 
chairman. The Report was published by the Ministry 





in November, 1949. 





among users of equipment, which would enable 
them to press for standardisation. Considerable 
gains would accrue, for example, if users of electric 
motors could be brought together to insist upon 
standard overall dimensions, so that motors made 
by different manufacturers would be interchange- 
able. Manufacturers are not, unless prodded, likely 
to incur the capital charges involved in the changes 
in tooling, patterns, etc. Co-ordination among 
users might, in the committee’s opinion, be secured 
through research associations. For example, the 
Shirley Institute could undertake more work of 
this character to assist the cotton industry to 
determine whether the present diversity of work is 
essential, and the National Institute of Agricultural 
Engineering might widen its functions and draw 
attention to the items most suited for standardi- 
sation. 

Particular importance now attaches to the work 
of the British Standards Institution. Its object, as 
defined by Royal Charter, is ‘‘To co-ordinate the 
efforts of producers and users for the improvement, 
standardisation and simplification of engineering 
and industrial materials so as to simplify production 
and distribution, and to eliminate the national waste 
of time and material involved in the production of 
an unnecessary variety of patterns and sizes of 
articles for one and the same purpose.” The work 
of the B.S.I. has been conducted hitherto on the 
voluntary principle, and the committee rightly 
agree that it would be unwise for the Government 
to introduce compulsion in the adoption of standards 
in the general field of engineering, since this would 
produce serious rigidities and inefficiencies. It 
considers, however, that the B.S.I. should not be 
content to leave in the hands of industry the duty 
of initiating action for the preparation and con- 
sideration of standards, but should, where desirable, 
make suggestions as to what standards might be 
advantageous. 

In the past, the voluntary principle has been 
rather too rigidly observed. Too scrupulous atten- 
tion to sectional interests has meant that it has 
taken, on the average, two years to produce each 
comprehensive nationai standard. The Lemon 
Committee believe that industry might now be 
willing to accept some changes in approach and 
method, which would speed up the work. In the 
committee’s opinion, the biggest stimulus to the 
reduction of variety in production will come from 
manufacturers giving a price incentive to customers 
to buy standardised products. In many cases, 
manufacturers realise that prices charged for special 
non-regular items are too low, but they are afraid 
that, if they charge more, their competitors con- 
tinuing to supply such lines will gain the custom of 
buyers who, though normally taking regular lines, 
require a few specialised items. The committee 
consider that this is short-sighted, and that efforts 
should be made to make salesmen of engineering 
products appreciate the need for pressing the sale 
of standard rather than special products. 

As is recognised by the Lemon Committee.. 
specialisation, simplification and standardisation 
are seriously hampered at present by the practical 
difficulties of re-equipping and re-tooling for more- 
efficient production in bulk. They point out that 
the burden of taxation on undisturbed profits is. 
still crushing and that, though the allowances 
provided in the 1949 Finance Act are helpful in 
providing, in effect, for an immediate interest-free 
loan, they do not appreciably ease the long-term. 
problem of re-equipping, where the cost of capital 
goods are two and a half times above the pre-war 
level. The committee recommend that the Govern- 
ment should consider whether it is possible to 
amend the system of taxation. 

The Government’s responsibilities for increasing 
productivity do not end here. Flexibility within 
the economy, freedom of movement of capital and 
labour, and the incentives and penalties of price 
competition are all important prerequisites which 
will only be secured by reducing inflationary pres- 
sures. The effectiveness of the Government’s 
policy in this direction is open to question, but 
this is a subject outside the scope of the present 
article. It is enough to say here that the Govern-- 
ment’s task, already a hard one, is rendered all the 





more difficult by the claims of organised labour for- 





Shipbuilding and Engineering Unions for a general 
wage increase of IJ. a week is inopportune and will 
add 1001. million to the costs of the engineering 
industry. 

To sum up, the prospects of the industry for 
1950 are good. It is most unlikely that there will 
be any serious fall in output; moreover, there is 
every prospect of further progress in the export 
markets. Possible developments in the course of 
the year may be summarised as follows. First, 
there may be an intensification of the dollar shortage, 
following the expected reduction in United States 
foreign aid, which should further assist British 
exporters in non-dollar areas. Secondly, there is 
likely to be stronger competition in Europe from 
Germany, and, in the Far East, more particularly 
in India, from Japan. The possibility of offering 
quicker deliveries, which should apply to most 
sections in the industry, may help manufacturers to 
increase exports, particularly to the more compe- 
titive dollar markets. As is pointed out above, a 
shortage of sheet, tinplate, rods and a few other 
items of finished steel may persist ; on the other 
hand, the new steel works and strip mill at Margam, 
in South Wales, should come into production and 
the expected slight fall in world demand for steel 
(which may turn out to be a substantial fall in the 
‘United States, where the demand for motor vehicles 
has passed its peak, and may fall off sharply) should 
do away with most of the remaining shortages by 
the end of the year. A fall below the peak is possible 
in the: output of certain light and medium engi- 
neering products, such~as electric motors, small 
engines, concrete mixers, lawn mowers, agricultural 
tractors, etc. The fall in demand will probably be 
most marked at home, but may also take place in 
some overseas markets, such as Australia and 
South Africa. Finally, a fall is possible in the 
flow of orders to most other sections of the industry, 
such as the heavy electrical and boiler industries, 
textile machinery, locomotives and commercial 
vehicles. 

In general, therefore, it may be said that 1950, 
though it augurs well, will bring several warnings. 
It should see the end of the inflation of demand for 
capital goods in most overseas markets, and, there- 
fore, manufacturers will have to go out to sell their 
products. The question of costs can scarcely escape 
attention ; when it receives the attention it deserves, 
it may be said that engineering will have returned 
to normal. It is unlikely, however, that it will do 
so until some real progress has been made towards 
@ return to a free economy. Exhortations by 
Government departments, productivity teams and 
committees of inquiry are likely to have little 
effect. What is required are incentives, and the 
penalties of competition in an economy where high 
taxation, Government controls, and _ restrictive 
practices no longer place a premium on waste and 
lack of enterprise. 





RADIO TRANSMITTER-RECEIVER 
FOR MOTOR CARS. 


A MOBILE radio transmitter-receiver for use in motor 
cars or on motor cycles has been introduced by the 
Plessey Company, Limited, Ilford, Essex. It is 
designed for use on the 67 to 100 megacycles per second 
band, employs amplitude modulation, and complies 
with the Home Office and Post Office specifications 
for this class of equipment. It consists of four main 
units : rec¢iver, receiver selective calling unit, trans- 
mitter and power unit. When installed on a car, these 
units are housed in a single container, as shown in the 
accompanying illustration, which may be fitted behind 
the instrument panel. Provision is also made, however, 
for a Loud Hailer speaker. On motor cycles, the four 
units are contained in two waterproof cases. In 
both types of equipment the stand-by power consump- 
tion is only 23 watts. 

The transmitter, which is crystal controlled and 
incorporates five valves, has an unmodulated radio- 
frequency: output of 6 watts and provides 6 to 7 watts 
for the operation of the Loud Hailer speaker. The 
associated hand set contains a moving-coil microphone, 
which is brought into action by a press switch. The 
receiver, which is of the superheterodyne type with 
11 valves, is crystal controlled. As variations in audio 
output are compensated, no adjustment during’ opera- 
tion is n . ‘The noise limiter, which is an 
essential feature of this type of equipment, employs 
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a series-diode circuit. When installed in a car, the 
receiver is fitted with a loud speaker and a hand set, 
while on a motor cycle only a hand set, which is placed 
in the top of the receiver case, is provided. The 
sets are operated in conjunction with a selective 
calling system, which enables any one, or all, of 90 
units, each consisting of one or more vehicles, to be 
called from a central point. This unit operates a 
lamp, buzzer or bell at the called station. 





RECONSTRUCTION OF BERLIN- 
WEST GENERATING STATION. 


As statements have recently appeared in the daily 
Press to the effect that a generating station has been 
built at Berlin-West within six months, it seems desir- 
able that the facts of the case should be placed on 
record. The first half of Berlin-West generating station 
was actually put into service in November, 1930, and 
the second half 18 months later. The equipment then 
consisted of eight stoker-fired boilers, each with an 
output of 330,000 Ib. of steam per hour at a pressure 
of 470 lb. per square inch and a temperature of 880 
deg. F. These boilers supplied six main turbo-alter- 
nator sets, each with a capacity of 34 MW. These 
sets generated three-phase current at 10-5 kV and 
were connected to 10-5/30-kV transformers. In 
addition, there were two 12-MW house sets, which 
generated three-phase current at 6-3 kV. In May, 
1942, the construction of a high-pressure extension to 
the station was begun. This was designed to contain 
four pulverised-fuel fired Benson boilers, each with an 
output of 350,000 Ib. of steam per hour at a pressure 
of 2,000 Ib. per square inch and a temperature of 
932 deg. F., while the generating plant was to consist 
of two 26-MW “ topping ”’ sets, which were to exhaust 
to the 470-lb. range after reheating in the Benson 
boilers to 880 deg. F. The foundations and the greater 
part of the steelwork for this extension had been com- 
pleted in May, 1945, when Berlin was occupied by the 
Russians. They, however, dismantled, carried away 
and eventually sold as scrap, the whole of the existing 
plant, except the main boiler structures. When the 
British took over the western zone of Berlin, therefore, 
they found that the station consisted of little more 
than an empty shell. 


The first stage of reconstruction was begun in April, 
1948, when plans were made for the installation of two 
Benson boilers, each with an output of 350,000 Ib. of 
steam per hour at a pressure of 2,000 lb. per square 
inch and a temperature of 932 deg. F.; one 26-MW 
“ topping ”’ set ; two 36-MW condensing sets operating 
at 324 lb. per square inch and 807 deg. F., and one 
12-MW house set working under the same steam condi- 
tions. The two boilers and the “topping” set are 
installed in the new boiler house, which was partly 
constructed during the war, while the low-pressure sets 
are erected in the original turbine house. All this 


plant, except the second condensing set, which will be 





commissioned this month, have been in operation 





since November last, the first trial run having taken 
place a few weeks earlier. 

Owing to various financial difficulties and the delays 
caused by the blockade of Berlin, the assembly of the 
boilers could not be started until May, 1949. Their 
rapid completion, however, was assisted by the high 
priority given to the work and by the fact that picked 
erectors were employed. Erection, moreover, was 
relatively simple, and the foundations and buildings 
upon which so much time must be expended in the 
case of a new station, were already in existence. The 
number of men employed at one time was over 2,000. 
It is interesting to record that during the blockade 
1,460 tons of equipment for the station were trans- 
ported by air, many of the boiler tubes having to be 
cut to accommodate them in the aircraft. 

Control of the new boiler plant is fully automatic, 
the apparatus for this p being installed in a 
combined heat and dlecteiea! control room. An inter- 
esting feature is that as the station has been designed for 
peak operation and to deal with rapidly fluctuating 
loads, two Ruth’s steam accumulators, with a capacity 
of 2,260 cub. ft. and capable of operating at a maximum 
pressure of 470 lb. per square inch, have been included 
in the low-pressure steam range for regulating purposes. 
Cooling water is drawn from the River Spree and the 
anticipated coal consumption is 1 lb. per kilowatt-hour 
generated. The main contractors for the plant were 
Siemens-Schuckertwerke A.G., Berlin, who also acted 
as consulting engineers and manufactured the turbine 
plant at their works at Mulheim/Ruhr. The Benson 
boilers were manufactured jointly by Diirrwerke A.G. 
Ruthengen-Ost, and the Vereinigte Kesselwerke A.G., 
Diisseldorf, welded construction being employed 
throughout. 





DISCONTINUATION OF SERVICES ON THE COUNTY DOWN 
Rattway.—The Northern Ireland Transport Tribunal 
have decided to authorise the Transport Authority to 
discontinue all services on the County Down Railway, 
excepting that between Belfast and Bangor. It is pro- 
posed to withdraw the services from the various sections 
in stages ; the first stage to be dealt with will involve the 
services between Comber and Newcastle, Ballynahinch 
Junction and Ballynahinch, and Downpatrick and 
Ardglass ; it is expected that trains will be withdrawn 
from these sections on January 16, next. 





VARIABLE-PITCH PROPELLER FOR M.S. “‘ WANDS- 
WORTH.” —The M.S. Wandsworth, which was launched 
by the builders, the Burntisland Shipbuilding Company. 
Limited, Burntisland, Fife, on December 29, is being 
fitted with a ‘‘ Kamewa”’ controllable-pitch bronze 
propeller. The pitch is varied by mechanism in the 
propeller hub and is controlled by a servo motor in the 
engine room, directly connected to the navigating bridge. 
Manoceuvring of the vessel can, therefore, be controlled 
while the main propelling engines run at a constant 
speed. Further particulars of the Wandsworth, which 
is being constructed for the South Easterti Gas Board, 
are given on page 22. 
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THE DESIGN AND PERFORMANCE 
OF PLAIN BEARINGS.* 


By Pair T. Hotican, B.Se., F.1.M. 


Many attempts have been made to define the 
physical and chemical characteristics which confer 
yood bearing properties on a metal or alloy. It is at 
once —— that certain of these characteristics are 
mutually conflicting, whereas certain other characteris- 
tics, while theoretically undesirable, are in fact 
possessed by bearing metals of proved merit. Some 
of the desirable characteristics are: ability to bond to 
shell material ; high compressive and fatigue strength 
at the operating temperature ; low elastic modulus to 
accommodate local elastic crankshaft or housing 
deflection under load ; moderate or low yield strength, 
sufficiently high to support the normal calculated loads 
without permanent deformation, yet low enough to 
permit local permanent deformation to accommodate 
slight misalignment, entry of foreign matter, etc. ; 
low tendency to seizure; ability to hold a film of 
lubricant tenaciously; resistance to oil-corrosion ; 
ability to run with soft crankshafts ; and high thermal 
conductivity to dissipate local overheating. 

The original whitemetal bearings consisted of 
un-backed solid die-castings, but, as engine loadings 
increased, it soon became apparent that solid white- 
metal did not possess sufficient mechanical strength. 
Lined bearings, therefore, were introduced, the backing 
or shell material being originally of brass or cast iron, 
but later other materials, such as gunmetal or steel, 
were introduced. The load-carrying capacity of the 
bearings was thereby greatly increased, especially in 
the case of shell materials such as brass, bronze or steel, 
to which the whitemetal could be firmly bonded. 
With further increases in engine loadings it was found 
that even the lined bearings were unable to support 
the loads and considerable reduction of the thickness 
of the whitemetal lining became necessary, so that in 
place of linings } in. thick, or even more, linings of the 
order of 4 in. or less became the practice. This trend 
towards reduced whitemetal-lining thickness has been 
maintained and many whitemetal-lined bearings are 
functioning satisfactorily to-day under loadings which 
could not have been supported by the older type of 
backed bearing with thick whitemetal lining. However, 
as engine s and loads increased still further, and 
particularly with the introduction of the Diesel engine, 
the whitemetal-lined bearing, even with a thin lining, 
proved inadequate, and other bearing materials of 
higher load-carrying capacity were developed. Lead- 
bronze, originally in the form of a solid unbacked 
shell, was used successfully in many applications, but 
again it became necessary, for mechanical reasons, to 
consider a steel-backed bearing, leading to the intro- 
duction of the steel-backed, lead-bronze lined bearings ; 
concurrently with this development, other bearing 
materials of high load-carrying capacity, such as silver, 
aluminium alloys and the “ gridded” bearing were 
introduced. 

Both tin- and lead-base whitemetals meet the 
majority of the desiderata previously listed. They are 
outstanding in their tolerance of dirt or foreign matter 
in the oil, in their ability to conform to slight manufac- 
turing inaccuracies or misalignment, and in their ability 
to run satisfactorily with soft crankshafts. These 
advantages are so — that designers are 
consider reduction of lining thickness to the practicable 
minimum, with the resultant increase in load-carrying 
capacity, before deciding to change over to the higher- 
duty materials such as lead-bronze, etc. The short- 
coming of the whitemetals, however, is their loss of 
hardness and fatigue strength at elevated temperatures, 
and while the load-carrying capacity can be increased 
effectively by reduction of lining thickness, a stage 
may be reached at which, even with the thinnest linings, 
these bearings fail to carry the loads. Tin-base 
whitemetal is superior to lead-base whitemetal with 
regard to strength at elevated temperatures unless 
lining thickness is reduced to about 0-005 in., at which 
figure there would appear to be little to choose between 
the two materials. It has been reported that lead-base 
whitemetal is susceptible to corrosion by fatty acids or 
the products of oil oxidation, but there is little to 
support this view, especially as the majority of the 
orthodox lead-base whitemetals contain sufficient tin 
to impart adequate corrosion-resistant properties. 

Cadmium-nickel and cadmium-silver-copper have 
been successfully used for the lining of bearings. They 
possess the advantages of the tin and lead-base white- 
metals and, in fact, retain hardness and strength at 
elevated temperatures to a greater degree than these 
other whitemetals. Against this, however, the cad- 
mium alloys are expensive materials and difficult to 
handle, while the benefit accruing from their greater 
strength at elevated temperatures is slight. 





* Paper entitled ‘‘ Plain Bearings, Materials, Design 
and Performance,” presented at a general meeting of 
the Diesel Engine Users Association, held in London 
on Thursday, November 17. Abridged. 





The lead-bronzes consist essentially of copper, tin 
and lead, the proportions of the tin and lead being 
adjusted according to the required mechanical and 
bearing properties. The higher the tin content, the 
greater the mechanical strength, while the higher the 
lead content, the lower the mechanical strength but the 
better the bearing properties. In the case of unbacked 
lead-bronze bearings it is necessary to use a lead-bronze 
which may contain from 5 per cent. to 10 per cent. 
of tin, while the lead content may range from 10 per 
cent. to 20 per cent. ; this type of material is in wide- 
spread use, mainly in the form of bushes for applications 
such as small-end bushes, rocker bushes, suspension 
bushes, etc. However, the presence of 5 per cent. or 
more of tin renders these materials relatively hard and 
necessitates the use of fully-hardened crankshafts, in 
the few cases in which they are used as crankshaft 
bearings, while crankshaft wear is also likely to be 
very rapid. In considering, therefore, crankshaft main 
and big-end bearings, it is desirable to develop a 
material which possesses the virtues of lead-bronze, 
without its disadvantages. This led to the introduction 
of the steel-backed copper-lead lined bearings, the 
copper-lead generally having a nominal composition of 
70 per cent. copper, 30 per cent. lead, with small 
proportions of tin or silver in certain cases. This 
70/30 copper-lead alloy has insufficient mechanical 
strength, unless bonded to a steel shell. The higher 
lead content renders it possible to use softer crankshafts 
than in the case of the lead-bronzes and also reduces the 
rate of crankshaft wear. 

The aluminium-base bearing metals were first 
developed by Messrs. Rolls-Royce Limited, the best 
known alloy being the AC9 aluminium-tin alloy con- 
taining about 7 per cent. tin. This material was used 
in the un-backed condition and undoubtedly gave good 
service in conjunction with nitrided crankshafts, but it 
suffered from two limitations. First, the material, in 
order to possess sufficient mechanical strength, was 
relatively hard (about 70 Brinell) and therefore required 
the use of an extremely hard crankshaft. Secondly, 
even with this hardness, the mechanical strength of 
the material still left something to be desired, as half 
bearings tended to lose interference fit in service and 
to become loose in their housings or connecting rods. 
It became apparent, as in the case of the copper-lead 
lined bearings, that the useful range of this type of 
bearing material would be extended greatly if it could 
be bonded to a steel shell, but this is an extremely 
difficult operation and while it has been accomplished 
by various methods, it is probably true to say that 
even to-day it is not a commercial proposition. At the 
same time there has been considerable revival of 
interest in aluminium-base bearings in America, and 
it is claimed that, by various alloy additions, unbacked 
bearings have been produced which possess adequate 
mechanical strength to maintain interference fit and 
will perform satisfactorily with hardened crankshafts. 
It is not clear whether the Americans claim that this 
type of bearing will function with soft crankshafts, 
and although numbers of engines fitted with this type 
of bearing are being imported into this country to-day, 
it is, I feel, too early to say whether or not the original 
problems associated with aluminium-alloy bearings 
have been completely overcome. It has also, in my 
view, to be demonstrated that this type of bearing has 


to | any technical advantage over the steel-backed copper- 


lead lined bearing, although it is almost certain that 
the solid aluminium-alloy bearing will be cheaper than 
the copper-lead lined bearing. 

The steel-backed silver-lined bearing was introduced 
by the Americans during the war and has been used 
successfully on a production scale for aircraft engines. 
The original silver bearings, however, exhibited a ten- 
dency to seizure under light loads and at high speeds, 
and to overcome this tendency it was necessary to lead 

late the bearing surface. It would appear that the 
imitation of the silver bearings assuming that manu- 
facturing problems have been overcome, lies in their 
cost; this, no doubt, is the reason why their use has 
not been extended beyond the aircraft industry in 
America, and why they have not been adopted to any 
extent in this country. 

The introduction of “gridded” bearings was, 
really, a mechanical approach to the problem of intro- 
ducing a low-melting-point metal — by a 
backing of high mechanical strength. is is accom- 
plished by applying either copper or silver to a steel 
backing, then knurling the surface of this lining and 
filling the impressions so formed with pure lead or lead 
alloys. The bearing surface is then machined to 
leave whatever proportion of lead-base alloy may 
be required. With the exception of the Durex 100 
bearing, which consists of a steel shell lined with 
sintered copper-nickel alloy, and subsequently impreg- 
nated with lead-base whitemetal, there does not ap 
to have been any real commercial development of the 
“* gridded ”’ bearing. 

Reference has been made to the lead plating of 
silver bearings. This practice has also been adopted 
in the case of copper-lead lined bearings, the original 


idea being to supply a thin film of low melting point 
metal all over the bearing surface. It is of interest to 
note that Dr. Bowden* found that friction fell to a mini- 
mum when a very thin film of lead was applied to a 
hard backing material such as copper or steel, and he 
concluded that the anti-friction and anti-seizure 
properties of certain bearing alloys, such as copper-lead, 
may be due to the spreading of a thin film of a soft 
low melting-point constituent over the surface of the 
harder underlying metal. In practice, it was found 
that the lead plating applied to the surface of silver 
or copper-lead lined ings was prone to attack by 
the crankcase oil, particularly at elevated temperatures, 
and the lead was therefore alloyed with indium to inhibit 
this corrosion. It was also found that tin had the same 
effect, and it therefore became the custom to plate 
such bearings, either with a lead-indium alloy, or with 
a lead-tin alloy. Experience has shown that the film 
may remain for the useful life of the bearing, which 
means in effect that the bearing functions as a white- 
metal-lined bearing having an extremely thin lining. 
It might be argued that if the film remains in position 
for the useful life of the bearing, the composition and 
bearing properties of the underlying layer are unim- 
portant. In practice, however, this is not quite the 
case; first because it is necessary to cater for the 
possibility of the layer wearing through, so that the 
exposed surface must consist of a good bearing material 
and, secondly, there is some reason to believe that the 
underlying layer should possess a low modulus of 
elasticity, so itting local elastic deformation. 

The advent of the lined bearing introduced the ques- 
tion of suitable shell materials and originally brass was 
used widely. However, the properties of the bond 
between whitemetal and brass leave something to be 
desired, the bond tending to be brittle. Bronze shells 
became, and still are, very widely used, the bonding of 
whitemetal to bronze being good, although in the case 
of phosphor bronze a somewhat brittle bond is obtained, 
and unless there is some reason for specifying phosphor 
bronze, such as in cases where the back of the shell is 
acting as a bearing surface, it is recommended that a 
gunmetal or straight bronze should be used. For 
reasons of mechanical strength and for economical 
reasons the bronze shell has been largely replaced b 
steel shells. Other shell materials in ed use a, 
of course, cast-iron and cast steel, and there is no 
doubt that design considerations and cost make it 
essential to use one or other of these materials in many 
cases. Cast iron has the disadvantage that the bonding 
of whitemetal is difficult, and generally it is necessary 
to provide dovetailing and to use bearings with thick 


One of the important factors already mentioned is the 
ability of the shell material to maintain an interference 
fit in service, this being one of the advantages of steel 
shells over the other materials mentioned. The use of 
aluminium-alloy crankcases and connecting rods intro- 
duces a problem in this respect, as the coefficient of 
thermal expansion of aluminium alloys is approxi- 
mately double that of steel, with the result that although 
sufficient interference fit may be provided in the cold 
condition, the expansion of the housing at operating 
temperature will result in the loss of some, or all, of 
the original interference fit. It is necessary, therefore, 
when fitting steel-backed bearings into housings of this 
type, to provide sufficient initial interference fit to 
ensure that some is left at the operating temperature. 
Obviously; there is a limit to this, as if excessive 
interference fit is provided in the cold condition, 
permanent yield of the housing or liner may occur. 


(To be continued.) 





ANGLO-AMERICAN COUNCIL ON PRODUCTIVITY.—Mr. 
Charles Allyn, president of the National Cash Register 
Company, Drayton, Ohio, U.S.A., and Mr. A. J. Hayes, 
President of the International Association of Machinists, 
Washington, U.S.A., have been appointed members of 
the United States section of the Anglo-American Council 
on Productivity in succession to Mr. Ernest R. Breech 
and Mr. Harvey W. Brown. 





Swiss INDUSTRIES Farr.—The Swiss Industries Fair 
is to be held in Basle from April 15 to 25,1950. Full 
information regarding the Fair can be obtained from 
Swiss Legations, Consulates and Chambers of Commerce 
in foreign countries. In this country, the appropriate 
address is Légation de Suisse en Grande-Bretagne, 18, 
Montagu-place, Bryanston-square, London, W.1. As in 
previous years, the exhibits will be drawn from the 
watchmaking, textile, machinery and electrical-equip- 
ment industries. 





* “The Physics of Rubbing Surfaces.” F. P. Bowden, 
D.Sc., Journal and Proceedings, Royal Society of New 





South Wales, vol. 78, page 187. 
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ENGINE FACTORY OF MESSRS. 
R. A. LISTER, LIMITED. 


Durie the Second Werld War, the modern factory of 
Marine Mountings, Limited, was built by the Admiralty 
at Wroughton, near Swindon, Wiltshire, for the con- 
struction of naval gun mountings. It occupies ap- 
proximately seven acres of ground and consists of one 
main assembly shop and administrative block, as well 
as several smaller shops and store rooms. In August, 
1946, the factory was leased by the Admiralty to Messrs. 
R. A. Lister and Company, Limited, Dursley, Glouces- 
tershire, who were searching for extra production space 
which they could use to meet the heavy demands of the 
home and export markets for small petrol engines. 
The Wroughton factory was ideally suited to this 
purpose, particularly because labour was readily avail- 
able in the district, and it has therefore been converted 
for use as a subsidiary to the main Lister works at 
Dursley. Although labour was in good supply, only a 
very small proportion was suitably skilled, and at the 
start only 15 employees were engaged on engine work. 
The two engineers in charge, however, instituted an 
18-month programme to train local people, and as 
a result there is now a well-trained labour force of 
some 400 at the factory, turning out about 500 finished 
small petrol engines a week, as well as a number 
of parts which are sent to other factories of the Lister 
group making larger engines. The petrol engines 
represent about 60 per cent. of the total output, the 
other 40 per cent. being accounted for by the various 

sent out. There is no foundry at the Wroughton 
tory, so that castings and some of the smaller com- 
ponents are supplied from Dursley and elsewhere. 

The Lister D-type petrol engine, which forms the bulk 
of the factory’s output, is a small single-cylinder general- 
purpose machine which develops 1, 14 or 2 h.p. at 
500, 700 or 1,000 r.p.m., respectively. It has a bore 
and stroke of 3 in.; the cylinder block is of cast 
iron and overhead valves are fitted, the valve seat- 
ings being efficiently water-cooled. The crankcase is 
totally enclosed and dust-proof, making the engine suit- 
able for use in dusty, dirty or exposed conditions. The 
high-tensile steel crankshaft is accurately ground and 
is ied in large renewable ball bearings. A har- 
dened-steel sleeve is fitted to the crankpin and may be 
renewed if necessary, while the cam, camshaft and 
rockers are also ground. Renewable phosphor-bronze 
bushes are fitted at both ends of the connecting rod, 
and the big-end bush is whitemetal-lined; the con- 
necting rod is a steel forging. A Lister float-feed 
adjustable carburettor is fitted, and the throttle valve 
is controlled by an enclosed centrifugal-type governor 
which gives quick and accurate control of the engine 
speed. If the engine is to be used in dusty or dirty 
conditions, it is fitted with air-cleaning equipment, a 
Lister felt-type cleaner being used in average conditions, 
while an oil-bath air cleaner is used if the conditions are 
more severe or if abrasive dust is present. Cooling is 
effected by radiator, tank or hopper as required, the 
size of the cooling tank supplied depending on whether 
the engine is to be in a temperate or a tropical 
climate. The working parts of the engine are splash- 
lubricated and the oil consumption on full load is 
approximately 0-005 pint per brake horse-power per 
hour ; petrol consumption is 0-75, 0-85 and 1-2 pints 
per brake horse-power per hour on full, three-quarter 
and half load, respectively. Power may be taken either 
from the flat flywheel, which is 14 in. diameter by 
23-in. face in the 1-h.p. and 1}-h.p. models, and 12-in. 
diameter by 23-in. face in the 2-h.p. model, or from a 
flat or grooved pulley; the engine can be arranged 
to run clockwise or anti-clockwise. 

The production line on which these engines are built 
was planned during the period when local labour 
was being trained, and was installed without disrupting 
the existing output of engines. The engineers in 
charge made a four-months study of production 
methods in the United States before planning the 
installation. Cylinder heads and crankcases are 
machined on two lines, the crankcase line being suitable 
for handling crankcases for the D-type engine, or for 
larger engines when required. Setting up each machine 
takes three hours or less; thereafter one crankcase is 
completed every four minutes. The crankcase produc- 
tion line is illustrated in Fig. 1. Engines can be 
assembled at a rate of over 100 a day on the assembly 
line (shown in Fig. 2), which is staffed by four youths. 
From here, the conveyor leads directly to the paint- 
spraying plant and stoving plant, after which the 
engines are transported by an overhead conveyor 
to the testing bays, where each engine is run for half 
an hour on light load and for four hours on full load. 
After this, each is stripped down, re-assembled and 
finally checked before being packed. Any engine 
which will not deliver its full rated output for the 
whole four hours is rejected, overhauled and re-tested 
before being dispatched. 

Most of the machines in the factory are fitted with 
compressed-air locking devices for holding workpieces 
in the jigs and, apart from improving conditions for the 
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CRANKCASE PropuctTiIon LINE. 








Fie. 2. Enainez AssEMBLy LIne. 


safety of the employees, this method increases the rate of 
production ; it also leads to greater accuracy, since 
the clamping forces are not subject to variations due 
to human factors. Among the machine tools installed 
is an automatic electrically-driven cylindrical grinder 
which grinds six diameters of a crankshaft in two 
operations in an overall time of 80 seconds. The 


crankshafts, the bearing surfaces of which are ground 
to a tolerance of 0-0004 in., are checked on a Solex 
air gauge which is capable of measuring to 0-001 in. 
Although, as previously mentioned, the plant is now 
producing some 500 engines a week, it is capable of 
producing more than 1,000 provided that there is no 
interruption in the supply of raw materials. 
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GRINDING MACHINE. 


COMPANY, LIMITED, MANCHESTER. 





Fig. 1. 


LARGE GRINDING MACHINE FOR 
TURBINE-ROTOR SHAFTS. 


Tue Churchill Machine Tool Company, Limited, 
Broadheath, Manchester, have recently completed the 
construction of a very large plain grinding machine 
designed to grind turbine-rotor shafts of various sizes 
for use in power-station generating equipment. The 
machine, which has been delivered to one of the principal 
electrical firms in this country, is believed to be the 
largest of its type yet made; it weighs about 40 tons and 
has an overall length of 57 ft. It has a maximum swing 
of 4 ft. 6 in. and will admit work 24 ft. in length 
between the workhead and tailstock centres; the 
largest rotor shaft which it will handle would weigh 
about 14} tons. Some idea of the size of this machine 
can be obtained from the illustrations reproduced in 
Fig. 1, on this page, and Fig. 2, on page 14, as well as 
from the fact that it is necessary for the operator to 
stand on a raised platform in order to see the work 
and handle the controls. 

The machine comprises a long bed carrying a travers- 
ing table with workhead and tailstock on slides, and a 
grinding unit which is mounted on the foundation 
behind the bed. A workhead, tailstock and a number 
of adjustable steadies run on two slides on the traversing 
table and support the rotor shaft being ground ; one of 
these slides is of V-section and the other is flat, both 
being clearly visible in Fig. 1. The workhead, tailstock 
and steadies may be adjusted to take the shaft, and then 
locked in position on the traversing-table slides, there- 
after moving as a complete unit with the table. The 
table can be traversed along the bed in front of the 
grinding-wheel head, which itself can traverse at right 
angles to the work. The bed of the machine, which is 
shown, fully in Fig. 2, is of massive proportions and is 
made in two parts, which are keyed and bolted together. 

The machine is controlled from an apron, illustrated 
in Fig. 3, on page 14, situated centrally in front of the 
bed and containing the grinding-wheel feed gearing as 
well as the table-traverse mechanism. The latter 
comprises the traverse-drive gearbox and reversing 
mechanism, the hand-traverse reduction gear and the 
variable-dwell mechanism, which operates at each 
reversal of the table traverse. Mounted on two columns 
above the control apron, and visible in Fig. 3,on page 14, 
are the controls for the wheelhead feed, on the right, 
and the hand-traverse of the table, on the left, while 
the table power-traverse gear lever and hand-clutch 
lever can be seen to the right of the right-hand column. 
The latter also carries the controls for the workhead 
motor and coolant pump. As previously mentioned, 
the operator in charge of the machine stands on a 
raised platform in front of the control apron, and he is 
then able to see a mirror which is fitted to the wheel- 
head and shows the contact between the grinding wheel 
and the work. On the right of the operator, as shown 
in Fig. 1, is the electrical-control desk with controls 
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TRAVERSING TaBLE AND GRINDING-WHEEL HEAD. 


for operating the various electric motors, and at the 
rear of the machine, visible in Fig. 2, on page 14, is a 
separate unit containing the main switchgear. 

Although the table alone weighs 11 tons, and its 
weight, together with that of the workhead, steadies 
and tailstock, is about 15 tons, it can be moved with 
one hand by means of the hand-traverse wheel. The 
power traverse is driven by a variable-speed motor 
working through a five-speed gearbox in the control 
apron, the speed of the motor being varied by a control 
on the desk, giving, in conjunction with the gearbox, 
a complete range of traverse speeds. A hand clutch is 
provided to the left of the gearbox, and an outward 
movement of approximately ? in. disengages it for gear 
changing. The length of the traverse stroke is deter- 
mined by the position of two trip dogs which are 
carried on a rack fixed along the front of the table 
and actuating a reversing lever at the end of each 
traverse stroke. The rack and one of the trip dogs 
can be seen in Fig. 3, the trip dog being situated 
between the two levers near the centre of the illus- 
tration. The variable-dwell mechanism, which is 
operated from the control apron, allows the table to 
remain stationary for a pre-determined period at the 
end of each traverse stroke while the grinding wheel 
is fed into the work. The entire table is carried on 
wide V- and flat-slideways on the bed of the machine, 
which are lubricated automatically by small valves 
in the bed, the valves opening only when the table 
passes over them. Oil is supplied under pressure from 
a small motor-driven pump, and any surplus drains 
back into the supply reservoir. The slideways are 
protected by fabric covers, which are guided over 
rollers and through tunnels built into the table. As 
the table traverses, the covers are laid flat on the 
slideways, giving protection throughout the whole of 
the traversing motion. 

The grinding-wheel head is mounted on a heavy base 
fixed to the foundation behind the machine bed and is 
illustrated in Fig. 5, on page 14, which also shows the 
coolant pump and swarf separator.. The wheelhead is 
pres with a rapid power traverse at right angles 
to the work, which allows the grinding wheel to be 
moved quickly into the correct position for grinding 
any of the various shaft diameters. The traversing 
motion is effected by a motor mounted on the wheel- 
head base and driving through gearing ; it is controlled 
by a lever attached to the right-hand side of the 
grinding-wheel feed control column and visible in 
Fig. 3. Movement of the lever either away from or 
towards the operator disengages the hand-fced control 
and sets the power traverse in motion in the same 
direction. Limit switches are fitted to the side of 
the wheelhead to prevent damage to the feed mechan- 
ism by over-running during the power-traversing 
operation. Once it has been set roughly in position by 
the power traverse, the grinding-wheel head is fed into 
the work by gearing contained behind the control 





apron. The hand control can be seen in Fig. 3. 
The grinding wheel is driven by a 25-h.p. variable-speed 
motor and is carried on “‘ Hydrauto ” spindle bearings. 
An illustrated description of this type of bearing will 
be found on page 492 of our 160th volume (1945). 

The shaft being ground is carried between the work- 
head and the tailstock, and supported along its length 
by a number of steadies. The workhead, steadies and 
tailstock can be moved individually along the traversing 
table ways by means of racking devices, each operated 
by a square-ended shaft to which a separate handle 
can be applied. 

The workhead, which is illustrated in Fig. 4, on 
page 14, contains a variable-speed motor driving a 

aceplate through an eight-speed gearbox, the com- 
bination giving 8 which are infinitely variable 
over a wide range. An “inching” button is provided 
on the workhead and allows the operator to turn the 
work through small angles and thus engage the driving 
spigot with the work clamp when setting up; a 
duplicate button is fitted to the right-hand column 
above the main control apron. 

The tailstock centre may be extended by turning a 
handwheel, and is also provided with a set-over adjust- 
ment, which may be used to align the work. Two 
sizes of work steadies are provided with the machine 
to support shafts of different diameters. 





ANNUALS AND REFERENCE BOOKS. 


Glossary of Important Power and Rate rae ae 
lossary has been prepared under the supervision of the 

Federal Power Cesnaiaiees of the United States to 
provide a uniform terminol: for the reports and 
other documents prepared by that body and its member 
agencies. It deals almost entirely with the terms which 
are likely to be required in water- development 
and definitions of basic units ; such simple diction- 
ary words as dam, turbine and generator are specifically 
omitted. A list of abbreviations and a number of con- 
version factors, however, are included. British en- 
gineers will find the publication of interest and of 
some use in translating what, with their accustomed 
insularity, they are prone to call Americanisms. Some 
of the terms have at least the quality of novelty. For 
instance, “‘ nonutility (sic) generation” is defined as 
“‘ generation by producers have generating plants for 
the purpose of supplying electric power required in the 
conduct of their industrial or commercial operations.” 
It is not until it is recalled that utility, when applied 
to electricity supply, has a different meaning in the 
two countries that the correctness of this definition 
can be appreciated. The publishers of the glossary 
are the United States Government Printing Office, 
Washington, D.C., the price being 15 cents. 

Beton- Kalender, 1945-1950.—The previous edition of 
this handbook, which formerly appeared annually 
under the editorship of Herr A. Laskus, was published 
in 1944. The manuscript was revised in 1946, but for 
reasons which need not be detailed, publication under 
the editorship of Herr Wedler could not be undertaken 
until 1949. Nevertheless, the paper shortage has 
necessitated some curtailment of its contents, although 
the various applications of concrete in a number 
of fields are adequately covered. The book begins 
with mathematical tables and notes on the solution of 
equations followed by a chapter on geometry, both 
plane and solid, on trigonometry and moments of 
inertia. The more practical side of the subject is 
subsequently covered in a series of articles each of 
which has been written by an expert and, although the 
treatment is necessarily concise, nothing of importance 
seems to have been omitted. It is unfortunate that it 
has been necessary to use such small type, but the 
illustrations are clear and informative. The book can 
be recommended to those who wish to increase their 
knowledge of an important structural material and at 
the same time to develop greater familiarity with a 
foreign language. It is published by Wilhelm Ernst 
und Sohn, Hohenzollerndamm, 169, Berlin- Wilmersdorf, 
at a price of DM. 10. It is, however, obtainable in this 
country from Messrs. Lamge, Maxwell and Springer, 
41 to 45, Neal-street, London, W.C.2, at the price of 
178. 6d. net. 





LECTURES ON SPECTROCHEMICAL ANALYSIS.—A course 
of twelve lectures on “ Spectrochemical Analysis ” will 
be held at the Sir John Cass Technical Institute, Jewry- 
street, London, E.C.3, from 6 to 7 p.m. on Friday 
evenings, commencing on January 13. The lecturers are 
Mr. A. S. Nickelson and Mr. A. R. Philpotts, and the 
introductory lecture will be by Dr. S. Judd Lewis. The 
lectures will be followed by ten periods of laboratory 
work for a limited number of students, on Fridays, from 
6 to 9 p.m., commencing on April 21. This course will 
be conducted by Mr. L. O. Freeman. The subject will 
be treated mainly with reference to the practical prob- 
lems of the chemist, and the lectures will be illustrated 
by lantern slides, photographs, charts and demon- 
strations. 
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EXCHANGE OF TECHNICAL 
INFORMATION BETWEEN 
EUROPEAN COUNTRIES. 


One of the objects of the Organisation for European 
Economic Co-operation is to ensure that scientific and 
technical information published in all countries is 
accessible generally to industry. A first step towards 
this end is a scheme, which has just come into opera- 
tion, for the exchange of scientific and technical 
Government publications between member countries of 
the Organisation. Up to the present, Austria, Den- 
mark, France, Holland, Italy, Norway, and the United 
Kingdom have agreed to take part in the scheme ; 
other countries will join when they have made the 
necessary ents. Each of the Governments 
concerned will supply to the others up to six free copies 
of all Government documents, published on or after 
January 1, 1950, dealing with aspects of the physital 
and biological sciences of interest to industry, any 
branch of technology, medical matters of industrial 
interest, and economic and statistical information on 
industrial productivity. 

Each country taking part in the scheme will organise 
a central clearing house which will select and dispatch 
outgoing reports, and will arrange for the distribution 
of incoming documents. In the United Kingdom, this 
work will be undertaken by the Technical Information 
Documents Unit of the Board of Trade, 40, Cadogan- 
square, London, S.W.1. The Unit will compile selec- 
tive lists of titles of the documents which are received, 
according to their subject matter; where necessary, 
explanatory sub-titles will be added. Copies of the 
relevant lists will be sent to the various trade and 
research organisations, and will also be available to 
technical and scientific journals. The original docu- 
ments will be kept at Cadogan-square, where they may 
be referred to; other reference centres in the United 
Kingdom will also be arranged, and in certain circum- 
stances, it may be possible to borrow a document for a 
short period. 

The Governments — in the scheme have 
agreed to relax the copyright laws relating to these 
official publications in order that the receiving Govern- 
ments may arr. for single reproductions of any 
document to be supplied, on a non-profit-making basis. 
Apart from this concession, the use of the information 
received eer the wae will be subject to the receiv- 
ing country’s laws of copyright and industrial property. 
It will, of course, be lite for anyone i> aie 
copies of the documents from the issuing authority in the 
normal way. 





CONTRACTS. 


Messrs. THE BRUSH ELECTRICAL ENGINEERING Com- 
PANY, LIMITED, Loughborough, through their agents, 
MEssRS. CLYDE ENGINEERING LIMITED, Wellington, 
New Zealand, have received an order for two 20,000-kKVA 
banks of transformers 66/11 kV, complete with on-load 
tap-change gear. The transformers are destined for the 
Papanui substation of the State Hydro-Electric Depart- 
ment, New Zealand. 


MEssRS. VICKERS-ARMSTRONGS LIMITED, Vickers 
House, Broadway, London, S.W.1, have received an 
order from Mr. Stavros S. Niarchos, The Pirzeus, Greece, 
for two single-screw tankers, each of 31,000-ton dead- 
weight capacity and having an overall length of 653 ft. 
and a breadth moulded of 86 ft. The tankers will be 
built and engined at Barrow-in-Furness ; the propelling 
machinery will consist of double-reduction geared tur- 
bines giving a normal s.h.p. of 12,500 and the vessels a 
trial speed of 15% knots. Messrs. Vickers-Armstrongs 
are already at work, at the Naval Yard, Newcastle-upon- 
Tyne, on two tankers for Norway, while a 28,000-ton 
tanker is being built at Barrow for the British Tanker 
Company. 

The British Electricity Authority, Great Portland- 
street, London, W.1, during the past month, have placed 
contracts for power-station, switching and other equip- 
ment amounting, in the aggregate, to 3,208,3851. The 
principal orders include, for Bankside generating station, 
11-kV switchgear with Messrs. A. REYROLLE AND Com- 
PANY, LIMITED, and 22-kV switchgear with Messrs. 
FERGUSON PaILin, Liwrrep; fer Brunswick Wharf 
station, ash-disposal plant with INTERNATIONAL Com- 
BUSTION, LIMITED ;. for Deptford East station, power 
transformers with Messrs. FERRANTI LIMITED; for 
North Tees station, pipework equipment with Messrs. 
BaBCOCK AND WILCOX, LimiTreD; for Chadderton sta- 
tion, site clearance with Messrs. M. J. GLEESON LIMITED, 
and structural steelwork with Messrs. EpwaRD Woop 
AND COMPANY, LimiTep; for Crimpsall station, four 
180,000 Ib. per hour boilers with Messrs. MITCHELL EN- 
GINEERING, LIMITED ; for Barking “ C ” station, 90-MVA 
132-kV reactors with MESSRS. METROPOLITAN-VICKERS 
ELEcTRICAL Company, Limirep; for Rayleigh substa- 
tion, Essex, 33-kV 750-MVA switchgear with Messrs. A. 
REYROLLE AND COMPANY, LIMITED. 





BRITISH STANDARD 
SPECIFICATIONS. 

The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of each paragraph. 

Graphical Symbols for Pipes and Valves.—Hitherto 
there has been some lack of uniformity in the symbols 
employed in the preparation of schematic and other 
diagrams of engineering .plant. The Institution, 
therefore, has undertaken the preparation of a series 
of standards for graphical symbols, by means of which 
particular items of t can be conveniently identified. 
Part 1 of this series (B.S. No. 1553). now issued, deals 
generally with pipes, valves, and fittings used in con- 
nection with them. The publication will be followed 
by others relating to more specialised fields. [Price of 
Part 1 2s., postage included.] 

Acid-Resisting High-Silicon Iron Castings.—Another 
new specification, B.S. No. 1591, concerns high-silicon 
iron castings. It covers the requirements for acid- 
resisting castings for chemical-engineering purposes. 
The chemical composition of the castings and the 
— to be adopted for the provision of samples 

or chemical analysis are specified. Other clauses 
relate to heat treatment, freedom from defects, porosity, 
welding, marking and packing, and inspection and test- 
ing facilities. [Price 2s., postage included.] 

Methods for Analysis of Iron and Steel.—Three addi- 
tional parts to B.S. No. 1121, which covers methods for 
the analysis of iron and steel, have now been published. 
Part 12 concerns silicon in acid-resisting high-silicon 
iron, while Part 13 relates to chromium in iron and 
steel, and Part 14 to copper in carbon and low-alloy 
steels. The solutions required, the testing jure 
and the method of calculation are specified for each of 
the three methods. [Price of each part 1s., postage 
included. ] 





BOOKS RECEIVED. 


Machinery’s Five-Figure Log Book. (Direct Reading.) 
Including Logarithms of Trigonometrical Functions. 
Second enlarged edition. Machinery Publishing 
Company, Limited, National House, West-street, 
Brighton, 1, Sussex. [Price 5s. 6d.) 

Glass-to-Metal Seals. By Dr. J. H. PARTRIDGE. The 
Society of Glass Technology, Elmfield, Northumber- 
land-road, Sheffield, 10. [Price 35s. 6d. post free.] 

Australia C’ lth Scientific and Industrial Research 
Organization. First Annual Report for the Year Ending 
30th June, 1949. Offices of the Organisation, 314, 
Albert-street, East Melbourne, C.2, Australia. 

Ministry of Civil Aviation. London Airport Ground 
Traffic Movement. H.M. Stationery Office, Kingsway, 
London, W.C.2.. [Price 1s. 6d. net.) 

Engineering Workshop Drawing. By H. BINNS. Volume 
I. First Year Course. [Price 7s. 6d.net.] Volume II. 
Second Year Course. [Price 9s. 6d.net.] The English 
Universities Press, Limited, St. Paul’s House, Warwick- 
square, London, E.C.4. 

Higher Algebra for the Undergraduate. By PROFESSOR 
Marie J. Weiss. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. _ [Price 
3-75 dols.] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 30s. net.]} 

Werkstiickspanner (Vorrichtungen.) By K. SCHREYER. 
Springer-Verlag, Reichpietschufer 20, Berlin W.35, 
Germany. [Price 36 D.M.] 

Electric Cables. A Practical Guide to their Properties, 
Construction, Installation and Maintenance. By 
FRANCIS W. Main. Third edition. Sir Isaac Pitman 
and Sons, Limited, Pitman House, Parker-street, 
Kingsway, London, W.C.2. [Price 12s. 6d. net.]} 

Mechanical World Year Book. 1950. Emmott and Com- 
pany, Limited, 31, King-street West, Manchester, 3. 
(Price 3s. 6d. net.] 

La Matematica dell’Ingegnere e le Sue Applicazioni, 
Volume I. By Guipo FUBINI and GIUSEPPE ALBENGA. 
Nicola Zanichell§ Bologna, Italy. [Price 4,000 lire 
net.] 

Melbourne and Metropolitan Tramways Board. Report 
and Statement of Accounts for the Year ended 30th 
June, 1949. Offices of the Board, 616-622, Little 
Collins-street, Melbourne, Victoria, Australia. 

Lebendiges Griin in Bauentwiirfen. Volume l. Lebendiges 
Griin im Wasserbau. By WALTHER PAXMANN. Wil- 
helm Ernst und Sohn, Hohenzollerndamm 169, Berlin- 
Wilmersdorf, Germany. [Price 9 D.M. in paper covers, 
10-50 D.M. half-bound.] 

The Variational Principles of Mechanics. By CORNELIUS 
Lanczos. University of Toronto Press, Toronto 5, 
Ontario, Canada. [Price 5-75 dolls.) Oxford Univer- 





sity Press (Geoffrey Cumberlege), Amen House, War- 
wick-square, London, E.C.4. 
Fusible Alloys Containing Tin. 
Fraser-road, Greenford, Middlesex. 


[Price 42s. net.] 
Tin Research Institute, 
[Gratis.] 


PERSONAL. 


Mr. K. BAUMANN, M.I.Mech.E., retired on December 
31, 1949, from his positions of chief mechanical engineer 
and a director of Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford Park, Manchester, 17. He has 
been succeeded in these positions by MR. NORMAN ELCE, 
M.Sc.Tech., M.I.E.E. 

Mr. A. E. C. GreaG, M.I.Mech.E., M.I.Mar.E., 
M.I.P.E., has been appointed managing director of 
Associated British Oil Engines (Marine), Limited, 
Falcon Works, Loughborough, a company formed to 
provide a joint selling organisation for Mirrlees, McLaren 
and Petter oil engines made by the A.B.O.E. Group and 
intended for shipboard use. 


Mr. H. W. Bosworts, chairman and managing direc- 
tor of Lancashire Dynamo and Crypto Limited, retired 
on December 31, 1949, from the position of managing 
director, after 43 years of service with the company. 
He is continuing to act as chairman, and will remain a 
director of the jated and subsidiary companies. 

Mr. J. W. HarRGREAVEs retired from the position of 
general manager of the Renfrew and Dumbarton Works 
of Messrs. Babcock and Wilcox, Limited, on Decem- 
ber 31, 1949. His successor is Mr. I. M. Lyon, hitherto 
assistant general manager. Mr. A. S. PEACOCK has been 
appointed assistant general manager. 


Dr. R. J. Tupor, M.Se., A.R.1.C,, F.1I.R.1., is to direct 
@ research laboratory built at the Burton-on-Trent 
factory of the British Tyre and Rubber Company. Dr. 
Tudor will be assisted by a technical committee, com- 
prising Mr. W. BowpEN, F.I.R.I., chief chemist of the 
British Tyre and Rubber Company; Mr. H. SKELLON, 
B.Sc., F.I.R.1., factory superintendent at Burton, and 
Mr. H. S. Jupp, technical manager of the Silvertown 
laboratories. Mr. C. R. CusHMAN, A.I.R.I., has been 
appointed superintendent of the Silvertown Works in 
succession to Mr. W. B. Grsss, who has retired. 

Mr. E. S. SHRAPNELL-SMITH, C.B.E., M.Inst.T., 
has been reappointed for a further term as a member of 
the Appeal Tribunal constituted by Section 15 of the 
Road and Rail Traffic Act, 1933. He has been a member 
of the Tribunal since it was constituted in March, 1934. 


Messrs. BINNIE, DEACON AND GOURLEY, chartered 
civil engineers, Artillery House, Artillery-row, Victoria- 
street, London, S.W.1, have taken into partnership, as 
from January 1, 1950, Mr. E. C. STEER, B.Sc., M.I.C.E., 
M.I.W.E., who has been their chief assistant latterly. 


Mr. F. B. RoBERTS, M.B.E., A.M.I.Mech.E., late 
Lieutenant-Colonel, R.E.M.E., and now chief assistant 
editor of ENGINEERING, has been appointed a director 
as from January 1. 

Mr. A. H. STEELE, H.M. Divisional Inspector of Mines 
in Scotland since 1942, retired on December 31, 1949. 

Mr. J. S. CHRISTIE, secretary to Messrs. Horseley 
Bridge and Thomas Piggott, Limited, constructional 
engineers, Tipton, Staffordshire, has been appointed 
to the board of the company. 

Mr. H. B. McAvuSLAN has been appointed general 
sales manager of the National Gas and Oil Engine 
Company, Limited, Ashton-under-Lyne. Mr. F. D. 
LANGLEY, A.M.I.Mech.E., has been appointed London 
Manager as from January 1, in succession to MR. J. C. 
GREAVES, who is retiring owing to ill health. 


Mr. L. Woopcock has been appointed sales manager 
of the industrial and marine-units division of Leyland 
Motors Limited, Leyland, Lancashire. 


The address of the NATIONAL COUNCIL OF BUILDING 
MATERIAL PRODUCERS is now 10, Princes-street, London, 
8.W.1. The telephone number is still ABBey 5111. 

The subsidiary company of the DUNLOP RUBBER 
CoMPANY, LIMITED, in Kobe, Japan, the shares of which 
were taken over by the Japanese Government of the 
day upon the outbreak of war in the Pacific, has now 
been restored to the parent company in England. 


The British Electricity Authority announced that, at 
their request, Messrs. C. A. PARSONS AND COMPANY, 
LimiTED, Heaton Works, Newcastle-upon-Tyne, have 
agreed to extend their normal range of products to 
include the fabrication of high-pressure pipework. 


Messrs. THE FURNIVAL STEEL COMPANY, LIMITED, 
bave now removed to Furnival Steel Works, Attercliffe- 
road, Sheffield, 4. 

The office of the METROPOLITAN-VICKERS ELECTRICAL 
CoMPANY, LIMITED, hitherto at Carlisle, is being trans- 
ferred to Victoria Buildings, 38, South William-street, 
Workington (Telephone: Workington 795), opening 
at the new address on January 9. The office will still be 
in charge of Mr. J. ROGERS. 

A new subsidiary company, CHLORIDE BATTERIES 
LIMITED, has been formed by the CHLORIDE ELECTRICAL 
STroRAGE ComPANy, Limirep, Exide Works, Clifton 
Junction, near Manchester, to carry out the manufac- 
turing and selling activities of the firm, principally 
conducted under the trade names Chloride, Exide, Exide- 








Tronclad and Drydex. 
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NOTES FROM THE NORTH. 
GLasGcow, Wednesday. 

Scottish Steel.—There was practically no slackening of 
effort at any of the works right up to the close-down at 
the end of last week for the New Year holiday. The 
record-breaking ingot production for the year was not 
achieved without considerable wear and tear, and squads 
of bricklayers and millwrights took over to carry out 
the heavy repair programmes to be eompleted in order 
to have plant and machinery ready for the resumption 
which is scheduled for Monday, January 9. Operations 
at blast furnaces have been reduced to the usual holiday 
basis after attaining a very satisfactory output of pig 
iron for the year. Monthly returns made so far point 
to a commendable figure for the combined production of 
~teel and iron during 1949. The current year is almost 
certain to resume on the same active scale, but prospects 
over the twelve months are somewhat obscure, compared 
with the outlook at the same date last year. The factor 
causing most concern is the unbalanced demand for 
steel commodities. While the mills of the sheet makers 
and plate makers are assured of regular employment for 
« considerable time ahead, the outlook for the large- 
section and bar rolling mills, as well as the smaller ones 
of the re-rollers is less satisfactory. Despite the dearth 
of new business, shipyards will be busy for the major 
portion of the next twelve months at least, while orders 
for plates for power-plant producers and locomotive 
and wagon builders assure a demand for years to come. 
The maximum production of light sheets, both black and 
galvanised, is booked forward for several months, while 
the flow of new orders is unstemmed. Semies are quiet, 
in sympathy with conditions in the rolling shops, and 
light sections and bars enjoy only a modest demand. 

Scottish Coal.—The collieries wound up for the year 
on Friday, December 30, after just managing to catch 
up in the final shifts with last year’s output figure. They 
are due to resume to-morrow, January 5. The probable 
output has been estimated at 23,874,000 tons, some 
90,000 tons higher than in 1948, the target remaining 
unchanged at 25,000,000 tons. The average number of 
face workers rose during the year by about 900. The 
proceeds remained practically unchanged, but working 
costs advanced and were reflected in a steady decline in 
profits from 2s. 3-2d. per ton in the first quarter of the 
year to ls. 3-5d. per ton in-the third quarter. The 
current distribution to consumers has been facilitated by 
an increase in available supplies in recent weeks, and 
scheduled tonnages were provided for all categories other 
than those using round coal. House-coal merchants’ 
deliveries have fallen slightly below the datum level. 
Export business is at a standstill pending resumption of 
activity at the collieries. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—-While operations in the Welsh 
steam-coal trade were slowed down in the last week of 
1949 by holiday conditions, there were indications of.a 
further substantial improvement in the export trade in 
1950. The expansion of this branch was the best feature 
of 1949 and shipments were stepped up sharply in the 
final quarter of the year. Negotiations with a number 
of foreign consumers have been proceeding for some little 
while past and although, so far, very little definite 
information has become available on the market, there 
is a confident feeling among shippers that deliveries 
to a number of countries will be increased. Already 
it has been reported that the Argentine Railways, large 
consumers of Welsh coals, have made arrangements 
for the purchase of greater quantities in 1950. A 
substantial expansion is also looked for in the French 
trade, while Belgium and Holland are also expected to 
receive larger supplies. The supply position has ‘been 
more difficult than usual in the past week owing to the 
interruption of the holidays. Work was not resumed 
at the pits until the Wednesday following Christmas, 
but absenteeism on this day was heavy. It was officially 
estimated that 21-8 per cent. of the men were away from 
the pits on that day, compared with 18 per cent. on the 
first working day after Christmas, 1948. The demand 
is coming in steadily in respect of all grades, and supplies 
of all but some of the most inferior kinds are difficult 
to negotiate for delivery over some weeks ahead. The 
home trade is still taking a very large share of the outputs 
but shipment programmes are being steadily covered. 
Heavy contracts have been concluded for bunker 
descriptions and patent fuel continues to attract a good 
foreign inquiry. 





THE OLD CENTRALIANS.—At the January luncheon of 
the Old Centralians—the association of former students 
of the City and Guilds Engineering College—a short 
address on ‘“‘ Windmills” will be given by Mr. Rex 
Wailes, F.S.A., M.I.Mech.E. The luncheon will be held 
at 12.45 p.m. on Friday, January 13, at the restaurant 
** Chez Auguste,” 47, Frith-street, London, W.1. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The year has seen a larger production 
of local brands of pig iron and a fuller supply of scrap 
materials for re-melting, thanks to the vigorous national 
drive for supplies. Steelmakers, generally, have in- 
creased their production and a record weight of steel 
ingots and castings has been made; moreover, there 
are sufficient orders on the books to ensure a continuance 
of activity for some considerable time. There has been 
some falling off in special-steel products, for which 
orders began to accumulate during the war years, but 
in other sections of the steel trade, there is full and healthy 
activity, helped in some cases by devaluation. Devalua- 
tion, however, has sent up the prices of alloys and 
necessitates a rise in some of the prices of special steels. 
The use of alternatives is being extended. Very busily 
employed are all colliery-engineering firms which 
specialise in the production of machinery and equipment 
both for deep mines and for opencast workings. Heavy 
order books characterise works producing materials -for 
the construction and repair of railway rolling stock. 
Rather more axle steel has become available. There is 
a shortage of railway wagons for the coal and other 
industries, and it is very difficult to cater for the special 
requirements of users. The overhaul and repair of plant 
and machinery during the holidays has been a major 
operation including the installation of some additional 
machine tools as part of schemes of modernisation and 
re-equipment. The tool factories have many months’ 
work on their books, and the cutlery industry is striving 
to deal with an improving demand, in face of the growing 
scarcity of skilled operatives. The operation of staggered 
hours of working is less irksome than a year ago, but is 
still much disliked. There have been power cuts which 
have been a source of inconvenience and delay. 

South Yorkshire Coal Trade.—The higher production 
of coal has taxed transport resources, but some congestion 
has been relieved, and deliveries to works and dispatches 
to the ports have been accelerated. It has been decided 
to i iderably the 1950 target for opencast 
coal to provide a surplus for general use. There are 
adequate supplies of furnace coke and the surplus of 
gas coke is such that there is sufficient in stock and in 
production to deal with any increase of demand due to 
the removal of restrictions upon sales. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producers have a 
lot of work in hand and the year opened on a note of 
increasing hope of trade expansion, though the outlook 
for the near future is still obscure. With few exceptions 
outputs of iron and steel promise to be on a scale that 
will deal satisfactorily with customers’ expected heavy 
requirements. The prospective needs of commodities 
for home purposes are impressively large and there is 
scope for expansion in the export business notwithstand- 
ing the intense Continental competition in overseas mar- 
kets. The situation in regard to raw material is quite 
satisfactory. Deliveries obtainable from home sources 
of supply remain at a high level and tonnages of im- 
ported iron ore, held by consumers, are fairly substantial. 
There is no shortage of iron and steel scrap, and buyers 
continue to build up stocks for extensive use in place of 
the more expensive pig iron. Large quantities of steel 
scrap from Germany continue to arrive in the Tees. 


Foundry and Basic Iron.—Ample parcels of ordinary 
foundry pig iron are now obtainable for North-East Coast 
foundries but supplies are still almost entirely from the 
Midland producing area. As for a very considerable 
time past, the whole of the output of the Middlesbrough 
basic blast furnace is retained for the requirements of 
makers’ own consuming departments. 


Hematite, Low-Phosphorus and Refined Iron.—The 
increased distributable tonnage of East-Coast hematite 
enables regular users to obtain parcels that cover their 
essential needs and the outputs of low- and medium- 
phosphorus grades of iron meet the demands of the usual 
buyers. Manufacturers of refined iron continue to handle 
satisfactorily the orders of home customers and to provide 
occasional small parcels for export. 


Manufactured Iron and Steel.—Plants turning out semi- 
finished and finished iron have contracts to execute that 
assure considerable activity at the works for a while, but 
orders for the reasonably-early delivery of some descrip- 
tions of material would be acceptable. Most types of 
semi-finished steel are fairly plentiful and the import of 
Continental products is increasing. Finished-steel makers 
have heavy bookings, and the producers of material for 
shipbuilding, engineering undertakings, power-plant erec- 
tion, railway renewals and colliery equipment are per- 
sistently called upon for full deliveries under running 
contracts. Sheets are still in strong request for home 
purposes and for export. 
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N OTICES OF MEETINGS. 


. It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
pmorning in the week preceding the date of the meeting. 











INSTITUTION OF ELECTRICAL ENGINEERS.—North-East- 
ern Centre: Monday, January 9, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. “‘ Aspects of Agricultural and 
Horticultural Electrification in North America,’”’ by Mr. 
F. E. Rowland. Education Discussion Circle: Tuesday, 
January 10, 6 p.m., Victoria-embankment, W.C.2. Dis- 
cussion on “‘ Organisation of Laboratory Work,” opened 
by Mr. J. G. Fleming. Radio Section: Wednesday, 
January 11, 5.30 p.m., Victoria-embankment, W.C.2. 
“ Relative Merits of Presentation ef Bearings by Aural- 
Null and Twin-Channel Cathode-Ray Direction-Finders,”’ 
by Mr. S. de Walden and Mr. J.C. Swallow. Scottish 
Centre: Wednesday, January 11, 7 p.m., Heriot-Watt 
College, Edinburgh. ‘‘ Measurement of Light and 
Colour,” by Mr. G. T. Winch. Institution: Thursday, 
January 12, 5.30 p.m., Victoria-embankment, W.C.2. 
“Radar Echoes from Precipitation,” by Mr. J. E. N. 
Hooper and Mr. A. A. Kippax. Western Centre: Friday, 
January 13, 6.30 p.m., Brangwyn Hall, Swansea. Fara- 
day Lecture on “‘ Radar,” by Dr. R. A. Smith. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, January 9, 6.30 p.m., Reyal Victoria 
Station Hotel, Sheffield. ‘‘ Education of a Productien 
Engineer,” by Dr. H. Schofield. Preston Section: Wed- 
nesday, January 11, 7.15 p.m., Harris Institute, Cor- 
poration-street, Preston. ‘ Payment by Results,” by 
Mr. A. J. Charnock. Coventry Section: Friday, January 
13, 7 p.m., Geisha Café, Hertford-street, Coventry.. 
“ Factory Administration,”’ by Mr. E. A. Hyde. Hastern 
Counties Section: Friday, January 13, 7.30 p.m., Electric 
House, Ipswich. ‘‘ Industrial Applications of the Lost- 
Wax Process,” by Mr. A. Short. 


JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, January 9,.7 p.m:, 16, St. Mary’s 
Parsonage, Manchester. Chairman’s Address on “‘ Should 
an Engineer Specialise ?”’ by Mr. J. Gradwell. Institu- 
tion: Friday, January 13, 6.30 :p.m., 39, Victoria-street, 
S.W.1. ‘“‘ Unusual Craft and Their Seating Prob- 
Iems,”’ by Mr. C. A. Hobson. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre: Monday, January 9, 7.30 p.m., North British 
Hotel, Edinburgh. ‘‘ Modern Engine-Testing Equip- 
ment,” by S. G. Mundy. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
10, 5.30 p.m., Great George-street, S.W.1. Discussion 
on “ Trend of Road Construction,” opehed by Mr. Arthur 
Floyd. Midlands Association : Thursday, January 12, 
6 p.m., James Watt Memorial Institute, Birmingham. 
“ Pre-Stressed Concrete :. Some Praetical Applications,” 
by Mr. H. Kaylor. 


INSTITUTION OF ENGINEERS AND i cemsetittesie IN 
ScoTLanD.—Tuesday, January 10, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. “‘ Tank Tests with Towboats 
and Barges in Deep’and Shallow: Water,” by Mr. W. P. 
Walker. = 

NEWCOMEN SocreTy.—Wednesday, January 11, 5.30 
p.m., Iron and Steel ‘Institute, 4, Grosvenor-gardens, 
S.W.1. (i) “ Thames and Severn Canal,” by Mr. H.G. W. 
Household. (ii) “‘ Further Notes on Early Railways in 
Surrey,” by Mr. Charles E..C. Townsend. 


INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—Wednesday, January 11, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Domestic Hot Water,” by Dr. J. C. Weston. 


LIVERPOOL ENGINEERING Society. — Wednesday, 
January 11, 6 p.m., Radiant House, Bold-street, Liver- 
pool. “‘The Engineering Aspect of Gasholders,” by 
Mr. W. S. Hubbard. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch: Wednesday, January 11, 7 p.m., Engineers’ 
Club, Manchester. Film on “‘ Bronze Founding.” 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 12, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** Steel Economy,” by Mr. L. R. Creasy. 


INSTITUTION OF MECHANICAL ENGINEERS.— Applied 
Mechanics Group: Friday, January 13, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. “‘ The Use of 
Mild Steel for Service at Sub-Zero Temperatures,” by 
Mr. F. H. Keating and Mr. E. V. Mathias. AUTOMOBILE 
Division: Tuesday, January 10, 5.30 p.m., Storey’s- 
gate,-St. James’s Park, S.W.1. Joint Meeting with the 
INSTITUTION OF ELECTRICAL ENGINEERS (Utilization 
Section). ‘‘ Automobile Electrical Equipment for Passen- 
ger Cars,” by Mr. M. W. Kendall. 


NortH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 13, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘ Development of the 
Doxford Oil Engine During the Last Decade,” by Mr. 








W. H. Purdie. 
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ACCIDENTS IN INDUSTRY. 


Durine the year 1948, ten Regulations or Orders 
affecting the conduct of industry were issued by the 
Ministry of Labour and National Service, “‘indus- 
try’ in this connection including building opera- 
tions. Firms or individuals operating factories or 
workshops of any kind are so accustomed to carrying 
on their activities within the framework of a mass 
of regulations and requirements that the issue of 
three new Orders, in 1948, concerning the fitness of 
young persons, will probably be accepted with 
appropriate resignation. The building industry, 
however, may react less favourably to the hundred 
clauses of the Building (Safety, Health and Welfare) 
Regulations, 1948, as under them “‘ many thousand 
builders became subject to statutory provisions 
relating to safety, health and welfare in their daily 
jobs for the first time; but it is stated that, 
on the whole, the regulations have been well 
received, particularly by large firms, although there 
are “‘ contractors, their agents, foremen and men, 
who have never heard of the Regulations, new or 
old, and who have clearly thought the new require- 
ments unnecessary and some reflection on their 
own natural ability, experience and skill.” 

The above quotations are made from the latest 
report of the Chief Inspector of Factories.* This 
document is largely concerned with the record and 
analysis of the causes of accidents, but these subjects 





* Annual Report of the Chief Inspector of Factories for 
the Year 1948. H.M. Stationery Office. [Price 3s. net.] 








naturally cover the consideration of safety measures 
and, to some extent, of welfare arrangements. One 
of the clauses in the Factory Act, 1948, requires that 
“‘where any employed persons have in the course 


‘| of their employment reasonable opportunities for 


sitting without detriment to their work, there shall 
be provided and maintained for their use suitable 
facilities for sitting.” This requirement is clearly 
to be classified under welfare, but as “‘ properly 
designed seating is a powerful factor in the reduction 
of fatigue,” it is likely to have a favourable effect 
on the accident rate. This particular provision, 
however, can hardly apply to building, and it is in 
the employment of more obviously direct safety 
measures that the new regulations may improve the 
accident record of that occupation. 

The total number of fatal accidents in building 
operations in 1948 was 218 ; the figure was the same 
in 1947. Non-fatal accidents in 1948 were, however, 
9,431, compared with 8,251 in 1947. The rise may 
be due to an increase in the volume of buiiding 
work in progress. The feature of most importance 
in the total of fatalities is that 161, or 74 per cent., 
were due to falls of persons. Next in importance 
was falls of material or plant, which caused 25 
deaths. Falls of persons are difficult types of acci- 
dent to control in view of the thousands of building 
operatives who are necessarily working at heights. 
As ‘‘men do not fall deliberately,” and as “they 
are not intentionally pushed by workmates,” the 
causes of falls must be sought in some defects in 
mechanical arrangements or in carelessness. The 
report gives a list of possibilities ; they include the 
tipping of planks, tripping over obstructions and 
‘inexplicable errors of judgment.” 

This latter cause, unfortunately, appears in every 
class of accident record. In workshops, attempts 
can be made to deal with it by the multiplication of 
safety devices, but such arrangements are much 
more difficult to apply on isolated building contracts. 
Safety devices, whether of a mechanical or electrical 
nature, can be effective only if they are maintained 
in proper working condition. In the recent report 
of the Chief Inspector of Mines, it was pointed out 
that many accidents with conveyor machinery were 
not due to the absence of guards, but to the fact 
that guards had not been properly replaced after 
inspection or repair. This possibility, inherent in 
every type of industry, would appear to be particu- 
larly likely to arise in connection with building 
work. The new regulations specify in considerable 
detail the required safety precautions in the con- 
struction, erection, and inspection of scaffolds and 
the provision of safeguards, and it may be hoped 
that, as they become more widely known, they will 
be followed by employees as well as employers. 

The report suggests that many accidents un- 
doubtedly occur because men will take unnecessary 
risks and that the attitude of mind inducing this 
may be partly due to training received as Com- 
mandos during the war. As an example of the 
results of a needless type of risk, 31 men lost their 
lives, and 130 were injured, by falling through fragile 
roofing material because they did not use duck 
ladders. In some cases of this kind, the employer 
may have failed to supply the necessary material 
but, in general, such accidents are due to daring 
or oversight. The same applies to falls from lad- 
ders which, in 1948, caused 22 deaths and 458 
cases of injury. It is stated that, in many cases, 
improved positioning and fixing of ladders would 
have prevented the accidents. This is a matter 
for the workmen themselves, but that the employer 
or contractor may be involved is clear from the 
statement that “inspections have frequently re- 
vealed ladders in appalling conditions.” 

It is not only in building operations that falls of 
persons constituted the most frequent type of acci- 
dent; the same obtains in shipbuilding and 
ship-repairing. In this case, it is suggested that a 
contributory cause was the inferior quality of the 
timber available for the construction of staging. 
Again, in factories, persons falling provided the 
highest figure for fatal accidents, 22-1 per cent. of 
the total, though the highest percentage of all was 
accidents due to the handling of goods, the percent- 
age being 29-7. In factories, falls from improperly 
placed, or defective, ladders may be generally similar 
t» those occurring during constructional work, but 
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badly maintained floors and stairways are a more 
potent cause. The report places much of the blame 
on the human factor, instancing vanity, as in the 
wearing of unsuitable footwear, especially by women. 

Accidents in docks and warehouses are the only 
class in which falls of persons were not the major 
kind of accident. In these environments, 53-9 per 
cent. were due to lifting machinery, as compared 
with 19-2 per cent. due to persons falling. There 
is no difficulty in understanding this. In the main, 
the accidents were due to haphazard slinging or 
inefficient signalling. In one case, a wharfside crane 
turned over and killed a man because the safe 
working load of the crane was exceeded by 70 per 
cent. All accidents of these types are within control 
of the workpeople themselves. It is not only in 
docks and warehouses that bad slinging and ineffi- 
cient signalling are the causes of crane accidents ; 
they have the same effect in factories, where these 
reasons were responsible for 90 per cent. of 652 
crane accidents. Many such accidents were rela- 
tively trivial, but a considerable number involved 
finger amputations. There were 48 cases of cranes 
overturning in factories, causing four deaths, and 
it is suggested that there were probably others, 
not reported. One crane overturned three times, 
but only after the fourth occasion, when a person 
was disabled, was the Inspector notified. 

In view of the large numbers of young and semi- 
skilled persons employed in factories, it might have 
been expected that power-driven machinery would 
stand high in the list of causes of accidents. Actu- 
ally, it stands second as the cause of all accidents, 
being responsible for 15-2 per cent. For fatal 
accidents, it occupies the third position at 14-3 per 
cent., persons falling (22-1 per cent.) being, as al- 
ready mentioned, the most numerous class. The 
intermediate position, at 21-4 per cent., is taken 
by “‘ other causes.” This expression is not analysed 
in the report ; presumably it covers fires, explosions, 
electrical accidents and cases of poisoning. Some 
accidents to young persons are certainly due to 
irresponsibility and “skylarking ’’, but. the report 
suggests lack of proper training and faulty super- 
vision as basically responsible for accidents to this 
class of employee. Itis stated, however, that, allow- 
ing for the sexes, the young persons’ accident rates 
are very similar to the rates for their elders in the 
handling of goods and machinery. This latter 
statement would appear, to some extent, to contra- 
dict the former. If young people handling machi- 
nery are not more subject to accidents than adults, 
it may be assumed that their standards of care 
and performance are not greatly different. That 
ignorance in dealing with machinery is a significant 
factor is shown by the power-driven machinery 
accident rate for European voluntary workers. In 
one district it was 50 per cent., compared with 
15-2 per cent. for all grades of employee. 

The total number of notifiable accidents in 1948 
was 201,086, the figure for 1947 being 203,236. The 
fall over the two years was not, however, shown 
by fatal accidents, which rose from 839 in 1947 to 
861 in 1948. Comparison over two years is of little 
value ; a much longer period would be necessary 
to indicate trends, but a diagram given in the report 
showing the percentages of each type of accident in 
the two years clearly indicates the persistence of 
the relative importance of causes. In general, any 
particular class of accident varied in number over 
the two years only by a fraction of 1 per cent. For 
instance, accidents due to handling goods were, in 
building operations, 24-3 per cent. of the total in 
1947 and 24-0 per cent. in 1948; in docks and 
warehouses, 31-1 per cent. and 31-0 per cent. ; 
and in factories, 29-2 per cent. and 29-7 per cent. 
This is the cause of the heaviest percentage of all 
accidents and a substantial reduction should not be 
very difficult to achieve, granted the wider exercise 
of common sense. “‘ Handling goods.” presumably 
includes lifting by crane or hand, loading trucks, 
feeding conveyors and many other operations and, 
clearly, cannot be controlled by any general over- 
riding regulations. It is possibly the type of 
accident in which the mentality of the individual 
has the greatest weight. There is some small satis- 
fation in the fact that this class of accident, though 
the most frequent, is not the most serious; it 
accounted for only 4 per cent. of the total deaths. 
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THE JUBILEE OF THE 
NATIONAL PHYSICAL 
LABORATORY. 


Firry years ago, on January 1, 1900, Dr. (later 
Sir) Richard Glazebrook took up the appointment 
of Director of the newly constituted National Physi- 
cal Laboratory, thus inaugurating the establishment 
of an institution which has long enjoyed an inter- 
national repute comparable with that of any other 
of its kind in the world. The suggestions, schemes 
and negotiations which led to its establishment 
were numerous and long drawn out; the financial 
and other problems that had to be solved were 
of a nature that seems strange in these days when 
millions of pounds are freely disbursed on the realisa- 
tion of ideas of much less ultimate moment ; but 
the benefits that have accrued, it is safe to say, 
have exceeded by far the most sanguine expectations 
of its promoters. The official celebration of the 
jubilee, we understand, are not to take place 
immediately, but the occasion cannot be allowed 
to pass without some reference to an event of such 
far-reaching importance. 

The story of the inception of the idea was told, 
some 17 years ago, in a lecture delivered at the 
N.P.L. by Sir Richard Glazebrook, which presented 
the sequence of events so concisely, and with such 
exceptional authority, that we have been glad to 
have the opportunity to draw upon it in preparing 
the following outline of the establishment and 
growth of this excellent example of the British apti- 
tude for co-operative effort in the face of difficulties 
which, it must be admitted, are equally British in 
their origin and character. There are few more typi- 
cal instances of the traditional effects of red tape 
than some of the restrictive influences with which the 
founders of the N.P.L. had to contend ; but there 
are also few better demonstrations of the essential 
soundness of the British Civil Service than the 
readiness shown by those who had to administer 
public funds according to the rules, to devise means 
of assisting a cause that they knew to be a good one. 

The beginnings of the Laboratory go back a full 
decade before its actual foundation as a working 
institution, and are to be found in the proceedings 
of the British Association, at whose 1891 meeting, 
in Cardiff, Sir Oliver Lodge drew attention to the 
need for an establishment which would do for British 
industry what the Physikalisch-Technische Reichs- 
anstalt at Charlottenburg had been doing for 
German industry since the middle ‘eighties under 
the direction of the encyclopedic von Helmholtz. 
The object, said Sir Oliver, was to provide an estab- 
lishment “limited by no speciality of aim nor by 
the demands of the commercial world, furnished 
with all appropriate appliances, . . . invested with 
all the dignity and permanence of a national 
institution . .. and aiming at the very highest 
quantitative work in all departments of physical 
science.” A committee was appointed to follow 
up the suggestions, though no tangible progress was 
accomplished ; but the seed had been sown, and 
when Sir Douglas Galton revived it in his presidential 
address to the same Association at Ipswich, four 
years later, another committee was formed, this 
time with better success, to consider ‘‘ the establish- 
ment of a National Physical Laboratory [apparently, 
the first use of this title] for the more accurate 
determination of Physical Constants and for other 
quantitative research.” 

The Committee reported to the Liverpool meeting 
of the Association, in 1896, in favour of the proposal, 
recommending that the Laboratory should be 
managed by the Royal Society, and estimating 
that an initial 30,000/., and a grant of 5,000/. per 
annum, “‘ would do all that is essential to carry out 
the scheme in a wise and worthy manner.” In 
the following year, when the British Association 
met at Toronto, Professor Forsyth was able to 
report that a deputation, representing various 
scientific bodies throughout the United Kingdom, 
had waited upon the then Prime Minister (Lord 
Salisbury) and that, as a result, the Government 
had appointed a committee of inquiry to consider, 
inter alia, ‘“‘ whether standardisation and other 
work already undertaken partly or wholly at the 
public cost can fitly be associated with the new 
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institution.” Hitherto, apparently, standardisa-. 
tion had not been considered as a possible responsi- 
bility of the Laboratory. 

' The Treasury Committee reported in 1898, an! 
recommended ‘‘ that a public institution should |. 
founded for standardising and verifying instruments, 
for testing materials, and for the determination 0 
physical constants ” and that it should be estab. 
lished as an extension of the Kew Observatory in 
the Old Deer Park, Richmond. The Committe: 
had visited the German laboratories at Berlin and 
Potsdam, and had considered in close detail th: 
possible extensions, authorised under the Weight: 
and Measures Act of 1889, of the work of th 
Standards Department and laboratories of the Board 
of Trade, and the likelihood of a steady increase 
in the demand for instrument-testing. Soon sugges- 
tions began to be made for expansions of the origina( 
scheme to cover additional functions. Sir Douglas 
Galton pressed strongly the need for more and 
better standards ; ‘‘ My view is,”’ he said in giving 
evidence before the Committee, ‘“‘that, if Great 
Britain is to claim its industrial supremacy, we must 
have accurate standards available to our research 
students and our manufacturers,” adding that “ it 
is also certain that you cannot separate some 
research from a Standardising Department.”’ The 
Report contained a suggestion, also, that ‘there 
are many special and important tests and investiga- 
tions into the strength and behaviour of materials 
which might be conducted with great advantage.” 

The recommendations of the Committee were 
accepted by the Government, including the proposal 
that the new Laboratory should be managed, like 
the Kew Observatory, by a committee of the Roya! 
Society, but with the addition of representatives of 
the technical institutions and other interests. At 
this point, however, the question of finance arose ; 
all that the Government were prepared to contribute 
was an annual grant of 4,000/. for five years and a 
sum of 12,0001. to provide the buildings and equip- 
ment. This compared somewhat unfavourably 
with the scale on which the German Government 
supported the Reichsanstalt—195,000I. for buildings 
and equipment, and nearly 15,000/. per annum 
for maintenance—but it was a start, and on this 
basis the National Physical Laboratory was estab- 
lished. The Treasury letter approving the scheme 
was laid before the Council of the Royal Society 
on March 16, 1899, and on January 1, 1900, as stated 
above, Dr. Glazebrook took up his appointment. 

The question of a site had not yet been settled. 
There had been various objections to the use of the 
Old Deer Park and the Committee had inspected 
sites at Eltham, Oxshott and the Forest of Hainault, 
in Essex. None appeared to have the advan- 
tages of the Old Deer Park and the Office of Works 
was asked to proceed with the construction of the 
buildings ; but the supporters of this scheme had 
reckoned without the opposition of the local resi- 
dents. The difficulty was overcome by an offer 
of Bushy House, a Crown property which was 
once the official residence of the Ranger of Bushy 
Park, and there, eventually, the Laboratory was 
housed. Sir Richard Glazebrook has put it on 
record, as an item of some historical interest, that the 
chestnut trees surrounding the Bureau of Standards 
at Washington were grown from chestnuts gathered 
by George Washington himself from the tree near 
the gate teading from Bushy House to the Park, 
believed to have been planted in the time of Charles 
II. Of the subsequent development of the National 
Physical Laboratory, it is unnecessary to go into 
detail at this juncture. Gradually its scope has 
extended until there are now a full dozen of separate 
Divisions, each comparable in scale with the 
original establishment ; the latest are the Divisions 
of Mathematics and Electronics. In 1918, the 
Laboravory became part of the newly-constituted 
Department of Scientific and Industrial Research, 
though still under the control of the Royal Society, 
whose President is, ex officio, chairman of the General 
Board. It would not have expanded so rapidly, 
however, but for the generosity of private benefac- 
tors such as Sir Andrew Noble, Sir Alfred Yarrow, 
and Sir John Brunner; a fact which might be 
remembered in some circles where it is the fashion to 
deride the capitalist and plot his eventual ex- 
tinction. 
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NOTES. 


Tue Honovrs List. 

THE names of well-known engineers, industrialists 
and scientific men figure in the New Year Honours 
List, published on Monday, January 2. Knight- 
hoods have been conferred upon Mr. C. S. Anderson, 
President of the Chamber of Shipping of the United 
Kingdom; Mr. A. M. Bryan, M.I.Min.E., H.M. 
Chief Inspector of Mines ; and Mr. E. B. Monkhouse, 
(.B.E., Timber Controller, Board of Trade. -Mr. 
Frederick Brundrett, C.B., Chief of the Royal Naval 
Scientific Service, has been created a K.B.E., and 
among the new Companions of the Bath are Rear- 
Admiral (L) S. L. Bateson, C.B.E., A.M.LE.E., 
Rear-Admiral (E) W. G. Cowland, Mr. §. Scott 
Hall, M.Sc., F.R.Ae.S., Director-General of Tech- 
nical Development (Air), Ministry of Supply, and 
Mr. V. G. Shepheard, M.I.N.A., Deputy Director of 
Naval Construction, Admiralty. The distinction 
of C.M.G. has been conferred upon Dr. A. K. 
Cairncross, lately economic adviser, Board of Trade ; 
Mr. P. E. Millbourn, M.I.Mech.E., adviser on ship- 
ping in port, Ministry of Transport ; and Mr. J. D. 
Russell, M.Eng., M.I.C.E., Director of Works, 
State of Western Australia. The new Commanders 
of the Order of the British Empire include Mr. John 
Anderson, O.B.E., M.I.E.E., Chief Scientist, H.M. 
Underwater Detection Establishment, Portland ; 
Mr. J. R. Beard, M.Sc., M.L.C.E., M.LE.E., senior 
partner, Messrs. Merz and McLellan ; Mr. G. Daniel, 
M.I.N.A., Chief Ship Surveyor, Ministry of Trans- 
port; Mr. Josiah Eccles, M.M., M.I.E.E., M.I.C.E., 
M.I.Mech.E., chairman, Merseyside and North 
Wales Electricity Board ; Mr. J. J. Gracie, M.I.E.E., 
chairman, Greater Birmingham Local Employment 
Committee; Mr. G. E. Holden, O.B.E., M.Sc., 
F.R.I.C., Controller, Dyestuffs Control, Board of 
Trade ; Dr. J. M. McNeill, M.C., F.R.S., managing 
director, Messrs. John Brown and Company, 
Limited, Clydebank ; Mr. C. A. Morrison, O.B.E., 
F.R.LC.S., Chief Surveyor, Ministry of Works; 
Mr. John Morrison, O.B.E., director and shipyard 
manager, Messrs. Harland and Wolff, Limited, Bel- 
fast; Mr. F. M. Owner, M.Sc., F.R.Ae.S., chief 
engineer, Engine Division, Bristol Aeroplane Com- 
pany, Limited; Brigadier H. W. Perryer, O.B.E., 
M.L.Mech.E., A.M.I.E.E., R.E.M.E.; Mr. L. G. 
Semple, M.I.E.E., lately Controller-General, Posts 
and Telecommunications, Control Commission for 
Germany, British Element; Mr. D. M. Sinclair, 
M.I.Mech.E., M.Inst.T., general manager, Birming- 
ham and Midland Motor Omnibus Company, 
Limited; Lt.-Col. H. B. Somerville, O.B.E., 
M.L.E.E., Northern Ireland Region, G.P.O.; Cap- 
tain (E) J. H. P. Southby, R.N. (ret.); Mr. K. T. 
Spencer, M.C., F.R.Ae.S., A.M.LC.E., deputy 
director, Aircraft Research and Development (Tech- 
nical), Ministry of Supply; and Professor A. M. 
Tyndall, D.Sc., F.R.S., chairman, National Physical 
Laboratory Executive Committee. The list of 
recipients of the O.B.E. includes the names of 
Mr. W. D. Beatty, M.I.C.E., lately Assistant Civil 
Engineer-in-Chief, Admiralty ; Col. D. Carmichael, 
M.Sc. (Eng.), A.M.I.Mech.E., R.E.M.E.; Mr. R. M. 
Clarkson, assistant chief engineer (aircraft, de 
Havilland Aircraft Company, Limited; Mr. E. 
Ellis, M.I.Mar.E., Messrs. J. I. Thornycroft and 
Company, Limited; Mr. R. Fletcher, M.I.C.E., 
Borough Engineer, Smethwick; Mr. T. Golding, 
A.M.I.E.E., manager, Electrical Department, Messrs. 
W. H. Allen, Sons and Company, Limited ; Dr. Ezer 
Griffiths, F.R.S., Senior Principal Scientific Officer, 
D.S.LR.; Mr. H. C. Jones, M.LE.E., telephone 
manager, Liverpool G.P.O.; Mr. A. W. H. Keen, 
A.M.LE.E., deputy chief mechanical engineer, 
Crown Agents for the Colonies; Mr. F. J. Lane, 
M.Se., M.LE.E., transmission design engineer, 
British Electricity Authority; Mr. L. Leighton, 
M.LC.E., M.I.Mech.E., lately engineer-in-chief, 
Mersey Docks and Harbour Board; Mr. W. H. 
Lindsay, A.M.I.Mech.E., A.M.I.C.E., deputy Direc- 
tor of Public Works, Malaya; Mr. W. J. K. Lloyd, 
A.M.LC.E., director of Opencast Coal Production, 
North Midland Region; Dr. J. G. Pearce, M.Sc., 
M.I.Mech.E., M.LE.E., F.Inst.P., Director, British 
Cast Iron Research Association ; Mr. J. R. Pearson, 
M I.Mech.E., director, Vauxhall Motors, Limited ; 
Mr, J. E. Richardson, engineering manager, Messrs. 





Vickers-Armstrongs Limited, Barrow-in-Furness + 
Mr. A. T. G. Unitt, M.I.Mech.E., lately Motor 
Transport Officer, G.P.O.; and Mr. 8S. E. White- 
head, M.L.C.E., M.I.Mech.E., J.P., deputy chairman, 
Southern Gas Board. The distinction of M.B.E. has 
been conferred upon Mr. G. H. Aldred, chief engi- 
neer, British Ropes, Limited, Doncaster ; Mr. E. V. 
Andlaw, A.M.I.E.E., A.M.I.Mech.E., City Electrical 
Engineer, Gibraltar; Mr. E. V. Balsom, 
A.M.L.Mech.E., secretary, Institution of Sanitary 
Engineers ; Mr. W. F. Beatty, A.M.LC.E., assistant 
district engineer, Railway Executive, Watford ; 
Mr. A. S. Brown, manager, Electric Department, 
Messrs. Clarke, Chapman and Company, Limited ; 
Mr. A. E. Brown, A.M.I.Mech.E., assistant engi- 
neering inspector, Admiralty; Mr. John Golds- 
brough, M.I.N.A., assistant to technical director, 
Furness Shipbuilding Company, Limited ; Mr. A. N. 
Grierson, chief draughtsman, Messrs. David Rowan 
and Company, Limited; Mr. A. J. Hewitt, super- 
intendent, gas-turbine aero-engine development, 
Messrs. Armstrong-Siddeley Motors, Limited ; Mr. 
S. A. Hodges, M.I.N.A., senior ship surveyor, 
Ministry of Transport; Mr. S. E. Hutson, 
A.M.1.Mech.E., Armament Research Establishment, 
Ministry of Supply; Mr. R. V. Macrory, M.LE.E., 
City Electrical Engineer, Londonderry ; Mr. E. E. 
Page, superintendent, Llanelly Power Station ; Major 
F. R. Peathey-Johns, B.Sc. (Eng.), A.M.LE.E., 
R.E.M.E. ; Mr. A. Procter, A.M.I.Mech.E., manager, 
Oil Seal Department, Messrs. George Angus and 
Company, Limited; Mr. N. H. Scarth, manager, 
Engine Department, Messrs. Yarrow and Company, 
Limited; Mr. W. R. Scott, M.LE.E., chairman, 
Western District Committee, Scottish Board for 
Industry ; Mr. H. C. Stevens, heavy-forge manager, 
Messrs. W. Jessop and Sons, Limited; Mr. J. B. 
Stevenson, works director, E.M.I. Factories, Limi- 
ted ; Mr. G. W. Warren, physicist, Research Labora- 
tories, General Electric Company, Limited; Mr. 
A. W. Weekes, M.I.Mech.E., member, Coventry and 
District Committee, Midland Regional Board fer 
Industry; Mr. T. H. Williams, mill manager, 
Cargo Fleet Iron Company, Limited; Mr. H. W. 
Wilson, M.M., A.M.I.E.E., Admiralty liaison engi- 
neer, General Electric Company, Limited; and 
Mr. J. Wilson, A.M.I.N.A., chief draughtsman, 
Admiralty Drawing Office, Messrs. Harland and 
Wolff, Limited, Belfast. 
ENGINEERING CENTENARIES IN 1950. 

For metallurgists and engineers, the most inter- 
esting centenary which occurs in 1950 is that of the 
birth of Sidney Gilchrist Thomas. As reported in 
our issue of November 11, 1949, the event will be 
commemorated at a meeting of the Iron and Steel 
Institute on April 26, when Mr. James Mitchell, the 
honorary treasurer of the Institute, will lecture on 
Thomas and his work. In ENGINEERING of Feb- 
ruary 10, 1933, we gave an account of meetings held 
in Paris in the preceding December, under the 
auspices of the Société des Ingénieurs Civils de 
France, to mark the jubilee of the introduction of the 
Thomas-Gilchrist process into that country, which 
has benefited so greatly by Thomas’s discovery. 
The gatherings were attended by the President of 
the Republic, M. Lebrun, and the closing speech was 
made by M. Daladier, then Minister of Public Works. 
Considering Thomas’s occupation, environment and 
financial means, the shortness of his life, and the 
benefits which flowed from his work, his story is 
without parallel in the annals of technology. Born 
in London on April 16, 1850, he lived only to the 
age of 34; and, from his 17th year to his 29th, he 
was a clerk in a London police court, with a very 
modest salary. It was work done in his leisure 
hours which enabled him to solve the important 
problem of the dephosphorisation of pig iron, which 
had baffled others. He died in Paris on February 1, 
1885, worn out by his labours, but in the hour of his 
triumph, and he was buried in the small Passy 
Cemetery. So far as we know, no memorial to 
him has ever been erected. A few months after 
Thomas was born, Robert Stevenson (1772-1850) 
died in Edinburgh. The stepson of Thomas Smith, 
the first engineer to the Commissioners of Northern 
Lights (incorporated in 1786), Stevenson, while still 
a youth, superintended the erection of a lighthouse 
on the Little Cumbrae, in the Clyde estuary, and 
at 25, succeeded his stepfather. He was responsible 





for numerous civil engineering works, improved the 
lamps and optical arrangements of lighthouses, 
and was the constructor of the famous tower on 
the Bell Rock, off the mouth of the River Tay. 
His sons, Alan, Thomas and David, followed in his 
footsteps, but it is from the writings of his celebrated 
grandson, ‘‘ R.L.S.,’’ that most is to be learned about 
Robert Stevenson’s character. Two other Scottish 
engineers of the same period were James Smith 
(1789-1850), one of the earliest agricultura/ engineers, 
and John Gibb (1776-1850), the associate of Rennie, 
Telford, Stevenson and Cubitt, and the constructor 
of many harbour and river works. Another inter- 
esting figure in the engineering history of the first 
half of the Nineteenth Century was Aaron Manby 
(1776-1850), one of whose sons served the Institution 
of Civil Engineers so faithfully. Of Shropshire 
birth, Aaron Manby, after being a bank clerk, 
became the founder of the Horseley Ironworks at 
Tipton, Staffordshire, founder also of the Charenton 
works near Paris, and controller of the Creusot 
Ironworks. He was also a gas engineer and, in 
1821, built the iron paddle steamer Aaron Manby, 
which was navigated from the Thames to the Seine 
by the famous naval officer, Charles Napier. Manby’s 
four sons were all civil engineers. To an entirely 
different branch of engineering belonged William 
Sturgeon (1783-1850), who, in 1825, presented the 
Royal Society of Arts with the first constructed 
soft-iron cored electro-magnet. Sturgeon started 
with even fewer advantages than Thomas, being, 
from his 19th year to his 37th, a private in the Army. 
His life was one long struggle to gain an education 
and to apply its fruits to the furtherance of electrical 
science. A measure of fame came to him, but his 
last few years were clouded by poverty. A fine 
tribute was paid to him by Sir Ambrose Fleming 
in a paper to the Royal Society of Arts on May 20, 
1925. Other notable dates in 1950 include the 
400th anniversary of the birth of John Napier and 
the 300th of the death of René Descartes. Every 
engineer uses logarithms and thus owes a debt to 
Napier, but few trouble about the vortex theory 
or the laws of motion enunciated by Descartes, 
who, however, was one of the greatest thinkers to 
apply himself to the study of philosophy, physics, 
and mathematics. Of the many centenaries of 
men of science, that of Joseph Louis Gay-Lussac 
(1778-1850) falls on May 9. The law bearing his 
name will ever keep his memory alive, but he was 
also one of the founders of modern chemistry and a 
notable figure in the Parisian world of science in the 
days of Arago, Ampére, Biot, and others equally 
distinguished. An English contemporary of his was 
the London physician, William Prout (1785-1850), 
author of ‘‘ Prout’s Hypothesis,” which influenced 
the work of many chemists and has proved to be 
remarkably near to the truth. 


Propuctivity TEAMS VISITING THE UNITED STATES. 

Under arrangements made by the Anglo-American 
Council on Productivity, with the assistance of 
Marshall Aid, a “‘ productivity team’’ from the 
Diesel-locomotive industry left this country on 
Wednesday to study manufacturing methods in the 
United States. To-day (Friday) a team from the 
rigid box and cartons industry was to leave and on 
Wednesday another, representing the ironfounding 
industry, will leave. The total of teams to date 
will then be 19, in addition to a specialist group 
which has visited the United States to report on 
‘simplification in industry.”” Arrangements are 
in hand for a further eight teams to follow shortly. 
The Diesel-locomotive team is led by Colonel I. A. 
Marriott, managing director of Messrs. W. G. 
Bagnall, Limited, Stafford, and the team secretary 
is Mr. A. R. Robertson, of the Locomotive Manufac- 
turers Association of Great Britain. The other 
members of the team are drawn from the principal 
Diesel-locomotive builders. The Railway Executive 
is not represented since it is not necessary that they 
should be; British Railways do not build Diesel 
locomotives, and, in any-case, railway officers have 
within the past few years visited the United States to 
study design practice. The information and advice 
which the team will gain in America will most likely 
be tempered by the realisation that the problems of 
the industries in the two countries differ widely ; 
the greater part of the new locomotive construction 
in the United States is now of Diesel, not steam, 
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types, and much longer production ‘“‘runs” of 
standardised or proprietary types are current there. 
Conditions in this country are quite the reverse, 
and the team will doubtless be tempted to suggest 
that British Railways should help the industry 
by ordering reasonable numbers of Diesel loco- 
motives of types which are suitable, with only slight 
modifications, for overseas markets. The general 
ironfounding team is led by Mr. S. H. Russell, of 
Messrs. S. Russell and Sons, Limited, Leicester, 
and the secretary is Mr. G. B. Judd, a chartered 
accountant. 


CONFERENCE ON WIRE Ropes 1n MINES. 


A four-day conference on wire ropes in mines will 
be held from September 19 to 23, 1950, at Ashorne 
Hill, near Leamington Spa, Warwickshire. The 
conference is being arranged by the Institution of 
Mining and Metallurgy, in co-operation with the 
Institution of Mechanical Engineers, the Institution 
of Mining Engineers, the British Iron and Steel 
Research Association, and other bodies. The sub- 
jects to be dealt with include the design and manu- 
facture of winding ropes, rope practice in the 
principal mining fields of the world, rope testing and 
failures, and Government regulations for the use of 
wire ropes in mines. Although particular attention 
will be given to winding ropes, the conference will 
also discuss ropes for haulage, shaft guides and 
ropeways. All those interested in problems con- 
nected with the use of wire ropes in mines are invited 
to attend the conference, which will afford a unique 
opportunity to meet engineers from many parts of 
the world and to exchange views and experience. 
A list of papers, with synopses, will be issued at an 
early date, and pre-prints of the papers will be 
circulated before September, 1950, so as to afford 
as much time as possible for discussion at the con- 
ference. Further particulars can be obtained from 
the secretary, Institution of Mining and Metallurgy, 
Salisbury House, London, E.C.2. 


VacaTIon WorRK For STUDENTs. 


“*To an ever increasing extent, industrial mana- 
gers and directors of research in industry are utilising 
the vacation work as a testing period to enable them 
to select suitable staff from among students, prior 
to the completion of their studies. ... At the 
same time, these students find here an opportunity 
of taking part at close quarters in the functioning 
of an industrial concern and are, therefore, better 
informed than they would otherwise be in deciding 
on their future plans.” These observations are 
taken from the 15th annual report for the year 
ended October, 1949, on the Vacation Work Scheme 
for students of the Imperial College of Science and 
Technology (Royal College of Science, Royal School 
of Mines, and City and Guilds College). The com- 
mittee responsible for the working of the scheme 
have also completed their first year as an organisa- 
tion for placing students of affiliated colleges in this 
country in connection with the International Asso- 
ciation for the Exchange of Students for Technical 
Experience. Under this scheme, arrangements 
were made for 149 students of Imperial College to 
obtain practical experience in industry abroad 
during the summer vacation of 1949, and a similar 
number from abroad were received and placed in 
British industry for practical experience. The great 
majority of British students who went overseas 
subsequently reported favourably on the arrange- 
ments made for their reception and accommodation, 
language difficulties, the facilities provided by the 
firms, their relations with the workpeople and social 
and cultural impressions. With regard to the main 
scheme—for placing British students in British 
industry—approximately 200 firms, including en- 
gineering firms, contractors, consulting engineers, 
public authorities and research associations, pro- 
vided facilities for students. The number of 
imperial College students who registered for prac- 
tical experience at home and abroad during the 
summer of 1949 was 523; the corresponding figure 
for 1948 was 602, but the drop was due to the 
elimination of City and Guilds students at the pre- 
Intermediate level from entry to the College. A 
total of 114-6 ‘‘student-years”’ experience were 
gained in 1949 by all classes of students, namely, 
British students at home and abroad, and foreign 
students who visited this country. 





LETTERS TO THE EDITOR. 
DAVID MUSHET AND R. F. MUSHET, 


To tHe Eprror oF ENGINEERING. 


Smr,—Mr. Fred M. Osborn, chairman of this 
company, is engaged on writing a history of the 
Mushets, that is, David Mushet (1772-1847) and 
Robert Forester Mushet (1811-1891) both distin- 
guished metallurgists of their day. The former was 
the discoverer of the Blackband ironstone of Scot- 
land and the latter, among other activities, was 
associated with Sir Henry Bessemer in perfecting 
his process and was the discoverer of “‘ self-harden- 
ing” or air-hardening steel, the pioneer tool steel. 
Mr. Osborn would be very grateful if any of your 
readers who have recollections of the Mushet era, 
that is, from about 1860-1900, or who have docu- 
ments covering this period and bearing on the sub- 
ject, would be good enough to write to him. It is 
believed that the Mushet family goes back to 
William the Conqueror’s time and any information 
about David Mushet’s antecedents (he was born at 
Dalkeith in Scotland, his father being William 
Mushet, who married Margaret Cochrane) will be 
appreciated. 

The present generation has little idea of the 
changes their fathers and grandfathers have seen 
and Mr. Osborn feels that it is important to keep 
alive memories and contributions of the past upon 
which much of our present prosperity is founded. 

Yours faithfully, 
SaMUEL OSBORN AND Company, LIMITED, 
T. A. SEED, 
Publicity Manager. 
Clyde Steel Works, 
Sheffield, 3. 
December 30, 1949. 





COAL RESOURCES OF THE BRITISH 
COMMONWEALTH. 


To THe Eprror oF ENGINEERING. 


Sm,—In your issue of September 2, 1949, on 
page 230, you printed an article on the ‘Coal 
Resources of the British Commonwealth.” I 
should like to point out that conclusions drawn 
from insufficient data are likely to be misleading. 
What the coal resources of Australia actually are 
is largely unknown. The Powell-Duffryn report 
on the resources of Queensland prefaces its conclu- 
sions relative to the resources of practically the 
whole of the separate areas examined with remarks 
somewhat as follows: ‘‘ There is insufficient infor- 
mation available to furnish any estimate of the 
available coal in the area.” 

Blair Athol Open Cut is working seams of an 
average thickness of 50 to 60 ft. The Callide 
coalfield, at present being developed, is in seams 
of equal thickness, but, unfortunately, owing to 
the rough nature of the country, the overburden will 
rapidly become excessive after the narrow valleys 
have been mined. In two other cases where infor- 
mation has been given to the writer from persons 
directly concerned, there is evidence of seams of 
at least 50 ft. in thickness, but nothing is known 
of the extent of the deposits, which have not been 
bored, and the known information is obtained from 
wells which have been sunk by farmers. 

With reference to reserves of water power, the 
situation is a little clearer, although, even there, 
very indefinite. Parts of North Queensland, having 
a rainfall of round about 150 in. per annum, comprise 
rough jungle-clad country where any estimate of 
available water power was practically impossible. 
During the war, the contour maps produced by the 
Royal Australian Air Force have enabled a prelimi- 
nary investigation to be made, which indicates that 
the development of approximately 120,000 h.p. will 
be feasible in the coastal area between Cairns and 
Ingham. The Commonwealth Government is about 
to embark on the Snowy River hydro-electric and 
irrigation project, which will develop 2,350,000 h.p. 

The development in the island of Tasmania 
already exceeds half a million horse power, one 
station alone, Tarraleah, developing 105,000 h.p. 
Ultimate development to a million horse-power is 
considered feasible. Adding these figures to other 





projects not specifically mentioned would bring 
the total available horse-power to round about 
4,000,000 for the Commonwealth; that is, four 
times the figure mentioned in your article. 

The article refers to the available hydro-eleciric 
power in New Zealand as being probably twice 
that of Australia. It is thought that, even with the 
larger figure for Australia quoted in this letter 
this is probably correct, as it is believed that the 
Lake Te Anau project alone is capable of developing 
24 million h.p. with a reasonable power factor. 

One great difficulty with Queensland coal is that 
the large deposits known or believed to be in 
existence are many miles from the seaboard, and, 
in the absence of sufficient quantities of condensing 
water in the locatities, power development on thie 
fields is not feasible unless some new development, 
such as use of pulverised-coal turbine power 
generation, becomes practicable. 

Yours faithfully, 
D. A. CRaAwForD, 
Commissioner of Main Roads. 
Queensland Main Roads Commission, 
Box 1412 7, G.P.O., 
Brisbane. 
November 7, 1949. 

[We are obliged to Mr. Crawford for his obviously 
well-informed comments, but would point out that our 
article was based on various published papers and 
reports, references to which were quoted in it. The 
commentary was our own, but the statistics were not. 


—Ep., E.]} 





OBITUARY. 


MR. WALTER DUCKITT. 


WE regret to record the death, on December 27, 
of Mr. Walter Duckitt, one of the best-known engin- 
eering industrialists of the Midlands, being the 
founder and chairman of the Moss Gear Company, 
Limited, of Tyburn, Birmingham. Mr. Duckitt, 
who had nearly completed his 76th year, had been 
ill for some months. 

The son of a Yorkshire farmer, Mr. Duckitt was 
born at Kirkhouse Green, in the parish of Moss, 
near Doncaster, on January 27, 1874; it was the 
name of the parish in which he was born that led 
him to choose the name of the Moss Gear Company. 
After receiving his general education at Braithwaite, 
Yorkshire, he served an apprenticeship to engineer- 
ing at the Union Foundry of Messrs. Marsden and 
Company, Heckmondwike, concurrently attending 
evening technical classes. In 1900, he entered the 
works of Messrs. Henry Berry and Company, Leeds, 
as machine-shop foreman, but left them in the 
following year to go to Messrs. Walker Brothers, 
Limited, at Wigan, where he was responsible for 
fixing the feeds and speeds of the machine-shop 
tools. In 1902, he went to Messrs. Herbert Morris 
and Bastert, Limited, at Loughborough, in a similar 
capacity, subsequently becoming a jig and tool 
draughtsman, ratefixer and assistant to the works 
manager. In 1906, after a short period in the gas- 
engine department of Messrs. Kynoch, Limited, he 
transferred to the Austin Motor Company, Bir- 
mingham, as head ratefixer, remaining there for 
two years. His next position was that of traveller 
for Messrs. Charles Taylor, Limited, of Birmingham, 
and it was while holding this post that he decided to 
set up in business as a maker of motor-car trans- 
mission gears. 

In 1910, therefore, Mr. Duckitt established the 
Moss Gear Company in a disused mineral-water 
factory in Thomas-street, Aston, Birmingham— 
rented at 251. per annum on a three-years lease. 
By the end of the 1914-18 war, the works employed 
some 500 hands, and, to keep them fully employed, 
he decided to specialise on automobile gear-cutting, 
using the most up-to-date machinery ; his was one 
of the first firms to instal plant for cutting spiral 
bevel gears. In 1927, the business was transferred 
to a site of 140 acres at Tyburn, where the new 
works, employing over 1,000, was completed in 
1928. The policy of specialisation proved to be 4 
wise one, and led to large Government orders, in 
the 1939-45 war, for aero-engine gears as well as 
those for motor road vehicles. Almost to the end, 
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until illness obliged him to enter a hospital, Mr. 
Duckitt maintained a close personal interest in 
every detail of his business, working the full work- 
shop hours with his men and displaying a true 
Yorkshire combination of shrewdness, competence 
and broad humanity that is already becoming 
legendary among his wide circle of friends. He was 
amcember of the Institution of Mechanical Engineers, 
of more than 30 years’ standing, and, among other 
podies, of the Newcomen Society. 





MR. R. J. McLEOD. 


By a strange coincidence, another well-known 
gearing manufacturer also died on December 27, 
namely Mr. R. J. McLeod, chairman and managing 
director of the Power Plant Company, Limited, West 
Drayton, Middlesex. He was 67 years of age. 

Robert James McLeod was the son of the late 
Alexander McLeod, of West Hartlepool, and was 
born in that town on January 15, 1882. He 
received his general education locally and, during 
his apprenticeship to Messrs. Richardsons, West- 
garth and Company, attended the West Hartlepool 
Technical College in the evenings. Having com- 
pleted his apprenticeship, he went to sea in 1903 
and continued seagoing for the next eleven years, 
mainly in the ships of Messrs. Furness, Withy and 
Company, with whom he had sailed for three years 
as chief engineer before deciding to seek a shore 
appointment, having by then obtained an extra 
first-class certificate of competency. The shore 
post that he obtained brought him to West Drayton, 
where the rest of his life was spent ; it was that of 
general manager of the Steam Fittings Company, 
for whom, during his five years with them, he 
designed and patented a number of special valves, 
thermostats, steam traps, etc. In 1918, he joined 
the board of the Power Plant Company as managing 
director, continuing in that position, and in full 
technical and administrative contro] of the com- 
pany’s affairs, until his death. For the past ten 
years, he had also occupied the position of chairman. 
His work for them, not only in the production of 
gears, but of gear-generating and gearcutting 
machinery, became known throughout the engineer- 
ing industry. More than one of the large gear- 
hobbing machines which were his personal speciality 
have been described in ENGINEERING. He was also 
the patentee of the ‘‘Finroc”’ process of gear 
shaving. He was a founder member and a past- 
President of the British Gear Manufacturers Asso- 
ciation, a member of the Institute of Metals and of 
the Institute of Marine Engineers, and a Fellow of 
the Royal Society of Arts, but was not often seen 
at the meetings of engineering societies unless a 
paper on gearing was to be presented. His interest 
lay in the design and production of gearing and gear 
machinery, and not, as he would have said, in 
talking about them and hearing others talk. In his 
own works, however, and on his own subject, he 
could talk very much to the point ; always with a 
characteristic economy of words, but showing a 
notable skill in recognising essentials, and in the 
application of sound mechanical principles. 





UNITED STATES THREE-JET BOMBER AEROPLANE.— 
The Martin XB-51 bomber aircraft, powered by three 
General Electric J-47 jet engines, each developing more 
than 5,200 Ib. thrust, made its first flight on October 28, 
1949, it is recorded in the December, 1949, issue of 
Mechanical Engineering. This aircraft, built by the 
Glenn L. Martin Company, Baltimore, Maryland, U.S.A., 
has pronounced sweep-back of the wings and tail sur- 
faces, the tailplane being supported from the top of 
the fin. Two of the engines are mounted on “ pylons ” 
on the lower forward sides of the fuselage; the third 
engine is installed internally in the rear of the fuselage. 
The aircraft has a “ bicycle ’-type undercarriage—two 
pairs of large wheels retracting into the fuselage. Small 
outrigger wheels near the wing tips give balance during 
take-off and landing. Accommodation is provided for a 
crew of two, pilot and radio-operator/navigator, in a 
pressurised, air-conditioned cockpit. Ejector-type sets 
are provided for both crew members. The wings have a 
span of approximately 55 ft. and a sweepback of 35 deg. 
The fuselage is about 80 ft. long and the height is about 
17 ft. ‘‘ Spoiler ’-type ailerons are fitted on the upper 
wing surfaces. No performance details are at present 
available, 





WATER CURRENTS DUE TO 
WIND. 
By Hersert Cuatiey, D.Sc. (Ena.), M.1.C.E. 


THERE are several wind phenomena concerning 
which there is some obscurity, but which may be of 
practical importance. Thus the following questions 
often arise: What effects does wind have in pro- 
ducing currents in open water or in accelerating 
(or retarding) currents due to tide, salinity, tem- 
perature or gravity? Do wave effects involve 
currents ?; and what drifts due to wind are pro- 
duced in floating bodies only partly submerged ? 

It is quite well understood, of course, that waves 
on water are generally produced by wind, that these 
are principally simple progressions of surface shape, 
and that the bulk of the wind energy so transferred 
to the water is in the form of a vertical oscillation ; 
but there is no clear view as to what currents are 
produced and, if there are none, why this should be 
so. The only exception is the case of tidal waves 
with long periods (usually 12} hours), which are often 
accompanied by tidal streams. These, however, 
are not due to wind, though there are many cases 
in the Mediterranean where wind effects are com- 
parable with those of such tidal currents. 

Speaking broadly, the only wind factor which is 
potent to produce continuous flow in water is skin 
friction or “drag.” In the initial stage of wave 
formation, there is a local current due to drag which 
causes heaping up, but the subsequent wave effects 
are caused by pressures (positive or negative) on 
the inclined wave surface, often helped by synchro- 
nism of gusts with the natural periods of oscillation. 

Skin friction of air on solids has been the subject 
of much study in wind tunnels and aerodynamic 
laboratories and it appears that, for reasonably 
smooth surfaces, this resembles the skin friction of 
water on similar surfaces, reduced in the ratio of 
the density of air to water. This ratio is approxi- 
mately 1 in 800, or rather precisely, at freezing 
point, 1-293 in 1,000. Thus, on similar surfaces, 
where water has a skin drag of about 0-005 v? Ib. 
per square foot (v = velocity in ft. per second), or 
0-002 v,* dynes per square centimetre( v, = velocity 
in centimetres per second), air will have a skin drag 
of 0-00000625 v* Ib. per square foot, or 0-0000025 
v,? dynes per square centimetre. 

Naval architects and designers of aircraft make 
much of the effects of size of the surface involved, 
and of its extent in the direction of flow, but for 
this particular purpose the size and extent may be 
regarded as indefinitely large. The water surface 
may be regarded as a “solid” upon which the air 
drags. If, then, a shallow layer of water is exposed 
to steady air drag at its upper surface, the water 
will accelerate and eventually flow over a smooth 
bed with a velocity v,. We have then an ideal 
state of things in which 0-00000625 (v — v,)? = 
0-005 v,?, where v = velocity of air (feet per second) 
and v, = velocity of water due to drag (feet per 
second). As v, is necessarily small compared with », 
we may write ~* = /0-00000625/0-005 = 0-035 ; 
ie., the velocity of a fully developed wind-induced 
current over a smooth seabed is about one-thirtieth 
that of the air. 

This, of course, is only a very academic picture, 
since the surface of the water differs in smoothness 
from that on the sea bed, the water does not move 
uniformly, the water surface rapidly distorts into 
waves so that the drag is uneven, heaping up occurs 
with reverse counter currents on the sea bed, and 
lastly, in open seas the rotation of the earth enters 
the picture, so that the wind-induced currents tend 
to go athwart the wind. Nevertheless, this does 
give a limiting value and is actually supported by 
observation. Incidentally, since mean wind velo- 
cities rarely exceed 30 m.p.h., this leads to the 
general conclusion that wind-induced currents are 
not likely to exceed one mile an hour. Gusts by 
which mean wind velocities may rise and fall, say, 
50 per cent., do not produce much change in the con- 
sequent currents, owing to the inertia of the water. 

In deep water, the conditions are rather complex. 
Provided that the wind continues in strength and 
direction, the surface drag will accelerate the water 
until all is moving and the bottom drag of the 








water on the bed produces equilibrium. A simple 
comparison of the work done per unit area with 
the kinetic energy of the water stream leads to the 
conclusion that several hours are required to cause 
the stream to reach the bottom if this is of the 
order of 1,000 ft. in depth and the wind velocity is 
30 ft. per second. 

In the North Sea, one of the main effects of 
steady wind is the production of “surges,” by 
which, for perhaps a day or so, mean sea levels 
may be raised or lowered near the coasts by as much 
as 10 ft. This lateral displacement of water neces- 
sarily implies currents, and, in Doodson and War- 
burg’s Admiralty Manual of Tides (1941, page 244), 
the effects of wind and barometric variation on the 
water gradients are described. Similar effects occur 
in the Mediterranean, especially off the coast of 
Cyrenaica. Other shallow seas are liable to much 
the same phenomena. 

If such a gradient is established, there is an under- 
current which tends to restore the displaced water. 
In this case, very roughly speaking, the current is 
divided into a surface stream diminishing to zero 
at half depth and a counter stream on the bottom 
of equal value to the surface stream. The mean 
values at top and bottom (reverse or athwart in 
direction) are of the same order, and tend to reach 
the value indicated above. 

Two places with which the author is rather 
familiar are associated with wind currents. The 
South Coast of Britain has a fairly uniform gravel 
drift from, west to east, which coincides in direction 
with the prevalent south-westerly winds; but, as 
the flood tidal streams running east are stronger 
than the ebb tidal streams running west, and the 
oblique on-shore wave action plays a large part in 
this gravel shift, the evidence for a steady wind- 
induced current is small. Moreover, the winds are 
rarely strong enough to cause an appreciable 
current ; it is hardly likely to exceed } ft. per 
second. The other place is the Gulf of Maracaibo, 
Venezuela, where wind-caused currents have been 
indicated. Strong north-easterly trade winds occur 
there during a large part of the year and the Mara- 
caibo Bar (on the south side of the Gulf, and sepa- 
rating it from Lake Maracaibo) is notable for a 
westward sand drift. In fact, the wind-induced 
currents are very small, less than 1 ft. per second, 
and the sand drift is dominated by breaker action, 
slightly oblique to the shore line. 

When we come to rivers, wind currents are often 
proportionately much more effective than at sea. 
If strong continued wind occurs along a river course, 
marked increases (or decreases, if the wind direction 
is reversed) of current occur and the depth of maxi- 
mum current velocity changes appreciably. It 
rises towards or even to the surface, or descends if 
the wind velocity is reversed. This is to be expected, 
since river velocities are often as little as 1 ft. per 
second, and winds of, say, 30 ft. per second, can 
produce currents of comparable value. As is well 
known, current measurements in rivers are much 
affected by wind and such measurements are liable to 
be in serious error if surface floats are used. 

This brings us to the subject of wind effects on 
floats. Obviously, if the float has a large proportion 
of its surface above water, it becomes like a sailing 
vessel and its velocity through the water may 
amount to a large fraction of the wind velocity 
itself. Ordinarily, only about half the surface is 
above water and, in this case, presuming reasonable 
similarity in the underwater and abovewater pro- 
files, the tendency is for the float velocity through 
the water to become one-thirtieth the velocity of 
the air over the water. If, at the same time, the 
water itself has been set in motion, the velocity of 
the float over the bed might be as much as one- 
fifteenth the wind velocity. All this, of course, is 
apart from the stream velocity due to gradient or 
tide. Ifthe float has a large underwater surface the 
effect of wind on it may become negligible. 

Lastly, as to currents accompanying waves, 
hydrodynamic theory shows that, apart from the 
circular motion which characterises wave structure, 
there is a drift to leeward, but it is very small and 
can be disregarded in most engineering problems. 
The circular motions, which are converted to elliptic 
ones in shallow water waves and to tidal streams in 
“long ” waves, have no cumulative effect. 
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THE BULLARD-DUNN DE-SCALING 
AND TIN-PLATING PROCESS. 

THE main feature of a process for de-scaling steel 
parts, invented and developed by the Bullard Company, 
Bridgeport, Connecticut, U.S.A., is that a tin salt is 
used as inhibitor in the dilute sulphuric acid of the 
de-scaling bath employed. The work undergoing 
treatment is made cathodic in an electric circuit of high 
current density and, in consequence, as soon as the 
scale or oxide is removed, a thin protective layer of 
tin is — on the freshly-exposed steel surface. 
Some information on the Bullard-Dunn electrolytic 
process, as it is called, is given in the current issue of 
Tin and Its Uses, received recently from the Tin 
Research Institute, Fraser-road, Greenford, Middlesex. 
The process, which is covered by patents in the United 
States, involves four operations, namely, degreasing, 
rinsing, de-scaling and a final wash. The degreasing of 
the work as received is accomplished anodically in a 
bath containing 16 oz. of alkali per gallon. The bath 
is operated at 6 volts at a temperature close to the 
boiling point. After a thorough rinse the work is 
transferred to the de-scaling bath in which, as stated 
above, it is made the cathode in a solution consisting of 
dilute sulphuric acid, a small concentration of a tin 
salt and an addition agent which promotes the uni- 
formity and adherence of the tin deposit. The bath is 
operated at a moderate temperature and, as stated, at 
high current density. The anodes are mostly of high- 
silicon iron but there are one or two tin anodes present 
which maintain the tin content of the solution at a 
pre-determined figure. On emerging from this bath 
the work is free from scale and is covered with a thin 
film of tin, it being added that no dimensional charge 
has been effected. 

Among the advantages claimed for the process are, 
firstly, that no etching of the work occurs and the racks 
used to hold the parts undergoing treatment are them- 
selves protected by a tin film. Secondly, the electro- 
lyte has excellent “‘ throwing power” and permeates 
recesses and holes, so that chemically-clean surfaces 
are produced. In the third place, the electrolyte has 
a long life as its iron content is built up as a result of 
attack on the scale only and not in consequence of any 
dissolution of the steel. Finally, there is no permanent 
embrittlement because the work is not etched and any 
hydrogen absorbed is reduced by standing or removed 
completely by a short low-temperature anneal, namely, 
one hour at 290 deg. F. (145 deg. C.), or 30 minutes at 
400 deg. F. (205 deg. C.). The process lends itself to 
operation by conveyor, it being pointed out that the 
surfaces easy to de-scale are protected by the tin 
coating while the surfaces requiring a longer period are 
undergoing treatment. In cases in which this is 
necessary, the protective tin coating can be stripped 
from the work in a bath similar to that used for degreas- 
ing and the tin can be recovered. In the large majority 
of instances, however, the tin coating is retained as it 
protects the steel surfaces during storage. It is also 
stated to facilitate the “‘ running-in ” phase of a com- 
— and to offer a particularly convenient surface 
or subsequent hot-tinning, white-metalling or painting. 

Some interesting figures relating to a practical appli- 
cation of the Bullard-Dunn process are given by the 
Tin Research Institute. They were obtained by the 
William Bayley Company in the course of an investiga- 
tion on steel window frames. Series of these were 
cleaned by various methods and given a single dip in 
paint, after which they were subjected to several 
natural and accelerated weathering tests, including 
alternate immersion in 10 per cent. sodium chloride 
solution and exposure to air. The final evaluation was 
made by visual examination. The figures quoted show 
that, after an exposure of 600 hours to the corrosion 
tests, from 48 to 85 per cent. of a series of window 
frames which had received no treatment prior to 
painting were adjudged to have failed, or were discarded 
as damaged. Of another series, painted after a shot- 
blasting and phosphate treatment, from 18 to 59 per 
cent. failed, while of a series pre-treated by the Bullard- 
Dunn process only from 0 to 8 per cent. were discarded. 
After exposure for 1,000 hours to the tests, from 97 to 
98 per cent. of the frames having had no treatment 
prior to se were badly corroded, from 41 to 66 per 
cent. of those shot-blasted and phosphated before 
painting were rendered useless and only from 8 to 
28 per cent. of those dealt with by the new de-scaling 
process, bcfore painting, were judged to have failed. 





THE FUEL LUNCHEON CLUB.—The next meeting of the 
Fuel Luncheon Club will be held on Tuesday, January 17, 
at the Connaught Rooms, Great Queen-street, London, 
W.C.2, when the after-luncheon address will be given by 
the Rt. Hon. Hugh Gaitskell, P.C., M.P., Minister of 
Fuel and Power. The time of meeting is 12.40 for 1.10 
p.m. Tickets must be obtained in advance from the 
honorary secretary, Mr. R. T. Rees, 18, Devonshire-street, 
London, W.1. 








JAN. 6, 1950. 


JOINT FOR 66-KV IMPREGNATED PRESSURE CABLE. 


BRITISH INSULATED CALLENDER’S CABLES, LIMITED, 





THREE-PHASE JOINT FOR 66-KV 
IMPREGNATED PRESSURE CABLE. 


BaTTERSEA wer station and the distributing 
centre of the ete eg Electricity Board at North 
Hyde are connected by three 66-kV three-core 0-4 sq. 
in. impregnated pressure cables, each of which is 
capable of transmitting 150 MVA over a 15-mile 
route. One of these cables has recently been provided 
with three-phase sectionalising joints, which have 
been designed by British Insulated Callender’s Cables, 
Limited, Norfolk House, Norfolk-street, London, 
W.C.2, to replace the single-phase joints previously 
used 


The insulating diaphragm of this joint, the general 
construction of which is shown in the accompany- 
ing illustration, consists of a metal plate with porcelain 
insulators through which the conductors pass, and is 
designed to withstand a constant gas pressure of 200 Ib. 
per square inch. Porcelain insulators are well suited 
to this purpose, owing to their combined electrical 
and mechanical strength. The relatively large dimen- 
sions it has been necessary to use in the past, however, 
have restricted their employment to single-phase cores. 
The shell for this new three-phase joint consists of 
a casting with an air dome in the manufacture of which 
a special grade of bronze has been employed as it is 
non-porous. After enclosing them in the shell the 
cable cores are connected to bare conductors which pass 
through the porcelain and are insulated from each other 
by paper, which has been impregnated with a rosin-free 
compound. The earthed screen on the cable terminates 
in the usual manner in a paper-roll stress cone, which 
can be seen in the illustration. After the shell has been 
filled with compound, the gas pressures in the dome 
and in the cable proper are maintained in equilibrium 
by a special arrangement. 

The overall length of the assembled joint is 11 ft., the 
maximum diameter being 27 in., while the weight of 
the castings is 19} cwt. We understand that the new 
joint, which was developed in the company’s research 
laboratories, has successfully withstood the full over- 
voltage tests specified and that these were more severe 
than those laid down in the current specification of 
the British Electricity Authority. The actual jointing, 
which was carried out by B.I.C. Construction Company, 
took 96 hours to complete, which is considerably less 
than is required for making three single-phase joints. 





Roap ABSTRACTS.—With the commencement, this 
month, of volume 17, Road Abstracts will be pub- 
lished by H:M. Stationery Office. There will be 12 
monthly issues, with an additional index number at the 
end of the year. The abstracts are prepared by the 
Road Research Laboratory, Department of Scientific and 
Industrial Research, and the Ministry of Transport. For 
the past 16 years they have been published gratis by the 
Institution of Municipal Engineers. In view of the rise 
in printing costs, however, the charge for annual sub- 
scriptions will now be 14s., including postage. 





LONDON. 


MINISTRY OF WORKS EXPERIMENTS 
ON PRESTRESSED CONCRETE. 


SEVERAL lectures on prestressed concrete were given 
under the auspices of the Prestressed Concrete Develop- 
ment Group, 52, Grosvenor-gardens, London, 8.W.1, 
at the Building Exhibition which was held at Olympia, 
London, last November. They included a_ brief 
account of experiments now being undertaken by the 
Ministry of Works, which was given by Mr. H. Kaylor, 
B.Se., A.M.LC.E., A.M.I.Struct.E. Mr. Kaylor spoke 
first of the Ministry’s interest in prestressed-concrete 
railway sleepers, the manufacturing methods for which 
were the subject of an article on page 138 of our 167th 
volume (1949). Regarding floor joists of prestressed 
concrete for houses, flats, schools and offices, a design 
had been evolved which compared favourably with 
timber joists. The question of fire resistance was being 
examined in detail under a research programme spon- 
sored by the Joint Fire Research Organisation of the 
Department of Scientific and Industrial Research and 
the Fire Offices Committee, in collaboration with the 
Building Research Station. An interesting series of 
tests had been started, Mr. Kaylor said, on beams 3 in. 
by 3 in. by 10 ft. long, and uniformly stressed, in 
order to ascertain the behaviour of prestressed-concrete 
members in the post-cracking stage. The objects were 
(1) to decide on an optimum design stress; (2) to 
observe the effect of the disposition of steel over a 
cross-section ; (3) to determine a safety factor for this 
type of member. Creep tests on high-tensile steel 
wires of different diameters were in hand, to enable 
the allowance which had to be made for this pheno- 
menon when tensioning the wires to be assessed more 
accurately. Pre-tensioned beams were being used 
for the roofs of the Ministry’s temporary office buildings 
at Reading and Chessington. These beams, spanning 
between the outer walls, gave a free space inside. 

As a result of specifying prestressed concrete for a 
three-storey building which was being constructed by 
Messrs. Richard Costain, Limited, at Sighthill, near 
Edinburgh, for His Majesty’s Stationery Office, the 
economy in steel was estimated to be about 60 per cent. 
of the weight which would be required for a steel- 
framed structure. The building was 220 ft. long by 
120 ft. wide, with two suspended floors designed for 
a load of 3 cwt. per square foot. The columns were 
of ordinary reinforced concrete and spaced on a “ grid ”’ 
of 30 ft. by 20 ft. The floor and roof beams were 
pre-cast units, post-tensioned on the Magnel system, 
with the exception of the roof secondary beams, 
which were factory-made, employing pre-tensioning 
by the Hoyer system. Two 120-ft. jib travelling 
cranes, one at each side of the building, were used for 
lifting and placing all the beams. Other work being 
undertaken by the Ministry was on various kinds of 
mechanical devices for gripping and anchoring high- 
tensile wires; the heat-curing of concrete units to 
facilitate the early release of the wires ; and the use of 
different forms of vibration and of pressure combined 
with vibration. 
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GLASS-WORKING LATHE. 


A GENERAL-PURPOSE glass- working lathe with a trun- 
nion-supported straight bed for vertical or horizontal 
use has been produced by the Heathway Engineering 
Company, Limited, Uxbridge-road, Hillingdon, Middle- 
sex. The machine, which is illustrated in Figs. 1 and 
2 on this page, provides a swing of 22 in. in diameter 
over the bed. A cast-iron carriage supports a semi- 
circular gas manifold with 18 burners pointing towards 
the spindle axis ; each burner is individually adjusted 
and locked in position by means of a‘set screw to give 
radii from 3} in. to 7} in. between spindle axis and 
burner tip. Spindle speeds are controlled by a hand- 
wheel at the front of the machine and are varied by 
means of a standard type of infinitely-variable gear 
over two ranges which can be selected by interchanging 
two sprockets at the head end, the ranges being 30 to 
186 r.p.m. and 94to 570r.p.m. Glass components such 
as parts of cathode-ray tubes are held in the headstock 
and tailstock, which are brought together to enable a 
seal or joint to be made. 

The trunnions of the bed are carried in 3}-in. diameter 
bearings at the top of two cast-iron legs cross-braced 
about 10 in. apart by }-in. bolts to allow the bed to tilt 
and to provide a four-point support. The bed is cast 
in one piece, and is of flat section with side webs and 
cross bracing to suit the stresses at different angles of 
tilt; the bed ways are hand scraped, their inner faces 
being used to guide the headstock, tailstock and 
carriage. The headstock, tailstock, and burner carri- 
ages each have an apron carrying the respective 
operating handwheels, which have worms and pinions 
to engage a rack running along the front of the bed, 
an arrangement which ensures that the carriages 
are self-locking whatever the angle of tilt. The 
trunnions are spigoted into the sides and are fixed 
nearer the headstock end to give the best working 
height in both positions. 

The cast-iron headstock has hand-scraped sliding 
surfaces, and houses a spindle bored to a diameter of 
3 in. and running in ball-bearings ; the spindle has a 
spigoted flange to carry the faceplate and chucks 
provided. A three-jaw self-centering chuck of 1 in. to 
3 in. capacity, as well as a 21} in. diameter faceplate 
with spring-pressure pad to assist in holding the work, 
are normally supplied as part of the standard accessory 
equipment. The tailstock also has a cast-iron body 
with hand-scraped sliding surfaces and a spindle 
running in ball-bearings. This spindle, however, 
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| has a quill giving a sensitive feed over a 2-in. range, 
| controlled by a small handwheel operating one of 
two quill rods; these each have a bolted-on end-piece 
which is located in a groove around the quill shaft. 
The quill also has a spigoted flange for chuck mounting. 
At their outer ends, the two quill rods are cross-linked 
and connected through a small coupling to a lever 
hinged from the base of the tailstock, the lever being 
connected by a roller chain to a compensating balance 
weight on two guide rods aligned parallel to the lathe 
axis from the lower part of the bed. The balance 
weight, which comes into action when the bed is 
used vertically, compensates for the weight of the tail- 
stock and its accessories, and facilitates the traversing 
of the tailstock. The top of the burner carriage is 
machined flat and has a T-slot for clamping the burner 
supports and gas manifold, this having three inlet 
tubes with the taps and hosing. 

Tilting of the bed from the horizontal to the vertical 
position and vice versa is effected by worm wheel and 
worm of a 60 to 1 ratio. The worm wheel is bolted 
to the bed at the rear of the machine, and engages with 
a worm supported in plain bearings secured to the rear 
leg, the worm being turned by the ratchet spanner 
provided. The headstock and tailstock spindles are 
driven at the same speed by a 1}-h.p. 440-volt, three- 
phase squirrel-cage motor with direct-on-line starting 
and a reversing switch, to give speeds of about 1,420 
r.p.m. in either direction. 

From the motor, the drive is taken by V-belt to 
the infinitely-variable gear which is of a standard make 
incorporating a ring of ball-bearing steel running over 
the surfaces of four cones. Two of these are on the 
input shaft with their apex ends facing, and the other 
two are similarly arranged on the output shaft; one 
in each pair is fixed to its respective shaft, but the 
other two are cross-linked, and are adjusted by a 
handwheel to displace the ring laterally over the 
conical surfaces to give the speed ratios required. 

An extension spindle from the gearbox leads to 
a 90-deg. bevel gear in a cast-iron box mounted 
between the trunnions, and the output shaft of the bevel 
leads through a multi-plate clutch to the high- and 
low-speed range sprockets, which are changed over 
when the alternative range is required. From these 
sprockets the drive is taken by chain to a main shaft 
running the length of the bed below the bed ways ; 
roller chains from this shaft drive the headstock and 
tailstock spindles and are adjusted by eccentrically- 
mounted jockey sprockets. The clutch is operated by 
a lever at the front of the machine, and besides allowing 
for a steady take-up, also permits of inching for adjust- 
ing the work. The complete machine weighs about 
17 ewt., and, when the bed is used horizontally, covers a 





floor space of about 6 ft. 3 in. long by 3 ft. 2 in. wide. 





BRITISH INDUSTRY AND THE NORTH AMERICAN 
MARKET.—On Tuesday, January 3, the Federation of 
British Industries opened offices at the Royal Bank 
Building, Toronto, to supplement the work of the 
Dollar Exports Board and to extend the scope of the 
Federation’s representation in the Dominion. The new 
organisation will be under the control of Mr. H. D. 
Scully, as Canadian adviser. and Mr. P. Mahaffy, as 
general manager. Office space and facilities will be avail- 
able to Canadian representatives of British interests and 
it is hoped that British groups intending to open offices 
in the Dominion will secure accommodation in the same 
building. All British firms should thus be able to make 
closer contact with the Canadian Government and trade 
interests, and with the Dollar/Stirling Trade Board. At 
the same time, Canadian industrialists will be able to 
obtain information regarding sources of supply of goods 
from Great Britain. 


ALMANACS AND CALENDARS.—We have received 
monthly tear-off wall calendars from Messrs. Albright 
and Wilson, Limited, 49, Park-lane, London, W.1; 
Messrs. Boxfoldia Limited, Bournbrook, Birmingham ; 
Messrs. British Jeffrey-Diamond Limited, Stennard 
Works, Wakefield ; Messrs. Mavor and Coulson, Limited, 
Bridgeton, Glasgow, S.E.; Messrs. Jack Olding and 
Company Limited, Hatfield, Hertfordshire; Messrs. 
Regent Oil Company Limited, 117, Park-street, London, 
W.1; and Messrs. Saunders-Roe Limited, Osborne, East 
Cowes, Isle of Wight. Tear-off wall calendars having 
two months to each page have been received from 
Messrs. K.L.M. Royal Dutch Airlines, 196, Sloane-street, 
London, S.W.1; and Messrs. Davey, Paxman and Com- 
pany, Limited, Colchester. Wall calendars with tear-off 
sheets showing on each the current month in heavy type, 
and the preceding and following months in smaller type. 
have reached us from the British Vacuum Cleaner and 
Engineering Company Limited, Leatherhead, Surrey ; 
Messrs. Brook Motors Limited, Empress Works, Hudders- 
field ; Messrs. Canadian Pacific Railway Company, 62, 
Trafalgar-square, London, W.C.2; Messrs. Holman 
Brothers, Limited, Camborne ; and Messrs. Wellworthy 
Piston Rings, Limited, Radial Works, Lymington, 
Hampshire. Messrs. Boulton Paul Aircraft Limited, 
Wolverhampton, have sent us a wall calendar containing 
the whole year on one sheet. A monthly tear-off wall 
calendar received from Messrs. Ateliers de Constructions 
Electriques de Charleroi, Charleroi, Belgium, contains 
colour illustrations depicting twelve important stages in 
the history of electricity ; and another, sent to us by 
Messrs, C..A. Parsons and Company, Limited, Newcastle- 
upon-Tyne, 6, contains twelve reproductions in colour of 
Newcastle scenes, together with a coloured map of the 
city, showing the location of the firm’s works. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ British TrriompH.”—Single-screw tanker for 
carrying oil in bulk, built by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, for the British Tanker 
Company, Limited, Britannic House, Finsbury-circus, 
London, E.C.2. Main dimensions: 463 ft. 6 in. by 
61 ft. 9 in. by 34 ft.; deadweight capacity, approxi- 
mately 12,250 tons on a summer draught of 27 ft. 7} in. 
Harland-B. and W. six-cylinder four-stroke single-acting 
airless-injection engine, constructed by Messrs. Harland 
and Wolff, Limited, to develop 3,200 b.h.p. in service. 
Trial trip, December 20. 

M.S. “‘ NoTTINGHAM.”’—Single-screw refrigerated -cargo 
vessel, built and engined by Messrs. John Brown and 
Company, Limited, Clydebank Shipyard, Glasgow, for 
the Federal Steam Navigation Company, Limited, 138, 
Leadenhall-street, London, E.C.3. Ninth vessel in a 
series of similar ships built for these owners and their 
associated company, the New Zealand Shipping Company, 
Limited. Main dimensions: 480 ft. 9 in. by 61 ft. 6 in. 
by 39 ft. 6 in. with a loaded draught of about 26 ft. 3 in. ; 
gross tonnage, approximately 6,500 ; refrigerated-cargo 
space, 304,500 cub. ft. Brown-Doxford six-cylinder 
opposed-piston Diesel engines to develop a _ service 
speed of 15 knots. Launch, December 20. 

S.S. “ JALENGI.”—Twin-screw drag suction hopper 
dredger, built by Messrs. Wm. Simons and Company, 
Limited, Renfrew, to the order of Messrs. Rendel, Palmer 
and Tritton, London, for the Commissioners for the Port 
of Calcutta. Designed for service on the River Hooghly 
in currents up to 8 knots. Main dimensions: 350 ft. 
(between perpendiculars) by 62 ft. by 24 ft.; hopper 
capacity, 3,000 tons, which can be filled in about 40 
minutes. Dredging outfit comprises a 45-in. bore 
suction pump, driven by triple-expansion engines. 
Two sets of triple-expansion engines and four oil-burning 
cylindrical multitubular boilers, to develop a loaded 
speed of 12 knots. Launch, December 21. 


M.S. “‘ CHANDPARA.”—Single-screw cargo liner, carry- 
ing twelve passengers, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, Glas- 
gow, for the British India Steam Navigation Company, 
Limited, London, E.C.3. Sixth vessel of a series built for 
these owners. Main dimensions: 485 ft. by 62 ft. 6 in. 
by 40 ft. 9 in. to shelter deck; gross tonnage, 9,000. 
Barclay Curle-Doxford six-cylinder opposed-piston solid- 
injection engine, developming 6,800 b.h.p. at 116 r.p.m. 
on service. Trial trip, December 22. 


M.S. “ REGENT LEOPARD.”—Single-screw tanker for 
carrying oil in bulk, with accommodation for twelve 
passengers, built by the Blythswood Shipbuilding Com- 
pany, Limited, Scotstoun, Glasgow, for The Bowring 
Steamship Company, Limited, London, E.C.3. Main 
dimensions: 460 ft. (between perpendiculars) by 61 ft. 
by 33 ft. 8 in.; deadweight capacity, 12,400 tons. 
Burmeister and Wain six-cylinder single-acting four- 
stroke Diesel engine to develop about 3,300 b.h,p., built 
by Messrs. John G. Kincaid and Company, Limited, 
Greenock. Trial speed, 13 knots. Trial trip, December 28. 

S.S. “Cran SHaw.”—Single-screw cargo liner, to 
carry twelve passengers, built by The Greenock Dockyard 
Company, Limited, Greenock, for The Clan Line 
Steamers, Limited, London, E.C.3. Main dimensions : 
476 ft. (between perpendiculars) by 66 ft. by 40 ft. 8 in. 
to upper deck; deadweight capacity, about 10,950 tons 
on a draught of 28 ft. 0g in. ; gross tonnage, 8,150. First 
vessel of a series of three. Reaction steam turbines 
with double-reduction gears, to develop 9,400 s.h.p. at 
108 r.p.m., constructed by Messrs. Parsons Marine 
Steam Turbine Company, Limited, Wallsend-on-Tyne, 
and two oil-fired steam-generating units by Messrs. 
Babcock and Wilcox, Limited, London, E.C.4. Machin- 
ery installed by Messrs. John G. Kincaid and Company, 
Limited, Greenock. Trial trip, December 29. 

M.S. ‘‘ WANDSWORTH.”’—Single-screw collier for ser- 
vice between Northern ports and upper reaches of River 
Thames, built by The Burntisland Shipbuilding Company, 
Limited, Burntisland, Fife, for the South Eastern Gas 
Board, London, S.E.15. Ballast carried enables vessel 
to navigate Thames bridges in light condition. Main 
dimensions: 265 ft. 10 in. (between perpendiculars) by 
39 ft. 6 in. by 18 ft. 6 in.; deadweight capacity, 2,825 
tons on a draught of 17 ft. 1 in. British Polar eight- 
cylinder marine Diesel engine of 1,180 b.h.p., con- 
structed by Messrs. British Polar Engines, Limited, 
Glasgow. Launch, December 29. 


S.S. “ GLEssuLa.”—Twin-screw tanker to carry oil in 
bulk, built and engined by Messrs. Smith’s Dock Com- 
pany, Limited, South Bank-on-Tees, for the shallow- 
draught service to Lake Maracaibo, Venezuela, of the 
Anglo-Saxon Petroleum Company, Limited, London, 
E.C.3. Sixth vessel of an order for eight. Main dimen- 
sions: 382 ft. (between perpendiculars) by 62 ft. 6 in. by 
18 ft. 9 in. to harbour deck ; deadweight capacity, 6,300 
tons on a draught of 16 ft. 9 in. Twin set of triple- 
expansion surface densing engines and two Babcock 
and Wilcox water-tube boilers, to develop a loaded speed 
of 12 knots in service. Trial trip, December 29. 





LABOUR NOTES. 


BritisH shipyards completed 1,400,000 tons gross 
of new merchant ships during 1949, the highest total 
for any year since the war, but the opinion that the 
longer-term outlook for the shipbuilding industry is 
“not without its anxieties ” is expressed by Mr. H. B. 
Robin Rowell, President of the Shipbuilding Con- 
ference, in a commentary on the industry, published 
on January 2. The intake of new orders for example, 
amounted to no more than 400,000 tons gross during 
1949, less than one-third of the output of completed 
ships for the year. Approximately 70 per cent. of the 
total output, estimated to have cost over 115,000,0001., 
was for British owners and the remaining 30 per cent. 
for foreign accounts. Mr. Rowell considers, therefore, 
that the direct export of new ships earned foreign ex- 
change to the value of about 35,000,0001. 





Shipbuilding orders now in hand amount to 3,250,000 
tons gross, of which some 2,000,000 tons are on the 
berths or fitting out, and 1,250,000 tons are still to be 
laid down. This means, Mr. Rowell states, that many 
British shipbuilding yards will continue to be kept 
well employed during the conmting twelve months, and, 
in some cases, for a longer period ahead. But the boom 
conditions have undoubtedly passed and, in the next 
18 months to two years, the process of readjustment to 
more normal conditions in the industry will, of neces- 
sity, be accelerated. It is essential that the volume of 
new orders should be stimulated if costs are to be kept 
down and maximum efficiency in the shipbuilding 
yards obtained. 





High costs are blamed for drying up the flow of 
orders, Mr. Rowell states, but the speed with which 
new contracts can now be executed, and delivery dates 
adhered to, particularly for the plain cargo type of 
vessel, may encourage owners to undertake necessary 
replacements. Shipbuilders’ difficulties are evident 
from the fact that the general home price level for 
their raw materials, as well as tor their equipment, 
goods, and services of all kinds, worked into the ships, 
shows no sign of declining. Other adverse factors are 
the increased charges for coal, gas, electricity, and 
transport. “Every effort,” he concludes, “ will be 
made by British builders to reduce their costs.”’ 





Wage problems continue to occupy the front place 
among industrial matters awaiting settlement. Claims 
for a “ substantial ” increase for the 130,000 railway 
shopmen, which have already been rejected by the 

ilway Executive, are to be further discussed at the 
forthcoming meeting of the trade-union side of the 
Railway Shopmen’s National Council. The National 
Union of Railwaymen announced on January 2 that 
they had presented a claim to the Railway Executive 
for a “ wage improvement ” for the lower-paid adult 
railway employees, with the intention of securing for 
these workpeople a weekly minimum of 5/. A meeting 
of Union officials with the Executive is expected to be 
held at a very early date, when this further demand, 
which is in accordance with the decisions of the special 
delegate conference of the N.U.R. held on Septem ber 30, 
1949, will be considered. British Railways staff, 
including persons employed on collection and delivery 
services, totalled 629,000 on November 6, 1949, and 
it is computed by the Union that about 150,000 of 
these are in receipt of basic weekly wages of less than 
5l., the present lowest basic rate being 41. 12s. 6d. a 
week. 





The demands on behalf of the lowest-paid railway- 
men are also expected to be brought before a committee 
of railway officials known as the Railway Staff Con- 
ference. This step is the usual preliminary stage in 
collective bargaining in the railway industry. In view 
of the Government’s wage-restraining policy and of the 
recommendations of the Trades Union Congress general 
council asking affiliated unions to support that policy, 
the Conference are not generally expected to accept 
the claims. It is the contention of the N.U.R. that 
their claims are, in fact, not out of step with the 
Government’s views. Two other large railway unions, 
the Associated Society of Locomotive Engineers and 
Firemen, and the Railway Clerks’ Association, declined 
invitations from the N.U.R. to join in the claim, and the 
last-mentioned Union have accordingly submitted the 
claim entirely on their own behalf. 





One main objection which has been put forward to 
suggestions for a general basic minimum wage is that 
such a wage would narrow sharply the differences 
which at present exist between the wages of skilled and 
unskilled operatives. These differentials are very 
finely adjusted—in many industries there are several 
grades of semi-skilled employees between the skilled 
and the unskilled classes—and they have been fixed 





only as the result of long and patient negotiations over 


a period of years between the various unions and the 
employers. The N.U.R., however, assert that thei: 
claims for a minimum wage are not contrary to the 
Government wage policy, and quote the statement 
made by Sir Stafford Cripps that the maintenance 
of differentials was not an acceptable argument for 
justifying wage increases. 





Much may depend upon the decisions of the confer- 
ence of trade-union executives which will take place in 
London next Thursday, when the wage-stabilisatio, 

licy of the T.U.C. general council will be discussed. 

he National Union of Railwaymen and the Amai- 
gamated Engineering Union are expected to oppose 
that policy, at any rate in the form recently presented 
by the council, which would allow few, if any, increases 
to be made in wage rates, but would encourage wage 
increases as productivity improved. While not, ap- 
parently, entirely unsympathetic to the T.U.C. policy, 
these two unions have substantial wage claims in being. 
Those of the N.U.R. are mentioned above, and the 
A.E.U. are concerned in those of the Confederation of 
Shipbuilding and Engineering for an overall increase 
of 20s. a week for employees in those industries. 





More uncompromising opposition has come from 
the National Union of Furniture Trade Operatives, 
with a membership of some 66,000, who state in the 
January issue of their journal that they not only cannot 
accept the T.U.C. proposals, but also cannot consider 
themselves as bound in any way to t decisions 
taken by the January conference of executives. Any 
such decisions, the Union consider, cannot be allowed 
to interfere with their own right to determine their 
own policy on wages and conditions. The journal 
expresses the difficulties of the Union in understanding 
how trade-union officials can support propaganda for 
the suspension of sliding-scale arrangements when 
their own unions have but recently asked for wage 
adjustments for their members. On the other hand, 
two unions with large memberships, the Transport and 
General Workers’ Union and the odbc and Municipal 
Workers’ Union have declared their intention of sup- 
porting the policy of the T.U.C. general council. A 
special delegate conference of the National Union of 
Mineworkers decided on December 29 to approve the 
general council’s wage policy, by a card vote of 406,000 
to 273,000, subject to confirmation by the Union’s 
district organisations and a ballot of members is in 
progress. 





Changes in rates of wages in the United Kingdom 
which came into force during November, 1949, resulted 
in an aggregate increase of aggrecnatete 31,0001. net 
in the weekly full-time wages of some 278,000 employees. 
In the iron and steel industry, there were small increases 
due to sliding-scale arrangements based on the index of 
retail prices. Adult male transport employees in the 
iron and steel and non-ferrous scrap-metal industry 
received an increase of 5s. a week in their minimum 
rates, while other adult male operatives in that industry 
received an increase of 1}d. an hour, amounting to 
4s. 7d. a week, in their national minimum rates. 
Increases in weekly full-time rates of wages granted 
during the eleven months, January to November, 
1949, are estimated by the Ministry of Labour to total 
978,1001. net and to have been shared by 5,067,500 
persons. During the corresponding months of 1948, 
there was a net increase of 1,864,400]. in the weekly 
full-time wages of 7,611,500 workpeople. No changes 
in the hours of labour are reported to have occurred 
during November, 1949. 





Stoppages of work occurring as a result of industrial 
disputes in the United Kingdom numbered 113 during 
November, 1949, and, in addition, 13 stoppages which 
commenced earlier were still in pr when the month 
began. In these 126 stoppages, 18,700 workpeople 
were involved and 64,000 days were lost. The compara- 
tive figures for October, 1949, were 123 strikes, with 
15,300 persons involved and 65,000 days lost. During 
November, 1948, 145 strikes were in progress, in which 
29,700 employees were concerned and 90,000 working 
days lost. Between January and November, 1949, 
1,351 stoppages occurred, involving 423,700 work- 
people and causing the loss of 1,735,000 days. In the 
corresponding eleven months of 1948, there were 1,668 
strikes, in which 414,400 persons were concerned, and 
1,914,000 days lost. 


No changes occurred during November, 1949, in the 
figures of the index of rates of wages which measures 
the movement, from month to month, in the full-time 
weekly wage rates in the principal United Kingdom 
industries and services, against the level ruling on 
June 30, 1947, which is taken as 100. The figures at 
the end of November were 109 for all employees, and 
109, 112 and 112 for men, women and juveniles, 
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THE FUNCTIONS OF ENGINEERING 
RESEARCH IN THE UNIVERSITY.* 


By Proressor A. J. Sutrron Prpparp, M.B.E., 
D.Se., M.I.C.E. 


I PROPOSE to deal with the story of research into 
the stresses in masonry dams, a subject which caused 
considerable controversy in the latter part of the last 
century and in the first decade of the present one. 
A simple ee of the facts, interesting as 
they are, would scarcely be justifiable on such an 
occasion as this unless something were to be gained 
from the re-telling, and I hope that the story may be 
of value in helping us to appreciate the spirit which 
animated engineering research at that time, to under- 
stand something of the differences between that period 
and ours in this connection, and, above all, to assess 
the functions of engineering research in the universities 
to-day. 

The earliest statements of the principles underlying 
the design of masonry dams of the gravity type were 
made by distinguished French civil engineers in the 
early part of the Nineteenth Century, and were very 
simple in essence: the design had to be such that it 
would not turn over by pivoting about the toe under 
the pressure of the impounded water, and the resistance 
to shearing had to be sufficient to prevent sliding along 
any horizontal section. At a later date these simple 
criteria were judged to be insufficient and a third was 
added, namely, a restriction of the compressive stresses 
at the toe and heel of the dam when the reservoir was 
= and empty, respectively, to a predetermined safe 
value. 

In 1870, Professor W. J. M. Rankine was consulted 
about the proposed design for the Periyar dam in 
India, and his reportt has become a classic in the 
literature on this subject. In it he rejected the views 
of the early French engineers, Graeff and Delocre, that 
the compressive stresses should be limited to the same 
intensity at heel and toe, pointing out that on the 
ordinary bases of calculation the stress was the vertical 
component only ; the true stress was higher and was 
governed by the amount of batter of the face and back 
of the profile at the particular section under considera- 
tion ; it was, therefore, necessary to keep the vertical 
component of stress at the toe lower than that at the 
heel. More important than this, however, Rankine 
introduced the “ middle-third rule” to determine the 
widths of horizontal sections required to eliminate the 
possibility of tensile stresses occurring in the mortar 
joints and initiating cracks. In the course of the dis- 
cussion which it is proposed to recount, the suggestion 
was made that Rankine had been anticipated by 
several years in the adoption of this ‘criterion, but 
whether this is true or not I have been unable to 
ascertain. It is certainly true that prominence was 
first given to it in Rankine’s report, and it became 





* Unwin Memorial Lecture, 1949, delivered at a meet- 
ing of the Institution of Civil Engineers, London, on 
Tuesday, December 20. Abridged. 

t W. J.M. Rankine, “‘ Report on the Design and Con- 
struction of Masonry Dams,” Miscellaneous Scientific 
Papers, No. 34. 








MASONRY DAMS. 


Before Application of Water Pressure 


Collapsing Under Water Pressure 


“ENGINEERING 


thereafter a generally accepted criterion in maso 
design. As will be seen shortly, it was also the cause of 
much subsequent trouble and controversy. 

In 1895, the Bouzey dam, near Epinal in France, 
failed. The cause of the disaster was naturally the 
subject of much discussion, and Unwin wrote an 
article for Cassier’s Magazine* in which he showed that 
the no-tension condition had been seriously violated at 
the section of the dam where failure began, and he 
definitely ascribed the collapse to this cause. About 
the same time, in a discussion at the Institution of 
Civil Engineers on the Manchester and Liverpool water- 
supply,t Unwin commented upon a remark by Mr. 
Charles Hawksley that the stability of the Vyrnwy dam 
had been calculated to havea factor of safety of 2. Unwin 
expressed gratification that the words “ by calculation ” 
had been introduced, since he considered that the 
assumptions made were so wide of the truth that the 
result was absolutely fictitious and misleading. In his 
opinion, if the real factor of safety against overturning 
could be calculated, it would be more nearly equal to 
10 than to 2. The French engineers, he said, perceiving 
the erroneousness of the assumptions on which the 


ordinary theory of overturning had been made, had | first 


abandoned them and taken refuge in stress calcula- 
tions ; in his opinion, the Bouzey dam was the first 
and only case on record of a high dam failing by 
overturning. 

In 1903, the Drapers’ Company of the City of London 
gave 1,000/. to the University of London for research, 
which was allocated to the Department of Applied 
Mathematics at University College, then in charge of 
the distinguished elastician, Professor Karl Pearson. 
The second (published in 1904) of the series of the 
Drapers’ Company Research Memoirs, was entitled 
“On Some Disregarded Points in the Stability of 
Masonry Dams,” by L. W. Atcherley, with some assist- 
ance from Karl Pearson. This paper directed atten- 
tion to the fact that, in the past, only horizontal 
sections of a dam profile had been examined to ensure 
that no tension was developed, and then by mathe- 
matical argument showed that the assumption of 
linear distribution of normal stress on horizontal 
sections, which was always made faute de mieux, led 
with almost equal validity to a parabolic distribution of 
horizontal shearing across that section. If a vertical 
section were taken through the dam profile, and the 
stability of the portion between that section and the 
toe were considered in a manner similar to that used 
for horizontal sections, the resultant action might fall 
outside the middle third of the vertical section, and 
tension would develop. This is shown in Fig. 1. BC 
is a vertical section; DGJK is the assumed distri- 
bution curve of normal stress plotted in terms of 
masonry units; DMK is the assumed parabolic 
shearing-stress curve in the same units. If the section 
ABC of the dam be considered, it will be seen that 
there is a vertical resultant force, V, acting upwards, 
representing the difference between the areas DE FG 
and A BC, and a horizontal shearing force, H, repre- 





* Cassier’s Magazine, vol. 11, page 9 (1896-97). 
t Min. Proc. I.C.E., vol. 126, part IV, page 89 (1895- 
96). 





sented by the area DEN. When these are com- 
pounded, the resultant force indicated by R may pass 
outside the middle third of the section C B, causing 
tension at C. Model dams were made of wooden strips 
arranged vertically and horizontally respectively, and 
pressure was applied to their backs to produce distor- 
tion, as shown in Fig. 2. The authors were satisfied 
that these tests confirmed the existence of the tension 
they had predicted, and they summarised the results 
of their research as follows: “ (1) The current theory 
of the stability of dams is both theoretically and 
experimentally erroneous. (2) An accepted form of 
profile is shown to be stable for horizontal sections, 
but unstable for vertical sections. (3) The distribution 
of shear over the basis must be more nearly parabolic 
than uniform. (4) In future we hold that, in the 
first place, masonry dams must be investigated for 
the stability of their vertical sections. If this be 
done, we feel pretty certain that most existing dams 
will be found to fail, if we accept the theory of stability 
usually adopted for their horizontal sections. Without 
being unduly alarmist, we should like to draw the 
attention of practical engineers to the point that the 
masonry dams they have designed to be, according to 
a defective theory, free from tensile stress are probably 
subjected not only to tensile but to shearing stresses 
far exceeding anything they have in the least imagined. 
We may even speculate whether this truth may not be 
to some extent the source of weakness in certain dams 
which have existed in the past.” 

These opinions of Atcherley and Pearson are quoted 
at length because they put the cat fairly among the 
pigeons. The first indication that the research had 
attracted attention from practising engineers appeared 
in the discussion on the Coolgardie water-supply,* 
when Sir Benjamin Baker criticised the standard 
middle-third method of calculation on the ground that 
it was an unsound theory. He considered that the 
problem was infinitely more complicated than was 
suggested by that method, and expressed pleasure 
at the serious attempts made by Atcherley and Pearson 
towards a better understanding of it. He said that he 
did not “ care a pin ” about the accuracy of the results, 
but it was the first fruits of an earnest attempt to carry 
the theory of an elastic solid a stage further than it 
had been carried before. He had transmitted the 
memoir to the engineers of the Public Works Depart- 
ment in Egypt, with the comment that he considered 
the investigation deserving of every encouragement and 
assistance, and that, although personally he did not 
agree with the conclusions, he believed that the mathe- 
matics was correct on the assumptions made. He had, 
however, told Professor Pearson that he thought that 
all the conditions of the problems had not been included. 

Consideration was being given at this time to the 
problem of raising the dam at Aswan, and Sir Benjamin 
Baker, in his capacity of consultant, made a number of 
stiff jelly models ; the engineers in Egypt agreed, after 
three or four hours’ experimenting with these, that 
raising the dam was not so simple as it had appeared at 


In March, 1905, an articlet appeared in ENGINEER- 
ING announcing the postponement, if not the abandon- 
ment, of the scheme for raising the height of the Aswan 
dam by 20 ft. It was stated that in view of the new 
light on the stability of dams afforded by Atcherley’s 
paper it was considered imprudent to do so without 
much further consideration. Shortly afterwards, 
Unwin entered the field with a notet to ENGINEERING, 
in which he pointed out that the linear distribution of 
stress on horizontal sections was pure assumption, and 
agreed that, if the conclusions in Atcherley’s paper 
were true, the position would be very serious. Refer- 
ring to the pointed attention which had been drawn to 
this paper by Sir Benjamin Baker, he emphasised that 
dams were monoliths having no plane joints, and there 
was no reason for supposing that they could not with- 
stand a reasonable amount of tension. He agreed, 
however, that it was desirable that there should be no 
tension at the water face. On the much criticised 
assumption that normal stresses were distributed 
linearly on the base, he developed a method for 
obtaining the distribution of shear stress across a 
section of a triangular dam, and showed that, on his 
assumptions, this distribution was also triangular, 
having zero value at the heel and the maximum value 
at the toe. This note was elaborated three weeks 
later§ when the normal and shearing stresses were com- 
pletely worked out for a triangular profile. 

Others now took part in the discussion. Mr. E. P. 
Hill, in a letter to ENGINEERING, pointed out what he 
felt to be the entirely erroneous nature of Atcherley’s 
reasoning; a dam and its bed formed one body, and 
an arbitrary division into strips was unsound. _ He was 
particularly perturbed by the decision to postpone 
raising the Aswan dam on the evidence of this thesis, 





* Min. Proc. I.C.E., vol. 162, part IV (1904-5). 
+ ENGINEERING, vol. 79, page 414 (1905). 

t Ibid.. vol. 79, page 513 (1905). 

§ Ibid., vol. 79, page 593 (1905). 





which had naturally caused anxiety among authorities 
in this country, and he pointed out that in the particular 
case of the Periyar dam in India, the application of 
the equations given would indicate that it had a tensile 
stress at the foot of the outer slope of nearly 19 tons per 
square foot, which was at least 50 per cent. above the 
strength of Portland-cement concrete placed under 
favourable conditions. He concluded with the per- 
tinent query: “ Is, therefore, the theory or the dam to 
give way ?” and the dogmatic opinion : “ There is no 
reason for postponing the raising in consequence of 
anything in the thesis.” 

At the end of June, 1905, Unwin published a third 
article* on the distribution of shearing stresses. In 
this, which was an extension of his original treatment 
for a triangular dam, he showed how the method could 
be applied to a dam of any shape, and concluded that, 
for dams with a rectangular profile, Atcherley’s assump- 
tion of a parabolic distribution of shearing stress mare 
be correct, but in no other cases. A fortnight later 
Karl Pearson dealt with the matter in an articlet in 
ENGINEERING. He dismissed contributors other than 
Unwin by the statement: “It is difficult to believe 
that the correspondents referred to can possibly have 
read the memoir which they profess to criticise,” and 
then attacked Unwin on the grounds that he (Pearson) 
and Atcherley had already worked out in their memoir 
all that was included in Unwin’s notes. They had 
shown that the shear-stress distribution over the base 
would be parabolic ; that the parabola would not be 
symmetrically placed with zero shears at front and flank 
of the dam ; and that in the special case of a triangular 
dam the parabola reduced to a triangle. Unwin had also 
discovered these facts, the only differences between his 
treatment and that of Pearson and Atcherley being : 
(1) they had worked out the case of any form of dam 
whatever, and showed the triangle as a special case ; 
(2) their treatment occupied nine lines only, as against 
ninety ; (3) they showed reasons why their treatment 
was not legitimate. He felt that it was hard to see 
what Professor Unwin had contributed to the subject. 
The object of their memoir was to show that the usual 
treatment of a dam was fallacious and that the fallacy 
was really independent of the actual distribution of 
shear over the base. He concluded his article by 
remarking that it was certain that the hypothesis of 
linear distribution of pressures over horizontal sections 
was wholly erroneous. 

In a tscript written after the appearance of 
Unwin’s third article, Karl Pearson gave his conclusions 
on the position : “‘ That empirical forms of dams have 
been reached which are reasonably stable is undoubted ; 
but I believe that this stability is purely empirical, and 
cannot be demonstrated by middle-third rules for the 
horizontal sections. The vertical sections are, I hold, 
weaker than the horizontal, and I conclude from our 
experiments that the substratum is weaker than either. 
The view I should take, therefore, would be extremely 
cautious and tentative progress in any dam construction 
going much beyond any existing experience. Hori- 
zontal middle-third stability is not, from the theoretical 
standpoint, a safe criterion of what is or is not reason- 
able in dam construction.” 

Other correspondents intervened but most of them 
were promptly subdued. In August, 1905, however, 
there appeared in ENGINEERING an articlet which 
was in the nature of a preliminary report by J. S. Wilson 
and W. Gore, describing a method they had devised for 
experimentally investigating the distribution of stress 
in dams. They subjected a rubber model, representing 
a complete cross-section cut out of the dam, to pressures, 
causing distortions which were measured and analysed. 
An ingenious device was adopted to represent the effect 
of gravity loading of the dam; weights hung from 
cross-bars placed through the rubber profile increased 
the overall specific gravity of the dam to the value 
required to give measurable strains while retaining an 
accurate ratio of pressure to weight. In this article, 
attention was restricted to a triangular dam, but 
much more was to be heard later of the development 
of this method. Response to the publication of this 
article was prompt, and only a week later Karl Pearson 
added a postscript to a letter to ENGINEERING in which 
he rather summarily dismissed the method adopted in 
the experiments. 

During the next six months there seems to have been 
a lull in the controversy, but in ENncIngeRING of 
June 22, 1906, in a description of the Royal Society 
Soirée, which had been held on May 9, reference was 
made to a model section of the Aswan dam exhibited by 
Karl Pearson and A. F. C. Pollard to illustrate an ex- 
tremely delicate method of determining experimentally 
the distribution of shear stress. A full description 
of the work done by Karl Pearson and Pollard in this 
connection was not published until the following year, 
when it appeared as No. 5 of the Drapers’ Company 
Research Memoirs. The model was made of a stiff 
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jelly, the suggestion for this having apparently come 
from Sir Benjamin Baker, and the use of this material 
was, as will be seen, the cause of widespread criticism. 
The general type of shear distribution was found to be 
very peculiar, having no resemblance to the parabolic 
curve often assumed; no general law was deduced to 
fit the curves, and it was recommended that models 
of projected dams should be investigated in this way 
before construction was put in hand. It will be remem- 
bered that Sir Benjamin Baker had actually done this in 
connection with the proposed raising of the Aswan dam. 

The experimental work contained in this memoir 
was the subject of an editorial review* in ENGINEERING 
on September 13, 1907. No reference was made to 
Pollard, the work being ascribed to Pearson alone. 
The history of the previous two or three years following 
the publication of Atcherley’s paper was recalled, and it 
was suggested that Pearson, in his recently published 
memoir, had dealt with the various contributors to the 
discussion in somewhat drastic fashion. 

The results obtained by Wilson and Gore were, 
according to Pearson, inapplicable to real dams because 
the experiments failed to take into account the hori- 
zontal bending which actually exists in practice. 
This point is of importance in connection with the 
further discussion which ensued, and it must be 
explained that the real point of Pearson’s criticism 
was that to take a slab from the centre of a dam and 
assume that it directly represented the same slab in 
position was to ignore the effects transmitted from the 
main structure on either side of the cut sections. The 
Editor did not agree with this point of view, and 
questioned whether the inclusion of the missing terms 
would modify the results obtained by Wilson and Gore 
by more than a very small percentage. After paying 
tribute to the excellence of the mathematical portion 
of the memoir, he expressed great doubt about the 
actual value of the experimental results, since no 
evidence was given that the material obeyed Hooke’s 
law, while there was positive evidence that it acted 
plastically. An attempt to deduce the distribution 
of the stresses, within the elastic limit from such 
a model was, in his opinion, very likely to lead to 
totally erroneous conclusions, and for these reasons 
he felt that no confidence whatever could be placed 
in those results, even if considered as a first rough 
approximation. The memoir indicated that both the 
Aswan and Vyrnwy dams were safe structures, having 
no tensional stresses exceeding 5,500 lb. per square foot, 
and no compressions exceeding 13,000 lb. per square 
foot. The Editor suggested that here the matter must 
rest, pending the execution of experiments on some 
material more suited to the measurement of elastic 
displacements than a plastic jelly could possibly be. 
The Editor concluded that it was well known to readers 
of Pearson’s History of Elasticity that the author 
had no very exaggerated respect for the intellectual 
abilities of the engineer, but he was not quite prepared 
to find the intelligence of the practical man rated so 
lowly as in this paper: Pearson actually believed him 
capable of erecting a masonry dam in such a position 
that the capacity of the reservoir behind it might be 
materially affected by the addition of a few cubic yards 
of concrete, to round out the re-entrant angle between 
the upstream face of the dam and the foundation. 

The editorial brought a quick response, for, in the 
following week, ENGINEERING published a letter from 
Pearson pointing out that the memoir reviewed was 
the work of himself and A. F. C. Pollard, assisted by 
C. W. Wheen and L. F. Richardson, who, he had no 
doubt, would be quite prepared to share with him the 
blame which the critic thought it deserved. In 
answer to the Editor’s remarks about his views on 
engineers, he said that, on the contrary, he had enor- 
mous respect for ability, intellectual or practical, 
wherever he found it, and that his one regret was that 
Sir Benjamin Baker was no longer alive to give his 
opinion of the work. He claimed that Sir Benjamin, 
at least, would have seen that they were striving to 
reach the truth, and that “‘ to slumber in the middle- 
third and reject any attempt to reach a logical theory in 
dam construction’ was not an ideal position for a 
country which once led the engineering world. 
ENGINEERING, commenting on this letter, was quite 
unrepentant, and adhered to the point that the 
observations made gave little clue as to what the elastic 
distribution of stress would be in a dam. 

A month later Pearson returned to the attack, having 
calculated the error involved in the use of a slab dam 
as a means of checking stress distribution. He claimed 
that the “ small percentage ”’ referred to in the review 
was rather over 30 per cent. The Editor completely 
refused to accept this and said categorically: ‘“‘ We 
do not believe that the maximum stresses deve- 
loped in Professor Pearson’s experimental slab were 
30 per cent. more or less than they would have been 
did the slab form part of a complete dam. In any case, 
the question still remsins, what is the elastic limit of 
the jelly, if it does exist ?”’ 
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The issue was now reduced to these two points ; t)\o 
elasticity of the jelly and the interpretation of resu 
from a slab dam. In regard to the first Pollard wrot 
that the small displacements used in their work ney. 
exceeded those for jelly mentioned by Lord Kelvin in | 
article on “ Elasticity " in the “ Encyclopaedia Brita: 
nica,” to which the Editor commented that Lord K: 
vin’s dictum was negatived in this particular case |), 
Professor Pearson’s statement that the permanent set |, 
a typical observation amounted to 20 per cent. of thio 
maximum strain measured. Very little more nev 
be said on this point, except that in a later discussion 
at the Institution of Civil Engineers it seems to hav: 
been generally agreed that the jelly was a quite unsui( 
able and unreliable material. The question of ty 
30-per cent. discrepancy was raised by H. M. Martin 
in the columns of ‘‘ Nature ’’ and, after two or thre: 
interchanges, Pearson admitted that he was in err« 
and that there was no such discrepancy. 

On January 31, 1908, at an ordinary meeting of th 
Institution of Civil Engineers, three papers were pr: 
sented for discussion. The first of these,* by Sir John 
Ottley and A. W. Brightmore, described experiments 
they had made on Plasticine models of dam sections. 
These were meant to be only qualitative but, of course, 
were open to the same criticism as those of Pearson 
and Pollard since Plasticine displays scarcely any 
elasticity. The conclusions reached by Ottley and 
Brightmore were: (1) That a masonry dam, designed 
on the assumption that stresses on the base varied 
uniformly, would, in fact, have smaller stresses than 
those estimated. (2) That there could be no tension 
near the outer toe. (3) That there would be tension 
on certain planes other than the horizontal near the 
inner toe. 

The second paper, by J. S. Wilson and W. Gore, 
described the extensign of their work already mentioned 
to the case of a dam profile of a more practical section 
than the simple triangular one first considered. This 
work deservedly received very high praise from many 
speakers in the discussion that followed. The authors 
stated that they had attempted to provide a solution 
to the mathematician’s dam, and they felt confident 
that they had obtained very good approximate solutions 
to the problem, which was too complicated for a mathe- 
matician’s analysis. This claim has been well sub- 
stantiated by later work, as will be seen shortly. 

The third paper, by E. P. Hill, was of an analytical 
character. In the discussion it was claimed by Unwin 
that Hill had done analytically only what he, Unwin, 
had already done graphically in Enotnrertne. Little 
attention was directed to this paper in the discussion, 
which showed clearly that the experimental work of 
Wilson and Gore was far more acceptable to engineers 
than either the results obtained by Pearson or the 
experimental values found by using plastic or semi- 
plastic models. One particular point of importance 
did arise ; all the authors confirmed the fact that there 
was slight tension on some plane near the heel of the 
base section where it joined the foundation, but that 
nowhere else in the profile was tension possible. This 
tension was not considered to be of importance by any 

ker. 

On May 22, 1908, ENGINEERING summed up the 
position,t pointing out that four years had elapsed 
since engineers were seriously disquieted by the paper 
by Pearson and Atcherley. Meanwhile, experiments 
had shown that their conclusions were wrong, and that 
the perturbation which followed the publication of the 
paper was consequently unwarranted. The Editor 
held’ that, while Pearson’s reply to critics of the 
mathematical work had been complete, Atcherley’s 
experiments were vary far from conclusive. The 
experimental material employed by Pearson and 
Pollard had proved wholly unsuitable, and their 
labour was expended in vain, since an attempt to 
deduce the properties of an elastic material from jellies 
which gave a 20-per cent. permanent set was absurd. 
Drawing attention to Pearson’s criticism that Wilson 
and Gore had introduced errors of the order of 30 per 
cent. by the use of a slab dam, it was pointed out that 
ENGINEERING had consistently disputed this and that 
Professor Pearson had now acknowledged that he was 
in error. The work of Wilson and Gore, in the Editor’s 
view, demonstrated the absence of any material ten- 
sional strains, and had determined reasonable stress 
distributions ; he considered their results to be of the 
highest importance, justifying in all essential points the 
present practice of engineers in designing gravity dams. 

Thus ended the protracted controversy on the stresses 
in masonry dams. The engineers were vindicated 
and there was general agreement that mathematics was 
insufficiently powerful to provide anything in the nature 
of an accurate solution to the problem of stress distribu- 
tion in an elastic solid of this shape. The experimental 
results of Wilson and Gore remained, therefore, as the 
best available solution. 

There is, however, a postscript to be added to this. 

* Min. Proc. I.C.E., vol. 172, part II, page 89 (1907-8). 

t ENGINEERING, vol. 85, page 692 (1908). 
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The development by Southwell of relaxation methods 
for the solution of problems in mathematical physics 
has provided a tool which makes it possible to obtain 
numerical answers to problems which have hitherto 
defied analysis. This method has, within recent 
years, been applied to the problem of stress distribution 
in gravity dams, and it is appropriate that the work was 
done by a young civil-engineering research student, 
0. C. Zienkiewicz, working in Unwin’s old College.* 
He took three profiles, one triangular, one rectangular, 
and one designed by the Wegmann method respec- 
tively, and made a complete analysis of the stresses on 
the assumption of perfect elasticity. This assumption, 
it will be remembered, corresponded with the claim 
made by Wilson and Gore as to the significance of their 
results. Zienkiewicz finds that the maximum com- 
pressive stresses when the reservoir is full do not 
generally exceed those indicated by the classical 
method. The most severe conditions of compressive 
and shearing stress then occur on the downstream face 
of the dam, where the material is subjected to a state 
of uni-axial compression. The analysis also shows that, 
in all cases where the reservoir is full, tension develops 
in the portion below ground-level at the upstream side 
of the dam. The most dangerous region inside the 
dam is near the heel, where compliance with the 
middle-third rule does not always eliminate tension, 
but no other region of the dam tends to develop tension. 
In the upper portion of the dam, agreement between 
the classical and elastic theories is good. When the 
reservoir is empty, classical theories are adequate. It 
will be noticed that the general conclusions agree with 
those arrived at experimentally, and Zienkiewicz draws 
attention to the fact that the results for the Wegmann 
profile agree remarkably well with those of Wilson and 
Gore for a similar type of dam, as shown in Figs. 3 (a) 
and (6), and 4 (a) and (6). 

The most casual student of this story must be struck 
by the differences between the years before the first 
world war and those after the second, with regard to 
the facilities existing for research and the attitude 
towards it. In the first place, the fact may be noted 
that the money which initiated not only this research, 
but also other research on widely varying subjects, 
came from a private source, and I would take this 
opportunity of paying tribute to the far-sighted policy 





* Journal I.C.E., vol. 27, page 224 (1946-47). 
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of the Drapers’ Company which set a precedent from 
which Unwin’s old College and others have since 
benefited so greatly. The City Companies have indeed 
nobly maintained the tradition begun by the Drapers. 
Secondly, the research begun at University College by 
Atcherley and Pearson stimulated workers in other 
places ; Unwin, already retired from his Chair, at South 
Kensington, Ottley and Brightmore at Coopers Hill, 
Wilson and Gore in a private flat, and so on. The day 
of Research Committees and Government Laboratories 
had not yet arrived; otherwise it is probable that a 
Committee for the Investigation of Stresses in Masonry 
Dams would have been set up under the egis of some 
Department of State, and would have taken over the 
whole investigation. The principal protagonists would, 
presumably, have been members of this committee and, 
instead of the lively and stimulating discussions carried 
on in the pages of ENGINEERING and elsewhere, the 
interchange of ideas would have taken place across a 
committee table and the report which would ultimately 
have appeared would certainly have omitted all the 
truly human parts of the controversy and left engi- 
neering literature that much poorer. 

The third point of note is the way in which the 
engineering world responded to stimulus ; some of the 
greatest of the practising engineers of the time were 
frankly sceptical of the value both of the mathematical 
analysis and of the model-tests, but that did not 
prevent them from paying tribute to the honest 
attempts of the researchers to discover the truth or 
from encouraging and helping them as far as lay within 
their power. Some, at any rate, disproved the jibe 
that the practical man was one who perpetuated the 
mistakes of his predecessors ; here at least were men, 
hard-headed and cautious indeed, but willing to learn 
from sources which they obviously mistrusted, provided 
that the results did not too flagrantly violate their 
engineering common sense. 

In the last century and well into this, engineering 
study in the universities was practically confined to 
the undergraduate level, and research, if any, was 
done by the teachers. An examination of the annual 
reports made by Unwin during his long tenure of 
office as Professor and Dean of the Central Technical 
College shows no reference to research work done 
by either students or staff, although his own activities 
over that period were considerable. 

This appears to have been the period when engineering 








research by others than the Professors and their imme- 
diate istants b recognised as a legitimate 
part of university activities, but it needed a world 
war to drive home the lesson that, without adequate 
research in all branches of applied science, the country 
could not survive, still less maintain its prestige. The 
establishment of the Department of Scientific and 
Industrial Research in 1915 marked the official recog- 
nition of this fact, and resulted in vastly increased 
research activity. This completely new factor was 
bound to affect the universities in many ways. 

It might have been supposed that the establishment 
of research laboratories with ample equipment, labora- 
tory and workshop staffs, and comparatively large 
funds, would have eliminated the need for the prosecu- 
tion of research on the scale possible in the ordinary 
engineering laboratory of a university, and it is 
certain that some faint-hearted denizens of those 
laboratories have been so overpowered by the thought 
of the majesty of official establishments that they have 
thrown up the sponge in despair and resigned them- 
selves to the more humdrum, albeit important, duties 
of routine teaching. This attitude is a mistaken one 
and, fortunately for the universities, for the research 
establishments, and for the country, research still 
flourishes in many university laboratories. 

I suggest then that university research has five main 
functions :—(1) the search for truth; (2) the stimu- 
lation of teachers; (3) the inspiration of students ; 
(4) the education of men for professional careers ; 
(5) the promotion of discussion. It will presumably 
not be disputed that the main object of research is the 
search for truth, but, as always, there may be difference 
of opinion about the meaning of a particular phrase. 
The truth attained by a mathematician investigating 
the problem of stress-distribution in a dam profile 
by the application of elastic theory based on certain 
clearly understood assumptions, may not appear to 
the practical engineer who has to build the dam as 
having the faintest resemblance to truth, and this kind 





| of difference is perhaps one of the commonest causes 


of misunderstanding between the academic and the 
practical mind. There should, however, be no ultimate 
barrier between them if both are honest in their 
approach, and this was probably in the mind of Sir 
Benjamin Baker when he made the comment on 
Pearson’s work that has already been quoted. 

The search for truth may lead the investigator into 
all sorts of odd by-ways which appear to be short cuts 
to the main road of discovery, and in some cases appear- 
ances may prove to be true. Too frequently, however, 
the supposed short cuts are found after much travelling 
to be dead-ends; sometimes they lead not to the 
expected road but to another one which may prove even 
more exciting than the original one. The fundamental 
duty of the research worker in the university is to 
follow the trail wherever it leads and irrespective of 
whether the results achieved are of practical value 
or net. It is quite impossible, with our limited range 
of vision, to predict what will ultimately be useful, 
and, while fully recognising that much research 
must be kept on narrow lines to obtain urgently needed 
results, I am convinced that, in the university at any 
rate, research needs no justification on the score of 
immediate usefulness. 

My second point is that research in the University 
should serve as a stimulus to the teacher. Those of us 
who have spent any considerable time in teaching know 
how easy it is to become stereotyped in one’s lectures 
and outlook ; just as easy as it is for the practical man 
or even the researcher to become fossilised without the 
stimulus of new ideas. The only safeguard against this 
is to keep the mind receptive and alive ; the university 
teacher can do this by his research, and it is not only 
a means of self-preservation but also a duty to his 
profession that he cannot lightly ignore. Perhaps it is 
heresy to suggest that it would be equally valuable 
for professional researchers (and even practising 
engineers) to do some teaching; but there is nothing 
like it for exposing one’s fundamental ignorance and 
acquiring becoming humility. 

Much more important than the teacher in a university 
however, is the student ; he is primarily the one who 
matters and whose interests must be considered above 
all. What is the function of research when viewed 
from his standpoint ? The question has been largely 
answered in the i ph, since a liveliness 
of mind in the teacher cannot but react on the student 
and give him a creative outlook in his studies. In 
many cases research will have a more direct impact 
than this; reference has been made earlier to the 
effect upon the writer of reading Atcherley’s memoir, 
and during the preparation of this lecture I have been 
told by a professor in another university that, when 
he was young and thinking of entering the profession, 
he bought for a few shillings some odd volumes of the 
Minutes of Proceedings of this Institution. Among 
them was that containing the papers by Wilson and 
Gore, Ottley and Brightmore, and E. P. Hill, to which 
reference has been made, and these made a great 
impression upon him. 
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The next point, that university research fulfils an 


important function in educating men for professional | Limited, 


life, is meant not only in the particular sense that 
research has now become a branch of professional work 
and offers a career of interest and service to the young 
engineer, but also more generally. A period spent in 
the personal investigation of a problem is an educational 
experience of t value to men who, if they are to 
take a high in their profession, will be called 
upon eontinually to exercise their critical faculties. 
Some few, perhaps, are naturally gifted and can do this 
without special training, but the discipline involved 
in even a short independent research gives opportunities 
for mental development which, if taken advantage of, 
will for the majority prove to be of permanent benefit. 
It is a matter for regret that the idea of research in a 
university is so closely linked with the attainment of 
a higher degree: too many students want a Doctorate 
of Philosophy ; too few wish to discover the truth 
for its own sake. In Unwin’s time there were fewer 
immediate rewards for the investigator, but I think 
that there was more pleasure in the sense of discovery 
and that it is time that we tried to recapture that 
spirit in the university research of to-day. 

Finally, if the history of the masonry-dam contro- 
versy shows anything, it is the importance of free and 
general discussion of debatable points. The deep 
interest aroused and the wholehearted way in which the 
differences were argued make an inspiring story. 
To-day the output of published work is so large that 
most of it can never be read except by a few workers 
in the specialised field concerned, and it must be a long 
time since a piece of academic engineering research 
aroused excitement comparable with that caused by 
the publication of Atcherley’s memoir. Whatever the 
reason for this, it is a loss to our professional unity and 
efficiency ; we need more, not less, discussion. Few 
people nowadays seem willing to join in a sustained 
debate on a general professional topic, either from 
lack of time, from over-politeness, or, too often, from 
pure apathy. It is of particular importance that 
younger men should have the chance of free discussion 
and exchange of views, and we should, as an Institution, 
do our utmost to ensure that the influence of the older 
ones among us is exerted towards helping and not 
hindering this object. It is only too easy to assume 
that we already know all the answers even if we have 
to admit when pressed that we have forgotten them 
and so discourage the enthusiastic young researcher. 





PRODUCTION ECONOMY IN THE 
ROLLING OF ALUMINIUM.* 
By W. J. Tuomas and W. A. Fow er. 


No apology is made for introducing economics into 
the proceedings of this Institute, as, sooner or later, 
the economic condition of an industry reflects the 
initiative and ability of the scientific and technical 
personnel in that industry. Other factors obviously 
have their influence and these may even be predomi- 
nant, but the final production procedure in modern 
manufacturing processes is dependent on the solu- 
tion of scientific and technical problems. In the selling 
price of primary metals, the position of aluminium 
is unique, as in Great Britain and some other large 
consumer countries the present price is substantially 
the same as before the recent war, despite the large 
increase in wages and costs of materials and services. 

This is due to the enormous demand created by the 
war, to meet which very large and, in some cases, 
completely integrated plants were developed; the 
size alone of these plants brought about many savings 
in production costs. At the same time there have been 
a number of improvements in plant and processes 
which have resulted in further savings in labour costs 
and have reduced the consumption of electricity, fuel, 
etc. On the fabricating side, the developments have 
not been so spectacular, in spite of the fact that the 
world output of rolled aluminium and aluminium alloys 
has increased four to five times during the last decade. 
That some p has been made, however, is estab- 
lished by the fact that the selling prices of fabricated 
material—particularly rolled products—have not in- 
creased in proportion to the increased cost of labour, 
stores, and services. The end, however, has not been 
reached of the economies which may be effected. 

The savings which have been made, resulting in a 
selling price lower than would have been possible if the 
full increases in cost of labour, etc., had had to be ab- 
sorbed, were brought about very largely by the installa- 
tion of big or continuous or semi-continuous rolling 
mills, in which large sheet as well as strip is rolled in coil 
form and subsequently cut to finished length. There is 
nothing novel in this method of sheet production, as 





* Paper entitled ‘‘ Some Technical Problems Influenc- 
ing Production Economy in the Rolling of Aluminium,” 
presented before the Institute of Metals, in Paris, on 
Tuesday, October 4, 1949. Abridged. 





nearly thirty years ago the British Aluminium Company, 
imited, installed a number of mills rolling sheet in 
coil form up to 3 ft. 6 in. wide. The weight of these 
coils, however, was only between 300 and 400 Ib. ; 
the mills had a maximum rolling speed of 70 ft. per 
minute, and were used chiefly for the production of 
thin sheets in pure aluminium. The modern mills 
roll coils up to 6 ft. wide and over a ton in weight, at 
speeds from 500 ft. to more than 1,000 ft. per minute, 
and, as well as rolling pure aluminium, they can deal 
with the stronger alloys up to quite thick gauges. 

These modern mills were installed chiefly to meet 
war-time requirements, when products were much more 
standardised and bulk production was possible. These 
conditions do not yet obtain in regard to most commer- 
cial requirements, and full advantage cannot be taken, 
therefore, of this new type of plant. It is not proposed 
to deal with production-planning problems, other than 
to say that the light-alloy rolling industry in Europe is 
still mainly a jobbing industry, despite the new produc- 
tion facilities. There is much to be done in encouraging 
the use of standard sizes so that programme rolling can 
be developed, and there is certainly scope for reducing 
the specifications called for. 

The operation of these new plants has Feet a 
series of new problems, and the purpose of this paper 
is to describe some of the technical problems, the 
solution of which would permit further economies 
that would be to the benefit of the industry and of 
consumers. In addition to these new operating 
difficulties, consumers are calling for improvements 
in physical —— and finish, and they generally 
require material equal in every respect to that which 
they were accustomed to receive previously from the 
slower and more expensive production units. In some 
cases, indeed, they are more critical, owing to the 
growing use of pressing in place of spinning, as they are 
anxious to reduce their own production costs by 
speeding up their operations. At present, some of these 
requirements are difficult to obtain in the modern 
mills and a number of products still have to be manu- 
factured on the older types of plant at higher cost. 
Therefore, technical developments which would permit 
their manufacture on a bulk-production basis would 
enable economies to be effected which would further 
stimulate the demand. 

Additional continuous or semi-continuous mills are 
being installed in a number of countries, and thus in 
many cases there are common problems. The economic 
solution of some of the problems mentioned in this 
paper is a challenge to the ingenuity and enterprise of 
all concerned. Needless to say, the views expressed 
in this paper are largely based on the experience and 
research of the British Aluminium Company. 

To derive the maximum benefit from the modern 
rolling process calls for very large rolling slabs, and it is 
in meeting this requirement that semi-continuous 
casting has shown to considerable advantage over 
permanent-mould chill casting. Apart from this, the 
semi-continuous method has given other advantages, 
such as allowing the simultaneous casting of several 
slabs, with consequent high output rates, giving gener- 
ally sounder metal and, with some exceptions, finer 
grain, eliminating the costly hand feeding necessary 
with chill casting, and giving greater flexibility in pro- 
ducing a wide range of slab sizes. 

The semi-continuous casting method has been widely 
reviewed in the literature. Briefly, the process consists 
of pouring metal at a constant rate into a shallow water- 
cooled mould the base of which is moved downwards at 
a constant speed to maintain a constant level of metal 
in the mould, the emerging slab being also water cooled. 
Although in the case of aluminium of normal commer- 
cial purity there appears to be no dimensional limit to 
the size of slab which can be cast satisfactorily, provided 
a reasonable width: thickness ratio is maintained, 
certain alloys are much more restricted in this respect. 
Table I shows some of the larger sizes which are regu- 
larly produced. 














TABLE I. 
| 
Slab | Maximum 
Material. Thickness, | Width, 
in. in. 
| 

Pure aluminium Pen ae ye H 
1-25 per cent. manganese alloy 8 48 
2-25 per cent. magnesium alloy | 
3-5 per cent. magnesium alloy 
D.T.D. 479R .. ap pe 
D.T.D. 603B 30 
D.T.D. 390 
D.T.D. 687 8 26 





Even within the limiting sizes mentioned, casting or 
hot-rolling difficulties, in the form of failures due to 
cracking or splitting, do sometimes occur with the 
heat-treatable alloys mentioned above, and also with 
the binary aluminium-magnesium alloys having a rela- 
tively high magnesium content. The best method of 
overcoming these difficulties, the occurrence of which is 
generally of an epidemic nature, has yet to be found. 





It is appreciated, of course, that by reason of the 
drastic quenching taking place during casting, very 
high internal stresses are developed. When the metal 
is relatively ductile, as with pure aluminium and 
1-25 per cent. manganese alloy, the problems are few 
and the largest slabs can be cast with ease, but with 
the strong alloys mentioned these internal stresses may 
lead to serious scrappage on account of cracking. A 
o deal is known of the mechanism of these stress 
ailures, and it is thought that the residual stresses in 
the slab may be of varying magnitude with the surfaces 
in tension and the centre in compression, or vice versa. 
If the stresses are high enough in either case, then 
cracked slabs will result, though the type of crack is 
different for the two systems. The magnitude and 
type of stress system is determined by a number of 
factors, such as alloy composition and properties, 
dimensional proportions of the slab, depth of metal in 
the mould, metal temperature, casting speed, and the 
amount, uniformity, and position of the application 
of the coolant. The aim is to design and maintain 
casting conditions such that the magnitude of either 
stress system is kept within certain limits. 

The control of the casting conditions mentioned 
usually gives he desired result, but occasions arise when 
one alloy, differing even very slightly in composition 
from another, may cast with notably greater or less ease. 
These circumstances have directed attention to com- 
positional effects, and investigation has shown that 
copper, sodium, magnesium, silicon, and the magne- 
sium: silicon ratio all have to be controlled to close 
limits in the difficult alloys. D.T.D. 687 is the most 
difficult, while in the Duralumin group D.T.D. 390 
can be troublesome. When the demands of the rolling 
mills for a heavier slab make it necessary to increase the 
width, casting of the difficult alloys becomes increasingly 
critical. 

Large slabs in a difficult alloy of a given size will be 
cast under the designed optimum conditions some- 
times for weeks at a time, with no sign of trouble, and 
then quite suddenly a group of stress failures will occur, 
persisting in spite of all remedial measures, and then 
the trouble will clear itself for no apparent reason. 
These epidemics can occur with no observable change 
in casting conditions or metal composition. This 
suggests changes in the metal characteristics, but what 
these are is not shown by normal analysis. It may 
be that cavities, perhaps due to abnormally high gas 
content and oxide inclusions, weaken the resistance of 
the slab to the stresses that are put upon it. Investiga- 
tion of this suggested metal factor is urgently neces- 
sary, as also is further fundamental work to explain 
fully the difference in the behaviour of one alloy as 
compared with another. 

A characteristic of the semi-continuous method of 
casting is the presence of regular surface exudations of 
segregate, sometimes called ‘* blebs,’’ which may, in the 
case of commercial-purity aluminium, contain up to 1-8 

r cent. of iron with perhaps | to 2 per cent. of silicon ; 
in copper-containing alloys the blebs may contain as 
much as 30 per cent. of copper. The blebs are removed 
by machining or scalping, which in itself is a costly 
operation involving the installation of expensive 
machinery. Apart from the actual cost of scalping, 
the recovery of the swarf is a troublesome and expensive 
matter. This will be apparent when it is mentioned 
that scalping swarf amounts to some 5 to 6 per cent. 
of the weight of the slab; remelting this results in a 
high loss. g ; 

In the case of strong alloys it is unlikely that scalping 
can ever be omitted, particularly those requiring clad- 
ding. The exudations of segregate are brittle, and if 
not removed would crack and break up in rolling, would 
be inimical to adhesion in those alloys which have to 
be clad, and would probably lead to excessive diffusion 
into the protective cladding envelope in later processing. 
The corrosion-resistance of the finished sheet would 
certainly be reduced. With these strong alloys, how- 
ever, it is unlikely that slabs produced by semi-con- 
tinuous casting are at a disadvantage as compared with 
slabs produced by chill casting. i 

In the case of pure aluminium, however, the aim 
should be to eliminate scalping and thus effect con- 
siderable economies in production costs. The one 
factor which seems to have had the greatest direct 
effect on the quality of the cast surface is the casting 
speed: the higher the — the smoother the resultant 
surface. It has been found possible to obviate the 
need for scalping in the case of small slabs in pure 
aluminium by increasing the casting speed sufficiently. 
With the bigger slabs, however, there is a smaller ratio 
of perimeter area available for cooling to the volume of 
metal requiring to be cooled, and it has not hitherto 
been practicable to extract vst path pt of how 
sufficiently quickly to permit a high s 0 Pp 
po rms. abo 8 in thick it is difficult to 
cast at as high enough to avoid blebs. 

Various factors have been tried out in relation to the 
depth of metal in the mould, design, thickness, and 
material of the mould, and methods of applying the 
cooling water. A certain amount of success has been 
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achieved, but so far the bigger slabs cannot be produced 
with a sufficiently clean surface to avoid the need for 
scalping or dressing in some way. The successful 
solution of this problem would effect very considerable 
economies. As an indication of the importance of this 
problem, it can be shown that the cost of scalping and 
remelting swarf, with the resultant metal loss, can be 
as high as half the total cost of casting—so that 
although these large slabs do provide economies at the 
later stage of rolling they start at a disadvantage. 

Rejection for blister has been a problem in the 
industry since its inception, and, to a varying extent, 
still remains so. Although it is possible to produce 
pure aluminium and low-strength alloys with a fairly 
consistently low level of blister, particularly since the 
adoption of semi-continuous casting, the problem of 
blister in strong alloys remains a serious matter. 
While with these alloys a solution seems at times to 
have been found, and fairly prolonged production runs 
without serious blister rejections can be obtained, 
sooner or later these trouble-free runs are brought to 
an end without any recognisable change in procedure, 
alloy constitution, or treatment of the metal. On such 
occasions the application of remedial measures, sug- 
gested by past experience as being efficacious, do not 
always readily cure the trouble. In the past the ten- 
dency has been to attack the problem by exploring, 
rather on a trial-and-error basis, all the many produc- 
tion variables, but latterly the approach has been in 
the direction of determining the fundamental conditions 
scientifically and of applying the knowledge thereby 
gained, and there is some justification for thinking that 
by this method production conditions will be put ona 
more controllable basis. 


(T'o be continued.) 





LiteGE INTERNATIONAL FatR.—River boats and other 
vessels are included in the exhibits arranged for the 
Liége International Fair, which is to be held from 
April 29 to May 14, 1950. The address of the organisers 
is 32, Boulevard de la Sauveniere, Liége, Belgium. 
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HIGH-SPEED TACHOMETER. 


A NEw type of tachometer for giving accurate direct 
or remote indications of rotating speeds over various 
ranges up to 48,000 r.p.m. has been produced by the 
British Thomson-Houston Company, Limited, Rugby. 
The Maxwell speed indicator, as it is called, was initially 
developed for measuring shaft speeds in Whittle jet 
engines, these speeds being too high for mechanical 
measurement. The instrument consists of an alter- 
nating-current generator which is driven by the equip- 
ment under test to control the operating frequency 
of a quick-acting polarised-relay, arranged to charge 
and discharge alternately a capacitor in a Wheatstone- 
bridge network so that the out-of-balance current 
indicates speed directly. The indicating galvanometer 
is housed in a cast-aluminium case with the various 
network components, and throws a spot of light 
on a narrow screen between the lower and upper 
of two horizontal scales incorporated; these are 
marked in revolutions per minute, and correspond to 
normal and sensitive settings. 

A photograph of one of the instruments (excluding 
the generator) is reproduced in Fig. 1, on this page, 
while Fig. 2 illustrates a simplified form of the bridge 
circuit. The relay is of the Carpenter type produced 
by the Telephone Manufacturing Company, Limited, 
Dulwich, London, 8.E.21, its principle of operation 
being indicated diagrammatically in Fig. 3. Opposing 
magnetic fluxes from two permanent magnets a and } 
pass through the upper limbs of a laminated iron core c 
and unite in the fo armature d; this is hinged at its 
centre of gravity from stiff metal springs, one on each 
side, and is free to vibrate between the two magnets 
and the adjustable contacts e and f. When alternating- 
current from the generator is supplied to the winding on 
the lower limb, magnetic fluxes are produced which, 
as indicated by the arrows and broken lines, alternately 


o and assist each of the polarising fluxes due to the 
> ether magnets; the we ture therefore vibrates 
in synchronism with the frequency of the alternating- 
current supply. é 
Referring to Fig. 2, one of the fixed resistors a is 
subdivided and connected to a range selector switch, 
and in another arm of the bridge is the relay 6 and 
0-15-yF and 0-0375-yF capacitors, either of which 
is inserted by the sensitivity-control switch c, and 
is charged from the battery when the relay armature d 
swings over to the appropriate relay contact. Thus, 
when the armature is vibrating, the capacitor in circuit 
is alternately charged and discharged through contacts 
eand f, so that, for a given setting of the bridge controls, 
the resultant out-of-balance current through the 
galvanometer g depends upon the speed of armature 
vibration and hence upon the speed of the equipment 
being measured. Circuit components are used which 
allow either capacitor to be charged fully and dis- 
charged at all speeds within the range of the instru- 
ment. As in the case of an ordinary Wheatstone net- 
work, the galvanometer reads zero when the bridge is 
balanced, and zero readings are given at zero-frequency, 
cr zero speed; and also at preselected speeds between 
zero and the maximum, depending upon the setting of 
the rangeswitch. This switch enables four speed ranges 
to be selected, so that in an instrument having a total 
speed range of 0 to 4,000 r.p.m., there are balance points 
at 0, 1,000, 2,000, and 3,000 r.p.m., the 1,000 r.p.m. 
between one point and the next also being covered by 
full-scale galvanometer deflection. At intermediate 
speeds, the value of the deflection depends upon the 
difference between the measured speed and the next 
lowest balance speed. ’ ie 
Sensitivity may be increased four times by switching 
the sensitivity control-switch c (Fig. 2) from the 
0-0375-uF to the 0-15-yF capacitor. This control is 
spring biassed towards the former to ensure that the 
instrument normally operates over its total speed range, 
galvanometer deflections then being observed against 
the lower of the two scales; under these conditions, 
accuracy to within .0-5 per cent. of the full-scale value 
is claimed. When the 0-15-yF capacitor is in circuit, 
full-scale deflection sr gn soy Ain be toe of the 
total s range ; readings are then taken on the upper 
scale a to within 0-1 per cent. of the 
scale value is claimed. Since the deflections are also 
affected by the usual variations in battery supply volt- 
age, an “electrical zero” control is incorporated to 
adjust a series resistor h governing the sensitivity of the 
galvanometer. This control is adjusted to give zero 
deflection when the generator is at rest, the relay then 
introducing an open circuit into the capacitor arm of the 
bridge. A zero check switch, not shown in Fig. 2, is also 
incorporated to introduce an open circuit, so that zero- 
frequency settings can be checked instantaneously 
while the generator is running. For the initial cali- 
bration, a known frequency from an accurate tuning 
fork is used in conjunction with an oscillograph. _ 
The generator is a small permanent- et machine 
weighing approximately 3 lb., and is made with either 
24, 12, 6, 4 or 2 poles to cover the measurement of 
8 s ranging from 0 to 4,000 to 0 to 48,000 r.p.r. 
At the highest speeds in each range the generator 
frequency reaches about 250 cycles per second. The 
generator may be directly coupled or indirectly driven 
by the equipment under test, and the instrument itself 
can be placed in any convenient position. A 9-volt dry 
battery is used to supply the bridge, though the 6-volt 
3-watt galvanometer lamp is supplied through a small 
mains-operated transformer in the case housing the 
bridge components. The instrument complete with 
batteries weighs about 23 Ib. and the case as illustrated 
in Fig. 1 is approximately 14} in. wide by 84 in. high, 
and 10% in. deep. If required, the case may be sup- 
ported from its base instead of from the front panel ; 
accurate levelling is not necessary, neither need particu- 
lar precautions be taken to avoid vibration. Two 
terminals at the rear are provided for connection to the 
generator, the principle of the instrument being such 
as to make its accuracy independent of lead resistance. 





INDUSTRIAL LUBRICANTS.—Messrs. Shell-Mex and B.P., 
Limited, Shell-Mex House, Strand, London, W.C.2, have 
recently published a 93-page book entitled ‘“* Shell 
Industrial Lubricants,” as well as a set of 13 “ Shell 
Lubricant Guides.” The book explains the various 
factors which determine the type of lubrication necessary 
for machines of many kinds, from internal-combustion 
engines to transformers and switchgear, and lists the 
recommended grades of Shell lubricant. It also deals 
with special applications such as rust prevention, the 
heat treatment of metals and the cooling and lubrication 
of metals when being machined. The guides present 
brief information on the qualities required in lubricants 
for the same specific purposes, and the majority of the 
guides are based on chapters in the book. Each is a 
small pocket-sized booklet which quotes the recom- 





mended grades of Shell lubricant. 
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NOTES ON NEW BOOKS. 


Psychrometric Chart and Hygrometric Nomogram. The 
Institution of Heating and Ventilating Engineers, 
75, Eaton-place, London, §.W.1. [Price 4s.] 

Tue. Tables of Hygrometric Data for Air, published by 

the Institution of Heating and Ventilating Engineers 

in 1942, were reviewed on page 362 of our 155th 
volume (1943). The Institution have now issued the 
same data in graphical form, the present publication 
containing 50 copies of a psychrometric chart of con- 
ventional form, and 10 copies of a hygrometric nomo- 
gram. The former shows the relation between dry-bulb 
temperature, wet-bulb (sling) temperature, moisture 
content, relative humidity, and total heat; and the 
latter gives the same data (with the exception of 
relative humidity) and also dew point, wet-bulb 

(screen) temperature, and volume. A diagram showing 

the use of the chart is printed in the inside cover. 

Both chart and nomogram reproduce the figures in the 

tables with great accuracy, and should be useful to those 

engaged in work involving a knowledge of atmospheric 
conditions. The statement of the price (4s.) on the 
top cover, explains that it is “including Purchase 

Tax”; a detail that seems to indicate a need for 

closer collaboration between the Chancellor of the 

Exchequer and the Minister of Education. 





The Measurement of Air Flow. E. Ower, B.Sc. (Lond.), 
A.C.G.I., F.R.Ae.S. Third edition, revised. Chap- 
man and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 30s. net.] 


Tuts standard work was first published in 1927 and a 
second edition followed in 1933. Much work has been 
done recently on fluid flow, in various countries, and 
the present edition brings the subject of air flow 
completely up to date. The flow of air in pipes, a 
particularly important aspect, is accorded an entirely 
new chapter, which, though described in the contents 
page as dealing with air flow in straight pipes, contains 
also a useful section on guide vanes at bends. Suitable 
vanes can reduce the resistance of an elbow to about 
one-quarter of the value without vanes—an advantage 
which does not seem to be fully appreciated by engi- 
neers. The data on orifices and nozzles contain the 
results of much work carried out in Germany between 
1932 and 1939. Throughout the book, theory and 
technique are clearly presented, and each chapter is 
followed by a list of references to the numerous 
authorities quoted. Instruments for use in measuring 
air flow are described, including, for the first time in 
this book, the ordinary gas meter. Any further edition 
might, with advantage, contain chapters on the testing 
of fans and blowers and the flow of air in rectangular 
ducts ; and also tables giving the properties of air under 
various conditions of temperature and humidity. 





Selected Government Research Reports. No. 2—Paints. 
H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 5s. net.] 


THE eight research reports contained in this volume 
cover a wide field and are not necessarily related, except 
to the extent that they are all concerned with various 
forms of applied coating. Two of them emanate from 
the Paint Research Station, one is abstracted from a 
report of the Chief Chemical Inspector, and the rest 
are from the Royal Aircraft Establishment. They 
have been issued by the Ministry of Supply and are 
published by H.M. Stationery Office for the Technical 
Information and Documents Unit of the Board of 
Trade—a complicated interaction which invites some 
criticism of the ramifications of bureaucracies, and 
may cause doubt whether such an involved procedure 
is really the best way to bring the results of research 
to the notice of the intended beneficiary. Needless to 
say, the entire production is “Crown copyright 
reserved ” ; and there is a further caution that “ If any 
of the subject matter should be protected by valid 
Patents or Patent applications, this publication cannot 
be held to give any protection against action for 
infringement.” Those who, after these warnings, still 
retain their interest (buoyed up, doubtles:, by the assur- 
ance that the booklet has been produced “for the 
benefit of British Industry ”’) will find a great deal of 
concentrated information on the extraction and uses 
of blood albumen; the viscosity of paints and sus- 
pensions ; temperature-sensitive paints; the effect 
of surface treatment of brass and yellow-metal on the 
achesion of paint films ; tests on special base paints 
for the protection of magnesium alloys; the use of 
ground flax shives in pigment dyestuffs; the effect 
of heating on the corrosion resistance of chromate- 
treated and painted magnesium vastings ; and tests on 
phenyl mercury acetate as a fungicide in paints for the 
protection of magnesium alloys. It will be seen, there- 
fore that the book is definitely one for the manufactur- 
ing specialist and not for the user who is normally con- 
tent to select his paint either on a price basis or by a 
brand name. 


PORTABLE ELECTRIC HOISTING 
BLOCKS. 

Tue Palladium Engineering Company, Limited, 
Chittening Trading Estate, Avonmouth, Bristol, have 
develo a range of self-contained portable electric 
chain-hoist blocks for lifting loads up to 1 ton in weight. 
The blocks are made in three sizes with lifting capacities 
of 5 cwt., 10 cwt., or 1 ton. The corresponding rates of 
lifting are 20, 10, and 5 ft. per minute and each block 
has a maximum height of lift of 10 ft. The two lighter 
blocks are each 75 Ib. in weight and the 1-ton block 
weighs 90 lb. An illustration of one of the blocks is 
given on this page. Each comprises a co-axial type 
gearbox driven by a motor through a V-belt and pulleys, 
and driving a centrally-located chain pulley, the gear- 
box and motor being fitted on a steel frame which is 
carried by a single hook. The headroom, which is the 
minimum distance between the upper hook and the 
lower hook attached to the lifting chain, has been kept 
as small as possible and is 1 ft. 1 in. in the case of the 





two lighter models and | ft. 6 in. in that of the 1-ton 
block. The motor may be operated by three-phase, 
single-phase, or direct current at any standard voltage ; 
it is switched on or off by a drum-type controller 
which is fitted to the block and controlled by a pendant 
chain. As a safeguard to prevent the overloading of 
the motor, a clutch is fitted to the motor drive pulley 
and is set to slip at less than the full-load torque of the 
motor. This clutch is adjusted by the makers, and 
does not require re-adjustment during the life of the 
friction facings. A cast-aluminium case covers the 
belt drive to the gearbox, and the gears, which are 
machine cut, run in an oilbath; all the shafts are 
supported in ball or roller bearings. A mechanical 
brake is fitted to the driven pulley in the block and is 
operated through a Bowden cable; when the motor 
is switched on, the brake is automatically released. 
The completed blocks are tested with an overload of 
50 percent. If required, they can be fitted to standard 
travelling trolleys for use on overhead runways. 





“ PREFERRED ” THERMIONIC VALVES.—In order to 
simplify the use of thermionic valves in scientific instru- 
ments, the Electronics Section of the Scientific Instrument 
Manufacturers’ Association of Great Britain, Limited, 
17, Princes Gate, London, S.W.7, have prepared a list 
of “‘ preferred ” types. This list is intended to provide 
particulars of a limited number of valves on which 
new designs of instruments can be based. Ration- 
alisation of this kind will obviously have advantages 
from the points of view of both production and servicing. 
Copies of the list are obtainable from the offices of the 
Association at the price of 2s. 6d. post free. 





WELDING “ RESEARCH AND PRODUCTION ” EXHIBI- 
TION.—An exhibition, entitled ‘‘ Research and Pro- 
duction,”’ will be held by the British Welding Research 
Association at their London headquarters, 29, Park- 
crescent, W.1, from Tuesday, February 7, to Saturday, 
February 11, 1950. The exhibition will be open on 
each day from 10 a.m. until 5.30 p.m. Every aspect of 
welding will be covered and the intention is to show 
how research has helped welding and how welding can 
increase productivity. Demonstrations will be given and 
films will be shown daily. A number of lectures are 
being arranged. All users of welding equipment are 
invited to visit the exhibition, further details regarding 





which will be issued in due course. 


CATALOGUES. 


Bar Croppers.—A hydraulic bar cropper for cutting 
reinforcing rods is described in a leaflet issued by Messrs, 
E. P. Allam and Company, Limited, 45, Great Peter. 
street, \London,S.W.1. It isa portable machine, mounted 
on a trolley, capable of cutting a single mild-steel bar 
1? in. in diameter, or two bars 1} in. in diameter in 2 or 3 
seconds. The hydraulic mechanism is driven by a 5-h.p,. 
three-phase motor. 

Alloys for Glass-to-Metal Seals.—Messrs. Henry Wigyin 
and Company, Limited, Wiggin-street, Birmingham, 16, 
have sent us a copy of a new publication on their Nilo 
series of nickel-cobalt-iron alloys which have low and 
accurately-controlled coefficients of thermal expansion. 
These are manufactured for making glass-to-metal seals 
to complete electrical circuits between elements in a 
glass envelope and the external terminals. 


Sugar Machinery.—The Mirrlees Watson Company, 
Limited, Scotland-street, Glasgow, have issued an 
illustrated publication describing recent improvements 
in sugar-milling machinery to meet the demaud for high 
extraction with increased output. Brief details are given 
of an air-oil accumulator for supplying pressure to the top 
rollers, and various components and their functions are 
referred to, as well as the types of prime mover used for 
driving the mills. 

Adjustable Reamer.—We have recently received from 
the English Steel Corporation, Limited, Openshaw, 
Manchester, a booklet describing an improved type of 
Vickers machine reamer with micrometer adjustment. 
The reamer has six tungsten-steel blades which may be 
adjusted to any diameter within a given range and are 
positively locked during the cutting operation. The tool 
is suitable for blind or through holes and is made in 
36 different sizes covering all diameters from { in. to 
2% in. 

Dust Control.—aA series of leaflets describing some of 
their dust-extraction units has been issued by Messrs. 
Vokes Filters, Limited, Guildford, Surrey. The design 
of these units is based on the use of flat section fabric 
dust-collecting bags which are cleaned by mechanical 
agitation, and the units not only remove dust from the 
atmosphere but also permit its recovery and re-use. 
The problems of dust control are examined in the leaflets 
and the design of the dust-collecting bags is fully 
described. 

Railway Fastenings, Transmission-Line Equipment, 
Etc.—A lavishly-illustrated catalogue recently issued 
by Messrs. Bayliss, Jones and Bayliss, Limited, 139, 
Cannon-street, London, E.C.4, contains general references 

the firm’s works and detailed references to their 
cauan which include permanent-way fastenings. 
black and tinned bolts, miscellaneous forgings and bar 
work, overhead equipment for high-tension, low-tension. 
telegraph and telephone lines, and various heavy 
machines. 


Methyl-Bromide Fire Ezxtinguishers.—The National 
Fire Protection Company, Limited, Station-road, 
Leatherhead, Surrey, have sent us a copy of their illus- 
trated brochure giving particulars of equipment designed 
for dealing with electrical fire risks. In addition to 
portable methyl-bromide extinguishers, they describe an 
automatic system actuated by fusible links. They also 
manufacture explosive-vapour detectors and smoke- 
detection equipment. Some typical layouts of fire- 
protection installations are described. 


Steam, Water and Oil Valves.—We have received from 
Messrs. Whites-Nunan, Limited, Church-street, Pendle- 
ton, Manchester, 6, a copy of their illustrated brochure 
in which particulars and dimensions are given of their 
steam, water and oil valves, including standard stop 
valves, check valves, lever gate valves, cast-steel wedge 
gate valves, sluice valves, water-gauge fittings, plug and 
gland cocks, asbestos-packed cocks, reducing valves, 
strainers, relief valves, needle valves, pressure and 
vacuum gauges, and steam traps. 


Electric Hammers.—A leaflet issued by Messrs. Kango 
Electric Hammers, Limited, Morden Factory Estate, 
Lombard-road, South Wimbledon, London, S.W.19, 
gives some particulars of electric hammers for light. 
medium and heavy work, and of the accessories supplied 
for jobs such as the drilling of concrete, boiler scaling. 
and woodworking. The hammers are normally made 
to suit a standard range of alternating and direct-current 
to suit a standard range of alternating- and direct- 
current voltages, the smallest size requiring about 315 
watts, 


Flexible Couplings.—Messrs. W. C. Holmes and Com- 
pany, Limited, Huddersfield, have sent us particulars of 
their “‘ Holset ” flexible couplings, designed to eliminate 
the damaging effects of misalignment, shock and vibra- 
tion when power-transmission shafts are coupled together. 
The couplings incorporate driving and driven members 
acting on each other through rubber blocks, and are 
made in 13 standard sizes or to suit specific requirements. 
A table giving the main dimensions of each standard 
coupling is included in the booklet. 








JAN. 13, 1950. 


ENGINEERING. 


29 








FLOUR-MILLING 
MACHINERY. 


Since roller mills replaced millstones in general 
use between about 1875 and 1890, engineering 
methods have been increasingly applied to flour 
milling and associated processes. The roller mill 
was, in fact, invented in the Eighteenth Century, 
but it was many years before a design of commercia] 
value was evolved. It was not until 1839, in Buda- 
pest, that a roller mill was first used with any real 
success. They did not become established to any 
extent, even in their native Hungary, until 1874, 
and for some years after that they were only used 
in conjunction with millstones. As the roller mill 
became established, improvements in sifting methods 
were also developed. The present state of the art 
and science of milling is a complex subject which 
need not be considered here, except in so far as it 
is necessary to explain the processes for a proper 
appreciation of the general engineering problem 
involved. The whole subject is adequately dealt 





with in standard text-books.* 


a few and at present do not exist outside Europe 
and this country. 

For the illustrations and the information on which 
this article is based we are indebted to Messrs. 
Henry Simon, Limited, Cheadle Heath, Stockport, 
one of the best known firms of milling engineers, 
who have been responsible for many notable instal- 
lations in this country and abroad. What is believed 
to have been the first fully automatic roller flour 
mill in the world was designed and built by the late 
Henry Simon in 1881. Since the genera] adoption 
of roller mills, the whole milling process has been 
mechanised ; neither the wheat nor its products 
are touched by hand, and they are scarcely even 
visible except through the inspection windows of 
machines. The introduction of automatic roller 
flour milling is the one technical revolution that 
has occurred in the long history of the industry, 
though many advances have been made in machine 
design, in the improvement of the mill “‘ diagram,” 
and in wheat and flour chemistry. Flour milling is 
incomparably more scientific and accurate than it 
was 50 years ago. The milling process, however, 
remains fundamentally unaltered since the intro- 





Before the wheat enters the mill it undergoes an 
elaborate series of operations in the “‘ screen room,” 
or wheat-cleaning department, to remove all rubble, 
dust, surface dirt adhering to the grain, and alien 
types of grains and seeds. Millers, especially in 
wheat-importing countries like Britain, often use 
a wide variety of wheats of different characteristics, ° 
which may be hard or soft, damp or dry, and, from 
the baker’s viewpoint, ‘‘strong”’ or “‘ weak.” The 
wheats must therefore be brought to the most 
suitable physical condition for the milling process, 
and for the production of the type of flour desired, 
by “conditioning”; that is, the application of 
heat and the addition or extraction of moisture. 
Conditioning takes place in the screen room, in 
addition to the cleaning operations. 

A grain of wheat consists essentially of an outer 
skin of bran enclosing a starchy mass of endosperm 
and a small amount of germ, the embryo of the new 
plant. A simplified longitudinal section and cross- 
section are shown in Figs. 3 and 4, respectively, on 
page 31. Te proportions vary in different wheats, 
but on an average the bran represents about 124 per 
cent. of the grain, the germ about 2} per cent., 
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Flour-milling engineering, in the fullest sense, 
embraces not only the design and manufacture of 
a range of machines, but also the design, layout, 
construction, equipment and starting up of complete 
flour-milling plants, covering every operation from 
the reception of uncleaned wheat to the packing, 
storage and “loading out’ of finished flour and 
by-products, When a flour mill is equipped by 
one of the leading milling engineering firms, its 
layout, equipment and flow diagram are usually 
the result of close collaboration between the client 
and contractor, in which the milling engineer’s 
opinions carry as much weight as the miller’s ; and 
when the erection of the plant is complete, it is the 
milling engineer, not the miller, who starts the 
machinery, puts the feed on to the mill, operates and 
tunes up the whole plant until its performance 
accords with the design, and finally hands it over 
to the client in efficient running order. Although 
there are many makers of milling machinery, the 
firms which not only supply a full range of machines, 
but also provide, on an international scale, the 
complete mill planning, erecting and consulting 
services outlined above—which are, in short, expert 
in both milling and engineering—amount to only 





* Flour Milling, by J. F. Lockwood. The Northern 
Publishing Company, Limited, 37, Victoria-street, Liver- 
pool, 1, (1945). 








duction of the roller mill, although the machines 
described in this article represent improved versions 
of earlier machines, and, in a few cases, entirely 
new types of machines which have been introduced 
recently. 

Only those machines which are used in the 
actual preparation and milling of the wheat are 
described, since the reception and storage of wheat 
and the packing and loading of finished products 
require plant and machinery of types which are 
generally familiar.* The milling process varies 
from country to country, and from mill to mill, 
according to the types of wheat used, the end- 
products required (bread flour, cake flour, biscuit 
flour, etc.), the size of the mill, the personal views 
of the miller, and many other factors. The brief 
description of the processes which follow is con- 
fined to the fundamentals, and the machines are 
described later from an engineering point of view. 
A modern flour mill for Messrs. Spillers, Limited, 
situated on a deep-water site at Newcastle-on-Tyne, 
is illustrated in Fig. 1. The silois on the left, and the 
grain-cleaning and milling plants are housed in the 
upper part of the block on the right, with the 
warehouse below. Fig. 2, on page 30, shows a longi- 
tudinal elevation of one side of a typical large mill. 








* A floating pneumatic grain-discharging plant was 
described in ENGINEERING, vol. 163, page 210 (1947). 
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and the endosperm, from which flour is produced’ 
about 85 per cent. The object of the milling 
process is to open the wheat grain, remove the 
endosperm, purify it of bran and germ particles, 
and grind it into flour. If the milling process were 
100 per cent. efficient it would yield 85 per cent. 
of pure flour from the wheat. This, however, is an 
impossible ideal, largely owing to the mechanical 
difficulties caused by the shape of the grain, which 
is roughly ellipsoidal with a crease extending for its 
full length and sometimes reaching its centre in 
depth. The milling industry might undergo another 
revolution if it were ever possible to grow wheat 
with spherical grains. As it is, the best modern 
mill can only extract about 70 per cent. of pure 
flour ; as the extraction percentage rises, the greater 
becomes the contamination of the flour by bran, 
and the greater, too, becomes the elaboration of the 
milling system and the skill needed to operate it. 
The first stage in the milling process proper is to 
break open the whole wheat grain, and scrape the 
endosperm off the bran as cleanly as possible by 
means of “ break” roller mills. Throughout the 
milling process it is essential to avoid, or at least 
to minimise, the reduction of the bran to a powder 
which it is impossible to separate from flour and 
which, if present in any but very small amounts, 
discolours the flour to an extent that renders it 





unsuitable for bread-making. The scraping of 
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the endosperm from the bran is therefore done as 
gently as possible in anything from four to six 
stages or “ breaks,” with the object of leaving the 
bran in relatively large pieces which can readily be 
sifted apart from the released endosperm. The 
endosperm removed at each break is at once 
sifted out (a process called scalping), and the 
remaining material, consisting of pieces of bran 
with adhering endosperm, is sent to the next break. 
This alternate scraping and sifting is repeated until 
no more endosperm can be removed from the bran 
without excessive production of bran powder. 

The endosperm released by the break system 
and sifted out in scalpers consists of particles of 
various sizes. No matter how efficient the break 
system is, the endosperm is bound to be contami- 
nated with bran particles, which must be removed 
before the endosperm is reduced to flour. The 
process of removal is called purification, and the 
purifiers work most efficiently if each of them 
handles a fairly narrow range of particle sizes. The 
endosperm is therefore sifted cr graded into groups 
of coarse, medium and fine particles. These grades 
are then passed through separate groups of puri- 
fiers, which remove the bran particles as completely 
as possible and also divide each stream of material 
into grades containing stil] narrower ranges of 
particle sizes. The best grades are practically pure 
endosperm ; the lower grades still contain small 
amounts of bran which it is impracticable to 
eliminate entirely. 

The grinding or reduction to flour of the purified 
endosperm by “‘ reduction ” roller mills is performed 
like the break process, in successive stages. (Roller 
mills, it should be noted, do not “grind” in the 
engineering sense of the word.) To grind all the 
endosperm to flour in one operation would require 
extreme pressure, which would impair the baking 
quality of the flour and would generate such heat 
as to cause evaporation losses. It would also spoil 
the colour of the lower-grade flours which still 

contain some contaminating bran. The endosperm 
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is therefore subjected to a series of relatively light 
grinds, each of which produces some flour and leaves 
a quantity of oversize particles. After each grind, 
the finished flour is sifted out and the remaining 
material is sent for further grinding. It is this 
stage-by-stage process, applied in both the break 
and reduction systems, which has led to the use of 
the term “ gradual reduction system ”’ for modern 
roller milling. The average size of a particle of 
flour is 30 microns. 

Flour miling is not yet an exact, scientifically- 
controlled process, and it is doubcful if it ever will 
be. The whole process is influenced so much by the 
shape of a grain of wheat, and the wheats in use 
vary so much in their dimensions and in their 
physical and chemical characteristics, that milling 
remains largely an art. It is an art in which physical 
and chemical] sciences play a large and increasing 
part, but can never entirely replace the skill and 
experience of the miller. 

From the brief explanation of milling given above, 
it will be realised that the wheat cleaning and 
milling processes consist mainly in making separa- 
tions between particles of various kinds. Some of 
the separations are readily performed, such as the 
extraction of coarse rubble and large stones from 
wheat ; some are difficult, such as the purification 
of certain grades of endosperm particles prior to 
the reduction system; one, at least, is at present 
impossible, since, as already stated, bran powder 
cannot be separated from flour, both being of almost 
impalpable fineness, and too much alike in dimen- 
sions, specific gravity, etc., to be separated by 
sifting or any other practicable process. The 
various separations are made by taking advantage 
of a difference in specific gravity, a difference in 
dimensions, or a difference of behaviour in air 
currents. 

The only separation depending entirely on differ- 
ence in specific gravity is the removal of stones 
from wheat in the screen room. This is a straight- 





forward “‘ float-and-sink ” separation which occurs 
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while the wheat is being washed in water. As 
wheat is itself slightly heavier than water, it is 
kept in suspension by upward currents produced 
mechanically. The principle of separation according 
to differences of dimensions, which is used to a 
considerable extent, may be sub-divided into 
separations by volume, maximum width, maximum 
length, and shape. Separation by volume is never 
used alone but is often employed in combina- 
tion with other principles of dimensional separa- 
tion. It operates whenever a mass of assorted 
particles travels over an oscillating sieve; the 
agitation creates gaps between the larger particles, 
through which the smaller particles work their way 
downwards, even if their specific gravity is lower, 
until the mass has stratified into layers with the 
smallest particles at tne bottom. Thus, it has the 
useful effect of quickly bringing the particles 
to be removed into contact with the screening 
surface. 

The principle of separation by maximum width 
may be used in an oscillating sieve. Non-spherical 
particles on such a sieve tend to arrange themselves 
with their longest axes parallel to the direction of 
oscillation and to tip up at each reversal of the 
sieve. If the speed and stroke of the sieve are 
appropriate, the particles will actually stand 
momentarily on end, and if the sieve has circular 
holes those particles with maximum diameters less 
than the diameter of the holes will fall through end- 
ways, thus separating themselves according to width 
and irrespective of length. Particles may be separ- 
ated by length on a sieve having a rotary motion in 
the plane of the sieve. On such a sieve, non- 
spherical particles will roll over and skate about 
sideways, but their longest axes will remain parallel 
to the screening surface. Particles length of which is 
less than the diameter of the holes will fall through 
sideways, thus separating themselves by length, 
irrespective of width. Separation by shape in 
milling is confined to the removal of round seeds 





from wheat, and depends on the fact that a spherical 
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object rolls down a slope more readily than an 
object of any other shape. 

“* Aspiration,” or separation by means of ascending 
air currents, is much used in milling. It depends 
on the fact that particles of different size, shape or 
specific gravity have different terminal velocities in 
still air—the terminal velocity of a falling particle 
being the speed at which it ceases to accelerate 
because the effect of air resistance has become 
equal and opposite to the force acting upon it. 
Aspiration is applied by dropping the particles to be 
separated into a vertical rectangular channel or duct 
up which a current of airis drawn. The particle feed 
is in the form of a thin layer, in order to keep indivi- 
dual particles far enough apart to be uniformly 
affected. If a mixture of, say, wheat and chaff is 
to be separated, the air is arranged to ascend 
at a speed rather less than the terminal velocity 
of wheat, which ranges between about 1,200 ft. and 
2,000 ft. per minute ; thus the wheat falls to the 
bottom, while the chaff, having a terminal velocity 
varying from about 500 ft. to 700 ft. per minute, is 
borne upwards. 

Though simple in theory, aspiration presents 
many practical problems and it ean never attain 
an efficiency of separation of 100 per cent. Even if 
cost of manufacture is ignored, it is extremely 
difficult to design a practical aspirating channel in 
which the air moves with anything like uniform 
velocity over the whole cross-section of the channel. 
Variations occur even at the centre of the channel, 
and are more pronounced at the sides and corners 
owing to friction and eddying. It is thus possible 
for a particle lifted in a high-speed region to move 
laterally into a low-speed region where it falls back. 
Furthermore, the termina] velocity of a non- 
spherical particle varies according to its angular 
position, or attitude, relative to the air flow. As 
the particles shift about in the channel, their terminal 
velocities continually change, and it may happen 
that the terminal velocities of two particles, which 
are intended to move in opposite directions, will 
be equal so that both rise or fall together. The 
efficiency of an aspirator thus depends not only 
on its design but also on the extent of the difference 
between the termipal velocities of the particles to 
be separated. Even the worst aspirator can separ- 
ate chaff and sound wheat efficiently, but the best 
aspirator cannot separate, say, wheat and light oats 
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efficiently, because the terminal velocity of light 
oats varies between 1,000 ft. and 1,400 ft. per 
minute, the higher figure being greater than the 
lower limit of the terminal velocity of wheat. 
Nevertheless, aspiration, which is simply the 
familiar process of winnowing applied as scientific- 
ally as possible, is a useful and widely used method 
of separation, especially in wheat cleaning and 
purification. 


(To be continued.) 
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The History of Sugar. VYol.I. By NoEt DEERR, F.C.G.I., 
F.R.L.C. Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 50s. net.) 

‘THE sugar industry,’”’ says Mr. Deerr, “‘is rich in 
domestic histories ’’; and it is a commonplace of 
historica] research into the development of almost 
any industrial activity that the surest foundation 
is to be found in histories of that general type. 
When, however, he avers that the material he. pre- 
sents in this monumental work ‘‘is not put forward 
as the result of sustained historical research,” but 
‘‘is rather an attempt at the orderly arrangement 
of such information as may be found in a systematic 
search through well furnished libraries,” he does 
himself much less than justice ; for the writing of 
history and the pursuit of historical research, 
especially in these days, is becoming more and more 
a matter of searching the accumulations of informa- 
tion that far-sighted men have gathered into 
libraries to facilitate that very purpose. Occasion- 
ally, the historian may light upon some source or 
document that was previously unknown, but the 
greater part of his work must consist—and probably 
has always consisted—of sifting and sorting, 
critically collating and comparing, analysing and, 
not infrequently, discarding items which, individu- 
ally, are no more than single fragments in a complex 
mosaic. That is what Mr. Deerr has been engaged 
upon for the 50 years of his association with the 
sugar industry, and every future historian of the 
industry must be in his debt. 

The scheme of Vol. I is to trace first the course 
of man’s pursuit of sweetness as a savour and of 
sugar as a foodstuff, treating initially of sacchari- 
ferous plants in general and then, in a separate 
chapter, of the extraction and cultivation of honey. 
The third chapter is devoted to the sugar cane— 
which, it may be remarked, is not indigenous in 
the New World—both as a botanical study and as 
a source of sugar as a commodity. The remaining 
14 chapters of the book are concerned each with 
one sugar-producing country or region and each is 
a remarkably comprehensive review, covering folk- 
lore, references in literature, commercial develop- 
ment and, in practically every case, an extensive 
range of production statistics. To each chapter is 
appended a bibliography, and there is ample 
evidence in the text, apart from an assurance in 








the preface, that, numerous as they are, the sources 
cited are familiar ground to the author. The 
illustrations are not very numerous—there are a 
score of plates, three of which are devoted to 
portraits of pioneers of the modern cane-sugar 
industry—but they are well selected and practically 
all are reproductions of prints, photographs, etc., 
of some rarity, which usefully supplement the text. 
A few of them have been reproduced in connection 
with the author’s several contributions to the 
Transactions of the Newcomen Society, but other- 
wise are not likely to be familiar to the average 
reader unless he also is a fairly close student of the 
history and development of the sugar industry. 

The modern processes of sugar production and 
refining are not touched upon at all in this volume, 
but will be dealt with in Vol. II ; a summary of the 
contents of this second volume is given in the first, 
and a note on the dust jacket mentions that a 
comprehensive index to the two volumes will be 
included in the second, which will bring the survey 
up to modern times and will cover invention and 
research in the industry, and such economic details 
as the prices and values of sugar. For the rest, 
it may be said that the format and general standard 
of production of Vol. I are worthy of its scope 
and thoroughness, and that these characteristics 
make of it a work of reference that will be of value 
in the study of many associated subjects, quite 
apart from its main theme. To say that the book is 
one that no serious student of the sugar industry 
can afford to be without may appear trite, but it is 
not an overstatement. 





The Light Metals Industry: A Study of its Technological 
and Economic Development. By WINIFRED LEWIS, 
B.Sc. Temple Press, Limited, Bowling Green-lane, 
London, E.C.1. [Price 21s. net.] 

THE practical usefulness of any metal must depend 
on its concurrent economic as well as technological 
development. This much is an obvious truism, 
but there have been few opportunities for any one 
man to see it demonstrated. There are many men 
alive to-day, however, who can remember when, on 
a price basis, aluminium ranked at least as a semi- 
precious metal, which dealers weighed out carefully 
by the pound; yet, in no more than 30 years, 
from 1913 to 1943, the world production rose from 
less than 80,000 to nearly 2,000,000 metric tons. 
It has since fallen to about 1} million tons, but this 
was to be expected when the abnormal demand by 
the aircraft industry came to an end with the 
cessation of hostilities. In England, 60 years ago, 
the price of aluminium was 10s. a Ib. Within five 
years, this price had dropped to 1s. 9d. The lowest 
price in the present century was in 1913, when it 
was about 80/. a ton; it has increased since then 
by 301. or so per ton. 

The foregoing figures, and many others of at least 

comparable interest, are typical of the varied statis- 

tical data presented by Miss Lewis in this unusual 
book; unusual in that it makes no attempt to 
describe current manufacturing processes. The 
most important change in the methods of production 
came in 1886, when Charles Martin Hall, in the 
United States, and Paul Héroult, in France, inde- 
pendently discovered the electrolytic process and 
so laid the foundation of the great industry of the 
present day. When it is considered that the pro- 
duction of one metric ton of aluminium requires 
some 20,000 to 25,000 kWh, between four and five 
tons of bauxite and an equal amount of coal, 
about a ton of caustic soda and rather more than 

half a ton of carbon electrodes, in addition to a 

large amount of water, it will be seen that the 

industry is a considerable consumer of power and 
raw materials. As information officer of the British 

Aluminium Company, Miss Lewis has been well 

placed to provide a comprehensive study of this 

particular material and has devoted a large part of 
her book to it, as is natural and proper; but the 
survey of magnesium and beryllium, and of the 
alloys of aluminium, though confined to a chapter 
each, is extensive enough to justify the wider title 
given to the book, which, as a work of reference, 
appears to be assured of a permanent place in 
technical literature, even though it concludes with 





a list of other reference books which covers more 
than five pages. 
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IIl.—TuEr ManrowEr SITUATION. 


In contrast to 1948, which witnessed an attempt 
to secure a substantial redistribution of labour 
between industries, the emphasis throughout 1949 
has been on inereasing productivity. The Economic 
Survey for 1949, published in March of that year, 
stated that: “‘. . . no large-scale redistribution of 
labour between industries is required. But more 
labour continues to be needed in certain industries 
and it will also be important to keep other industries 
up to strength. The Government therefore intends 
to: maintain unchanged its existing labour policy.” 
The main features of this policy are the continuance 
of the Control of Engagement Order, and the use of 
persuasion in preference to compulsion in directing 
labour to essential work: Questioned in the House 
of Commons, the Minister of Labour stated that, in 
4948, the desired level of industrial output had been 
very nearly achieved in spite of failure to recruit the 
full labour strength estimated to have been required 
inseveralimportant industries. This, in his opinion, 
showed that there was no cause for alarm about the 
manpower situation generally, and that the next 
problem to- be solved was that of productivity ; 
which, he considered, was a matter for the attention 
of the industrialists themselves rather than for the 
Government. 

It is felt that future increases in the working 
population are well-nigh impossible, and that a more 
realistic deployment of industrial labour is vital to 
the economic, welfare of the nation. Some progress 
in this direction may be made. if the recent. recom- 
mendations ofthe National Joint Advisory Council 
are put into effect. _ These. include restriction of the 
number and types of vacancies offered to applicants 
for employment through Employment Exchanges, 
greater provision. of training facilities for persons 
willing to enter essential] industries, and more aid 
in.the form, of grants and allowances to those who 
move to.districrs where, there is a shortage of labour. 
It,is doubtful,. however, if, under present conditions’ 
of full employment, high taxation and comprehen- 
Sive, social insurance, the measures suggested will 
have the. desjred:effect. Labour is unlikely. to shift: 
from non-essential occupatiqns into the export and 
other vital industries unless it is given strong 
incentives to do so, and the provision of such incen- 
tives would involve drastic changes in official policy.’ 
Adequate incentives to a redistribution of labour 
in the national interest could only be brought into 
being by reducing taxation and allowing wages. and 
prices far more freedom to find their own level. 
These measures would amount to a considerable 
slackening in Governmental contro] oyer the British 
economy, and are unlikely to be put into effect by a 
Labour Government. 

Statistics relating to the size of the working 
population and the total number of persons avail- 
able for civil employment are reproduced in Table I, 
herewith, which allows a comparison between the 
position in mid-1948 and that at June, 1949. 
Because of the revised hasis.on which the figures are 
now compiled,.an exact comparison with, those of 
earlier years is impossible, but the new series of 
statistics is more comprehensive and should become 
much more useful than the old. A further change 
has also taken place in the definition of industries 
for statistical purposes, the system now coming into 
use being that set. out in the Standard Industrial 
Classification, published by H.M. Stationery Office 
in 1948. Table I, in which the various industries 
are grouped together according to the system pre- 
viously in use, shows an increase in the total working 
population of 47,000 between mid-1948 and June, 

1949, a fall of 34,000 in the number of males having 
been more than compensated by an increase in the 
number of women and girls becoming available for 
employment. A large proportion of the latter is 
likely to have consisted of married women, tempted 
to take. up paid work on. account of the present high 
cost.of living and the good wages to be earned in, 
many unskilled occupations. These women cannot 
be regarded 2g a permanent addition to. the indus- 
trial population, and their number includes a per. 
centage of part-time workers, who are no longer. 


classified separately in the official employment 
returns. Large-scale releases from the Services 
during the period under review were mainly respon- 
sible for an increase of 231,000 in the total in civil 


‘employment, and for the fact that, of this total, 


134,000 consisted of men and boys. No further 
shedding of manpower by the Services is expected, 
although the annual intake of National Service men 
may be reduced in favour of additional recruitment 
of Regulars: Unemployment, which is stated to 
have recently reached the lowest level recorded since 
the end of the war, may rise somewhat in certain 
areas, such as the Clyde and the Tyne, where little 
alternative employment to shipbuilding and its 
ancillary industries exists. The industrial labour 
force thus probably reached its peak in 1949, and 
a steady decline is likely. A disturbing feature of 
the outlook for manpower is that, owing to the low 
birth rates of the mid-1930’s, the next few years 
will see an abnormally small number of juveniles 
coming forward to take up employment. 

The figures in Table I, showing the division of 
available manpower between the main occupational 


TABLE I.— Distribution of Total Man-power in 1948 and 














1949. (Thousands.) 
} | 
| Mid- June, End of 
=< 1948, 1949. | 1949. 
Total seenens pone ée 23,146 23,193 | 23,200 
Males <al 16, 057 16,023 | 8 
Females .. | 7,080 7,170 | N 
H.M. Forces and Women’s 
Services } 846 769) | 
Ex-members of H.M. Forces | G| 775 
who have not yet taken uP | J 
employment 2 2 17 
Registered unemployed " 282 250 350 
Persons in civil emp oy ment | 21,926 22,157 22,075 
Males Hp | 14,945 15,079 | § 
Females 6,981 7,078 | 8 
Basicindustries* .. ae 4,247 4,256 4,255 
Chemicals, etc. * 426 438 440 
Metals, engineering + and } 
vehicles .. 3.904 3,900 3,920 
Textiles aoa 948 985 995 
Clothing 700 741 715 
Food, ‘drink and tobacco 725 756 740 
Other manufactures. ao 1,411 1,432 1,430 
Building and contracting .. 1,497 1,489 1,480 
Distributive trades . . 2,689 2,766 2,755 
Professional, financial and 
miscellaneous sérvices 3,925 3,927 3,890 
Public administrationt 1,454 1,467 | 1,455 
* Mining and quarrying, agriculture, fishing, transport and 


communications, public utilities. 
+ National and local Government service. 
t From Economic Sui for 1949, published in March, 1949. 
The figures are forecast 2 of emalewiases totals, and do not repre- 
sent. estimates of a desirable distribution of manpower or the 
basis of any official plan. 
§ Not available. 

groups, reflect a limited measure of success on the 
part of the official policy of guiding labour to the 
undermanned industries. Between mid-1948 and 
June, 1949, for instance, textiles recorded an 
increase in employment of 37,000, and the basic 
industries of 9,000, but there is no doubt at all that 
additional recruitment of labour to the woollen, 
cotton and coal-mining industries would be in the 
national interest. Labour has, however, shown a 
continuous tendency fo flow into the distributive 
trades and into other occupational groups in which 
a contraction would certainly be beneficial to the 
national economy. Employment in distribution 
increased by 77,000 in the twelve months to 
June, 1949, during which period the food, drink 
and tobacco group recorded a rise of 31,000. Sub- 
stantial gains were also made by national and local 
Government service and by the group of persons 
employed in professional and other services. 

Employment in the metals, engineering and 
vehicles group contracted a little during the twelve 
months from mid-1948 to June, 1949 ; this develop- 
ment took place in spite of the fact that some expan- 
sion between mid-1948 and the end of 1949 was fore- 
cast in the Economic Survey for 1949. The distribu- 
tion of available manpower between the main 
branches of the industry is indicated by the statistics 
set out in Table II, herewith, which also includes 
figures for September, 1949. The data given in the 
Table show falls in employment in non-ferrous 
metals, in the shipbuilding and repairing and marine 
engineering group, and in electrical engineering, 
though in the latter case a slight rise by September, 
1949, is indicated. The contraction in the marine 


|group and in the electrical trades represents the 





end of the post-war period of accumulated demand. 


Non-ferrous metal manufacturers were affected like. 
wise, shedding roughly 5-5 per cent. of their le bour 
during the period under review. By contrasi, the 
number of persons employed in the manufa--ture 
and repair of motor vehicles, cycles and aircraft 
increased by nearly 18,000 during the twelve months 
to June, 1949, and a further rise had taken plave by 
September of that year. 

The overall demand for labour by the engineering 
industries is likely to remain fairly steady through- 
out 1950, As was pointed out in the first article in 
this series, there is no reason to suppose that ot put 
will decline ; output of some products, such as motor 
cars, is likely to increase, and this should offse any 
small decrease in the output of some other products, 
such as industrial petrol engines, concrete mixers 
and agricultural tractors. The long-term trend is 
more difficult to forecast, as the future of the indus- 
try is dependent on a number of national and inter- 
national influences which cannot be predicted with 
any certainty at the present time. The fact that 
the flow of orders to many branches of the industry 
is slackening as conditions become less inflationary 


TABLE II.—Employment in the Metal Manufacturing and 





Engincering Industries. (Thousand. ) 
Mid June, | Sept., 
se | 1948 1949 1949. 
Metal Manufacture. . . 496-0 494-5 494-2 
Blast furnaces, iron foun- 
dries, etc. ‘ 321-1 324-2 324-0 
Tinplate manufacture me 17-0 17-6 17-4 
Steel sheet, and iron and 
steel tubes ae 57-8 58-1 5R-4 
Non-ferrous metals 100-1 94-6 04-4 
EK MF i Shi Prosi ldd. 
~ and Plectrical Goods” ..{ 1,820-2 | 1,806-6 | 1,803-6 
Shipbuilding and repairing | 
and marine engineering 303-9 204-4 286-7 
Constructional engineering 71-1 68-7 70-2 
Electrical engineering ..| 514-1 502-9 505-1 
General engineering 931-1 866-0 941-6 
Vehicles 878-9 896-0 899-7 
Motor vehicles, cycles and. 
aircraft . 705-4 723-2 726-6 
Locomotives, railway rol- 
ling stock and trams .. 61-2 160-9 161-2 
Carriages, on | 
etc. P 12:3 | 11-9 | 11-9 
Other Metal Industries 491-4 482-0 4811 
Tools and cutlery 53-2 51-8 51-7 
Bolts, nuts, ete. .. 40-6 41-0 | 40-3 
Miscellaneous iron and } 
steel forgings . 33-3 33-¢ | 32-8 
Wire and wire manufac- 
tures ‘ 37-3 37-4 37-5 
Hollow-ware 50-5 50-7 | 50-6 
Brass manufactures 37-9 34-7 | 34:1 
Other metal industries 238-6 233-1 234-1 


suggests a fall in the total requirement of manpower 
in two to three years. Much will depend on the 
success of British firms in meeting foreign competi- 
tion in overseas markets. Further redistribution of 
labour within the industry will doubtless be required, 
from the unsuccessful to the successful export indus- 
tries or firms. Progress will not be made in over- 
seas markets if firms who are in a position to make 
a contribution to exports are unable to obtain the 
labour that they need. On the other hand, reten- 
tion of redundant iabour by those sections of the 
industry experiencing a falling-off in demand would 
mean serious wastage of manpower. A further 
lessening of inflationary pressure would probably 
increase the mobility of labour sufficiently, but. too 
much reliance should not be placed on the Govern- 
ment taking the necessary disinflationary measures 
just before a General Election. 

In the immediate future, some additional per- 
sonnel may be required in aircraft factories, in 
establishments manufacturing motor vehicles and 
cycles, and in television. In shipbuilding, ship 
repairing and marine engineering, on the other hand, 
employees have been becoming redundant for some 
months and a good deai of anxiety (which may have 
been overstated) is felt for the future. So far, 
unemployment in the shipyards has shown no 
appreciable rise, the problem having been solve‘ 
by the absorption of those concerned into other 
industries, or, in some cases, by the development of 
new lines of activity on the part of the firms employ- 
ing them. The shipbuilding districts cannot, how- 
ever, provide very much alternative employment 
and, in view of the difficulty of Shifting labour from 





one area to another at the present cime, pockets of 
unémployment may develop in some districts. 
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Where a wide variety of employment is offered, the 
shortage of industrial manpower is likely to continue 
for at least another year. 

Another feature of the manpower situation which 
is of particular concern to the engineering industry 
is the shortage of many types of skilled labour. 
Such a shortage has been reported even in the ship- 

yards, in which, as has been pointed out, the general 
supply of labour is now greater than the demand for 
it. The position has been made more acute by the 
fact that many skilled tradesmen have deserted their 
former employment for repetition work, in which 
they are able to earn higher wages. The long-term 
outlook in this connection cannot be regarded as 
hopeful, in view of the difficulty experienced by 
many firms in recruiting apprentices. The latter is 
particularly acute in districts such as the Medway 
area, where there are opportunities for youths to 
earn high wages in unskilled occupations, and a 
serious situation will develop if the advantages of 
working in a skilled trade are not made more 
tangible. 

In view of the precarious state of the British 
economy, the claim put forward by the Confedera- 
tion of Shipbuilding and Engineering Unions for a 
general wage increase of 11. per week appears to be 
singularly inopportune. The claim is being made 
on behalf of roughly 2-75 million persons belonging 
to 37 unions, and its cost is estimated at rather more 
than 100/. millions perannum. The Confederation’s 
leaders contend that this sum could be met out of 
profits without necessitating an increase in the price 
of engineering products. In support of this conten- 
tion, it was stated that the engineering industry’s 
total gross profit had increased by at least 50 per 
cent. between 1946 and 1948; in which year, the 
unions estimate, it amounted to 5911. million ; sub- 
traction from this total of 23 per cent. for overhead 


TABLE III.—Earnings in Industry in April, 1949. 








| Average Average 
_-— Weekly Hourly 
| Earnings. | Earnings. 
s. d. d. 

Mining and quarrying (excluding coal)..| 131 1 33-8 
Treatment of non-metalliferous mining | 

products, other than coal ee --| 12411 32-0 
Chemical and a trades en --| 128 6 32-1 
Metal manufac: 148 10 38-3 
ee shipbuilding and electrical 

goods 129 2 34-0 
Vehicles .. 139 7 37-3 
Metal goods, not elsewhere specified 118 11 32-2 
Precision instruments, jewellery, etc. 116 10 32-2 
Textiles me ae 97 1 26-2 
Leather, leather goods and fur .. 109 1 29-8 
Clothing > oi 88 10 25-6 
Food, "drink and tobacco 3 106 5 27-7 
Manufactures of wood and cork» 116 2 31-0 

— and printing “ : 118 3 31-6 

er manufactures 113 1 30-3 

Building and contracting 126 1 32-7 
Gas, electricity and water 126 5 32-8 
Transport and communication (excl. 

railways) 129 10 32-5 
National and local Government service. 108 9 29-3 

Average of above 119 4 31-6 











charges leaves 4551. million before taxation. This 
meant, according to the Confederation, that profit 
per employee must have amounted to at least 1611. 
per annum, or rather more than 3l. per week, in 
1948, and must by now have reached a higher level. 
A claim for an all-round increase in pay of 13s. per 
week put forward in April, 1948, was rejected, an 
award of 5s. per week being eventually decided 
upon, probably as a concession to avoid sérious 
industrial unrest. The new claim, which is at 
present under consideration by the Engineering 
Employers’ Federation, will undoubtedly be pressed 
hard, and a campaign to secure the support of 
the rank-and-file of the unions is now in progress. 

The figures reproduced in Table III, herewith, 
show that, in April, 1949, average weekly earnings 
in the metal industries compared well with those 
recorded by other industrial occupations, employ- 
ment in metal manufacture being, in fact, the best 
paid of any covered by official statistics. Average 
hourly earnings were highest in metal and engineer- 
ing industries. Protagonists of the 11. per week 
wage increase put forward the argument that 
engineering labour is relatively worse off at the 
present time than after the last major concession 
in wages was made in 1946, average earnings having 
increased by only 14 per cent. while the cost of living 
has risen by 18 per cent. 





The Confederation’s claim is, however, based 
primarily on the contention that productivity in the 
engineering industries has increased on the average 
by one third since 1946, the increase in the vehicles 
group being estimated at 43-5 per cent. By this 
means it is suggested that the demand does not run 
counter to the wage stabilisation policy of the 
Government and the Trades Union Congress, As 


was pointed out in the ‘‘ Engineering Outlook” 


article on the manpower situation published a year 
ago, estimates of productivity based on the output 
achieved in 1946 are misleading, since, in that year, 
the industry was undergoing transition from war- 
time to normal] organisation, and there were many 
hindrances to production. Moreover, even assum- 
ing that the Confederation’s calculation of the 
profits of the engineering industry is correct, their 
estimate of the proportion of profit taken by over- 
heads is probably too low, and they appear to have 
ignored the fact that the situation is likely to become 
much more tight during the next few years. While 
concession of the claim would be an advantage to 
the employees, therefore, it would almost certainly 
mean a general rise in the price of engineering pro- 
ducts. Such a rise would be a serious handicap in 
the drive to increase British exports. 

Whatever the outcome of the demand by the 
Confederation of Shipbuilding and Engineering 
Unions for higher wages, the need for a further 
increase in productivity will remain, especially in 
those branches of the industry which are attempting 
to compete in international markets. The produc- 
tivity problem involves factors other than those 
concerned with labour, but maximum output cannot 
be secured without attention to such questions as 
effective deployment of labour, provision of adequate 
facilities for training, and incentives to work. 
Generally speaking, engineering firms have been 
well to the fore in dealing with the question of pro- 
ductivity, regarded from the manpower angle, hut 
the smaller establishments would probably benefit 
if they could be given more specialised help in, for 
instance, the application of the principles of time 
and motion study or incentive payments schemes. 
The attitude of the unions with regard to produc- 
tivity has helped greatly, The General Council of 
the T.U.C. accepted the principle of “‘ higher pro- 
ductivity ” in 1948, and this decision was endorsed 
by the engineering unions shortly afterwards. The 
engineering industry was, in fact, the first to be 
singled out for special attention with regard to 
increased productivity and greater efficiency. Dis- 
cussions were arranged between T.U.C, officials and 
representatives of the unions concerned, and among 
the subjects discussed were the training of shop 
stewards, the formation of Joint Production Com- 
mittees, and the prevalence of restrictive practices. 
The increased sense of urgency in respect to produc- 
tivity is reflected in the fact that the Nationa] Joint 
Advisory Council, which includes representatives of 
the British Employers’ Confederation, the T.U.C. 
and the nationalised industries, recently decided to 
reconstitute its Joint Consultative Committee, in 
abeyance since 1947, to deal with such problems as 
longer working hours, redeployment of labour and 
the extension of joint consultation, They agreed that 
the re-establishment of certain pre-war trade prac- 
tices, harmful to productivity, should be postponed. 

The problem of productivity is one which must be 
tackled by individual firms if any real headway is 
to be made, although the results of research by 
outside bodies can often be applied to advantage. 
Space does not permit discussion of all the factors 
contributing to productivity which may have to be 
considered by managements or joint consultative 
committees ; a few, however, will be mentioned. 

The basis of high productivity, looked at from the 
manpower angle, is an effective deployment of 
labour. The importance of an economic overall 
distribution of manpower, and the obstacles at 
present in its way, have already been cited. Each 
firm is a}so faced with the problem of using the avail- 
able supply of labour to maximum advantage. 


‘Recently there have been reports of widespread 


concealed unemployment, by which is meant reten- 
tion of persons who cannot be kept fully occupied in 
the engineering industries. The results of a ques- 
tionnaire circulated by the Engineering Industries 
Association to its members during 1949 suggest that 





concealed unemployment exists, though not very 
much. - Of the 350 to 400 firms replying, rather 
more than 10 per cent. were keeping on a larger 
staff than they needed at that time. Others had 
solved the problem of a falling-off of orders by 
ceasing overtime or by reverting from a shift system 
to normal working. There were marked differences 
between regions and between the various sections of 
the industry. Concealed unemployment is a symp- 
tom of uncertainty regarding the flow of orders and 
the supply of raw materials, and should disappear 
as the outlook for the industry becomes more certain. 
It is likely to persist, however, as long as the British 
engineering industry exports so high a proportion 
of its output to countries where unilateral Govern- 
ment action may stop shipments overnight, as has 
happened in Argentina, India and South Africa 
during the past year. Embargoes are generally 
removed ultimately, but the uncertainty they bring 
to individual firms can be most harmful. 

More research is needed into the question of 
incentives to work, and the effect of bonus schemes 
and other financial] inducements to increased produc- 
tivity. Attention should also be paid to the strong 
body of opinion in favour of improvements in work- 
ing conditions and the encouragement of team 
spirit as primary aids to output. Experiments such 
as that of the Standard Motor Company, in simplify- 
ing the basic wage structure and paying bonuses 
to production teams instead. of to individuals, will 
be watched with interest. It is interesting to note 
in this connection that the engineering unions—in 
contrast to, for instance, the building industry— 
support the maintenance of wage differentials, 
which are defended on the ground that they 
encourage the recruitment of craftsmen. 

The attitude to productivity of the man on the 
shop floor will remain the decisive factor. A report 
on American Management Techniques and Practices, 
published under the auspices of the Institution of 
Works Managers, stresses the importance of increas- 
ing the mechanical power available to the British 
worker, and suggests that his individual effort is, 
on the average, at least as good as that of his 
American counterpart. Even so, “ productivity 
consciousness ’’ could probably beincreased ; itis the 
firms who are most successful in this respect who will 
do most to solve the problem of productivity. 

The question which will often be asked during 
1950, “‘Can Bricish engineering compete success- 
fully with that of the United States in world 
markets ?”’, will never be answered in the affirmative 
until a determined onslaught is made on inefficiency 
by all interested parties, the management, the men 
and the owners. It is clear that the United States 
can produce most engineering goods for which there 
is a large standard demand much more cheaply than 
‘can the British or any other European industry. 
The steps taken by American management and 
labour to increase productivity during the past 
30 years have been relentless and have helped 
United States manufacturers to produce articles 
with an amazingly small direct labour content. 
For this reason, even if the Welfare State, now in 
embryo in the United States, develops as rapidly 
as most new ideas have done in the past in that 
country, it will handicap engineering manufac- . 
turers less than the advent of the Welfare State in 
this country has handicapped, and is likely to handi- 
cap further, the British manufacturer. On the 
other hand, it is quite clear that the exertions of 
British labour and management will be of little avail 
if a stable.and widening market cannot be found for 
British engineering products. The era of import 
quotas and high tariffs must come to an end before 
a combination of high manufacturing costs, and 
uncertainty as to which markets will be open to- 
morrow, kills the spirit of enterprise and the vitality 
of British engineering. It is almost as essential for 
foreign competition to be restored in the home 
market as for freedom to trade to be Jegislated for 
throughout the world. The prospects for British 
engineering labour and capital, in a closed economy 
with a few doors opened now and then into other 
closed and equally high-cost economies, are poor. 
In a competitive world where the emphasis is upon 
arising volume of trade and low prices, they are 
fair and can become very good if opportunities are 
seized and the necessary flexibility introduced. 
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SUPERSONIC WIND TUNNEL 
AT MASSACHUSETTS INSTI- 
TUTE OF TECHNOLOGY. 


A 10,000-H.P. wind tunnel, designed for air speeds 
corresponding to Mach numbers from about 1-2 to 
4-0, has recently been completed at Massachusetts 
Institute of Technology, Cambridge, Mass., U.S.A. 
The tunnel is housed in the new Naval Supersonic 
Laboratory, which has been built under the auspices 
of the Navy Bureau of Ordnance, at a cost of 
2,600,000 dols., for research on problems of high- 
speed flight. Four photographs of the wind tunnel 
are reproduced in Figs. 1 to 4, on Plate II, which 
accompanies this issue of ENGINEERING. AS an 
outstanding example of American Government capi- 
tal expenditure on equipment for research at a tech- 
nological institute, it is of considerable interest in this 
country, where currently there is a difference of 
opinion on the question whether research facilities for 
students should be developed in the universities—the 
traditional seats of learning, with great cultural 
influence—or in technological institutes such as 
M.I.T., where, it is feared, cultural influence would 
be largely lacking. 

Whatever the facts of the American system, there 
are advantages in sponsored research on this scale 
which were well expressed by Dr. James R. Killian, 
Jr., President of the Institute, when he spoke at the 
dedication ceremony on Thursday, December 1, 
1949. ‘‘The larger scale projects afforded by 
sponsored research,” Dr. Killian said, ‘enable 
young men to acquire research techniques which 
can be learned only by participation in organised 
team research. The result is that our institutions 
are turning out qualified research men who are 
more immediately useful to industry and to the 
Government research laboratories than they could 
possibly have been under pre-war training condi- 
tions.”” The provision of adequate equipment, he 
said, was all the more important since the instru- 
mentation on which science depends had reached 
a scale requiring funds and man-power beyond 
anything they were accustomed to before the 
war. To solve the current problems of science, 
research workers must have great machines like par- 
ticle accelerators and wind tunnels which universities 
could not afford to build without outside funds. 

Professor Jerome C. Hunsaker, head of the M.LT. 
aeronautical engineering department, spoke of the 
purposes to which the Laboratory will be applied. 
It will be used for testing scale models of supersonic 
missiles and components, and for research to obtain 
basic “‘ aeroballistic ’’ information. The results of 
research completed in the wind tunnel should make 
possible improvements in high-speed missiles and 
aircraft of both piloted and automatically-guided 
types. An extensive training programme for 
advanced students at the Institute will be under- 
taken in conjunction with the Laboratory’s research 
work. The wind tunnel is capable of sustained 
high-speed operation and is therefore suitable for 
the study of problems which require equilibrium 
conditions to be maintained. 

Unfortunately, it is only possible to give a general 
description of the wind tunnel, for military security 
reasons. It is approximately 300 ft. in length, 
and is fabricated from steel plate and structures. 
The tunnel has a test section area of 3 sq. ft. (18 in. 
by 24 in.), and is designed for taking aerodynamic 
measurements at air speeds at Mach numbers 
between 1-5 and 4-0 (approximately 1,000 to 3,000 
milesan hour). The relative density of the airin the 
stilling section may be varied from 1-5 Ib. to 60 Ib. 
per square inch absolute. A dew point as low as 
— 60 deg. F. can be maintained within the tunnel 
circuit. Very dry airis driven through the tunnel by 
two four-stage centrifugal compressors, of 75,000 
and 125,000 cub. ft. per minute nominal “ 
ratings, respectively, which are driven by wound- 
rotor induction motors of 4,000 and 6,000 h.p. 
The compressors can be operated either in series or 
in parallel. The pressure ratio obtained in parallel 
operation is approximately 3: 1, and that for series 
operation is 9:1. The air from the compressors is 


cooled by two water-tube air coolers capable of 
removing 12,500 h.p. in the form of heat from the 
Water]from the Charles River is used for 


tunnel, 





cooling. The pumping plant can handle 3,000 
gallons per minute, and includes chlorinating and 
chemical-treatment equipment. 

One of the most important features of the design 
is the extensive control system by means of which 
almost all parameters which affect the aerodynamic 
tests are automatically controlled. Tunnel air 
density and temperature, the speed of the com- 
pressors, and the air-drying operations, are some of 
the factors which are thus controlled. Different 
nozzles are used to give different air speeds in the 
vicinity of the test section. The temperature of the 
air in the section is generally low. At a Mach num- 
ber of 2-0, the temperature is 140 deg. F. below 
zero ; and at Mach number 4-0 it is — 335 deg. F. 
Equipment and instruments for use with the wind 


tunnel include a balance to measure the air reaction | * 


on the models and an optical system to show visually 
the shock waves and flow patterns which surround 
the models in the supersonic air stream. 

Great care has been taken in designing the 
structure to prevent the transmission of the high- 
level noise in the compressor room to the outside 
of the building, where it would be transmit 
without much attenuation to a quiet residential area 
on the other side of the Charles River, as well as to 
obtain comfortable noise levels in the office and 
testing area. This has been achieved by designing 
the laboratory section of the building without 
windows and soundproofing all exits. The ceilings 
and interior side walls of the compressor and test 
rooms in the laboratory section are lined with 3-in. 
thick sound-absorbing material ; the ceiling of the 
Office section is treated with l-in. glass-wool board. 
The laboratory section of the building is ventilated 
by 80,000 cub. ft. of air per minute, which enters 
through noise-attenuating ducts. These ducts are 
lined with, and stratified by, specially designed 3-in 
thick sound-absorbing material. Thus the noise 
level is reduced from 100 decibels at the compressors 
to below 60 decibels outside the building, and from 
80 decibels in the test room to between 50 and 60 
decibels in the adjoining office building. 

The Naval Supersonic Laboratory is a T-shaped 
building with the offices forming the cross of the T. 
The area of the office section is, 15,000 sq. ft., on 
two floors,, and that of the laboratory is 12,500 
sq. ft. The offices, which are designed for six 
storeys ultimately, are built in brick, and the 
laboratory proper is of monolithic concrete slabs. 
Both are steel-framed and have reinforced-concrete 
floors and roofs. The foundations are supported 
on caissons carried down 15 ft. to gravel. 

Fig. 1, on Plate II, shows the test section of the 
wind tunnel with, apparently, a series of mano- 
meters mounted in a frame. Towards the right of 
the illustration, the dark structure is the control 
desk, which is more clearly shown in Fig. 2. The 
latter illustration also shows the movable optical 
equipment, which is used to observe variations in 
the density of the air streams around the models 
in the test section, visible through the circular 
window in the centre of the illustration. The optical 
equipment is mounted independently of the wind 
tunnel itself and is thus free from its vibrations. Fig. 
3 shows a student operating the plug valve at the 
end of the actual test section, and is a view in one 
corner of the compressor room, which is divided 
from the laboratory proper by the wall visible on 
the right of Figs. 1 and 2. After passing through 
the test section (to the left of Fig. 3), at speeds 
greater than that of sound, the air enters the 
subsonic diffuser on which the student is standing. It 
then passes on to the compressor, where it is re-accel- 
erated and returned to the supersonic test section. 
Fig. 4 is a general view of the compressor room. 

The wind tunnel and laboratory are administered 
by the Department of Aeronautical Engineering. 
The design of the wind tunnel, the wind-tunnel 


case ” | balance system, and other items of instrumentation 


were under the direction of Professor John R. 
Markham, director of the laboratory. The Jackson 
and Moreland Company, consulting engineers, 
Boston, were in charge of the execution of the 
project. The design of the wind tunnel was 
commenced in December, 1946; construction of 
the buildings was started in June, 1947; and 
personnel of the laboratory occupied the building 
in June, 1948, 


JOHN HOPKINSON, 1849-1898 .+ 
By Proressor James GreiG, M.Sc., Pu.D. 


Tue family into which John Hopkinson was 
born on July 27, 1849, was of North Country stock 
on both sides. His mother belonged to the York. 
shire cotton-spinning family of Dewhurst. His 
father was a Lancashire man, an engineer and i/!/- 
wright by profession. The city of Manchester in 
which the Hopkinson family lived was at once, one 
of the expanding industrial communites, a centre of 
scientific and technological development and a 
base for the advance of many of the political refor:s 
of the time. Dr. Joule, pursuing in Manchester 
his work on the mechanical equivalent of heat, was 
in the forefront of scientific advance, the railway, 
and with it the electric telegraph, had begun, in re.i| 
earnest, the attack on distance and isolation which 
has continued ever since, and the possibility that 
electricity might have industrial applications had 
begun to stir the minds of forward-looking men. 

4 John Hopkinson’s father had started his engi- 
‘neering career as an apprentice with the firm of Wren 
and Bennett in Manchester, and by the time of 
John’s birth had become a partner in the firm. 
It was therefore in conditions of comparatively 
solid material comfort that the boy grew up but with 
high ideals of truth and duty before him in the 
example of his parents. Mr. Hopkinson, rather 
exceptionally perhaps in those days, made com- 
panions of his children and John as the eldest 
went about a good deal with his father from an 
early age. The independence of outlook of the 
Hopkinson family is evidenced by the scholastic 
upbringing of the eldest son. The boy was sent, 
after a short period at a day school near his home, 


*|to Henlow Grove in Cheshire. This school came 


under the charge, in 1861, of Charles Willimore, an 
educationist of very remarkable qualities, who 
influenced deeply John’s character and subsequent 
development. John did not have a very robust 
constitution and at this school, which was situated 
in a delightful countryside, he developed under 
Willimore’s sympathetic guidance the love of the 
out-of-doors which was to remain one of the ruling 
passions of his life. In 1864, Willimore was 
appointed Headmaster of Queenswood School in 
Hampshire and there young John Hopkinson went 
with him. It was at this stage that the boy’s 
ability for mathematics first showed itself. 

It was natural that the eldest son should follow 
the father in an engineering career. Mr. Hopkinson 
was an engineer who belonged to “the old school ” 
which held experience to come first in the scale of 
values and regarded science as an incidental rather 
than an essential ingredient of the engineer’s 
make-up. The engineer of the 1860’s began his 
apprenticeship in the shops at the age of 14. The 
new pattern of engineering education was, however, 
beginning to take shape, and in Manchester the 
recently founded Owens College was providing a 
course of theoretical training for engineers which, 
in its essential features, was the prototype of our 
university engineering courses of the present day. 
With a remarkable but characteristic exercise of 
independent judgment, Mr. Hopkinson decided that 
John should be sent in 1865 to Owens College, at 
the age of 154, to pursue the three-year engineering 
course there. Owens was at that time building up 
its high reputation as a result of the labours of a 
group of able and distinguished teachers. J. J. 
Thomson, in his Recollections and Reflections, 
records that, some five years later, when his entry 
to Owens was being considered, a friend remarked 
to his father “‘if I were you, instead of leaving the 
boy at school I should send him, while he is waiting, 
to the Owens College: it must be a pretty good 
kind of place, for young John Hopkinson, who has 
just come out Senior Wrangler at Cambridge, was 
educated there.” Young Hopkinson came under 
the influence of the mathematicians Sandeman and 
Barker, both Senior Wranglers. Almost immedi- 
ately the young man’s exceptional powers began to 
show themselves in consistent examination suc- 
cesses. To Professor Barker, Hopkinson owed the 








* Hopkinson Centenary Lecture, delivered at King’s 
College, London, on November 14, 1949, Abridged, 
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Fig. 2. Two Epison-Hopkinson DynNAMOS UNDERGOING ‘“ Back-TO-Back”’ TEST. 


inspiration that he might pursue his studies at 
Cambridge, and in 1867, Hopkinson won a minor 
scholarship to Trinity College. The resources of 
the family, there were now five children, could not 
have sufficed to send John to Cambridge and it is 
questionable whether his father, who had already 
departed so radically from established tradition, 
would have contemplated such a venture. How- 
ever, the opportunity had arisen. It was perhaps 
only a logical sequel to the first step along the 
scientific road which had been taken by going to 
Owens, and in that year John went up to Trinity to 
read, mathematics. : 

Although the Mathematical Tripos was his imme- 
diate goal, Hopkinson never forgot that his ultimate 
objective was the practice of engineering, and in 
1868 he sat for and won a Whitworth Exhibition, 
an award founded in that year “for the promotion 
of Engineering and Mechanical Industry in this 
country.” He, also, during his Cambridge course, 
took the examinations of the University of London, 
passing the B.Sc. examination in 1868. In 1871, he 
appeared on the Tripos List as Senior Wrangler and, 
a little later, he took first place in the Smith’s Prize. 
In the autumn of the same year he was elected to a 
Fellowship at Trinity. On coming down from 
Cambridge, Hopkinson followed the original plan 
of gaining practical experience with his father’s 





firm, but within less than a year his father had been 
approached by Mr. James Chance, head of the 
Birmingham firm of optical-glass manufacturers, 
with a proposal that John should take up a post 
with that firm. It was arranged that, after a few 
further months of experience with his father, he 
should take up the appointment of engineer and 
manager of the lighthouse department of Chance’s 
optical works. This he did in March, 1872, at the 
age of 23. 

It may seem a little strange that the engineering 
of lighthouses should have directed Hopkinson 
into the path which was to lead him to be one of 
the greatest electrical engineers of his day, but the 
reason lay in the potential application of the arc 
light as an illuminant for lighthouses. Hopkinson’s 
first paper dealing with the practical application of 
electricity, read in 1879, before the Institution of 
Mechanical Engineers, was ‘‘ On Electric Lighting,” 
and originated from his research work with Chance 
Brothers. Tests on a Siemens dynamo are recorded 
in this paper. A machine of the type tested, dating 
from about 1877, is illustrated in Fig. 1, on this page. 
This machine, which is believed to have been used 
by Hopkinson in his early experiments, is preserved 
at King’s College, London. The paper ends 
with these words ‘‘ It may be mentioned that one 
principal object of the research, of which this is 





| “* group flashing feature.” 
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a beginning, is to obtain a m'nute knowledge of the 
electric light with a view to lighthouse illumination.” 

By the time this paper was published, Hopkinson 
had already left the service of Chance Brothers, 
having been with the company for about five years. 
He had made himself, in that period, an expert. in 
the design of lighthouse optical equipment and had 
left his mark upon lighthouse practice. His first 
important work was the Lizard Light. One.contri- 
bution of practical importance was the simple 
modification of the optical system to give the 
By arranging the optical] 
axes of the lenses to form groups, two, three or four 
flashes at short intervals could be obtained,separated 


| by longer intervals of darkness. This development 
| was reported in a pamphlet entitled Growp-Flashing 


Lights, published in October, 1874. When Hopkin- 
son moved to London in 1877 to set up in practice 
as a ecusulting engineer, he stil] maintained a close 
connection with Chance Brothers as their scientific 
adviser, and the papers on electric lighting which he 
published during the next five years were directly 
associated with lighthouse work. From _ 1877, 
Hopkinson lived and practised in London. 

It will be convenient at this stage to disregard 
for the moment historical order and to consider very 
briefly the various phases of Hopkinson’s work, 
mainly as reflected by his published papers. In the 
years between leaving Cambridge and going to 
London there appeared a group of short ‘papers on 
very varied topics. Most of these contributions 
involved some mathematical analysis. Some appear 
to owe their origin to sheer scientific inquisitiveness 
but the majority are clearly inspired by day to day 
problems. As an example of the latter category 
may be mentioned that on ‘‘ The Stresses Produced 
in an Elastic Disc by Rapid Rotation,” published 
in the Messenger of Mathematics in 1872, in the 
last paragraph of which we read, “‘ the above solves 
the problem proposed... Let us see what we may 
conclude concerning the splitting, or, as it is 





commonly called, the bursting of grindstones.” 

Hopkinson’s technical papers deal in the main 
be: the design and performance of electrical 
|machinery. Out of his engineering work, however, 
| there arose two main lines of investigation into the 
physical properties of materials, which may properly 
| be said to fall within the sphere of pure science. 
| The first concerned ferromagnetic materials and 
the second the properties of certain classes of 
| dielectrics. These researches are represented by a 
long series of contributions to the Proceedings of 
the Royal Society. In addition, Hopkinson patented 
some 40 inventions and of these several turned out 
to be of major importance in electrical engineering 
practice, notably the three-wire system of distribu- 
tion and the series-parallel connection of traction 
motors. 

Hopkinson’s second paper on electric lighting, 
published in the Proceedings of the Institution of 
Mechanical Engineers in 1880, supplemented the 
information given in the first paper on the charac- 
teristics of series dynamos. It is interesting to 
note, in passing, referring to the characteristic 
curves given in these papers, that although e.m.f. 
is expressed in volts, the current is given webers. 

In 1883, Hopkinson read before the Institution 
of Civil Engineers a paper entitled ‘‘ Some Points in 
Electric Lighting.” This lecture reads to-day as 
an admirable popular account of the main pheno- 
mena of the electric circuit and of dynamo-electric 
machines, and of the alternating as well as the direct- 
current circuit. Among other things he deals with 
the parallel running of alternators. “Now I 
know,” he says, “it is a common impression that 
alternate-current machines cannot be worked to- 
gether and that it is almost a necessity to have one 
enormous machine to supply all the consumers 
drawing from one system of conductors.” He 
goes on to describe qualitatively the phenomena 
associated with running alternators in series and in 
parallel, and shows that stable running can be 
achieved automatically by the parallel connection. 
He concludes “‘a little care is only required that 
the machine shall be thrown in when it has attained 
something like proper velocity”; and “ A further 
corollary is that alternate currents with alternate- 
current machines as motors may theoretically be 
used for the transmission of power.” 
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In the following year, Hopkinson presented to the 
Institution of Electrical Engineers his paper on the 
“Theory of Alternating Currents, particularly in 
reference to Two Alternate Current Machines 
Connected to the Same Circuit.” This paper gives 
the fundamental theoretical demonstration of the 
principles underlying the parallel running of alter- 
nators. At the end of the paper Hopkinson 
describes the practical verification of the theory 
with two of the De Meritens machines built for the 
electrical installation of the lighthouse at Tino. 
He also refers to the experiments carried out in 
co-operation with Professor Grylls Adams at the 
South Foreland. In the reprint of the paper is 
given the following footnote dated November 22, 
1884. ‘‘ My attention has only to-day been called 
to a paper by Mr. Wilde, published by the Literary 
and Philosophical Society of Manchester, Decem- 
ber 15, 1868, also Philosophical Magazine, January, 
1869. Mr. Wilde fully describes observations of the 
synchronising control between two or more alternate- 
current machines connected together. I am sorry 
I did not know of his observations when I lectured 
before the Institution of Civil Engineers, that I 
might have given him the honour which was his due. 
If his paper had been known to those who have 
lately been working to produce large alternate- 
current machines, it would have saved them both 
labour and money.” This generous recognition of 
work which had anticipated his own was character- 
istic of the man. 

In 1886 came the presentation to the Royal 
Society of the paper on dynamo-electric machinery 
which first placed the design of electrical machines 
on a scientific basis. A year before, Hopkinson had 
presented to the Royal Society a paper entitled 
‘“* Magnetisation of Iron,” in which experimental 
data on iron had been obtained upon which the 
electromagnetic design of a dynamo could be based. 
** One purpose of the present investigation,” writes 
Hopkinson, “‘is to give an approximately complete 
construction of the characteristic curve of a dynamo 
of given form from the ordinary laws of electro- 
magnetism and the known properties of the iron and 
to compare the results of such construction with the 
actual characteristics of the machine. The laws 
of electromagnetism needed are simply (Thomson, 
papers on “Electrostatics and Magnetism ” ; 
Maxwell, Electricity and Magnetism, vol. ll, 
pages 24, 26 and 143), (1) that the line integral of 
magnetic force around any closed curve, whether in 
iron, in air, or in both, is equal to 4mnc, where 
c is the current passing through the closed curve, 
and n is the number of times it passes through ; 
(2) the solenoidal condition for magnetic induction, 
that is, if the lines of force or of induction be 
supposed drawn, then the induction through any 
tube of induction is the same for every section.” 
Then he proceeds to develop the concept of the 
magnetic circuit apportioning the magneto-motive 
force to the various parts in air or iron. He also 
makes an approximate estimate of the possible order 
of magnitude of the leakage flux. After discussing 
the design of the machines described, test data 
are given on the magnetic circuit and a comparison 
is made between the observed and calculated charac- 
teristics. The effect of current in the armature is 
also considered. Then comes a section entitled 
‘“‘ Efficiency Experiments,” and here is disclosed 
the now famous back-to-back method of testing two 
identical machines. Fig. 2, on page 35, shows two 
Edison-Hopkinson machines on the test-bed under- 
going what is now known as a Hopkinson test. Hop- 
kinson first explains the difficulty of making an 
accurate mechanical measurement of the total power 
output of a machine and then goes on to show that if 
only the difference in power between the two 
machines, one motoring and the other generating, 
requires to be measured, ‘‘even a considerable error in 
the determination has but a small effect on the ulti- 
mate result.” This paper, together with a second 
under the same time published in the Proceedings of 
the Royal Society in February, 1892, in which the 
flux distribution under load is investigated experi- 
mentally, gives the complete theory of the direct- 
current machine, without, of course, interpoles, 
which were not developed until after Hopkinson’s 
death. 


(To be continued.) 


PRODUCTION ECONOMY IN THE 


ROLLING OF ALUMINIUM.* 
By W. J. THomas and W. A. Fow.er. 
(Continued from page 27.) 

Fundamentally, a blister must occur because a cavity 
containing some gas is present in the metal. At high 
temperatures, such as obtain in annealing or solution- 
treatment, the resistance of the metal to deformation 
is greatly reduced, the gas pressure is increased, and the 
cavity blows up to visible proportions. The problem 
is, therefore, to prevent or reduce the formation of 
such cavities and to eliminate, as far as possible, the 
gas which occupies them. Rolling slabs may be clad, 
and in this case it is necessary to consider the very 
important possibility of discontinuities occurring at the 
interface between the “ core” and the cover metal, in 
addition to those within the materials themselves. 

Apparatus has been developed which enables the 
gas in even very small blisters to be identified, and 
investigations have shown that the gas content consists 
either of pure hydrogen, or a large proportion of 
nitrogen with varying percentages of hydrogen. 
Hydrogen is the only gas which is capable of dissolving 
and diffusing in both liquid and solid aluminium, and a 
high proportion of blister is due directly to the presence 
of this gas in the metal. Nitrogen is insoluble, and 
there seems little doubt that blisters which contain this 
gas originate from the air trapped in the metal, either 
in casting or in rolling. The air can be trapped as a 
result of turbulence in the transfer of the molten metal 
to the mould or, in the case of chill castings, by the 
breakdown of shrinkage cavities during solidification ; 
any major cracks occurring during rolling, superficial 
surface cracks, or relatively deep scalping-tool marks 
are liable to be welded over and produce this type of 
blister, and in clad metal any dirt or grease at the 
interface is also a source of trouble. 

As far as hydrogen is concerned, considerable infor- 
mation has been obtained as to its solubility in the 
liquid and solid metal and the conditions under which 
it can come out of solution and diffuse through the 
metal. In addition, it is now possible to measure the 
hydrogen content of the metal by the vacuum extrac- 
tion of quenched samples, and this provides a very 
valuable approach to the general problem. The gas 
content of liquid metal can vary very widely, but is 
usually of the order of 0-2 to 0-5 c.c. per 100 grammes. 
Since the solubility in the solid metal is only about 
0-04 c.c. per 100 grammes at the melting point com- 
pared with 0-69 c.c. per 100 grammes in the liquid at 
the same temperature, there is a tendency for gas to be 
thrown out of solution during solidification, and every 
effort must be made to reduce the dissolved hydrogen 
to a minimum. 

From extensive tests which have been carried out, 
it would not appear that the type of fuel used in the 
melting furnaces, whether coke, steam coal, heavy 
oil, producer gas, or coal gas, has much influence on 
the hydrogen pick-up. The main source of gas in the 
metal is considered to be the hydrated oxide present on 
both ingot and scrap metal, and the oil or grease films 
usually present on process scrap. Nevertheless, it is 
considered good practice to control the furnace atmo- 
sphere so that there is little or no direct impingement 
of the flame on the metal, and to run with the flame 
slightly on the oxidising side. It is also undoubtedly 
beneficial to keep metal temperatures as low as possible, 
and certainly below about 750 deg. C., since pick-up 
from the furnace atmosphere is important at tempera- 
tures higher than this. 

From what has been said, it will be clear that gas 
porosity in the cast slab can only be avoided if either 
the hydrogen content of the metal is reduced to below 
the equilibrium solid solubility, or if the casting 
conditions are such that supersaturation of the solid can 
take place. The tendency to form gas bubbles during 
solidification will be influenced by: (a) the initial 
concentration of gas in the liquid; (6) the rate of solidi- 
fication ; (c) the freezing range of the alloy; and (d) the 
number of suitable nuclei present which are capable of 
initiating the first separation of molecular hydrogen. 
If the gas concentration is fairly low and the nucleation 
of bubbles difficult (i.e., the metal is “ clean ” and free 
from oxide particles), the gas will be retained in super- 
saturated solution in the solid without the formation of 
porosity. The gas content which can be tolerated in 
this way will . > upon the rate of freezing and the 
freezing range of the metal; it is considerably higher 
in the case of pure metal than it is in alloys with a long 
freezing range, such as Duralumin-type alloys. 

Semi-continuous casting is tly. superior to chill- 
mould casting from the point of view of gas entrapment, 
owing to the much greater speed of solidification of 
the metal. If gas is retained in supersaturated solid 
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solutions, it can diffuse into cavities formed by shrinkay« 
or stress cracks, and the casting conditions should airy 
at avoiding these defects. 

The two major problems to be overcome are, ther: 
fore, to reduce the gas content of the liquid metal t., 
as low a level as possible, and to get the metal reall, 
clean and free from icles which may act as gas 
nuclei. While some assistance to this end is given by 
designing the furnace to permit the maximum escape 
of the dissolved hydrogen by diffusion (i.e., by keepiny 
the metal depth small), by controlling the furnace 
atmosphere and temperature and by providing som» 
settling time before casting, it seems clear that some- 
thing more than such control is needed to avoid periodic 
blister epidemics, particularly with strong alloy, 
and the problem is still to find a really satisfactory 
degassing and cleansing agent for treating the molten 
metal. Various agents have been suggested and are 
in everyday use, such as nitrogen, nitrogen mixed 
with certain volatile chlorides (such as, carbon tetra- 
chloride), hexachlorethane, aluminium chloride, and 
chlorine gas. The degassing agents which are the 
simplest to apply, such as nitrogen and hexachlor- 
ethane, do not appear to be as effective with these 
strong alloys as they are with magnesium-free alloys ; 
chlorine appears to offer some advantage, but its use 
in the casting shop raises a number of difficulties, 
especially when very large baths of metal have to be 
treated. Fluxes of the alkali chloride-fluoride types are 
also difficult to apply and cannot, in any case, be used 
with strong alloys. There is obviously very consider- 
able scope for further work in this field, not only to 
acquire the necessary fundamental data, but also to 
develop methods of degassing and cleansing which will 
work satisfactorily in production. 

Apart from the major problems mentioned, it will be 
clear, from what has already been said, that the arrange- 
ments for transferring the metal must be designed so as 
to reduce turbulence to a minimum, since this will ir - 
evitably lead to the entry of dross into the mould. This 
can be done by keeping the linear flow-rate as low as 
possible, and by the avoidance of abrupt changes of 
direction and height of the metal stream. It is a 
further requisite of good-quality metal that rapid 
freezing with an open solidification front should obtain, 
and to this extent the semi-continuous method of cast- 
ing has contributed largely to a reduction in the blister 
problem. The avoidance of cracks in casting and hot 
rolling, which, as mentioned above, are contributory 
factors in the formation of blister, calls for intensive 
work on the problems of stress failure. Again, until 
such time as production technique has been developed 
so that cracks in the as-cast surface and underlying 
porosity will not occur, the adequate removal of the 
surface layer by scalping is necessary. Cracking in 
later processing must also be avoided by careful control 
of the hot-rolling conditions, including the preheating 
temperature, the pass intensity, and roll cooling and 
lubrication; and there is a considerable amount of 
knowledge yet to be gained on the effect of these factors. 

Finally, with clad strong alloys it is of the greatest 
importance to take extreme care to ensure that absolute 
** cleanliness *’ of the interface between “ core” and 
cover plate is obtained. This calls for scalping of the 
slab without lubricant, or involves a surface cleaning 
operation after scalping, the cleaning up of the cover 
plate by scratch brushing or etching, and the prompt 
application of the plates to the slab in order to reduce 
the possibility of dust, grit, or other foreign matter 
being deposited before rolling begins. Even after taking 
such care in the cladding operation, conditions in the 
preheating furnace before hot rolling can cause trouble 
in the form of water vapour from the furnace atmos- 
phere condensing on the interfaces when the cold 
slab first enters the furnace, since this leads to corrosion 
and is inimical to good adhesion between cladding and 
“core.” With oil-fired furnaces there is the additional 
risk of carbonaceous deposits on the interface. These 
points call for the most careful attention in the design 
of the preheating furnaces. Another precaution is to 
turn off the roll-cooling medium during the first one 
or two welding passes. If damage to the rolls is to be 
avoided, this requires both a carefully designed contro! 
system for the cooling medium and thorough drilling 
of the mill crew. 

Anything from 30 to 50 per cent. of the metal cast, 
depending on the alloy being dealt with, appears as 
scrap during later processing or final inspection, and has 
to be returned to the melting furnaces for reconversion 
into useful metal for a variety of purposes. Such scrap 
can be classified as : (a) that which is baleable, and (5) 
that which cannot be baled and must be charged loose 
into the furnace. The former type of scrap comprises 
sawing and scalping swarf, cold strip-mill scrap in the 
form of end-pieces or part coils, final sheet-shearing 
scrap, and rejected sheets and coils. The amount of 
this type of scrap is generally rather more than half the 
total. The other unbaleable type of scrap comprises 

of rolling slabs arising from casting and hot- 
rolling failure and end off-cuts, end and edge trimmings 
from the hot mill, and edge trimmings from the cold 
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mil! in small pieces up to 9 in. long. Of the baleable 
scrap some of the larger sheets and coils have to be cut 
up into small pieces before they can be baled. This 
cutting up and the baling operation itself are both very 
expensive, and call for the provision of additional and 
costly plant. 

These’ circumstances make the recovery of scrap an 
expensive matter. In the light of experience during 
the war with furnaces specially designed for the bulk 
melting of aeroplane scrap, considerable thought has 
been given to the design requirements of a furnace 
which would permit rolling-mill scrap to be remelted 
in bulk as received, and without the preparatory pro- 
cesses of cutting up and baling. The design of suitable 
furnaces for this purpose calls for the closest collabora- 
tion between furnace builders and users. Alternative 
types of furnace have been considered, in which scrap 
would be charged in bulk either directly into the molten 
bath, or along a preheating chamber before entering the 
bath. It is envisaged that a bulk charge of scrap, 
whatever method is adopted, would comprise at least 
10 cwt. of material. 

While not tried out, it is thought that to deposit 
such a quantity directly into a molten bath of, say, 
10 tons capacity, would not lead to rapid melting of 
the scrap, and with repeated charges of scrap, some 
freezing up of the bath might occur. It is also thought 
that there would be risk of undue splashing, and dis- 
turbance and washing-in of the oxide film on the metal. 
Further, as most of the scrap would be oily or greasy, 
there would be a risk of gas pick-up. The only advan- 
tage of this method of charging in bulk would be that 
the scrap would not be exposed to oxidation, but would 
be immediately submerged in molten metal, and metal 
losses, therefore, might be less. 

The alternative arrangement that has been con- 
sidered would comprise a bath of liquid metal of normal 
capacity, say, 10 tons, the scrap being fed to it over a 
sloping preheating hearth of about the same length as 
the bath itself. It is envisaged that the metal would 
be brought up to a semi-molten state during its passage 
along the pre-heating hearth, and that over this period 
any oil or grease would be burnt off. The furnace 
would be fired with burners directed to the roof over 
the bath, with additional burners placed in the pre- 
heating zones at a low level to deal with the more solid 
type of scrap. It is possible that the oxidation loss 
with such a furnace would be rather on the high side, 
but this could be kept to a minimum with the adoption 
of a slightly reducing flame. Several types of charger 
have been considered, but they are all more or less the 
same in principle, namely a box or tray holding 
10 to 15 ewt. of scrap pushed hydraulically, or by elec- 
trically-operated screw, through the end door of the 
furnace. The contents of the box could be discharged 
from it in several ways. There would seem to be 
no insuperable difficulty in devising a satisfactory 
charging gear. It is possible that the continual push- 
ing of large quantities of scrap along the preheating 
hearth will cause break-up or erosion of the floor, and 
lead to fairly heavy maintenance, but the furnace 
builders should be able to design a satisfactory hearth. 

The floor-cooling and lubrication of hot rolling mills 
by a copious supply of soluble oil seems now to be 
standard practice throughout the light-alloy rolling 
industry, being essential if high throughput rates such 
as are demanded from a modern mill are to be achieved. 
Further, such a cooling system permits complete stabi- 
lity of the mill conditions, without which certain of 
the stronger alloys in the larger slabs with which we are 
concerned could not be rolled at all. As is well known, 
however, some of the stronger alloys are most difficult 
to roll, perhaps the most troublesome being D.T.D. 687, 
followed closely by the D.T.D. 390 type. 

In extreme cases, complete disintegration of the slab 
can take place, but normally one or more of the follow- 
ing conditions develops: the first is surface cracking, 
which may lead to trouble later in the form of spill or 
blister. The second condition is edge cracking. This 
nearly always develops in strong-alloy slabs, as a 
general fraying of the overlap edges when they are 
unsupported by metal below, resulting in a saw-like 
edge on the final blank with serrations up to 2 in. deep. 
These rough edges have to be removed completely by 
trimming. Even the smallest crack left in the edge 
of the main body of the metal may result, in later 
processing, in breakage of the coil. The hot-rolling 
edge scrap in the case of strong alloys is quite sub- 
stantial and can be up to 10 per cent. of the origihal 
weight of the slab. Considerable expense is entailed 
in remelting this scrap, and there is the further dis- 
advantage that the unit weight of the piece for later 
rolling is reduced. The third defect is *‘ crocodiling. ’’ 
This is in the form of cracking or splitting in a hori- 
zontal plane of the leading edge of the slab at the 
moment of passing through the rolls, the two halves of 
the slab following the rolls round and opening apart 
from one another. This may continue for a foot or 
two, although instances have been known where the 
crack or split has persisted from end to end of the slab, 
which has been completely divided into two almost 





equal slabs of half thickness. Obviously this defect 
is a serious one, as at the best it slows up rolling and 
possibly endangers the plant, and entails the creation 
of scrap in a form difficult to handle. The greatest 
concern, however, is the possibility of the Eee 
extending into the body of the metal in the form o 
lamination, and special care is taken to ensure that all 
traces of lamination are removed by shearing pieces 
off the end of the blank until sound metal is reached. 
The supersonic crack detector which has been developed 
has proved extremely valuable in production use, in 
detecting the limits of the affected areas of hot-rolled 
blanks. 

Considerable thought has been given and investi- 
gation applied to discovering the causes of these defects 
and the means for curing them, but it cannot be said 
that entire success has yet been achieved. While it is 
known that the larger the slab the greater the diffi- 
culties, in this matter it is probably a case of the 
fundamental causes not yet being fully understood. 
It is likely that they lie in the original casting process, 
but hot-rolling conditions can make the difficulties 
more or less severe. 

Crocodiling can be very much reduced by adopting 
a greater convexity for the edges of the slab and 
presenting this shaped edge to the rolls. In general, 
crocodiling occurs, when reducing from an origi 
8 in. thickness, at 2 in. to 3 in. thick, and if the width 
of the final strip or sheet is sufficient to permit the 
practice of widening up to this thickness, so that the 
shaped edges can be presented to the rolls throughout 
the range from 8 in. to2in. to 3 in., crocodiling will 
usually be inhibited. Recent work has also shown that 
it is advantageous to increase the amount of convexity 
of the edges of the cast slabs, from the point of view 
of reducing edge cracking, it being suspected that 
insufficient convexity was converted into concavity 
during the initial hot-rolling stages, causing additional 
edge cracking during rolling down to the final blank 
thickness. It is not common practice to scalp the 
edges of rolling slabs, but it is possible that if this were 
done there would be an improvement. 

There is no doubt that small differences in composi- 
tion, within the ranges permitted by the various 
specifications, can have considerable influence on the 
tendency to edge cracking or crocodiling. For example, 
magnesium appears to have a very potent effect on 
edge cracking, while, on the other hand, copper and 
manganese do not seem to have thesame effect. Also of 
importance in the heat-treatable Duralumin-type alloys 
is the ratio of magnesium to silicon ; while for these 
alloys, and also for D.T.D. 687, the presence of sodium 
is adverse. In regard to the compositional effect on 
the hot-rolling behaviour of all these alloys, there is 
probably the same obscure metallurgical factor pre- 
vailing as has been mentioned above when dealing 
with the semi-continuous casting process, in con- 
nection with epidemic stress failure. 

The maintenance of ductility of the slab is a potent 
factor with these hard alloys, and, in fact, in the 
case of D.T.D. 687, and sometimes with D.T.D. 390, 
it is essential to employ two-stage hot rolling. For 
certain alloys, such as D.T.D. 687, it is also necessary 
to homogenise the metal before hot rolling. Actual 
experience in the mill indicates that when a spate of 
trouble in the form of excessive edge cracking or 
crocodiling is occurring some immediate relief can be 
obtained by resorting to lighter passes, but a real solu- 
tion lies in the casting conditions and/or the slab shape. 

It is understood that in America, where similar 
alloys are rolled, benefit has been obtained from the 
use of edge rollers. These edge rollers work in con- 
junction with the hot mill, and the slab is given a 
series of edge-rolling passes during the hot-rolling 
process. It is thought that the edge rolling breaks 
down the cast structure and consolidates the edges of 
the slab and makes them more able to withstand, 
without failure and cracking, the stresses arising during 
hot rolling. Certainly some remarkable results have 
been quoted, it being claimed that edge cracking has 
been almost, or completely, eliminated, but there 
seems to be little experience in Great Britain of this 
practice of edge rolling as applied to light alloys. It 
entails a very expensive piece of plant which is hard 
ta justify, and the views of the industry on this and 
all factors associated with edge cracking and crocodiling 
would be of value. 

The roll-cooling and lubricating conditions in a 
modern rolling mill are matters of very considerable 
importance, affecting the economy of production and 
the quality of the product. On the hot-rolling side, 
substantial progress had been made before the war, 
but on the cold-rolling side major developments, as far 
as aluminium rolling is concerned, did not occur until 
during and since the war, and American practice has 
had considerable influence on these developments. To 
achieve the desired results has called for the closest 
collaboration with the oil companies and their techno- 
logists. Not only have they had to interest themselves 
in and generally understand the production technology 
of aluminium rolling, but equally those engaged in the 


rolling st have had to extend their knowledge 
to the technology of oils and other lubricants and 
cooling media. While substantial progress has been 
made, there are still many outstanding problems to be 
solved. 

For the hot rolling of aluminium and its alloys, it is 
now the general practice to flood the rolls with a 
copious supply of an emulsion formed by a water- 
soluble oil at a concentration of 1 per cent. to 2 per 
cent. While most installations are similar in principle, 
each case must be carefully considered with particular 
reference to the type of water available and the soluble 
oil appropriate to this water, from the point of view 
of the stability of the emulsion under the rolling 
conditions. Even when a selection has been made 
after careful consideration and trials by both the oil 
supplier and the user, satisfactory operation can only 
be obtained by a continuous check on the optimum oil 
concentration, by the removal by filtration or settle- 
ment of liberated oils or entrained grease or dirt, and 
by close control of the temperature of the solution and 
the condition of the rolls. 

The high outputs in hot rolling now achieved have 
only been made possible by the development of satis- 
factory soluble-oil cooling media, and if the system 
is carefully controlled, good clean blanks can be 
obtained. It is possible, and indeed essential, to con- 
trol the application of the cooling medium to the roll 
barrels in such a manner that the camber of the latter 
is adjusted to suit the reductions being carried out and 
to ensure a flat blank shape. The distribution of the 
cooling medium over the barrel can be very critical. 

A feature of hot rolling aluminium, using the soluble- 
oil solution as a roll-cooling medium, is that there is a 
tendency for adhesion between the surface of the slab 
and that of the roll barrel which leads to the produc- 
tion of a coating of aluminium and its oxide on the roll. 
If this coating is completely removed, say, by the use 
of wire-brush wipers, there is a risk of a fine coating of 
iron oxide being rolled into the surface of the slab, 
resulting in a dirty brown ap ce, and further, clean 
smooth rolls cause failure to “‘ bite” and skidding. It 
is therefore essential to maintain a slight roll coating, 
and this can be achieved by using wooden wipers prefer- 
ably maintained in contact with the roll by hydraulic 
or similar pressure. The aim is to obtain a thin uniform 
adherent coating of a silky nature. If this is not 
obtained, the coating will build up to an excessive 
extent and finally flake off and be transferred to the 
surface of the slab, where it will be rolled in, giving an 
unsightly appearance persisting right down to the 
finished sheet. It is therefore important to use a 
soluble oil of a type and at a concentration which strikes 
a fine balance between excessive roll coating and a degree 
of greasiness which leads to skidding. Very minor 
changes in the oil supplied, in the water used, and in 
the cleanliness of the system, will upset this balance, 
and delays and considerable expense may be incurred 
before the situation is restored. Once having estab- 
lished the requisite conditions, careful control of them 
should be continuously applied. 

It is probably in the final cold-rolling stages using 
modern high-speed four-high or heavy two-high strip 
mills, that the greatest developments have occurred in 
regard to roll cooling and lubrication, but considerable 
progress still remains to be made. With mills capable 
of effecting a reduction, in a single pass, of 50 per cent. 
or more, and at speeds from 400 to 2,000 ft. per minute, 
the requirements in regard to the dissipation of the 
heat generated and the lubrication of the roll-bite are 
entirely different from those obtaining with the older 
type of strip and sheet mills effecting reductions of the 
order of 5 to 25 per cent. at speeds from 50 to 200 ft. per 
minute. Full advantage cannot be taken of the 
capacity of the modern mills unless adequate provision 
is made for roll cooling and lubrication. 

In spite of all precautions it is practically impossible 
to ensure that the rolled strip will be free from oil, and 
as some annealing process will usually follow cold rolling, 
one of the major difficulties has been to discover an 
oil which will not leave a stain on annealing. It is in 
respect of this staining tendency that the heavier 
mineral oils have been found much worse than the 
light mineral oil now generally used. This is not to say 
that the latter gives freedom from staining. Unfor- 
tunately, the complete solution of this problem 
has yet to be found. Tests indicate that it is not the 
light mineral oil itself which causes the stain, but the 
additive matter with which it is blended. The stains 
may be brownish or iridescent, and can occur sporadic- 
ally and quite often in narrow zones near the of 
the metal. They can be removed subsequently only 
by such expensive means as scratch brushing or burning 
off, and in severe cases, lead to heavy rejections of the 
finished product. Typical additive substances are 
vegetable oils, fatty acids, or organic compounds of 
phosphorus. It is generally the two former which 
cause staining, whereas the compounds of phosphorus, 
while more satisfactory from this point of view, give 
rise to very objectionable fumes. 
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DEEP-HOLE DRILLING ATTACH- 
MENT FOR AUTOMATIC LATHES. 


A NEW attachment has recently been developed by 
Messrs. A. C. Wickman, Limited, Tile Hill, Coventry, 
which is intended for use with their range of multi- 
spindle automatic lathes, and overcomes the difficulties 
of drilling deep holes with this type of machine. 
When a hole less than about } in. in diameter has 
to be drilled in steel to a depth equivalent to many 
diameters, it is essential for the drill to be withdrawn at 
frequent intervals in order that it may be cooled and 
cleared of swarf. This is generally effected by one of 
three methods. In one method, a single drill is used, 
drilling to a depth just short of where overheating 
occurs, being withdrawn into the coolant to clear the 
swarf and then returned to the hole to continue drilling. 
The feeding and withdrawing are repeated at intervals 
depending on the conditions of drilling, and are con- 
trolled by a special cam. In the other method, several 
drills situated at adjoining stations are used, each drill 
feeding to a predetermined depth and then being 
withdrawn while the head, which carries the work 
rotates to the next station. By this means each 
hole is made deeper by successive drills until the 
required depth is reached. A third method combines 
features of these two, a number of drills being used 
and the final drill or drills being subjected to the 
relieving procedure used in the first method. 

On most multi-spindle automatics, the relieving 
operation is controlled by special cams, which must 
be used in place of the standard cams normally con- 
trolling the rates of feed of the independent slides. 
Owing, however, to the limitations inherent in the use 
of cams and followers, this method is time-wasting, 
since the relieving procedure occupies a large part of 
the total cycle duration, and reduces the amount of 
time during which the drill is in the cutting position. 
In one case, for example, where a cam with two reliefs 
was used, the minimum amount of cam rotation which 
would suffice to withdraw and re-advance the drill 
represented 55 per cent. of the duration of the cycle. 
In other instances, the time wasted may not be so 
great, but will in any case be considerable. The 
Wickman attachment overcomes this disadvantage 
and provides a rapid relieving operation by employing 
a separate relieving mechanism, the normal feed 
motion being continued throughout and provided by 
standard cams. 

The photograph and drawing reproduced in Figs. 
1 and 2, on this page, show the main features of the 
attachment. A standard drill chuck rotates in a drill 
head a, which is free to move in a horizontal slide 
attached to a gearbox 6. The drill head is retracted 
and advanced at predetermined intervals by a con- 
necting rod c, actuated by a crankpin d, which 
rotates with a wheel driven by a one-revolution-and- 
stop mechanism e, housed in the gearbox. The mech- 
anism is set in motion by a trip lever f, pivoted on the 
gearbox frame and making contact with trip dogs on 
a plate g, fitted to the machine above the attachment. 
The dogs are spaced so that, as the whole attachment 
is fed forward at the normal feed rate, the trip lever 
is depressed at decreasing intervals of time, and the 
drill is thus relieved more and more frequently as the 
hole becomes deeper. While the relieving action is 
taking place, however, the attachment, which is fixed 
to the independent slide, continues the forward move- 
ment due to the drilling feed of the machine, and if 
the increment of feed thus imparted were not allowed 
for, the drill would strike the bottom of the hole on 
its return stroke. Consequently, an ‘‘ escapement”’ 
device is included in the attachment in order to retract 
the drill head relative to the gearbox by an amount 
equal to 0-005 in. more than the increment of feed 
gained by the attachment during each relieving stroke. 
The device consists of a cam h, and ratchet i, rotated 
intermittently by a pawl j, carried by the connecting 
rod. As the cam rotates, the drill head, which is 
attached to the follower k, is withdrawn by successive 
small amounts towards the gearbox, thus giving the 
drill the required clearance. 

It is claimed that, by the use of the attachment, 
holes up to 12 and 14 diameters in depth have been 
satisfactorily drilled in steel components in considerably 
less time than would be taken by normal relieving-cam 
technique. In the case of the cam previously men- 
tioned, the two reliefs occupied 55 per cent. of the cycle 
time, but with the relieving attachment in use, four re- 
liefs could be made, and these would occupy only about 
4 per cent. of the cycle time. Another advantage of 
the attachment is that the frequency and number of 
reliefs can easily be altered to suit the drilling condi- 
tions, since they are controlled by a single trip plate 
which may be replaced without difficulty ; furthermore, 
holes which would be too deep for drilling by normal 
relieving-cam methods can be made efficiently and 
quickly. The attachment can be fitted to either of 
the independent slides of the Wickman multi-spindle 
automatics, and a modifled form of the attachment 
can be used to operate drills in both stations together. 
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NETWORK ANALYSER FOR ELEC- 
TRIC POWER SYSTEMS. 


THE increasing use of extended networks for supply- 
ing electric power over wide areas, imposes a number 
of difficult problems on the planning engineer, when 
the system is being initially designed ; and upon the 
operating engineer, when subsequent alterations become 
necessary, or when faults occur, since such a network 
may be fed from a number of power stations, containing 
plant of different characteristics and situated at varying 
distances from the load centres. These stations, in 
turn, may be inter-connected by a system of overhead 
lines and underground cables, arranged in series or 
parallel, the characteristics of which are also different, 
while the nature of the load introduces other variables 
into the problem. To determine the behaviour of a 
network of this kind under the operating conditions 
that may arise in practice, it is necessary to assess 
such factors as the distribution of the current, voltage 
and the real and reactive power. Although this task 
can be performed mathematically, the calculations 
are frequently so protracted and laborious that an 
accurate solution is unlikely. In any event, each 
calculation applies only to one set of conditions and 
must be repeated when these change, as, of course, 
they do continuously in practice. 

By the use of sets of miniature variable resistors, 
reactors, capacitors and transformers, together with 
voltage sources which can be varied in magnitude and 
phase, however, a network simulating the conditions 
on the actual network can be set up. Appropriate 
voltages can then be injected at the points correspond- 
ing to the generating stations and measurements made 
of the voltage, current and power at any point on the 
model system. Finally, the characteristics of the 
equivalent full-scale system can be evaluated accurately 
from the results thus obtained in a fraction of the time 
required for normal calculation. Such a simulated 
system, which is known as a network analyser, also 
enables the conditions that arise when faults occur to 
be investigated. These conditions cannot be deter- 
mined in any other way, owing to the amount of 





work and time involved in arriving at a satisfactory 


quantitative solution. 


An analyser of this kind, a general view of which 
is given in Fig. 1, on the opposite page, has recently 
been installed in the Nelson Research Laboratories of 
the English Electric Company, Limited, at Stafford. It 
will be employed not only to deal with the company’s 
own problems, but will be available to other firms 
who wish to make use of the facilities for testing that 
it offers. As will be seen from the illustration, the 
units representing the generators and the impedances, 


| capacitances and transformers, by which the condi- 


tions on the network under examination are simulated, 
are housed in cubicles on each side of a central plug 
board. These cubicles are arranged in horse-shoe 
formation so as to facilitate access to the switches on 
their front panels. The control desk, on which the 
various meters and metering selector controls are 
mounted, is situated within the horse-shoe thus formed. 
Each unit is connected to sockets on the plug board, a 
closer view of which is given in Fig. 5, on page 42. 
The system, which is to be simulated, is set up by 
connecting an appr‘priate selection of these to- 
gether by means of jumper leads, and their associated 
plugs. When this has been done, the operator can 
select any point on the network by manipulating 
switches on the control desk, and can thus ascertain 
the voltage, current and power conditions at those 
points by reading the appropriate meters. 

Although a power system can be simulated at any 
convenient base voltage and current by the use of 
suitable numerical conversion factors, it is found 
that 50 volts and 50 milliamperes provide satisfactory 
values from the point of view of consumption and size 
of equipment. These values also enable telephone- 
type apparatus to be used for interconnection and 
switching purposes. In order to reduce the size of 
the iron-cored reactors and at the same time to obtain 
the required impedance, however, an operating fre- 
quency of 500 cycles per second is employed. This 
means that attention has to be paid to parasitic effects 
which increase with the frequency. The necessary 
power for operating the analyser is, therefore, obtained 
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from a 250-volt 500-cycle three-phase alternator, which 
has been designed to give an output of particularly 
smooth wave form. This output is controlled by an 
electronic stabiliser, which is illustrated in Fig. 7, 
on page 42, so that the voltage is maintained within 
one volt and the frequency within one cycle of the 
required value. The alternator is connected to a bank 
of transformers, one of which is illustrated in Fig. 6, 
on page 42 and the secondaries of which can be arranged 
to give 19 voltages. These voltages are equal in 
magnitude but as will be seen from Fig. 2, which is a 
diagram of the phase-shifting transformer system, 
differ in phase by steps of 10 deg. The corresponding 
voltage vectors at 0, 10, 20, 60 and 70 deg. are pro- 
duced from the transformers, the primaries of which 
are connected in the red and yellow phases of the 
supply, as shown at R and Y in Fig. 2, while the 
vectors at —10, —20, —60 and —70 deg. are similarly 
produced from a transformer, the secondary of which 
is in the blue phase. Equalising equipment is provided 
on the alternator to ensure that the phase voltages 
remain accurately spaced at 120 deg. ‘ 
There are 12 generator units on the analyser itself. 
These can be used either to simulate a single alternator 
or a complete power station. As will be seen from 
Fig. 3, each unit consists essentially of a phase-shifting 
transformer a, which is built on to the frame of a wound 
induction motor. This motor has a two-pole three- 
phase delta-connected rotor, which is fed from the 
500-cycle supply. To obtain phase variations in steps 
of $ deg., a suitable pair of voltage vectors, which, 
as shown in the diagram, are separated by an angle 
of 10 deg., are selected. To set the phase angle to 
within } deg., an auto-transformer with 20 taps, which 
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is also shown in Fig. 3, is used. The voltage vector 
is thus shifted along the subtended chord, but for 
an angle of 10 deg. this is substantially equal to 
moving it round the arc. The voltage can then be 
varied from 60 to 300 per cent. of the base analyser 
voltage, i.e., 50 volts, in 25 coarse steps of 10 per 
cent. by means of tappings on the coarse voltage 
transformer shown at 6 in Fig. 3, (which is common 
to all the generators) and by 20 fine steps of } deg. 
by means of the fine voltage transformer, shown at 
c in the same diagram, of which there is one for each 
generator. Voltage sources the regulation of which 
is dependent only on the design of the component 
transformers, are thus obtained. The load on the 
system and the conditions on the line are simulated 
by 64 low-impedance units of 10 to 500 ohms, 48 
medium impedance units of 100 to 5,000 ohms, and 
32-high impedance units of 1,000 to 50,000 ohms. 
With a base voltage of 50 and a base current of 
50 milliamperes, the basic impedance is 1,000 ohms; 
the range of impedance available is, therefore, from 
1 to 5,000 per cent. of this latter value. Generally 
speaking, the low-impedance units, with a range from 
1 to 50 per cent. of the basic value, are used to simulate 
conditions on the transmission lines and the medium 
units, with a range from 10 to 500 per cent. of the 
basic value, to simulate the impedances of normal 
loads, synchronous machines and transformers. Nor- 
mally, the high-impedance units are only required to 
simulate very small loads or leakages on transmission 
lines. This categorisation, however, is only rough, as 
all the impedances can be used to perform similar 
functions and are interchangeable when it is desired 
to obtain values for which their ranges overlap. 

A diagram of the impedance units used is given in 
Fig. 4. As will be seen, they consist essentially of a 
magnitude transformer a, and a ratio transformer b. 
As will also be seen, the ratio transformer is provided 
with taps and is shunted by a fixed resistance. By 
switching from one tap to another the ratio of the 
resistance to reactance of the load on the magnitude 
transformer can therefore be varied. The magnitude 
transformer a is provided with two sets of taps, so that 
the value of the impedance across the terminals of the 
unit can be either coarsely or finely adjusted. Correct- 
ing: devices are incorporated to compensate for the 
effects of the series impedance and the magnetising 
current of the transformers. The ratio can be set 
from 0-06 to 1-5 in steps of 0-01, and any desired 
impedance in the 50 to 1 range covered by a unit can 


thus be obtained to within 1 per cent. by adjusting the 
coarse and fine taps on the magnitude transformer. 
The advantage of this arrangement is that the current 
and voltage variations in the secondaries of the units are 
reduced, thus enabling the magnetic material to be used 
most economically. When the resistance exceeds the 
reactance, the roles of the fixed resistance and reactance 
can be interchanged by operating the reversing switch c 
in Fig. 4. This enables an impedance with a ratio of 
reactance to resistance between 0-06 and 1-5 to be 
set up. It is found that nearly all the impedances 
encountered on power systems fall within these ranges. 
A number of units with separate decades of resistance 
and inductance, however, have been included in the 
analyser, so that loads with unity power factor can be 
obtained. 

Similarly, 24 capacitance units with a range of 
10 to 1,000 mhos are provided to represent the capacities 
of long lines, cables and other apparatus. These units 
each consist of banks of tapped capacitors the values of 
which allow the percentage susceptance to be read 
directly on the scales of the selector switches. These 
capacitor units can also be used in place of the generator 
units to represent small synchronous condensers. 
Further, there are 24 auto-transformer units which 
can be employed to represent loads in situations where 
the voltage may vary; to simulate differential tap 
selection on transformers connected in parallel; and, 
in conjunction with the capacitor units, to represent 
the capacities of large systems. Finally, there are 
16 coupling transformers with ratios of either 1 to 1, 


2 to 1 or ~/3tol. These are employed to repre- 
sent the effect of mutual coupling between circuits, 
such as is necessary in setting up problems for solution 
by the symmetrical and related component methods. 

As already mentioned, all the units of the analyser 
are connected to sockets on the plug board visible on 
the left of Fig. 1, and of which a closer view is given 
in Fig. 5, on page 42. Their values can be adjusted 
by the rotary switches, which can be seen on the side 
panels. The network to be studied is actually set up 
by selecting the units necessary to simulate the various 
power stations, transformers, transmission lines and 
loads and connecting them by inserting the plugs 
with their jumper leads in the appropriate sockets. 
The current passing through any unit is then deter- 
mined by measuring the voltage drop across its associ- 
ated shunt. The voltage drop across the unit itself 
is also measured. The two pairs of leads used for this 
purpose are connected to contacts on uniselectors of the 
telephone type, which are controlled by relays and are 
provided with channels carrying eight separate circuits. 
These uniselector circuits, in turn, are connected to 
electronic amplifiers, one of which is illustrated in Fig. 8, 
on page 42, with a large current feed-back, so as to 
eliminate the drift due to variation or ageing of the 
valves. Sufficient power is therefore available for 
operating the instruments on the control desk without 
placing a burden on the network under test which might 
falsify the results. Actually, the change in the resist- 
ance of the system caused by switching in the instru- 
ments is less than 0-1 per cent. The amplifiers, in 
turn, are supplied from transformers the tappings on 
which can be selected by relays to give sensitivity ratios 
of 1, 2, 5 and 10. By operating dials on the control 
desk, the uniselectors can be rotated so that the ampli- 
fiers are connected to the four metering leads associated 
with each unit. This enables the voltage, current, 
‘“‘ wattful ” and reactive powers at any point on the 
network to be read on the meters on the control desk. 
The range of these meters can be changed by relays, 
which are housed beneath the plug board and are 
actuated by switches on the control desk. Provision 
has also been made for relay and phase-shifting net- 
works to perform the automatic summation of the 
currents and voltages in the three sequence networks 
of a symmetrical component study and to give direct 
readings of these quantities for the three separate 
phases. Low-consumption meters are installed along 
the top of the plug board, as can be seen in Fig. 1, 
so that an approximate indication of the loads can 
be obtained while the analyser is being set up. 

The operation of the analyser may be briefly described 
as follows: a diagram of the system it is desired to 
examine is prepared on the drawing board, and on this 
diagram the data relating to the system constants are 
noted and subsequently collated. The aggregate load 
on the system is then converted to a suitable base, 
which is stated as a percentage of the original value. 
To some extent, the selection of this base is arbitrary, 
although experience is a guide. It is desirable also 
that the value chosen should be such that suitable 
readings are obtainable. The constants are next 
converted to this percentage basis and the values thus 
obtained are used to prepare plugging charts, from which 
the analyser is set up as described above. After the 
analyser has been energised and the necessary adjust- 
ments made in accordance with the specified conditions, 
the voltages, currents and other quantities are read off 





on the instruments. Finally, the readings thus 
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use of appropriate factors and the results are used 
to solve the particular problem that is being considered. 

It will be clear that the chief objects of the analyser 
are to save time and to obtain greater accuracy, by 
eliminating laborious calculations. Besides dealing 
with normal power system problems of load sharing, 
fault currents and stability, it can also be used to solve 
certain dynamic problems for which electrical analogies 
can be prepared. Although it operates at a fixed 
frequency and therefore gives steady-state solutions, 
variations in frequency or the study of harmonics can 
be investigated by changing the constants of the circuit, 
and step-by-step methods can be used to extend its 
employment to the study of certain transient pheno- 
mena. It cannot, however, be used to solve problems 
of which no theory of solution is known. 





CONTRACTS. 


MEssRS. STRACHAN AND HENSHAW LIMITED, Steel- 
hoist Works, St. Philips, Bristol, 2, have obtained a 
contract valued at approximately 130,000/., from the 
Norwegian steel firm, A/S Norsk Jernverk, Oslo, for the 
raw-materials handling equipment at the pig-iron 
smelting furnaces of their new project, at Mo-i-Rana, in 
Northern Norway. 


Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
orders for telephone equipment to the value of 250,0001. 
The Australian Post Office has placed an order for an 
automatic telephone exchange to serve 4,200 subscribers 
at Kooyong, Victoria. An order received from the 
New Zealand Post Office is for an automatic telephone 
exchange to serve 2,100 subscribers at Palmerston North, 
a city in the centre of a rich and extensive farming dis- 
trict, 88 miles north of Wellington, the capital. The 
equipment involved in these orders will be manufactured 
in the company’s Telephone Works, Coventry. 


Messrs. THE INTERNATIONAL MARINE RabIO Com- 
PANY, LIMITED, Croydon, have received an order from 
the Nyasaland Railways for the supply and installation 
of equipment to operate a medium high-frequency radio- 
telephone system over Lake Nyasa, Africa. The equip- 
ment will include eight shore stations, three of which 
will use newly-developed 75-watt transmitters and pre- 
tuned receivers (of the firm’s type IMR 59/36). The 
remainder and also two lake steamers will operate with 
the lower-powered (type IMR 43/36) transmitter-receivers 
now in current production by the company. Special 
provisions include call alarm bells at all stations, loud- 
hailers on the ships, remote control of shore stations, 
and simplified control of all equipment for operation by 
African personnel. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “Crry oF PHILADELPHIA.”’—Single-screw cargo 
vessel, carrying twelve passengers, built by the Furness 
Shipbuilding Company, Limited, Haverton Hill, County 
Durham, for Messrs. Ellerman Lines, Limited, London, 
E.C.3. Seventh vessel of her class. Main dimensions: 
485 ft. 3 in. (overall) by 61 ft. 6 in. by 33 ft. 3 in. to 
upper deck; deadweight capacity, about 10,850 tons 
on a summer draught of 28 ft. 10 in. Parsons impulse- 
reaction turbines with single-reduction mechanical 
gearing, to develop 7,200 s.h.p. at 115 r.p.m. in service, 
constructed by Messrs. Parsons Marine Steam Turbine 
Company, Limited, Turbinia Works, Wallsend -on-Tyne. 
Two Babcock and Wilcox oil-burning water-tube boilers. 
Service speed, about 15 knots. Trial trip, December 21 
and 22, 1949. 


M.S. “ Sot@r.”—Single-screw tanker for carrying 
oil in bulk, built by the Furness Shipbuilding Company, 
Limited, Haverton Hill, County Durham, for S. Ugelstads 
Rederi A/S, Oslo, Norway. Third vessel of a series of 
ten. Main dimensions: 589 ft. (overall) by 80 ft. by 
42 ft. 3 in.; deadweight capacity, 24,870 tons on a 
summer draught of 32 ft. 3} in. N.E.M.-Doxford six- 
cylinder single-acting two-stroke opposed -piston reversible 
oil engine, to develop 6,800 b.h.p. at 116 r.p.m. in service, 
and a speed of 14 knots, constructed by the North 
Eastern Marine Engineering Company (1938), Limited, 
Wallsend-on-Tyne, Northumberland. Trial trip, Janu- 
ary 4 and 5. 


M.S. ‘ TENTO.”—Single-screw general cargo vessel, 
to carry eight passengers, built by The Burntisland 
Shipbailding Company, Limited, Burntisland, Fife, for 
E. B. Aaby’s Rederi A/S, Oslo, Norway. First vessel of 
an order for two. Main dimensions: 424 ft. 6 in. 
(overall) by 57 ft. by 37 ft. 6 in. to shelter deck ; dead- 
weight capacity, about 8,875 tons on a loaded draught 
of 25 ft. 94 in. Scott-Doxford four-cylinder opposed- 
piston Diesel engine of 4,400 b.h.p., constructed by 
Messrs. Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock Foundry, Greenock. Speed on trial, 
over 15} knots. Trial trip, January 9. 





BRITISH STANDARD 


SPECIFICATIONS. 

The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Lead Pipes.—A second revision of B.S. No. 602, 
which covers lead pipes (for other than chemical 
purposes) has now been issued. The specification was 
first published in 1935 and a first revision was made 
in March, 1939. It is stated in the present, second, 
revision, that experience gained since 1939 has shown 
that the requirements concerning chemical composition 
cannot be applied equally to all the pipes covered by 
the specification. Thus, in service and distributing 
pipes and gas and condensation pipes, the metallic-lead 
content has been increased to not less than 99-80 per 
cent., and the quantities of antimony and tin have 
been correspondingly reduced. “Compo” pipe is 
not included, at present, in this specification. With 
regard to flushing and warning pipes, and soil, waste 
and soil-and-waste ventilating pipes, a new composition 
has been adopted in which the metallic lead is to be 
not less than 99-25 per cent. and the total quantity 
of impurities present, not more than 0-75 per cent. 
The requirements relating to grain size have been 
made applicable only to service and distributing pipes, 
and half-tone illustrations showing excessively-fine 
and excessively-coarse grain sizes have been included. 
These can be compared with the illustration showing 
the desirable medium grain size. An important feature 
of the revision is that wall thicknesses are subject to a 
plus or minus tolerance of 7} per cent. The require- 
ments relating to the marking of the pipes have also 
been amended. [Price 2s. 6d., postage included.] 


Radio-Interference Suppression on Marine Installa- 
tions.—A new specification in the series relating to the 
suppression of radio interference, B.S. No. 1597, 
stipulates the permissible limits of radio interference, 
for frequencies up to 30 megacycles per second, to be 
satisfied by the electrical appliances and installations 
provided in a ship. The new publication contains 
clauses relating to the radio receiving installations, the 
construction of the wireless room, the wiring installation, 
and electrical machinery. Notes are given on the 
components used for suppression and tests are specified. 
Appendices deal with items of the electrical equipment 
of ships likely to cause interference, and with the 
principles and methods of suppression. Diagrams 
illustrating “‘ suppressors’ are included. [Price 4s., 
postage included. ] 





BOOKS RECEIVED. 


Forty-Fourth Annual Report of the Rand Water Board. 
Financial Year ended 31st March, 1949. The Secretary, 
Rand Water Board, P.O. Box 1127, Johaunesburg, 
South Africa. [Gratis.] 

The Machining of Zine Alloy Die Castings. Zine Alloy 
Die Casters Association, Lincoln House, Turl-street, 
Oxford. [Gratis.] 

The M.M. Year Book. 1950. The Machinery Market, 
Limited, 146a, Queen Victoria-street, London, E.C.4. 
[Price 15s. net.} 

Department of Scientific and Industrial Research. Fuel 
Research. Survey Paper No. 50. Improved Methods 
for the Quantitative Analysis of Coal Ash and Coke 


Ash. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. net.] 

Theory of Machines. By Lovis Tort and A. T. J. 
KERSEY. Sixth edition. Sir Isaac Pitman and Sons, 


Limited, Pitman House, Parker-street, 
London, W.C.2. [Price 17s. 6d. net.) 

Lehrbuch der Technischen Mechanik fiir Ingenieure und 
Physiker. By Dr.-ING. THEODOR PéscHL. Volume I. 
Statik und Dynamik. Third revised edition. Springer- 
Verlag, Reichpietschufer 20, Berlin W.35. [Price 
22.50 D.M. in paper covers ; 25 D.M. bound.] 

British Welding Research Association. Heat Treatment 
of Welded Constructions in Mild Steel. Offices of the 
Association, 29, Park-crescent, London, W.1. [Price 
ls. 6d.) 

Diesel Engine Fuels and Lubricants. By Dr. E. WRIGHT 
and H. F. P. Purpay. Constable and Company, 
Limited, 10, Orange-street, London, W.C.2. [Price 
12s. 6d. net.] 

The Manchester Association of Engineers. Transactions. 
Session 1948-49. Edited by G. M. P. McKELLEN. 
Manchester Association of Engineers, 20, Booth-street, 
Manchester, 2. 

Principles of Electroplating and Electroforming. 
typing.) By WILLIAM BLUM and GrorGE B. Hoaa- 
BooM, Third edition. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 6 dols.] McGraw-Hill Publishing Com- 
pany, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 518.] 
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JAN. 13, 1950. 
PERSONAL. 


Mr. R. D. GwyTHER, M.C., M.I.C.E., President-elect , 
Société des Ingénieurs Civils de France, British Section, 
is to take office on January 19, at 5.30 p.m., at a meeting 
to be held at the Institution of Civil Engineers, and wil! 
deliver his presidential address on ‘‘ Barrages.” He is 
succeeding Mr. W. HAWTHORNE, M.1I.C.E., M.1I.E.E. 

Mr. N. CAMPBELL-LITTLE, M.I.C.E., F.R.San.I., 
M.I.W.E., will be inducted as President of the Institution 
of Sanitary Engineers at a meeting to take place at 
6 p.m. on January 31, at Caxton Hall, Westminster, 
S.W.1. The retiring President is Mr. G. Lloyd Ackers, 
M.1.C.E., M.1.Struct.E., F.R.San.I. 

Dr. W. A. NalsH, B.Sc. (Lond.), A.R.S.M., F.R.1.C., 
Head of the Metallurgical Department, Battersea 
Polytechnic, Battersea Park-road, London, 8.W.11, 
has retired. Mr. L. W. Derry, B.Sc. (Birm.), M.Sc. 
Tech. (Manc.), F.I.M., hitherto senior assistant to Dr. 
Naish, has been appointed Head of the Department a+ 
from January 1. 

Mr. ASHLEY S. WARD has relinquished the office of 
chairman of Thos. W. Ward, Limited, Albion Works. 
Sheffield, but remains a director and has been appointed 
President of the company. Mr. GEORGE Woop has 
been appointed chairman, and Mr. F. R. Stage, deputy 
chairman. Mr. H. W. SECKER, O.B.E., and Mr. J. 
WALTON become joint managing directors, and Mr. 
ARNOLD CARR, hitherto in charge of London area opera- 
tions, is to transfer his activities to Sheffield for other 
important work. Mr. F. W. ROBINSON, a local director, 
has been appointed to the full board and will take 
over the London area interests. 

The Ministry of Civil Aviation announce that the 
board of the British SOUTH AMERICAN AIRWAYS 
CORPORATION ceased to exist as an independent and paid 
board on December 31, 1949. It will continue in 
existence for legal reasons, however, but will be subsidiary 
to the board of the BRITISH OVERSEAS AIRWAYS CORPORA - 
TION and will not carry out any active work. Sir 
FRANCIS BRAKE and SIR JOHN STEPHENSON, respectively. 
deputy chairman and a member of the B.S.A.A.C., have 
been appointed members of the board of the B.O.A.C., 
and Sir CLEMENT WAKEFIELD JONES, who is a member 
of the B.O.A.C., is to be a member of the B.S.A.A.C. 
Mr. G. MacT. SHEPPARD has resigned from the board 
of the B.S.A.A.C., which now consists solely of members 
of the B.O.A.C. 

MEssRS. SENTINEL (SHREWSBURY) LIMITED, Shrews- 
bury, have appointed Mr. W. L. Drummonp to the 
position of London sales manager. Mr. Drummond 
takes up his appointment on February 1. The address 
of the London office will be Victoria Station House. 
S.W.1. (Telephone : VICtoria 9201.) 

The new address of the office of the SCOTTISH CENTRE 
of the INSTITUTION OF ELECTRICAL ENGINEERS is 164, 
Bothwell-street, Glasgow, C.2. (Telephone: Central 
0756.) 

Messrs. W. H. ALLEN, SONS AND COMPANY, LIMITED. 
Queen’s Engineering Works, Bedford, have concluded 
an agreement with Mr. W. G. Stoeckicht, of Munich, 
for the manufacture in this country of epicyclic gears 
for the transmission of high powers. z 

Messrs. E. K. Cote Limitrep, and EKCO-ENSIGN 
ELEcrrRiIc, LIMITED, have concluded an agreement with 
Messrs. THORN ELECTRICAL INDUSTRIES, LIMITED, 
under which close co-operation will be effected in the 
electric-lamp and lighting technical and manufacturing 
fields. 

The Manchester office of the B.S.A. TOOLS GRoUP has 
moved from 274, Deansgate, to new premises at Daimler 
House, Wilmslow-road, Manchester, 14. (Telephone : 
Rusholme 2333/4.) 

MESSRS. BRITISH INSULATED CALLENDER’S CABLES 
LIMITED, and FERRANTI LIMITED, announce that an 
arrangement is now in force whereby their respective 
meter design and technical staffs are working in close 
collaboration. 

Messrs. RICHARDSONS, WESTGARTH AND COMPANY, 
LowITED, and MEssrs. SULZER Bros. (LONDON), LIMITED, 
31, Bedford-square, W.C.1, have concluded an agreement 
under which the former company will manufacture 
Sulzer engines for land installations at the works, in 
Sunderland, of their associated company, MESSRS. 
GEORGE CLARK (1938) LimITED. Under the agreement, 
all questions of sales and co-ordination of design of the 
plant will be handled by Sulzer Bros. (London), Limited. 
Messrs. George Clark have already manufactured marine 
Diesel engines of Sulzer design. 

MEssRS. STANDARD TELEPHONES AND CABLES LIMITED 
(NEWPORT CABLES DIVISION) announce the opening, on 
January 23, of a new branch office and depot, at 7-9, 
Tempest Hey, Liverpool, 2. (Telephone : Central 0756.) 
The manager of the branch will be Mr. A. D. FAIRLEss. 

The two companies formerly known as THE AIRSCREW 
Company, LIMITED, and Jicwoop LimiITep, both of 





Weybridge, will be known, in future, as THE AIRSCREW 
COMPANY AND Jicwoop LimITED, Weybridge, Surrey. 
(Telephone : Weybridge 1600 ; cables: “ Airscrew.”’) 
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NOTES FROM THE NORTH. 
GLAsGow, Wednesday, 

Scottish Steel.—A very heavy programme of repairs 
aud overhauls to plant and machinery was successfully 
completed in time for the general resumption at the 
various works in the beginning of the week ; and every- 
thing was in readiness for a rapid restoration of the 
eud-of-the-year high rate of production. Uncertainty 
prevails in many quarters as to whether a similar output 
of ingots and castings will prove to be marketable in the 
New Year, but although in some sections of the industry 
the outlook is not at all reassuring on this score, the 
general feeling is one of quiet optimism. Prospects for 
plates and sheets are particularly bright. Shipbuilders 
are perturbed at the paucity of orders for new vessels, 
some yards now having laid down their last keel until 
fresh contracts are made, but generally speaking the 
amount of work still to be completed represents at least 
12 months’ normal production. In addition, a steady 
volume of plates will be absorbed throughout the year 
for locomotive and wagon construction and for power- 
plant equipment. Sheet makers are already fully booked 
for the first quarter of the year, while many orders have 
been placed for delivery in Period 2, thin gauges being 
particularly sought after. Re-rollers are worried about 
the searcity of work on hand, and the possibility of 
part-time operations is not very remote. Sections and 
bars, too, enjoy only a moderate trade. An all-time 
record output of 1,855,000 ingot tons of steel was set up 
by the Colville Group of companies in 1949. Individual 
records of 348,000 tons at the Glengarnock Works, 
410,000 tons at the Clydebridge Works, and 307,500 
tons at the Lanarkshire Steel Company’s Works made 
important contributions towards this performance. 
More than 500,000 tons of pig iron were also produced at 
the Clyde Iron Works. 

Scottish Coal.—There was quite a good response to 
Lord Balfour’s message to all in the division appealing 
for a punctual turnout after the holidays. In addition, 
there was the incentive of qualifying for a bonus shift 
by completing only two shifts. It will take a day or two 
before the normal flow of tonnage is restored, but a 
similar restart a year ago produced 483,000 tons in the 
first full week. The vital factor for many users will be the 
weather, but any sharp deterioration will perhaps affect 


the domestic fuel position most. Depot stocks recently 
were 50 per cent. higher than at the same period 12 
months earlier, and there is no obvious reason to assume 


that a reasonable dispatch against the basic allocation 
will not be maintained until the Spring, but, under 
pressure from a strong demand, the position is vulnerable. 
Industrial users are fairly comfortably placed at the 
moment, most of them holding good stocks. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—The output from the mines 
in the South Western Division of the National Coal 
Board failed to reach their target of 25,000,000 tons in 
1949 by about 800,000 tons. The total produced in 
the year was 24,215,000 tons. Of this quantity, the pits 
in South Wales and Monmouthshire contributed 
22,776,000 tons, compared with 22,479,930 tons in 1948. 
Falling man-power was given as the chief reason for the 
failure to reach the target figure. At the beginning of 
the year 108,000 men were engaged, but, by December, 
this figure had fallen to 103,523. The prospects for the 
Welsh export trade in 1950 seem bright, although the 
price question has resulted in negotiations in some 
instances becoming protracted. Foreign orders in pros- 
pect for Welsh coals, in 1950, are the highest since the 
war. Already the Argentine Railways have placed 
business locally for 750,000 tons, while other consumers 
in that country are negotiating for substantial quantities. 
Talks are still proceeding with France and it is expected 
that trade will show an improvement over the 1949 level 
of 1,000,000 tons. Negotiations are going on with 
Canada and it is confidently believed that there will be 
an expansion of shipments to that Dominion this year. 
Italian buyers have also been showing interest, although 
their present contracts carry them up till June. Sales 
have been made to Belgium, Holland and the Scandi- 
navian countries at about the same level as last year, 
while short-term sales have been concluded with Spain. 
Discussions are still proceeding with Portuguese buyers. 
The demand for all grades continues active and the inland 
trade is again accounting for a very large part of current 
outputs. Bunkers are scarce, while cokes are busy. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand was well maintained after 
the holiday period. During the past few weeks makers 
have concluded a satisfactory amount of business and 
the unmilled orders on their books show an increase on 
those for the corresponding date last year. The export 
market has been active and a much improved volume of 
business transacted. Steel sheets continue in demand 
and iron and steel scrap is in steady request. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Leading firms have reported an 
improved rate of production in the past year, and, in 
several cases, record high outputs of steel ingots and 
castings. The prospects are that the higher rate will 
be maintained except in those special products which 
constituted a backlog and have been worked off during 
the year. Railway-material departments continue to 
be very busy and are certain to have high production 
for some considerable time, not only in meeting home 
railway demands but also export requirements. Canada 
is becoming a much better customer for railway materials, 
and also in lighter products of steel. Makers of mining 
machinery for deep mines and opencast sites are very 
well booked. The target for opencast coal mining for 
Yorkshire is expected to be about 20 per cent. higher, 
and, to achieve this, several new sites of between 250,000 
and 500,000 tons capacity are to be developed. They 
are to be equipped with the most modern type of equip- 
ment and deeper digging will be general. Developments 
in British mines are resulting in activityin the manufacture 
of coal-cutting and loading machinery. Poland, however, 
has also piaced orders for equipment of this type. One 
Sheffield firm, Siskol Machines, Limited, is to” supply 
40 coal-cutting machines at a cost of 20,0001., and has 
started shipments. Another order from Poland has 
been placed with Mavor and Coulson, Limited, of 
Sheffield and Glasgow, for about 18,0001. worth of 
mechanical mining machinery. Sheffield firms are 
hopeful of securing repeat orders from Poland. Progress 
has been made with the installation of equipment in 
connection with the re-organisation and extension of 
leading Sheffield works ; maintenance staffs carried out 
some important schemes during the holiday break. 

South Yorkshire Coal Trade.—Supplies of coal for 
immediate delivery have been less freely available. 
Stocks at industrial concerns and at public-utility 
undertakings are at a satisfactory level, and distribution 
is getting into its stride again. There is an active 
demand on export account but operators cannot handle 
much new business as available supplies for the month 
have been allocated. The demand for coking coal is 
well maintained and the make of hard coke is adequate. 
Gas coke is in full supply and moves more freely now 
that restrictions upon sales have been removed. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The healthy state of the iron and 
steel industries in the Tees-side producing area is empha- 
sised by the eagerness with which recent extremely heavy 
outputs of material were taken up. Well-filled order 
books call for the maximum production of many commo- 
dities and inquiries circulating encourage the hope of 
continued big business with both home and overseas 
customers, notwithstanding the extremely keen Conti- 
nental competition. Heavy railway charges are a 
big burden on most branches of industry and any advance 
would involve a rise in steel prices to an extent that might 
halt the drive to expand the export trade. Production 
problems are no longer complicated by inadequate 
supplies of raw material. Iron ore is quite plentiful and 
imports promise to be more than maintained. Regular 
ample parcels of coal and coke are reaching consuming 
works and distributable tonnages of iron and steel scrap 
meet the continuous brisk demand. 

Foundry and Basic Iron.—Ordinary foundry pig iron 
is now reaching North-East Coast consuming plants in 
parcels that are adequate for current needs. The bulk 
of the tonnage coming forward is still from the Midlands, 
now almost the only source of supply of ordinary founary 
pig. The occasional small make, elsewhere, of iron 
suitable for foundry needs, is practically all absorbed 
at the producers’ own consuming works. All the basic- 
iron output continues to flow into immediate use at the 
steel plants adjoining the blast furnaces. 

Hematite, Low Phosphorus and Refined Iron.—Producers 
of East-Coast hematite are satisfactorily handling the 
actual requirements of the usual buyers and makers of 
low- and medium-phosphorus grades of iron are distri- 
buting tonnages sufficient for the current needs of their 
clients. Refined-iron manufacturers maintain outputs 
on a scale that covers the call for essential purposes. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers have good contracts to carry 
out, but could accept orders for reasonably early delivery 
of some commodities. Most types of steel semies are 
obtainable in parcels that meet the requirements of users 
and the intake of Continental products promises to be 
on an increased scale. The extensive commitments of 
finished-steel makers continue to strain the delivery 
facilities. The pressure for full deliveries, under running 
contracts, of material for shipbuilding, engineering, 
railway renewals and the erection of power plant is 
unabated. There is a persistent call for sheets. 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting, 








INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
January 16, 5.30 p.m., Victoria-embankment, W.C.?2. 
Discussion on ‘‘ Secondary Cells,” opened by Mr. C. P. 
Lockton. Mersey and North Wales Centre: Monday, 
January 16, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘‘ Electrical Control Gear for Machine 
Tools,” by Mr. A. R. H. Thorne. Radio and Measurements 
Sections: Tuesday, January 17, 5.30 p.m., Victoria- 
embankment, W.C.2. (i) “ Factors Influencing the 
Design of a Rubber Model,” by Mr. G. B. Walker. 
(ii) Other demonstrations of apparatus for solving the 
Laplace equation, by Mr. E. Colin Cherry and Mr. E. E. 
Hutchings. Institution: Wednesday, January 18, 6.30 
p.m., Central Hall, Westminster, 8.W.1. Faraday Lec- 
ture on “ Radar,” by Dr. R. A. Smith. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
17, 5.30 p.m., Great George-street, S.W.1. ‘“‘ Bearing 
Capacity of Screw Piles and Screwcrete Cylinders,” by 
Mr. Guthlac Wilson. 

INSTITUTE OF FUEL.—Tuesday, January 17, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, 8.W.1. (i) “‘ Downjet Coke Firing for 
Small Steam Generators,”’ by Mr. F. B. Karthduser and 
Mr. G. C. H. Sharpe. (ii) “ Burning of Coke by the 
Downjet Method,” by Mr. F. F. Ross and Mr. G. C. H. 
Sharpe. (iii) ‘The Coke-Fired Downjet Furnace in 
Industry,” by Mr. G. C. H. Sharpe. 

CHEMICAL ENGINEERING GROUP.—Tuesday, January 
17, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘ Flour Milling,” by Mr. W. T. Farmer. 

INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, January 17, 7 p.m., 351, Sauchiehall-street, 
Glasgow. ‘“‘ Feed Systems and Auxiliaries for Land and 
Marine Installations.”” by Mr. D. C. Hagen. London 
Branch: Wednesday, January 18, 7 p.m., Royal Society 
of Arts, John Adam-street, W.C.2. ‘‘ Operation and 
Maintenance of Contracting Plant,’ by Mr. H. O. 
Parrack. 

RoyaL UNITED SERVICE INsTITUTION.—Wednesday, 
January 18, 3 p.m., Whitehall, S.W.1. “ Airfields in.a 
War of Movement,” by Air Commodore T. G. Pike. 


INSTITUTE OF PHysics.—London Branch : Wednesday , 
January 18, 5.30 p.m., 47, Belgrave-square, S.W.1. 
*“* Windmills as Electrical Power Generators,” by Mr. 
E. W. Golding. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
January 18, 6 p.m., 11, Upper Belgrave-streét, S.W.1. 
*“Concreting Plant: the Continuous Mixer and the 
Concrete Pump,”’ by Mr. W. G. Furlonger. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, January 18, 7 p.m., James 
Watt Memorial Institute, Birmingham. ‘‘ The Machine- 
Tool Industry,” by Mr. W. V. Hodgson and Mr. E. A. 
Hyde. London Section: Thursday, January 19, 7 b.m., 
Royal Empire Society, Northumberland-avenue, W.C.2. 
“ Relationship Between Technical Education, Training 
and Production,” by Mr. T. W. Price and Mr. T. B. 
Worth. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
January 19, 2.30 p.m., Gaxton Hall, Victoria-street, 
S.W.1. ‘‘ Fuel Injection in Modern Oil Ergines,” by 
Mr. W. A. Green. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
January 19, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Underground Operations at 
Mufulira Copper Mines,” by Mr. J. P. Norrie and Mr. W.T. 
Pettijohn. 

Socrtt& pEs INGENIEURS CIVILS DE FRANCE (BRITISH 
SECTION).—Thursday, January 19, 5.30 p.m., Institution 
of Civil Engineers, Great George-street, S.W.1. Presi- 
dential Address on “‘ Barrages,” by Mr. R. D. Gwyther. 

INSTITUTION OF MECHANICAL ENGINEERS.— Midland 
Branch: Thursday, January 19, 6 p.m., James Watt 
Memorial Institute, Birmingham. Hawksley Lecture 
on “‘ World Energy Resources and Their Utilisation,” 
by Dr. A. Parker. Institution: Friday January 20, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
Thomas Lowe Gray Lecture on ‘“ Some Considerations 
in the Provision and Operation of an Overseas Mail 
Service,’ by Mr. James Gray. 

CHEMICAL SocieTy.—Thursday, January 19, 7.15 p.m., 
Royal Institution, Albemarle-street, W.1. Tilden Lec- 
ture on “‘ Studies on Electron-Transfer Reactions.’’ by 
Professor M. G. Evans, F.R.S. 

MANCHESTER STATISTICAL SoctETY.—Friday, January 
20, 6 p.m., Albert Hall, Peter-street, Manchester. “A 
Productivity Analysis,” by Mr. G. F. Todd. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, January 
20, 6.30 p.m., 39, Victoria-street, S.W.1. ‘“ Engineering 
Aspects of Building Components for Houses,”” by Mr. 
Eric Lyons. 








42 ENGINEERING. . _ JAN. 13, 1950. 





NETWORK ANALYSER FOR ELECTRIC POWER SYSTEMS. 


THE ENGLISH ELECTRIC COMPANY, LIMITED, LONDON. 
(For Description, see Page 38.) 
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Classified advertisements intended for insertion in 
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UNIVERSITIES OR TECHNO- 
LOGICAL INSTITUTES. 


In a leading article, which appeared on page 619 
of our issue of December 9, 1949, we defined the 
part that our universities should play in the educa- 
tion of engineers and reached the conclusion that if 
British industry is to survive the impact from other 
countries during the next decade, certain funda- 
mental changes will be necessary in the present 
conditions. Quite another aspect of this important 
question was dealt with by Sir John Anderson at 
the end of November, in returning thanks for the 
hoiiorary degree of Doctor of Laws, conferred upon 
him by the University of London. He warned the 
universities of two dangers: the lowering of the 
degree standard and the over-development of the 
utilitarian aspects of their activities, which might 
lead to an extension of outside control. He added 
that experience might show that much of what the 
universities were doing could be better undertaken 
by another type of institution. That what he was 
suggesting by implication was the “hiving off ” of 
the technological from the liberal activities of the 
universities was confirmed by the comments of The 
Times on the following day, and by the lengthy 
correspondence to which they gave rise. 

The point at issue may perhaps best be clarified 
by summarising the arguments which were ad- 
vanced in the course of this interesting inter- 
change of ideas. The Times argued that the recent 
increase in the number of university students was 
imposing an intense strain on the teachers and was 
causing overcrowding. In support, it quoted a 
statement in the Nuffield report that “‘if the first 
object of a university is education and the test is 








the type of graduate turned out,” the number of 
students must be limited. It went on to point out, 
with truth, that what the country wants is not so 
much pure scientists as applied scientists and 
technologists. It was, however, disturbed by the 
idea that this deficiency should be made up by the 
universities. In fact, to expect them to do this, 
The Times thought, would be harmful, for the reason 
that they would be filled not with students who were 
pursuing liberal studies, but with those who were 
seeking a specialised training at variance with the 
university spirit. As the greater part of technolog- 
ical training was carried out directly or indirectly to 
the orders of the Government, the universities 
might, therefore, be forced to neglect their main 
duty of discovering and passing on knowledge, 
and to concentrate more and more upon applications. 
Technological education, too, would be harmfully 
affected by any trend in this direction, since it was 
doubtful whether applied science could flourish 
in an academic atmosphere. The Times came to the 
conclusion that the dangers foreshadowed by Sir 
John Anderson must be avoided by the establish- 
ment of technological institutes, in the curricula 
of which humanistic studies would be included. 

The subsequent correspondence showed that 
these views are not generally held by educationists, 
especially those engaged in teaching scientific or 
technical subjects. It must, in fairness, be added 
that no contribution has appeared from those con- 
cerned with the arts or “liberal ” subjects. It may, 
therefore, be deduced that they have no gnawing 
fear of being “‘ swamped.” Only two correspondents, 
in fact, supported The Times: Lord Cherwell and 
Sir Ernest Barker. Lord Cherwell did so on the 
grounds that to train technologists at the univer- 
sities would throw those institutions “‘ completely 
out of balance.”’ The reason for the support of Sir 
Ernest Barker was that he felt that deplorable as 
the segregation of technological students would be, 
it was more likely to occur in a university than in an 
institute of technology, owing to the amount of time 
they had to spend in the laboratory. 

We make no comment upon these arguments, 
except to say that they were completely answered 
by other correspondents. Professor H. Levy, 
Dean of the Royal College of Science, argued that 
it was fallacious to draw a distinction between 
humanistic and technological studies; and main- 
tained that it was only by the enlightened integra- 
tion of science and technology that an educational 
scheme appropriate to modern cultural needs 
could be provided. He added that a primary 
function of any institution of higher learning was to 
assist students to play their parts in after life with 
understanding and sensitivity, a task which involved 
not only the acquisition of knowledge, but its 
evaluation. There was little danger, he felt, that 
a university would become merely “‘a poor tech- 
nological institute,” so long as technical students 
were encouraged to spend their vacations in works. 
There was, however, a risk that these bodies would 
lose their status as providers of a “liberal ’’ educa- 
tion, if they consented to the divorce of purely 
humanistic studies from living practice. What was, 
in fact, wanted was cross-fertilisation between the 
two branches of learning. Dr. Maxwell Garnett also 
considered that universities should include both 
technological and classical students in their ranks. 
To do so would ensure that the future leaders in 
industry and other walks of life would become 
acquainted during their student days, with advan- 
tage to both at the time as well as afterwards. 

An effective reply to the contention that engineer- 
ing students tend to become isolated from those 
studying more liberal subjects, owing to their 
pre-occupation with laboratory and workshop 
activities, was made by Mr. D. R. Pye, Provost of 
University College, London. He pointed out that, 
at that institution, engineering students led no 
cloistered existence in ‘‘the ivory tower of their 
technology.” On the contrary, although they formed 
a mere 7 per cent. of the undergraduate population 
of the college their representation on the committees 
of the 20 inter-faculty student societies during the 
last four years had never been less than 9 per cent. 
and had risen to as much as 41 percent. The pro- 
portion in the sports teams had been between 20 
and 34 per cent. 
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This correspondence leads to the inescapable con- 
clusion that the case. against what has been called 
the mono-technical institution is very strong. This 
view is supported by the remarks of the speakers in 
the discussion on the paper by Dr. D. S. Anderson, 
which was read before the Institution of Mechanical 
Engineers on Friday, December 2. Our own opinion 
is that a university is a place “‘ where young men 
educate themselves in spite of interference from their 
elders.” It should not only be a seat of teaching ; 
it is more important that it should be a seat of 
learning. In fact, the value of a university educa- 
tion to the student lies not so much in the informa- 
tion displayed before him in lectures, however 
eloquent these lectures may be, but in the oppor- 
tunity he is given to acquire knowledge by reading 
and experiment; and above all by the inter- 
change of ideas on all sorts of subjects with his 
fellow students. If that be admitted, it follows 
that the wider that intercourse the greater its value. 
Contact with those studying subjects other than his 
own therefore becomes of primary importance, 
especially to the embryo engineer who can no longer, 
if he ever could, depend on technical knowledge 
alone to secure advancement in his profession. To 
ensure that this occurs should be the first task of 
the hierarchy of our universities. This task should 
be carried not by overburdening the curriculum 
with fresh subjects (as has been suggested), but by 
endeavouring to form character, as it is undoubtedly 
in this quality that mankind is most deficient. 

We therefore lend our undiluted support to those 
who hold that the principal characteristic of a univer- 
sity should be universality ; and that any attempt 
to solve the present difficulties of those bodies by 
segregation of the kind suggested would be harmful 
to all classes of students. This, however, does not 
mean that we do not recognise that modifications in 
existing conditions are necessary. For one thing, it 
may well be argued that admission to the universities 
is at present too easy; and that this may lead to 
a lowering in the standard of the output, if it has 
not already done so. It is true that at the moment 
the demand for young professional electrical en- 
gineers slightly exceeds the supply, as is shown by 
the report of the Electrical Engineering Panel of the 
Engineering Sub-Committee of the Technical Per- 
sonnel Committee, to which reference was made on 
page 649 of our issue of December 16, 1949. There 
is a likelihood, however, that this gap will be 
narrowed ; and if it is not, it is by no means 
certain that its existence will do any great harm. 
There is, in fact, a tendency, as the same report 
points out, for employers to demand qualifications 
from applicants which are beyond those necessary 
for the conduct of their business; and for such 
bodies as the Institution of Electrical Engineers to 
regard the possession of high academic qualifica- 
tions as the most desirable passport for admission 
to their ranks. In principle, of course, there is no 
objection to this. More men who can use a file 
than are familiar with the higher mathematics, 
however, are required, and the same is true of 
those working at the intermediate stages. In fact, 
in electrical engineering the desirable ratio of 
professional engineers to technicians is 1 to 5, and 
the same is probably true in the other branches of 
the profession and industry. It is for this reason 
that admission to the universities might well be 
made more difficult. This policy would also help 
to relieve the present overcrowding. 

While, therefore, we object to the segregation of 
technological students in the way described by 
The Times we suggest that the present position 
might possibly be alleviated by a compromise. It 
is a fallacy to suppose, as is sometimes done at least 
by inference, that the formal education of the pro- 
fessional engineering student ceases when he has 
obtained his first degree. Actually, of course, post- 
graduate instruction is necessary. In fact, it is 
likely to become increasingly so, as is recognised by 
the plans which the British Thomson-Houston Com- 
pany have recently made for the instruction of their 
staff. This policy might be expanded by establish- 
ing, as Professor A. R. Ubbelohde, of Belfast, has 
suggested, institutions of advanced technology, 
admission to which would be confined primarily to 
post-graduate students ; or to those who had been 
at least two years at a university. 





WAR WORK OF THE ROAD 
RESEARCH LABORATORY. 


THE purpose for which the Road Research 
Laboratory was set up was to study the problems 
arising in connection with the design, building and 
maintenance of public highways. This object has 
been pursued from the beginning and has been 
interpreted liberally, as the subjects of vehicle and 
road-user characteristics have been held to fall 
within the province of road design. The matter of 
road accidents is closely connected with vehicle 
performance and road lay-out and is now included 
within the ambit of the Laboratory. Many pro- 
blems connected with road stability and wearing 
characteristics necessarily involve studies of a long- 
term nature and important investigations had to be 
suspended, or reduced in scope, on the outbreak of 
war in 1939. This check on the normal work of the 
Laboratory, however, did not operate for long, as 
study of the multitude of problems presented to it 
in connection with the construction of airport run- 
ways, the movement of heavy military vehicles on 
highways and other emergency matters, furnished 
many data applicable to the problems of peace. 

The Laboratory staff, however, was not left free 
to concentrate on the special war requirements which 
fell within its proper field; it was required to 
undertake a series of special war researches which 
had but the most tenuous, if any, connection with 
road problems. An example of these was an investi- 
gation of the properties and effectiveness of helmets 
for fire-guard duties made either of thinner steel 
than military helmets or of substitute material. 
A general account* of the war work of the Labora- 
tory has now been published. It shows that a 
remarkable variety of problems were studied. In 
some cases, technical information is given explaining 
the nature of the results arrived at, but in others, 
of which the tests on fire-guard helmets is an 
example, the report does little more than state that 
the investigation was carried out. 

The immediate reason why the Laboratory was 
required to undertake so much work remote from 
its proper interests appears to be that on the out- 
break of war it was instructed by the Ministry of 
Home Security to undertake studies of the effect 
of bomb explosions on buildings. Work had already 
been begun on this matter at the Building Research 
Station but, as a measure of centralisation, staff fron 
that Laboratory which was dealing with the subject 
was transferred to the Road Research Laboratery. 
This matter led to research on the blast pressure 
from bursting bombs and the effect of blast from 
anti-aircraft and other guns; the penetration of 
projectiles into concrete, soil and rock; and a 
subject so remote from roads as the susceptibility 
of the petrol tanks of aircraft to attack by small- 
arms fire or by shell fragments. 

Much study was given to the use of models in 
work on the effect of bomb explosions, as p 
would have been greatly retarded had it been 
necessary to carry out all experiments with full-sized 
bombs and targets. Comparison of full-scale and 
model work established a simple relationship 
between the two which could be applied to the 
formation of craters by exploding bombs, the pene- 
tration into concrete and metal, damage due to 
earth movement caused by bombs, and many other 
phenomena having relation both to defensive and 
offensive measures. The famous attacks on the 
Moehne and Eder dams furnished perhaps the most 
spectacular example on the results of work based 
on model tests. From plans and photographs 
of the projected targets, scale models were built 
in the Laboratory grounds and tests were made to 
estimate the size and position of the charges which 
would be needed to cause effective rupture. Al- 
though the shattering of the structure of the mode] 
dam was expected to be true to scale, it was realised 
that the distance the fragments would be thrown, 
or carried by the water, would not be correctly 
represented. Accordingly, to assess the true effects 
of the explosion, the fragments of the model were 
collected and placed at distances proportional to 





the scale. As is generally known, the model ‘est 
was followed by an intermediate-scale test 61 a 
disused dam in Wales. Photographs of the Gerinan 
dams obtained after the attack showed that the 
breaches were almost identical with those predi:ted 
by the tests. 

A matter which the report deals with rather more 
fuily than some others is the development of plastic 
armour. Immediately following the Dunkirk evacu- 
ation, attempts were made to protect the vital 
parts of merchant ships against small-arms fire, by 
means of concrete slabs, but with little success. In 
August, 1940, the Admiralty furnished samples of a 
bituminous deck sheathing for test on its protective 
power against rifle fire. The material showed little 
promise, but, in conjunction with the Admiralty, 
a development programme was undertaken. It 
was found that by replacing the fine grit in the 
original samples by a larger size of stone, greatly 
improved performance was obtained. A_ plastic 
armour was finally produced consisting of a mass 
of }-in. stone particles held together by a bituminous 
mortar and backed by a mild-steel plate. At first, 
a stone content of 55 per cent. was usea, but later, 
by utiJising vibration to compact the mass, this was 
raised to 75 per cent. The plastic armour in its 
final form consisted of 24 in. of this material inside 
a thin-steel container and backed by a ¥-in. mild- 
steel plate. It was manufactured in large quantities 
and was used to protect the bridges and gun positions 
on almost all allied merchant ships. 

Of the war work of the Laboratory which had a 
closer relationship to its normal interests may be 
mentioned the problems which arose in connection 
with the necessity to construct fighter airfields in 
forward operational areas and with great speed. 
Two methods of dealing with the matter were 
devised. In the first, the ground was levelled and 
covered with one or more layers of steel mesh of 
sufficient stiffness to spread the wheel load over a 
considerable area. In the second, the soii, while 
in a sufficiently dry condition to carry the loads, 
was covered with a double layer of an impervious 
fabric known as PBS and consisting of a bituminised 
hessian. Work on this material began in 1943 in 
co-operation with the Royal Canadian Engineers. 
The main problem was to devise a bituminous 
coating that would neither soften nor become sticky 
during storage or in hot weather, and would not 
become brittle and liable to crack at low tempera- 
tures. By adding finely powdered mineral to the 
bitumen, a material was developed which satisfied 
the conditions, and some 60 million square yards 
were manufactured in Great Britain and America 
It was possible to cover a previously-levelled airstrip 
in 24 hours. 

Developments which may have application in 
more normal conditions concerned the use of second- 
grade materials in road building. Owing to the 
demand for high-speed construction of airports and 
roads, frequently in situations at which hard stone 
was not available, soft or disintegrated rocks, 
slags, shale and other such materials were pressed 
into service. They were used in conjunction with 
processes of soil stabilisation in which the stability of 
the soil under traffic load is improved by adding clay. 
sand or gravel according to local conditions, the 
purpose being to increase the relative proportions 
of particles of different sizes, thus incrcasing the 
internal] friction. Other processes consist in mixing 
Portland cement or other stabilising agents to the 
soil in order to bind the grains together; or the 
waterproofing of the soil so that it is not softened 
by the absorption of water. 

One of the long-term investigations of the Labora- 
tory which was carried on during the war and 
proved of direct value in the emergency conditions 
which arose, was the study of bituminous surfacings 
for roads. During the last summer before the war, 
800 short experimental stretches of surfacings with 
tar or bitumen as the binding agent had been laid 
on the Colnbrook By-pass. The results of this 
work formed the basis for specifications for thin- 
carpet surfacings which were extensively used 
during the war for restoring an even riding surface 
to bumpy roads. One of the results of the experi- 
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m was that it was possible to employ home- 
produced tar as a binding agent instead of the 
imported binders previously used. 
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NOTES. 


Tus INSTITUTION OF MECHANICALBENGINEERS. 


GREAT interest was aroused by a paper entitled 
“The ‘Lost Wax’ Process of Precision Casting,” 
which was presented at a meeting of the Institution 
of Mechanical Engineers on Friday, January 6, by 
Mr. J. S. Turnbull. The process was first practised 
at least 4,000 years ago by the ancient Egyptians, 
and before the 1939-45 war it was used for jewellery, 
surgical appliances, statues and dentistry ; during 
the war it was used in the United States for small 
rotor blades, and towards the end of the war it 
was introduced in this country to provide a method 
of manufacturing gas-turbine blades. The author 
said that the process was applicable in cases where 
the metal was unmachinable due to its hardness, 
or due to the awkward shape of the component, 
where production by other methods was un- 
economical, and where the production of proto- 
types by other methods took too long. The main 
characteristics of the process, which render it par- 
ticularly suitable in these cases, are the accuracy 
of size and smoothness of finish. Although the 
author stated that a claim had been made in the 
United States to the effect that small rotor blades 
had been cast in Vitallium to within + 0-0005 in., 
some doubt was thrown on this in the course 
of the discussion ; the general conclusions, how- 
ever, was that, while the accuracy that could be 
obtained by this precision casting process was high, 
the tolerance achieved was obviously a function 
of the size of the component. The mcdern method, 
as described by Mr. Turnbull, is a modified version 
of the original Austenal process. A master pat- 
tern is first made in either a hard wood or metal, 
according to the drawing, which is given an allow- 
ance for contraction. A soft-metal die is pro- 
duced from the master pattern by precision-casting 
technique, and wax patterns are made in the die 
by using an injection machine. Finally, these 
wax patterns are “invested ”’ in refractory moulds, 
the wax is melted out, the mould baked, and the 
metal component is cast. The accuracy of the 
process, as used in dentistry for producing a gold 
tooth to fit on to the stub of a broken tooth, depends 
on the fact that the aggregate of the several expan- 
sions involved is exactly negatived by the aggregate 
of the contractions. In industrial applications, a 
great advantage is the low capita! cost of equipment. 
One of the speakers in the discussion said that the 
foundry described by the author was staffed entirely 
by unskilled labour, but later he referred to the 
“lost wax” process as a “‘ very difficult process.” 
Mr. Turnbull said that among the alloys which have 
been cast successfully by the ‘lost wax” process 
were Nimonic 80, Nimonic 75, the Stellites, H.R. 
Crown Max, 8.80, chrome molybdenum, } per cent. 
molybdenum, F.C.B., aluminium alloys and brass. 


Tue BritisH CounciL. 


The preamble to the Royal Charter of Incorpora- 
tion of the British Council declares that it was 
created “for the purpose of promoting a wider 
knowledge ” of the United Kingdom and of the 
English larguage and for “developing closer cul- 
tural relations” with other countries. Of these 
charges, the most specific is the promotion of a 
wider knowledge of the English language and in this 
matter the Council have been active throughout 
their career. In the annual report for 1948-49, it is 
stated that classes, discussions and lectures were 
held in 44 Council-controlled British Institutes and 
29 centres under the control of assisted Anglophil 
Societies. These institutes and centres are distri- 
buted throughout the world. It is added that the 
principal subject of instruction is English, the main 
emphasis being on the training of teachers. In 
addition, most Institutes offer a wide range of 
activities intended to encourage an interest in 
“ British life and thought.” This phase clearly 
relates to the “closer cultural relations ” with the 
promotion of which the Council is charged. Culture 
is a vague term, but in common usage it is probably 
applied to literary and artistic interests rather than 
toscientific ones. In view of this, it is not surprising 
to find that in the section of the report devoted to 
“functional activities” some 13 pages deal with 
“the printed word,” drama, films, music, ‘‘ recorded 


sound,” and visual art, compared with three for 
science, which, in this classification, includes agri- 
culture and medicine. It is true that ‘‘ the printed 
word’ might be held to cover science, but the 
information given does not suggest that it figures 
prominently in the publications iesued, or the library 
services furnished. In more than one place it is 
stated that ‘cultural books ’’ were supplied to 
various foreign libraries; ‘‘ cultural books”’ is a 
term which we would not like to be required to 
define, but we doubt whether it covers engineer- 
ing text-books. It is natural and inevitable that 
activities directed to the instruction of relatively- 
primitive people in the English language and 
familiarisation of them with English ways of thought 
should concern themselves with popular every-day 
subjects and in the lectures directed to more 
educated audiences, which are arranged by the 
Council, a wider range of intellectural interests is 
covered. Most of these lectures are delivered in 
some European country. Of the total of 151 lecture 
tours conductea in the year covered by the report it 
is stated that 39 per cent. were concerned with 
“science and medicine.” A list of the lectures is 
given and an examination of it shows that “‘ science ” 
is in the main to be read as “‘ physics.”” The only 
engineering lecture was one on gas turbines 
delivered by Professc: S.J. Davies, in Belgium. It 
is probable that the main service rendered to 
engineering by the Council lay in the assistance given 
to foreign students and professional visitors to this 
country. A total of 869 subjects were studied by 
these visitors, of which 230 concerned science, 
agriculture and engineering. Of special courses 
organised by the Council, however, only one, held 
in Birmingham is listed as “engineering,” with 
courses at Newcastle and Glasgow on “ship- 
building.” 
CoRROSION PROBLEMS IN THE O1L INDUSTRY. 


The Council of British Manufacturers of Petroleum 
Equipment have issued a statement concerning 
action which has been taken recently to deal with 
the problem of corrosion in the oil industry. Realis- 
ing the extent of the economic loss from this cause, 
the Council held a meeting in November, 1948, 
to discuss the matter. As a result of this meeting, 
which was attended by representatives of the oil 
companies and members of the Council, it was con- 
sidered desirable to form a joint committee. Such 
a committee was set upin July, 1949, so that British 
manufacturers of petroleum equipment might have 
the benefit of British petroleum producers’ and 
refiners’ experience, and the oil companies might 
hear of the manufacturers’ most recent develop- 
ments in combating corrosion. Several meetings 
of the committee have already taken place, and 
among the subjects discussed in detail have been 
the corrosion of furnace parts by combustion 
gases, and the protection of buried and submerged 
structures such as pipe-lines, both by coating and 
cathodic methods. In considering these subjects 
it has become increasingly evident that the major 
need at the present time is for the development of 
corrosion-engineering equipment in the United 
Kingdom, since the principal advances during the 
war years were made in the United States. The oil 
companies are particularly anxious to acquire this 
equipment from sterling sources, and agreement in 
principle has been reached between them as to the 
types of equipment most required. A detailed 
list is in course of preparation and will be handed 
to the Council for transmission to such members 
as may be interested, following which it is hoped 
to have a discussion between members concerned 
and oil-company representatives. The oil companies 
and the Council feel that a promising start has been 
made on a small scale along lines capable of con- 
siderable development. Practical co-operation from 
any sources will be welcomed, and anyone interested 
should communicate with the Council offices, 79, 
Buckingham Palace-road, London, S.W.1. 


NationaL Economics in 1949. 
The lengthy review of the economic results of 
the national effort in 1949, which was given by. 


the Chancellor of the Exchequer (the Rt. Hon. 
Sir Stafford Cripps, M.P.) at a Press conference in 





London, on Monday, January 9,.is perhaps of more 
-nterest to engineers as taxpayers than in their 


professional capacities. It is nevertheless satis- 
factory to learn that industrial output continued 
to increase throughout the year, with the result 
that the economic position has been basically 
strengthened. In fact, the output for the year, 
when finally determined, should be about 30 per 
cent. above that before the war. The increase in 
the different industries, however, varied consider- 
ably from this average. In metals, engineering and 
vehicles—which together account for half the total 
output—it was only 7 per cent., and the output of 
goods in the metal-using industries accounted for 
only one-third of the total, compared with one-half 
in 1948. Coal, on the other hand, showed an output 
per man-shift which exceeded that of the last pre- 
war year, an achievement which, according to Sir 
Stafford, is not paralleled elsewhere in Europe ; 
while the steel industry exceeded the maximum 
target laid down for it in the Economic Survey. 
This state of affairs is ascribed to an improvement 
in the supply of raw materials and components, to 
the availability of more machinery and to a growing 
consciousness of the need for new techniques in 
management and for the redeployment of labour. 
This silver-lined cloud is not, however, without its 
dark exterior. There was a marked drop in exports 
during the second and third quarters of the year 
under review, a result which is largely accounted 
for by lower sales to the United States and to 
Argentina. There was also a heavy reduction in 
shipments to India and South Africa. As regards 
imports, dollar expenditure has been reduced, the 
combined effect being that our position in some 
countries has been improved and in others made 
more difficult. On the whole, therefore, there is 
no excuse either for glowing optimism or for black 
pessimism ; and the course which must be adopted 
to ensure further improvement is clear, although 
there is a risk that its very simplicity may lead to 
it being overlooked. 


DEVELOPMENTS IN SOUND BROADCASTING. 


A demonstration of the automatic monitor, which 
has been designed so that the technical quality of a 
programme can be assessed without human inter- 
vention, was given by the British Broadcasting 
Corporation on Monday, January 9. It is hoped 
by the use of this equipment to relieve a staff of 
some 64 persons of a task which is both wearisome 
and exacting, as well as to overcome the drawback 
that the critical faculty of a human monitor falls off 
tapidly after the first few minutes of duty. Details 
of the system employed in this apparatus were 
given by Mr. R. T. B. Wynn, the assistant chief 
engineer of the Corporation, in his address to the 
Radio Section of the Institution of Electrical 
Engineers on Wednesday, October 10, 1949, of 
which we gave an account on page 483 of our 168th 
volume (1949). Briefly, it consists of two distinct 
audio-frequency chains. One of these is supplied 
with an input, which is known to be satisfactory, 
and the other with the input that is to be checked. 
Each chain consists of a pre-distortion network, 
amplifier and rectifier, and delivers a pulsating 
direct-current to a differential comparator. As 
long as the two programmes are identical, no 
effect is produced on the alarm system connected to 
this comparator. If, however, any difference 
occurs, owing to a change in the quality of the 
programme under test, a visual or audible indication 
will be given. Itis expected that eight of the exist- 
ing Home Service monitoring stations will have been 
converted to this system by the end of 1950. It 
is also being applied to the Light, Third, Overseas 
and European networks. Another step, which the 
Corporation is taking with a view to reducing staff 
costs, is to construct unattended low-power trans- 
mitting stations. These stations, which were also 
described by Mr. Wynn, at present radiate 1 or 2 kW 
and are equipped with two transmitters. The 
transmitters, which are supplied through a separate 
line network from a studio centre sufficiently close 
for high-quality monitoring by radio reception, 
are normally used on alternate days, but one can 
be switched in if the other fails. In the more 
recently developed multi-unit transmitter, however, 
ten units are operated in parallel from a duplicated 
radio-frequency drive source, and feed into a com-. 





mon aerial circuit with an output of 1} kW. Failure 
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of even two of these units will not reduce the 
power by more than 20 per cent., and would not be 
detected by most listeners. 


THE Ranp WarTER Boarp. 


The 44th annual report of the Rand Water 
Board, covering the twelve months ended March 31, 
1949, like those of most water undertakings. in this 
country and overseas, shows that the consumption 
of water continues to increase ; in this instance, by 
9-25 million gallons a day over the previous year’s 
figure of 77-36 million gallons, making a total of 
86-61 millions. Of this daily total, 46-65 million 
gallons were supplied to municipalities, Johannes- 
burg taking 28-83 millions; and 32-74 million 
gallons were consumed in mines. The working 
costs of the supply were 4-07d. per thousand gallons, 
an increase of 0- 12d. over the previous year’s figure, 
though the cost is still below that of 1944, which 
was 4-13d., for a daily average consumption of 
57-53 million gallons. In 1946, the Board adopted 
a scheme to increase the capacity to 100 million 
gallons a day, and this has now been completed ; 
but further extensions are found to be necessary, 
as, by 1952, the estimated future consumption will 
overtake the increase in capacity. It has been 
decided to take steps to provide for a new station 
above the confluence of the Zuikerboschrand and 
Klip Rivers with the Vaal River-; this will eliminate 
these two tributaries from the intake, and will 
enable the Board to supply water of a more uniform 
chemical analysis. The Additional Water Supply 
(1949) Scheme will increase the total capacity by 
40 million gallons a day. The total abstraction 
rights held by the Board amount to 225 million 
gallons a day, but 10 million gallons of this comes 
from the Klip River, so that the effective total will 
be slightly reduced by the new scheme. 





LETTERS TO THE EDITOR. 


‘* HISTORIC RESEARCHES.”’’ 
To THE Eprror oF ENGINEERING. 


Stmr,—Your correspondent, Mr. G. F. Herrenden 
Harker, whcse letter you printed on page 705 of your 
issue of December 30, will find that my statement 
regarding the origin of the special theory of relativity 
is supported by an authority no less than Einstein 
himself. I would like to refer him to The Evolution 
of Physics, by Albert Einstein and Leopold Infeld, 
published by the Cambridge University Press. 

That book contains no support for the belief 
that the theory of relativity owed its origin and 
inspiration to the null results of the ether drift 
experiments. On the contrary, it shows very 
clearly that the theory rests upon the fact that 
Maxwell’s electro-magnetic field equations had been 
found to be variant with respect to velocity, when 
transformed according to the classical method. 
In 1904—a year before Einstein announced his 
special theory—Lorentz published a new set of 
transformation formule which made the electro- 
magnetic field equations invariant with respect to 
velocity. These Lorentz formuiz, however, had 
the effect of making certain laws of classical 
mechanics variant with respect to velocity. Ein- 
stein’s boldness lay in his refusal to believe that there 
was one set of transformation formule for electrical 
phenomena and a different set for mechanical 
phenomena, in accepting the Lorentz formule as 
being applicable to both, and in modifying classical 
mechanics in such a way as to make its laws invariant 
with respect to velocity when transformed by the 
Lorentz formule. All this is made clear in the 
book I have mentioned. One quotation should be 
sufficient : “‘The theory of relativity arises from 
the field problems.” 

To assert that the special theory of relativity was 
inspired by the alleged null resuits of the ether drift 
experiments is, in effect, to charge Einstein with 
scientific roguery. You cannot found a theory on 
some experimental fact and then appeal to that 
self-same fact as experimental evidence in favour 
of the validity of the theory. Einstein deduced 
from his theory that the ether drift experiments 
ought to yield a null result, and adduced the nullity 
of the results as experimental evidence supporting 
the theory. 





It is not my concern to discuss Millikan’s word§ 
as quoted by your correspondent. Apart from the 
obliquity of phraseology in the first sentence, I may 
remark, however, that the nullity of the results of 
the ether drift experiments cannot be numbered 
among “‘ well authenticated, carefully tested experi- 
mental facts.” Some of the experiments yielded 
velocity figures which were far from being null— 
in some cases as high as 25 per cent. of the antici- 
pated value. The acceptance of these results as 
being spurious and as being due to experimental 
deficiencies did not become general until additional 
ether drift experiments had been performed after 
Einstein had published his theory in 1905. 

Lorentz’s electromagnetic transformation for- 
mule are well known. Two of them—those for 
distance and time—are as applicable to mechanical 
as to electrical laws. They are identical with the 
corresponding formule encountered in the special 
theory of relativity and from them, if we accept 
them as our starting point, the whole of the special 
theory can be deduced in a manner which is almost 
elementary. 

Yours faithfully, 
T. W. CHALMERS. 
“ Byways,” 
Oxshott, 
Surrey. 
January 5, 1950. 





DAVID MUSHET AND R. F. MUSHET. 
To THE EprTor OF ENGINEERING. 


Sir,—With reference to Mr. T. A. Seed’s letter 
on page 18, ante, David Mushet, on July 12, 1837, 
wrote a letter from Coleford, Gloucestershire, to the 
editor of The Scotsman, which had published a 
communication on the iron trade in Scotland and 
the black-band ironstone. ‘‘ As this ironstone,” 
he wrote, “has now become an object of con- 
siderable national importance, perhaps you will 
allow me room to allude more particularly to the 
circumstance of its discovery. Thirty-six years ago 
this summer, in attempting to cross the River 
Calder on foot, in the Old Monkland parishes, I 
obtained nearly a dry footing upon what appeared 
to be a continuous black pavement, from the upper 
edge of which I struck off a piece of substance 
resembling coal, which, upon closer examination, 
was found interlaminated with yolks of brownish 
matter, about three-eighths of an inch in thickness. 
These, when separated from the carboniferous 
schist, proved to be good ironstone, but so small in 
quantity, that the average of the mass did not 
exceed 13 per cent. Next day I returned to the 
black pavement, better prepared to ascertain its 
extent and thickness. On removing a portion of 
the entire bed, I found it to be fourteen inches in 
thickness, viz., three and a half of coaly schist with 
the before-mentioned yolks, and ten and a half of 
more compact and solid matter. In a short 
time from making this discovery I had ascertained 
the existence of the Blackband in 2,000 acres of 
land, including the Airdrie estate (for right of 
working in which, to a limited extent, 12,0001. a 
year is now to be given) and determined it to be a 
regular member of the coal formation. . . .” 

A good account of David Mushet and his work 
is given in The Imperial Dictionary of Universal 
Biography in an article signed ‘‘ M,”’ i.e., Sir John 
Maclean (1811-95), at one time Keeper of Ordnance 
Records in the Tower of London. 

Yours faithfully, 
Epear C. Smiru, 
Engr. Capt., R.N. (retd.). 
Keepers Corner, 
Horley, Surrey. 





OBITUARY. 
SIR GUY WRIGHTSON. 


WE regret to record the death of Thomas Gar- 
mondsway (Sir Guy) Wrightson, which occurred at 
Neasham Hall, Darlington, on Saturday, January 7, 
in his 79th year. He was one of the outstanding 
industrialists on Tees-side, and also played a large 
part in the local government affairs of the area. 





Thomas Garmondsway Wrightson, who, «(ter 
succeeding his father in the baronetcy in 1921, was 
usually known as Sir Guy, was born on August 21, 
1871, and was educated at Marlborough and Tri: ity 
College, Cambridge, where he obtained his de:-ree 
as Master of Arts. He was subsequently apprent iced 
to Sir W. G. Armstrong and Company, Limited, ind 
on the conclusion of his time at Elswick joined the 
family firm at Stockton-on-Tees, which was ten 
known as the Teesdale Iron Works. After ser: ing 
in the various departments of this organisation, 
the name of which was subsequently changed to 
Head, Wrightson and Company, Limited, he bec: me 
chairman 27 years ago, at a time when the cnly 
works being operated were the Teesdale Ironw: :ks 
at Thornaby and the Stockton Forge. Since then 
the firm has inaugurated the Stockton Steel Foun ry 
and the Eaglescliffe Foundry, as well as work« at 
Middlesbrough and Seaton Carew, and at Benoni in 
South Africa. As long ago as 1901 Sir Guy was 
instrumental in founding educational classes for 
apprentices in the works; and his close personal 
knowledge of what went on in the organisation was 
reminiscent of the times when the relationship 
between employers and employed was closer than 
it is at the present day. 





MR. NORMAN NEVILLE, O.B.E. 


THE export side of British engineering has lost 
one of its most able and active supporters by the 
death, on December 31, of Mr. Norman Neville, 
O.B.E., Director of the British Chemical Plant 
Manufacturers’ Association and of the British Food 
Machinery Manufacturers’ Association. Mr. Neville, 
who was only 57 years of age, was injured by a fall 
at his home and died shortly afterwards in hospital. 
His experience and his friendships alike were world- 
wide, and there will be many who will echo the 
tribute paid to him by Sir Harry Gilpin, head of 
the recent British Engineering Mission to Canada, 
who, writing in The Times of January 4, described 
him as ‘‘one who had probably done more than 
any other for the success of the export drive,” 
though “‘ his great work for his country was only 
fully known by a comparatively small circle.” 

For some years prior to 1914, Mr. Neville was 
engaged in Australia as representative of the Union 
Electric Company, whom he left in that year to 
join the British Engineering Company of Siberia, 
remaining with them until 1939 and acquiring an 
intimate knowledge of Russia and the Russians. 
For a short time, he was associated with the Con- 
solidated Pneumatic Tool Company, of Chicago, but, 
in 1940, he was engaged in the Export Group move- 
ment, organising groups of firms concerned with 
food-processing machinery, and then for food 
machinery and chemical plant, and, finally, for the 
paint, ink and allied trades. In 1943, he was 
appointed Director of the British Chemical Plant 
Manufacturers’ Association, the Food Machinery 
Industrial and Export Group, and the Dairy Engi- 
neers’ Association. He was responsible, subse- 
quently, for the reorganisation of the Food Machi- 
nery Group into the British Food Machinery Manu- 
facturers’ Association. He was a member of the 
Grand Council of the Federation of British Indus- 
tries and of the Federation’s Export Advisory 
Committee, and was chairman of the Export 
Committee of the British Engineers’ Association. 
During the past four years, he had travelled exten- 
sively in India, South Africa, Scandinavia, Poland, 
and Central and South America, and was closely 
concerned in organising the Engineering Mission 
to Canada, of which he was a member and whose 
report was largely his work. The scheme for group 
representation of firms in the dollar markets, to 
overcome the difficulty of covering adequately the 
large areas of North America, was drawn up by 
him and has now been adopted by the Government ; 
its practical application, and the support that, he 
felt, the technical Press should be able to give to 
it, was the subject of the last conversation that we 
had with him, only a few weeks ago. His loss will 
be deeply felt, for he possessed in unusual measure 
the ability to assimilate facts, to organise on the 
basis of them, and tne confidence of his colleagues in 





his judgment. 
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THE SITING OF GENERATING 
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Fig.l. GENERATING CAPACITY FOR A SIMULTANEOUS 
i MAXIMUM DEMAND OF 30.000 Mw 
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been under consideration, 
| first by the engineering staff of the Central Elec- 
tricity Board and more recently by that of the 


for some time 


have 


THE SITING OF ELECTRIC 
POWER STATIONS IN GREAT 
BRITAIN. 


| British Electricity Authority. The conclusions 

Ix a paper on “ High-Voltage Transmission in | them which have so far been reached were 
Great Britain,” which he read before the British| indicated by Mr. V. A. Pask, chief engineer, Mr. 
Electrical Power Convention at Torquay in June,|‘J- D. Peattie, deputy chief engineer (generation), 
1949,* Mr. T. G. N. Haldane forecast that during | 
the next 20 years the average growth of electrical | 
consumption in this country would be at the rate 





TABLE I.—Forecast of Load Growth in Great Britain. 








. 1958. 1968. 
of 7 per cent. per annum ; and gave an estimate of 2 ee 
how this growth might be distributed over the seven | ne _— 
original grid areas in 1958 and 1968. His figures for} Original Grid Area. Max. | Gener- | Max. | Gemer- 
axi > P “rev ve ; 2 Demand,| ated, |Demand,) ated, 
maximum demand and ene rgy ge nerated in those ew”! Millicn | MW. | Million 
two years are reproduced in Table I, herewith, | kWh | kWh. 
from which it will be seen that he expected the| aod ete oe ea Os eee 
i > » ¢ § 8 
maximum demand to be about 21,000 MW in jin, Get ws | | 
1958 and 37,630 MW in 1968, and that the outputs| South) .. =... 1,960 8,970 | 3,000 | 17,680 
. * ae ‘ Whi North-East England 1,1 5, 2, y 
in those two years would be 91,540 million and | Xorth-West England |.| 31560 | 15,840 | 67540 | 31140 
180,100 million kWh, respectively. For the sake | Mid-East Eagmad ae 2,400 | 10,340 | 4,250 | 20,520 
‘ . . Tas . Central E: nd .. = 3, . : | > 
of comparison it may be stated that at the present South-East England 6.300 | 26'090 | 10°720 | 51,400 
time the aggregate maximum demand of the country | South-West England 2,300 | 10,250 | 4,200 | 20,150 
is about 12,000 MW and the energy generated Total 21,010 | 91,540 | 87,630 | 180,100 


46,500 million kWh per annum. 

Mr. Haldane’s figures were admittedly estimates 
and are believed in some quarters to overstate the 
position. On the other hand, when the growth of 
the electrical demand in the period between the wars 
is considered, it may be thought that they are 
conservative. He would, indeed, be a bold prophet 
who held cavegorically that even the higher figures 
would not be exceeded. In any event, such esti- 
mates are useful as a basis for planning. 

It next remains to discover what are the best 
ways of meeting a demand of this magnitude having 
regard to our fuel resources, the need for providing 
adequate generating capacity, the siting of that 
generating capacity, and the geographical distribu- 
tion of the loads that will have to be supplied. All 
these questions and others of a cognate character 








and Mr. D. P. Sayers, deputy chief engineer (trans- 
mission), all of the British Electricity Authority, in 
the course of the discussion on Mr. Haldane’s paper. 
They also form the basis of the following article. 

It seems likely that during the next two decades, 
which form the period under consideration, by 
far the greater part of the electrical requirements 
will continue to be supplied from thermal stations 
using native coal. These stations will require 
adequate supplies of cooling water. It is, in fact, 
this requirement which, in the first instance, will 
determine the siting of the new generating stations 
that will be necessary to.meet the increased elec- 
trical demand. Possible sources of cooling water 
are the sea, tidal estuaries and large rivers, which 
can be freely used for this purpose ; and the smaller 
rivers and sewage effluent, which have generally to 





* See ENGINEERING, vol. 167, page 559 (1949). 








STATIONS. 


SOURCES OF COAL CONSUMED BY 
GENERATING STATIONS DURING 1947 


o 






-= 50,000 Tons 


be employed in conjunction with cooling towers. 
Fig. 1 shows the results of a preliminary investiga- 
tion that has been made by the British Electricity 
Authority’s engineers into possible power station 
sites for an eventual demand of 30,000 MW, such 
as will probably have to be met within 15 to 
25 years. The areas of the squares on this map 
are proportional to the plant capacities of the 
sites. The shaded portions of these areas indi- 
cate first preferences as regards those capacities ; 
and the blank portions possible alternative capa- 
cities to suit other conditions. The sites in the 
London area are not shown individually, but 
are concentrated in one rectangle. The result- 
ing layout is, in general, fairly clear. Full use 
would be made of coastal sites near the coalfields, 
or where harbour facilities enabled colliers to be 
employed. A number of sites on large rivers, to 
which there is rail access, such as the Severn and the 
Humber basin, would also be utilised ; and where 
sewage effluent in one form or another is available 
sites have been chosen near the large centres of 
population. In fact, the sites shown on the map 
have been selected principally on account of their 
cooling-water facilities, and undoubtedly offer the 
best solution to that part of the problem, particu- 
larly as there are few alternatives. 

When, however, the influence of fuel supplies 
on the siting problem is considered, the outlook 
becomes more complicated. To generate the elec- 
tricity required in 1958, according to Mr. Haldane, 
it would be necessary to consume 47 million tons of 
coal per annum ; and the consumption would have 
increased to over 90 million tons by 1968, i.e., 
to about one half the present total annual home 
consumption for all purposes (which has remained 
remarkably constant at about 180 million tons since 
1913). The important questions as to what extent 
these requirements could be drawn from the coun- 
try’s coal reserves and what the cost of obtaining 
them from alternative sources would be, naturally 
have an important bearing on the Electricity 
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nately, the answers to these questions have yet 
to be found ; and the best that can be done is to 
examine such pertinent data as are available. 

Fig. 3, above, shows how the coal industry met 
the increased demand from the electricity supply 
industry between 1939 and 1947. It will be seen 
that the amount drawn from the East Midlands coal- 
field increased by about 3} million tons during that 
period, that from the Northern coalfield by 2} million 
tons, and that from the South Western coalfield by 
1}? million tons. On the other hand, the amount 
supplied from the Scottish coalfield did not increase 
appreciably and the supply of cleaned deep-mined 
coal from that source actually declined. Fig. 2, on 
the previous page, shows the geographical distri- 
bution of the sources of coal supply in 1947, when 
26 million tons were being consumed for electrical 
generation. The appearance of the map in 1968, 
when 90 million tons may be required for that pur- 
pose, remains a matter of speculation. It is, how- 
ever, important since it will so largely influence the 
siting of the generating stations, and the design of 
the transmission system inter-connecting them with 
each other and with the load centres. 

Another important factor in the siting problem is 
obviously the relative cost of the coal drawn from 
the different fields. Fig. 4 shows the costs of 
production in each coalfield during the year ended 
September 30, 1948. This diagram indicates 
which fields were operating at a gross profit and 
which at a loss, while the average selling price in 
the home market is shown by a straight line drawn 
across the diagram. It is a natural deduction 
from the information given in this diagram that 
it would be economically desirable to build the 
first group of new stations in the areas where coal is 
cheapest, and especially in the East Midlands. 
Whether that will be possible in practice depends 
upon the policy of the Coal Board who, although 
charged by Parliament to operate in a way “ best 
calculated to further the public interest in all 
respects,” may not see eye to eye with the British 
Electricity Authority regarding what is involved 
in that nebulous statement. 

A further point that may be discussed is to what 
extent the siting of generating stations should be 
influenced by the distribution of the electrical load 
throughout the country. Fig. 5 is a map showing 
the estimated distribution in 1965, and is based on 
information which has been collected by the British 
Electricity Authority from the Area Boards. Each 
dot on this map represents 10 MW of load and the 
total amounts to about 30,000 MW. As will be 
seen, the main features of this estimate are the 
heavy concentration of loads round London, com- 
bined with smaller, if still large, concentrations 


DISTRIBUTION IN i965 





(29664.G) 


round Birmingham, in north-west England, and on 
the Clyde. The problem that has to be solved is 
whether it is cheaper to transmit the electricity 
necessary to supply this load from a distanee or to 
transport coal so that generation can take place in 
local stations. 


(To be continued.) 





Export OF Goops CONTROL ORDER.—The Export of 
Goods (Control) (Consolidation) Order, 1949, which came 
into operation on January 7, brings up to date the pre- 
vious Consolidation. Order (1948) and later amendments. 












‘* STREAMLINE FLOw ” : CORRIGENDUM.—MTr. H. F. P. 
Purday, whose book on Streamline Flow was reviewed 
on page 50 of volume 168 (1949), has asked us to draw 
the attention of purchasers of the book to an error 
that has been found under Ex. 1, on page 28; the 
second equation should read 


1 x (30-5) x 32 
(2-54)* x 69,000 
and the last line of figures in Table 19-II should be 
corrected to suit. An erratum slip is being inserted by 


the publishers, Messrs. Constable and Company, in 
copies despatched subsequently to the discovery of the 


= 0-067 Ib. per sq. in., 


error. 
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ELECTRIC FENCES, 


Tux subject of “ Electric Fences” is dealt with by | 
Messis. A. E. Canham and R. G. Parr in a report | 
(W/T18), which has been published by the British | 
Electrical and Allied Industries Research Association, | 
Thorncroft Manor, Dorking-road, Leatherhead, Surrey, | 
at the price of 28. net. 

An electric fence is a livestock barrier, consisting | 
of one or more strands of wire, supported on insulators | 
fixed to light wooden posts and connected to an ener- | 
gising unit. This unit can either be an electro-mechani- | 
cal or purely electrical device, which applies a high 


voltage between the wire or wires and earth at regular | has been “ to design a simple, dominant, vertical feature 


intervals, so that any animal or human being coming | 
into contact with them suffers an electric shock. After 
animals have come into contact with such a fence once | 
or twice they usually keep away from it altogether. 
Fences of this kind were introduced commercially 
in this country in 1937 and a fence controlling unit | 
was exhibited at the Smithfield Show in 1938. In| 
1940 they were officially approved by the Ministry of | 
Agriculture and, owing to shortage of wire and timber | 
for ordinary fencing, their popularity increased during , 
the war. A British Standard Specification (B.S. No. 
1,222) was published in 1945. 

The controlling, or energising, unit is so designed 
that the current is sufficiently high to provide a severe | 
shock, but not high enough to be lethal, either to animals | 
or human beings under the conditions most favourable 
for contact. There are several types, some of which 
are battery-operated, while others are energised from | 
the mains. The latter are not considered sufficiently | 
safe for use in this country, although they are employed | 
in America and in Europe. The battery-operated | 
inductive discharge type of unit, which is alone available 
in Great Britain at present, is designed to apply the | 
energising voltage to the wire intermittently, a short | 
shock period, during which the fence is alive, being 
followed by an off period of much longer duration. 
The victim therefore receives a succession of shocks at | 
regular intervals until contact is broken. 

Tests conducted on the three separate patterns of | 
battery-operated inductive discharge units that are 
available show that if a nominal voltage of 6 volts is 
used they all comply with the standard specification, 
so far as quantity of electricity, peak current discharge 
through a 500-ohm non-inductive load and time of 
electrification are concerned. In the case of two of the 
units, increasing the battery voltage to 12 volts (which 
might be done if a 12-volt car battery were available) 
would increase the quantity of electricity discharged 
above the 3 millicoulombs allowed by the specification, 


although the peak discharge current and the duration LOAD ON 
of the electrification period would remain within the MAIN GUY 


permitted maxima. One unit is fitted with a neon 
visual indicator to show when the fence is electrified, 
and this will result in a high potential appearing 
between the battery and earth, unless the secondary is 
isolated or the position of the lamp is changed. Although 


the frequency of the oscillations on the discharge |W 
wave form is about 10 kilocycles per second, it is | 
doubtful whether these would have any effect on|% 


either cattle or human beings. 

The fence itself consists of one or more strands of 
light- or medium-gauge galvanised wire supported by 
insulators on light posts at suitable intervals. One| 
wire is usually sufficient and may be fixed at a height | 
of about 3 ft. from the ground for horses and cattle 
and from 6 to 18 in. for pigs. Two wires at different | 
heights should be used if the animals are mixed. In 
the case of animals with thick coats, such as sheep, | 
barbed instead of plain wire should be employed. | 
The posts may be of metal or wood, and a spacing of | 
5 to 10 yards is adequate. Several miles of wire can be 
energised by one controlling unit. “‘ Gates ” consist of 
a single wire connected to the fence at one end and to | 
a hook or wire loop, with an insulated handle, which | 
is also connected to the fence, at the other. 

treat care should be taken to ensure a good earth 
connection by employing a metal stake for this purpose. 
This should be of corrosion-resistant material, it should | 
be buried to a mean depth of not less than 2 ft. — 
should provide a minimum contact area of 1} sq. ft. | 


DESIGN FOR ‘‘ VERTICAL FEATURE ”’ 


FOR THE FESTIVAL OF BRITAIN, 


Tue drawing and force diagrams reproduced on 
this page are of a “ vertical feature” which it is 
pro to erect on the Exhibition site on the South 
Bank of the Thames for the Festival of Britain, 1951. 
The design, which has been submitted by Messrs. 
Powell and Moya, AA.R.I.B.A., 36, Great Smith- 
street, London, 8.W.1, has been awarded the first prize 
(300/.) in a competition set by the promoters of the 
Festival. The total number of designs submitted was 157. 

In their own words, the designers state that their aim 


soaring upwards, in direct contrast to the complex and 
horizontal character of the Exhibition lying beneath it. 
This ‘ feature,’ a tall, thin, pointed, shiny lozenge-like 
body, is poised 40 ft. above the Exhibition crowds 
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on the large paved area below—a heavier-than-air 
structure which is suspended in a cradle of steel cables 
supported on three pylons. These pylons, less than 
70 ft. high, would not stand out prominently from the 


| Exhibition buildings and might almost be lost among | 


them. The deliberate illusion is therefore created of 
an unusual structure, divorced from the earth, defying 
the laws of gravity and yet with its design based on 
simple and practical mechanical principles. Viewed 
from the distance, or from across the river, the feature, 


Until an animal makes contact with both wire and | shining in the sun by day, illuminated from inside by 
earth very little current flows, but there may be leakage, | night, and reflected in the river, would by its very 
owing to vegetation touching the wire. This must | shape, act as an enormous pointer to the Exhibition. 


equivalent to 20 lb. per square foot on a solid body, or, in 
this case, 10 lb. per square foot on the elevational area of 
the open-work cladding of the structure ; and (2) the 
working load on the cables to be one-third of their 
breaking load. The complete structure is divided into 
four main elements: the “feature,” the pylons, the 
guying cables, and the foundations. The “ feature ” 
consists of a 12-sided aluminium frame, 250 ft. high 
(raised 40 ft. above the ground), measuring 14 ft. across 
opposite faces at the centre of its height, and tapering in 
a curve to a point at each end. It is built of channel 
or “ top-hat ” section longitudinal members riveted to 
circular horizontal rings of tubular aluminium, braced 
with horizontal steel wires to keep their circular shape. 
Aluminium is chosen for its ready availability and its 
lightness, 

The bending due to wind is taken by the longitudinal 
members, braced by diagonal steel wires. The 
“feature” is built up of four 60-ft. prefabricated 
units bolted together on the site. In addition, there 
is a top end consisting of a spun-aluminium cone, 5 ft. 
long, and a bottom end of a solid conical aluminium 
casting, also 5 ft. long, with eyes cast on for attaching 
the guy ropes. The three main wind-bracing guys are 
fixed to a specially-stiffened ring at the mid-point in 
height. The external covering of the framework 
consists of a lattice of j-in. wide aluminium strips, 
interlaced diagonally, and leaving 2 in. by 2 in. spaces. 
Aluminium has been chosen for the outer covering, 
as it provides a shining, brilliant finish when lit by day 
or by night. The covering is in the form of lacing, as 
opposed to a light mesh on the one hand and a fabric 
covering on the other, for the following reasons: it 
reduces the wind pressure; the scale and design of 
the lattice-work do not detract from the appearance of 
solidity, whereas an open netting would make it appear 
| too slight and ethereal for a dominant feature; the 
textured and lattice-work nature of the covering clearly 
shows the feature as a “ heavier-than-air” object, 
whereas fabric might give the impression of its being 
a balloon and thereby destroy the gravity-defying 
appearance aimed at. The aluminium cone at the top 
contains an air-speed indicator. 
| The covering of the third of the four 60-ft. units 
| (from 165 ft. to 225 ft. above the ground) can be 





arranged as a “‘ rip-panel,” controllable from the ground, 
so that it can be released in the unlikely event of a wind 
| speed of more than 80 miles an hour occurring. The Air 
| Ministry state that, in the last 12 years, only one gust of 
over 80 m.p.h. (actually 81 m.p.h.) has been registered, 
and in view of the facts that the structure is only likely 
to stand during the summer months, and a high factor 
of safety has been allowed in the design, the “ rip- 
panel” may be considered unnecessary. The feature 
will be lit by tungsten-filament lamps distributed 
| uniformly inside, and musical wires can be stretched 
| between points inside the framework, so that wind 
| passing through the structure would produce an 
| Aeolian harp effect. 
| The three pylons, 68 ft. long, support the wire 
| cradle carrying the feature, and are triangular in cross 
section ; they are built as an open lattice-work of alu- 
minium tubes, this material being chosen because of the 
| necessity for economising in steel, although the latter 
| material would otherwise be preferable, especially as 
| the natural finish of aluminium is not required for this 
| part of the structure. The pylons are painted black, or 
a colour to blend in with the surrounding buildings, 
in order to reduce their visibility. The tensional 
forces in the guying cables are shown in the diagrams, 
and range from a maximum of 29 tons to a minimum 
of about 16 tons. The 46 tons pull shown in the top 
left-hand diagram is distributed over three cables. 
The largest size of cable required is estimated to be 
5 in. in circumference. The cables would hardly be 
visible from an appreciable distance. The nature of 
| the foundations has not yet been determined, but the 
| designers give some notes on a suggested method of 
erection. Briefly, it is to use the three pylons as 
derricks placed vertically around the site; place the 
upper 60-ft. unit on the ground in the centre ; raise it 
as high as possible by means of cables over the pylons ; 
place the second unit under it; then proceed in this 
manner until the “feature” is in its final position, 
using temporary guying cables to the top and per- 
manent cables to the central section to steady the 
structure as it is raised. 








therefore be kept short. It is evident that the effec- | 
tiveness of the contact the animal makes with the | 
fence and ground is influenced by the dampness of the 
latter. Some units are therefore fitted with a plug or 
switch, so that an enhanced voltage can be applied 
when the ground is dry to counteract the increase in 
the contact resistance of the animal with it. To 
climinate the variable factor of ground surface it has 
been suggested that a single wire should be replaced 
by a three-wire fence, the top and bottom wires being 
charged and the centre one being earthed. This would 





only be effective if the animal always touched the top 
and the middle or the bottom and the middle wires at | 
the same time. 


At the same time, it is also most important that this 
feature should be impressive, not only from a distance, 
but also from close-to. It is felt that, on this somewhat 
closely packed site, a vertical feature solidly resting 
on the ground, would lose its impressiveness from 
near at hand, however important and grandiose it 
might appear from a distance; its solid connection 
with the ground might also cut up the fine clear area 
of paving out of which it would rise. But when it is 
poised above the ground, the paved area is unbroken, 
and Exhibition visitors can walk underneath, with 
over-awing and dramatic views upwards.” 

The basic assumptions in the structural design have 
been (1) a maximum wind speed of 80 miles an hour 


In their report on the designs submitted, the assessors 
recall that, in the conditions governing the competition, 
it was stated that, although the “‘ feature ” could take 
the form of a normal three-dimensional structure, it 
might well be composed of such non-structural elements 
as, for example, water, steam, gas, or a combination of 
any of these. It is, they say, a matter of regret that 
very few competitors made use of non-structural 
elements. A public exhibition of all the designs sub- 
mitted in the competition, and in another competition 
for a restaurant design, is to be held in the conference 
hall of County Hall, Westminster Bridge, London, from 
January 17 to 21. Admission will be free and the daily 
time of opening will be from 10 a.m. to 4 p.m. 
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ANNUALS AND REFERENCE BOOKS. 


Electrical Engineer's Reference Book, 1949.—This 
book, which has now reached its fourth edition, is 
arranged in 32 main sections, each dealing with a 
specific subject, or group of subjects or applications. 

us, for transformers the basic electromagnetic 
principles are given in Section I, a summary of standard 
practice in construction and operation in Section 4, 
and a digest of the latest developments in Section 29. 
The field covered is wide, almost the only omissions 
being wire and radio communication, although this is 
perhaps partly justified by the title of the work. Since 
the previous edition was published in 1948 the develop- 
ment of the industry has necessitated the addition of 
a considerable amount of new material. This includes 
a description of the hydrogen-cooled alternator 
in the power station plant section and an entirely 
new section dealing with hydro-electric schemes. 
Advances in the production of magnetic materials, 
notably aniostropic ferrous alloys; in super-conduc- 
tivitity ; in semi-conductors and thermistors; and 
improvements in the fittings for wiring installations are 
also dealt with for the first time, as are electrical servo- 
mechanisms and alternating-current bridge measure- 
ments. A feature, which is too unusual to pass over, 
is the very complete bibliography ; and the part that 
current literature should play in the electrical engineer’s 
life is emphasised by the publication of a list of 
periodicals. It may be added that 62 contributors, 
under the general editorship of Mr. E. Molloy, have 
been engaged in the preparation, extension and revision 
of the work, all of whom are specialists in their subject. 
A book such as this depends for its usefulness largely 
on the completeness of its index, and tests indicate 
that this is adequate for the purpose. The Reference 
Book, which covers 2,168 pages, is published by George 
Newnes, Limited, Tower House, Southampton-street, 
Strand, London, W.C.2, at the price of 50s. net. 

Industrial Diamond Trade Names Index.—An index 
to trade names in the diamond industry was first 
published in 1945 as an eight-page data sheet by the 
Industrial Diamond Review. It contained some 200 
names and addresses: and a revision of this, compiled 
jointly by the Industrial Diamond Information Bureau 
and the Industrial Diamond Review and containing 
about 1,200 trade names, has now been published by 
'N.A.G.. Press, Limited, 226, Latymer-court, Hammer- 
smith, London, W.6. The brand or trade names and 
recognised abbreviations listed alphabetically concern 
not only diamond drawing dies, grinding wheels, 
polishing equipment, powders, tools and truing devices, 
but also non-diamond abrasives, bearings and bearing 
materials, cutting and grinding lubricants, drawing-dies 
polishing machines, drill bits, fine boring machines and 
lathes, grinding and lapping machines for sintered 
carbides, hardness-testing machines, measuring instru- 
ments, non-diamond grinding wheels, sintered-carbides 
and sintered-carbide dies and tools, and other materials 
and equipment. The book contains 48 pages and is 
divided into two main parts, the first being the alpha- 
betical list of trade names, and including, in each case, 
the name and address of the firm concerned, and the 
second, a classified subject index. The price is 3s. 6d. 
net. 

International Mercantile Diary and Year Book.—The 
34th edition, that for 1950, of the International Mer- 
cantile Diary and Year Book, has recently come to hand. 
Its aim is to provide exporters with data regarding 
export documentary procedure, and, at the outset, a 
summary of the requirements stipulated by the prin- 
cipal countries for goods sent by Bill of Lading is 
given and the documents required quoted. The first 
section in the book covers Great Britain and the British 
Empire, which is arranged territorially, then follow 
foreign countries and States in alphabetical order. In 
addition to commercial information regarding each 
country, on such matters as import licences, commer- 
cial invoices, certificates of origin, consular charges, 
and the like, the population of the principal ports and 
cities is given, together with particulars concerning the 
main airports, the leading banks, the currency and 
weights and measures used, the postal charges in force, 
the principal shipping lines, and other data. A useful 
collection of general information is also furnished after 
the diary . The book is published by Syren and 
Shipping, Limited, 26-28, Billiter-street, London, E.C.3. 
The price is 30s., and this includes the cost of The 
Merchant Shipper, a monthly publication which main- 
teins the informatior in the Year Book continually 
up to date. 





BRITISH OVERSEAS AIRWAYS CORPORATION.—A pre- 
liminary estimate of the British Overseas Airways Cor- 
poration traffic figures for 1949 shows that 150,000 pas- 
sengers were carried and 408,625,763 passenger miles 
flown, against 119,000 and 365,500,000, respectively, in 
1948. In 1949, 3,969 tons of cargo were carried, includ- 
ing diplomatic mail and excess baggage, compared with 
3,166 tons in 1948. The amount of mail carried also 


increased, from 1,767 tons to 1,800 tons. 





LABOUR NOTES. 


Statistics relating to the coal-mining industry in 
Great Britain, made available by the Ministry of Fuel 
and Power on January 5, show that the total production 
of coal in 1949 amounted to 215,113,800 tons, compared 
with 208,469,900 tons mined in 1948, an increase of 
6,643,900 tons. Deep-mined coal produced totalled 
202,674,100 tons in 1949 against 196,721,600 tons in 
1948, while opencast coal mined in 1949 amounted to 
12,439,700 tons against the 11,748,300 tons mined 
during the previous year. It may be recalled that the 
Government’s Economic Survey for 1949 estimated 
that coal production for that year would amount to 
between 202 and 207 million tons of deep-mined coal, 
and to 13 million tons of opencast coal, so that the 
minimum target for deep-mined coal has been passed 
and the target for opencast coal has nearly been 
attained. The Ministry estimate that 10,651,700 tons 
of coal were lost through various causes in 1949. Of 
this total, the loss of 8,864,400 tons was due to recog- 
nised holidays, 1,266,600 tons to stoppages of work in 
the industry, and 520,700 tons to sickness, voluntary 
absenteeism and other causes. The total tonnage lost 
in 1949 was some 330,000 tons above the total for the 


previous year. 


Man-power figures for the whole of 1949 were not 
available at the time of going to press, but it is clear 
that the labour force in the industry declined steadily 
during the year. Employees of all grades on colliery 
books during the first 51 weeks of 1949, to December 24, 
reached a weekly average of 719,700, against a weekly 
average of 724,000 for the first 51 weeks of 1948, a 
decline of 4,300. Over the same periods, however, 
miners at the coal face increased from a weekly average 
of 292,700 in 1948, to one of 296,200 in 1949. The 
average number of shifts worked per wage earner 
declined from 4-74 weekly in 1948 to 4-70 weekly in 
1949, but the overall output per man-shift rose from 
an average of 1-11 tons in 1948 to 1-16 tons in 1949. 
The average output per man-shift at the coal face 
reached 3-02 tons during the first 51 weeks of 1949, 
compared with 2-92 tons during the corresponding 
period in the previous year. Home consumption of 
coal during 1949 to December 24, was 191,655,000 tons 
against 189,086,000 tons during 1948, to December 25, 
an increase of 2,569,000 tons. Exports advanced, by 
3,303,000 tons, from 10,742,000 tons in 1948 to 
14,045,000 tons in 1949, but bunker coal declined from 
5,284,000 tons in 1948 to 4,981,000 tons in 1949. 








Unemployment in certain areas of Canada, attributed 
in the main to the decline in that country’s agricultural 
and industrial exports to Britain, shows signs of 
increasing and is causing some concern to industrial 
organisations and trade unions there. The National 
Employment Service reports that the number of 
applicants for work, for whom no jobs could be found, 
numbered over 200,000 at the end of November, 1949. 
Trade unions claim that some 300,000 persons are at 
present seeking employment. There are stated to be 
60,000 persons without work in Ontario and another 
30,000 unemployed workpeople in Vancouver, together 
representing about 44 per cent. of the country’s total 
labour force. In these circumstances, efforts are 
being made by the labour organisations of Canada 
to induce their Government to set in being the plans 
prepared some time ago for substantial employment 
on public undertakings. 





Considerable progress towards finding some means 
of supplying cheap coal to miners in Cumberland and 
parts of Lancashire, who do not at present receive that 
benefit, is expected to be made when negotiations on 
this question are resumed between officials of the 
National Union of Mineworkers and members of the 
National Coal Board early next week. The general 
principles for what appeared to be a solution to this 
difficult question were agreed to by the Union and the 
Board some months ago, but when details of the 
suggested scheme were submitted to local areas of the 
Union for approval, objections were raised in some 
instances. The Board has previously been unable to 
agree to any increase in the total amount of conces- 
sionary coal granted to the industry as a whole, and 
the tonnage required to work the scheme was to have 
been made good by small reductions in the amount of 
concessionary coal granted to miners in other areas. 





It is understood that the National Union of Mine- 
workers has since asked the National Coal Board to 
modify their previous attitude and to contribute, in 
some measure, towards the tonnage of cheap coal neces- 
sary to meet the requirements of the Cumberland and 
Lancashire miners. At the close of a delegate confer- 
ence of Lancashire miners at Bolton on January 9, 
Mr. Edwin Hall, the Union’s area secretary, stated 
that a fresh offer regarding cheap coal for miners in 
that area had been madé by the North-West Divisional 
Coal Board, and that this was under consideration by 


the local executive committee of the Union. Nod tails 
of the offer, which is thought to have local application 
only, were given. If a settlement on local lines: ig 
reached, it will, presumably, require confirmatio, by 
Union headquarters and by the National Coal Board 
A parallel scheme would then have to be prepared for 
the Cumberland miners. 





Firms engaged in the distributive trades wii! be 
required, under the Census of Distribution 1950 (rder 
to submit to the Board of Trade not later than Marc), 31, 
1951, details of their businesses, based on their tra ling 
figures for 1950. Specimens of the forms, of which it 
is estimated that approximately a million copies wil] 
be required, have been sent to local food offices thro:gh. 
out the country, to enable traders to ascertain ip 
advance the nature of the information which they will 
be required to supply when the time comes. The 
Board repeated on January 9 the assurance which they 
have made on previous occasions that the published 
results of the census will not disclose the business 
secrets of any individual undertaking. The Board 
hope that their report will be published about the end 
of 1952, when much detailed information regarding 
the scope and cost of the nation’s distribution system 
will become available for the first time. i 





The specimen forms indicate that the questions to 
be asked are in many cases of a very comprehensive, 
even formidable, nature. The forms which retailers 
are asked to complete run to five printed pages con- 
taining 133 questions. Wholesalers will have to con- 
sider 156 questions contained on eight pages. Firms 
will be required to indicate by a cross which of 75 
commodities they deal in and to state whether each 
is a general or a special item of their trade. Information 
will be demanded regarding purchase tax, stocks, 
wages, salaries, delivery expenses, sales and purchases. 
On two occasions the census has had to be postponed 
owing to protests by trade organisations that the 
normal staffs of firms are not sufficient to cope with 
detailed inquisitions of this kind. Other objections 
have been put forward to the effect that modern 
conditions—including rationing, shortages and taxation 
—will not permit a true picture of normal conditions 
to be shown. The Government, however, regard the 
provision of information on the lines laid down as 
essential if accurate forecasts of the nation’s economic 
position are to be provided. 


Local areas of the National Union of Mineworkers 
voted strongly against the wage-restraining policy of 
the Trade Union Congress general council, thus revers- 
ing the decision of the national delegate conference 
of the Union of December 29, 1949, when a resolution 
supporting the general council’s policy was carried on 
a card vote by 406,000 to 273,000. Areas in the 
Midlands and Nottinghamshire voted in support of the 
official policy, but those in Scotland, Yorkshire, Lanca- 
shire, Derbyshire, South Wales, Northumberland, 
Durham, Cumberland, Somersetshire, Leicestershire 
and Kent voted against wage restraint. This opposi- 
tion of the local areas of the Union to the Government’s 
efforts to obtain stabilisation of wages, which efforts 
it is the policy of the T.U.C. general council to support, 
receives an added significance from the fact that, 
among the bigger unions, only the N.U.M. have taken 
a ballot of their membership, and that the adverse 
vote of the miners is an indication of the attitude of 
rank-and-file trade unionists to the Government policy 





The views of the Amalgamated Engineering Union 
on wages are largely bound up with their attitude to 
profits. An editorial article in the Union’s Monthly 
Journal for January states that they hold that the 
question of profits lies at the very root of the discussion 
on the problem of stabilisation. “The wage claim 
in which we are involved is based explicitly on the 
evidence that our industry is making great profits, 
greater perhaps than the industry has ever known. 
We do not find in the T.U.C. report satisfactory 
evidence that either the general council or the Govern- 
ment has formulated an adequate policy for dealing with 
profits.” The article states that whether it is palatable 
or not, trade unionists must give full consideration 
to the country’s economic position and continues : 
“The general council refers to the t-devaluation 
increase in the distributed profits tax, ee 25 per cent. 
to 30 per cent. But the fact remains that certain 
industries are likely to make exceptionally high profits 
as a result of devaluation.” 





In the absence of Mr. H. L. Bullock, chairman of the 
Trades Union Congress, Sir William Lawther, President 
of the National Union of Mineworkers, was due to pre- 
side over the special conference of executive officials 
of the 187 unions affiliated to the T.U.C. summoned to 
meet in London yesterday to discuss the general coun 





cil’s wage ay. At the time of going to press, the 
decisions of the conference were not known. 
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ELECTROLYTIC COPPER POWDERS. 

















Vie. 1. CHLORIDE-PowpER PARTICLES. x 20. 


Fie. 3. 


STRUCTURE OF SULPHATE POWDER. 
x 200. 


PRODUCTION AND HEAT- 
TREATMENT OF COPPER POWDER.* 
By H. J. V. Tyrrett, M.A., B.Sc. 


Tue technique of making metal articles by pressing 
metal powder in a suitable die and then sintering, has 
grown steadily in importance during the last few 
decades, and there has been an increasing demand for 
metal powders of various kinds. Copper powder, 
particularly that prepared by electrolysis, is probably 
the most widely used, most of it being obtained before 
the war from Germany or the United States. The 
manufacturing processes have not been described in 
detail. The present paper describes some aspects of 
an attempt to develop a home source of supply which 
reached the stage of pilot-plant production. It is con- 
cerned particularly with laboratory investigations of 
the production of electrolytic powders, and with the 
effect of heat-treatment on the stability and moulding 
properties of powders produced both on the plant and 
in the laboratory. No description is given of the 
design, layout, or operation of the pilot plant. 

Two electrolytes were selected for detailed study, 
namely, acidified copper, sulphate solutions, and solu- 
tions of cuprous chloride in acidified brine. The first 
is a common type of oS the second 
has peen suggested for electro-refining and for the 
preparation of copper powder from scrap brass. A few 
experiments were carried out on cupro-cyanide electro- 
lytes using a modified du Pont “‘ high speed copper ” 
formula, but these were unpromising and the work was 
not continued. The heat-treatment investigation 
developed from a study of the storage stability of 
powders from the plant. Since these were exclusively 
produced from sulphate electrolytes, the laborato: 
heat-treatment work was principally concerned with 
two bulk samples of sulphate powder prepared under 
slightly different conditions on the plant, although a 
few experiments were also carried out with a large 








* Paper entitled ‘‘ Some Aspects of the Production and 
Neat-Treatment of Electrolytic Copper Powder,” pre- 
sented to the Institute of Metals. Written discussion 
is invited by the Institute. Abridged, 
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Fig. 2. x 20. 








Fig. 4. Structure oF CHLORIDE PowDER. 
x 200. 


sample of chloride powder prepared experimentally in 
a 500-ampere cell. 

Laboratory-scale experiments were usually carried 
out in a 2-litre beaker, heated in a large water bath to 
facilitate temperature control. The electrodes con- 
sisted of a thick copper anode and a stainless-steel 
cathode which were suspended in the electrolyte. This 
was usually stirred vigorously. It was not possible, in 
a cell of this type, to control very precisely the degree 
of turbulence in the neighbourhood of the cathode, 
and in order to examine this factor a more elaborate 
cell was used. This consisted of a cylindrical cathode, 
which could be rotated about a vertical axis at a known 
speed, surrounded by a co-axial perforated-copper 
anode. A few larger-scale experiments were carried out 
using a scaled-up version of the simple laboratory cell 
described above. This operated with a load of about 
500 amperes. In all cases, the product was removed 
by manual scraping of the cathodes at intervals, 
washed with water on a Buchner filter until it was 
free from electrolyte, and then dried in a low vacuum. 
In the case of powders prepared from a cupro-chloride 
electrolyte, it was necessary to give an initial wash 
with 5 per cent. sodium-chloride solution to remove 
any cuprous chloride before washing with water. 

The heat-treatment furnace consisted of a 2-in. 
internal diameter tube-furnace, 16 in. long, heated 
electrically. A loose tubular liner of heat-resisting 
steel was placed inside the furnace, projecting. far 
enough for the ends to be closed with rubber b 
The powder was contained in a stainless-steel boat, 
6 in. long, of semi-circular section, which fitted closely 
into the liner and could be slipped from the water- 
cooled zone at the inlet end of the furnace into the 
hot zone by means of a copper rod attached to it. 
A Chromel-Alumel thermocouple measured the tem- 
— of the hot zone. Cylinder hydrogen, purified 

y passing over red-hot copper, and dried by bubbling 
through concentrated sulphuric acid, was led into the 
heat-treatment furnace after removing acid spray. 
or A gh: nitrogen was used to purge the apparatus 
before and after passing the hydrogen. A capillary 
flow meter and a mercury lute were included in the 
commen gas-supply line to the furnace. Samples were 





annealed for either one or two hours, and were then 
quenched by withdrawing the boat into the water- 
cooled zone, or allowed to cool slowly in the furnace 
over a period of several hours. Each batch of powder 
was submitted to these four treatments at each anneal- 
ing temperature. 4 

Two batches of powder produced on the pilot plant 
were used for the majority of the experiments. One 
of these had been made from a plain acid sulphate 
bath containing about 10 grammes per litre of copper 
and 100 grammes per litre of sulphuric acid, using a 
bath temperature of about 60 deg. C., and a cathode- 
current density of the order of 20 amperes square 
dm. This is referred to as powder A. e other 
batch, referred to as powder B, was prepared from a 
similar electrolyte to which sufficient common glue 
had been added during the operation of the cell to 
maintain a concentration of approximately 0-1 per 
cent. (weight/volume) in the bath. These two powders 
were supplied from the pilot plant as representative 
samples of the material in production at the time. 
Their properties are given in Table I. A few experi- 


TABLE I.—Properties of Experimental Copper Powders. 





























Properties. Powder A.| Powder B. 

Sieve analysis : 

Per cent. + 100 mesh B.S.8. .. 27 22 

Per cent. — 100 + 150 ef 24 29 

Per cent. — 150 + 200 9 14 

Per cent. — 200.. en ° “ 40 35 
Apparent density of powder, gm. per ml. 2-0 2-3 
Tapped density of powder, gm. per ml.. .| 2-8 3-0 
Green density of compact, gm. per ml. : 

(a) 50 tons per sq. in. pressure oe 8-45 

(b) 24 tons per sq. in. pressure 7°53 | ~- 
Tensile strength of sintered compact, 

tons per sq. in. : | | 

(a) 50 tons per sq. in. pressure 5-6 _ 

(b) 24 tons per sq. in. pressure 7°8 | — 
Glue content, weight per cent. .. 0-014 


None | 





ments were carried out with a batch of chloride powder, 
prepared in the 500-ampere cell, the properties of . 
which are given later. 

The size-distribution of the powders was determined 
by hand-sieving, using B.S. sieves down to 200 mesh. 
Some of the results are quoted in terms of a 250-mesh 
Finex sieve; this was a sub-standard 200-mesh B.S. 
sieve which at the time was the only one available. 
The apparent density was measured by pouring the 
powder into an open flat-topped vessel of known 
volume, removing the excess powder from the top, 
and determining the weight of the contents. If, before 
weighing, the vessel was tapped gently until no further 
decrease in volume was observed, the “ tap den- 
sity ” could be determined. The flow properties of the 
powder were measured by determining the time 
required for a given weight of the powder to flow out 
of a funnel of arbitrary dimensions. This is not 
described, since no figures are quoted for flow times. 

The powders were pressed, without the addition of 
lubricant, in a ring die, giving compacts approximately 
1 in. in diameter with a wall thickness of about 4, in. 
The “ green” compacts were strong enough to be 
handled and their density (green density) could be 
determined directly. They were then sintered at 
1,000 deg. C. for 30 minutes in an atmosphere of 
cracked ammonia. Tensile-strength measurements 
were carried out using a Hounsfield Tensometer, the 
ring being held by two semi-cylindrical jaws fitting 
loosely inside. One jaw was fixed and the other moved 
in order to apply a measured load to the periphery of 
the ring. This extended and finally broke, the exten- 
sion being measured by the movement of the jaw 
applying the load. A stress-elongation curve could 
thereby be plotted. The tensile strength of the ring 
was given by the following expression : 

breaking load, tons 
2 x cross-sectional area of ring’ 
tons per square inch. 


The cross-sectional area of the ring was taken as the 
original area of the annulus before any load was applied. 


tensile strength = 





ungs. | Under the conditions of the test, the breaking load as 


measured was equal to the maximum stress transmitted 
through the ring. Tensile-strength measurements of 
this type give results which are linearly related, to a 
first approximation, to those obtained when normal 
test-pieces are used. 

The stability of a powder was assessed in terms of the 
colour change from pink to brown, purple, and black 
which accompanies the progressive oxidation of such 
powders. Samples were exposed in specimen tubes 
(6in. x Zin.), about two-thirds full, over calcium chloride, 
and over 30-per cent. sulphuric acid, this corresponding 
at room temperature to an atmosphere with a relative 
humidity of 75 percent. Colour changes were followed 
with a Lovibo nd Tintometer, but the numerical results 





e 


52 
obtained were of little use quantitatively because of the 
complex changes in hue and intensity which occurred 





on 8 Ultimately, the figures obtained were used 
solely to classify the powders as stable or unstable, any 
appreciable change with time in the Lovibond figures 
being sufficient for that sample to be classified as 
unstable. 

The samples of powder which had been heat-treated 
at any but the lowest temperatures were found to be 
sintered into a friable cake. The degree of sintering 
was estimated by measuring the depth to which a 
loaded needle of known dimensions would penetrate. 
A Hutchinson Penetrometer,* a standard instrument 
used in testing tar products, was available and was 
used for this purpose. Before applying the other tests 
described above, it was necessary to break down the 
sintered cake ; this was done as gently as possible, but 
those samples treated at 650 deg. C. or above required 
a light grinding in an impact mill (Christie and Norris 
** Junior ”) before they could be examined. 

It is well known that, for sulphate electrolytes, the 
principal anode reaction under normal conditions is 
the solution of copper to form cupric ions. There was 
no evidence in this work of side reactions or of polarisa- 


‘ tion phenomena of any important kind, at the anode 


current densities used (about 15 amperes per square 
dm.), the anode solution efficiency based on solution 
as cupric ions being always close to 100 per cent. 
There appeared to be four possible anode reactions in 
cupro-chloride solutions. (a) The formation of cuprous 
ions and their subsequent precipitation as solid cuprous 
chloride in the neighbourhood of the anode, or their 
transformation into soluble anionic complexes if the 
total chloride concentration in the solution was suffici- 
ently high. (6) The oxidation of the cuprous complexes 
to the cupric state. (c) The discharge of the complex 
copper anion and the deposition of metallic copper. 
Feodotieff, in 1928, found that this only occurred at 
very high current densities (80 amperes per square dm.). 
(a) The liberation of chlorine. 

Curves of the effect on the anode solution efficiency 
of variations in the cell conditions were drawn, in which 
the mean measured efficiency was plotted against the 
anode current density used. The results showed 
clearly that the solution efficiency was generally greater 
at 60 deg. than at 20 deg. C., remaining close to 100 per 
cent. up to the highest current densities studied, par- 
ticularly in acid solutions. Since, in the majority of 
experiments, the concentration of cupri-chloride did 
not rise, or the total concentration of chloride fall, the 
formation of cuprous ions was undoubtedly the principal 
anode reaction. 

The appearance of the anode at the end of an experi- 
ment with a chloride electrolyte varied according to 
the operating conditions. Normally it was etched, and 
covered with a thin black slime, apparently cupric 
oxide. Occasionally, however, it was highly polished. 
This polishing was observed when low temperatures 
and high anode-current densities, a low copper con- 
centration in the electrolyte (5 grammes per litre of 
copper), and a pH value between 0-5 and 1-0 were used. 
It was associated with the occurrence of strong anodic 
polarisation in the cell, and has been reported pre- 
viously for both chloride and cyanide baths. The 
phenomenon was not important in the preparation of 
the powders, since the conditions producing it were not 
those most favourable for powder production. 

The principal cathode reaction in the sulphate elec- 
trolyte was the discharge of cupric ions as metallic 
copper, but at the current densities used in powder cells 
(about 15 amperes per square dm.) a small amount of 
hydrogen was formed, especially in unstirred electro- 
lytes. In consequence, powders formed under these 
conditions were contaminated with basic material. 
Cathode current efficiencies obtained from small labora- 
tory cells were low (50 to 60 per cent.) even when the 
electrolyte was stirred, owing to difficulties of collection. 
However, values of about 95 per cent. were regularly 
reported from the pilot plant, and the side reactions 
could not have been serious. 

Specifications for metal powders normally include 
the particle-size distribution expressed in terms of 
standard sieves, and the apparent density. This is 
partly a function of the particle size, and partly of the 
shape and surface characteristics. Consequently, 
changes in the cell conditions produced changes in the 
particle size and the apparent density which were, to 
some extent, independent. ‘The results of a number of 
experiments are summarised below. 

The size distribution of the particles was principally 
determined by the frequency with which the powder 
was removed from the cathode, the apparent density 
remaining almost unaffected. Increasing the acidity 
and the total copper concentration of the electrolyte, 
raising the operating temperature, or decreasing the 
cathode-current density, increased the average particle 
size and the apparent density. Any major change in 
these variables led, in the case of the sulphate solutions, 





* Standard Methods of Testing Petroleum and its 
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to the formation of adherent deposits. The nature of 
the cathode deposit was changed by the addition of 
small amounts of foreign substances to the bath, such 
as colloids and wetting agents. In general, these 


TABLE II.—Effect of Heat-Treatment Temperature on 
Stability. 
(Laboratory furnace, purified cylinder-hydrogen 
atmosphere.) 
Powder A, 42 Samples. 
































Temperature Stable, Unstable, Ratio 
Range, deg. C. Per cent. Per cent. | Stable : Unstable. 
—— — we — ———E -_ 
200-400 deg 21-4 11-8 1-81 
400-600 deg 33-4 2-4 13-80 
600-800 deg 26-2 4-8 5-45 
Total 81-0 19-0 | 4-26 
Rivie Powder B, 65 Samples. 
Temperature Stable, | Unstable, | Ratio 
range, deg. C. Percent. | Percent. | Stable : Unstable. 
200-400 deg. 17-8 3-6 5-00 
400-600 deg. 38-4 1-8 21-50 
600 -800 deg. 31-2 } 7-2 4-38 
Total 87-4 12-6 | 6-91 
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and low cathode-current densities. Conditions for powder 


formation were comparatively critical in sulp!ate 


baths ; in chloride baths they were much less so. An 
electrolyte containing 150 grammes per litre of so: ium 
chloride, 20 grammes per litre of copper as cup’ ous 
chloride, and sufficient hydrochloric acid to mak» the 
solution about 0-5N in acidity gave satisfactory re~ults 
in some large-scale experiments, the temperature \:sed 
being about 60 deg. C., and the cathode-current de» .ity 


about eight amperes per square dm. 

The powders obtained from the chloride and sulp; ate 
baths were quite different in appearance and in st uc. 
ture. Chloride powders had a bright metallic app: ar- 
ance and, on microscopic examination, the indivi: ual 
particles were found to show well defined crystal f. ces 
and to be dendritic in form, as may be seen in Fi,” 1, 
on page 5. Sulphate powders, on the other hand, \ ere 
not noticeably metallic in appearance, the part’ jes 
having an irregular surface with no apparent struct »:re, 
and being rather nodular in form, as shown in Fig. 2, 
on the same page. Examination of polished, etc ied 
sections showed that, while the sulphate parti:les 
consisted of clumps of small radiating crystalli'cs, 
the chloride particles were made up of two or 
three relatively large crystals. Fig. 3, on page ‘il, 
shows a section of sulphate powder, and Fig. 4. a 
section of chloride powder, both of which have been 
etched in hydrogen peroxide + ammonia. Clearly, ‘he 
rate of formation of new nuclei on the cathode compared 
with the rate of growth of already existing crystals was 


TABLE III.—Compos!irion OF ANNEALING ATMOSPHERE AND EFFECT ON STABILITY. 
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II. Cracked ammonia. 


TABLE IV.—EFFEcT OF PARTICLE-SIZE 


(Compacts prepared at 24 tons per sq. in. pressure.) 





Temperature Stable, Unstable, Ratio | Number of 
(see key below) Range, deg. C. | Per cent. Per cent. Stable : Unstable. | Specimens. 
| ! 
I 200-400 deg. 18-2 6-1 3-0 
400-600 deg. 37-8 0-0 @ 
600-800 deg. 28-8 9-1 3-2 
Total .. 84-8 62” es ee 
ll 200-400 deg. | 0-0 | 2-2 0-0 
400-600 deg. 11-1 | 27-8 | 0-4 
600-800 deg. } 11-1 } 27-8 0-4 
Total .. 22-2 76°C 0-29 18 - 
Il 200-400 deg 15-0 | 10-0 | 1-5 | ‘ 
' 400-600 deg | 40-0 5-0 8-0 
600-800 deg 20-0 | 10-6 2-0 
Total “a 75-0 | 25-0 | 3-0 20 7 
IV 200-400 deg. | 0-0 28-6 0-0 
400-600 deg. | 0-0 28-6 0-0 | 
| 600-800 deg. | 42-8 0-0 a 
| Total :. -+| 42-8 57-2 0-75 14 ~ 
: Key to Annealing Atmospheres. er a i 7 Pa 2 poe 
I. Purified cylinder hydrogen. 


.- Cracked ammonia saturated with water vapour and dried over calcium chloride. 
Purified cylinder hydrogen containing 0-1 vol.-per cent. of added ammonia. 


Tested for 2 weeks only. 


DISTRIBUTION ON TENSILE STRENGTH. 





Heat-Treatment Temperature, deg. C. os | 





Blend 








Mean tensile strength, tons per sq. in. . . 





320 deg. 











Note.—The blends were made from powder B as follows :— 


Wt.-per cent. + 100 mesh B.S. sieve 
Wt.-per cent. — 100 + 150 B.S. sieve .. 
Wt.-per cent. — 150 + 200 B.S. sieve 
Wt.-per cent. — 200 B.S. sieve e 


tended to increase the apparent density of the dried 
powder, and, at one time, it was the accepted practice 
to add common glue to the pilot-plant cells. It was 
found later that this gave rise to an inferior product. 

The results obtained in the laboratory cells were 
greatly affected by the turbulence of the electrolyte. 
When the bath was unstirred the copper was deposited 
at the cathode as a fluffy powder contaminated with 
basic material (sulphate electrolyte). Similar powders 
were formed in stirred solutions of low copper concen- 
tration, that is, the type of product formed in unstirred 
solutions arose because of the rapid impoverishment 
of the solution in the neighbourhood of the cathode. 
Evidently, the normal diffusion processes unaided were 
too slow to keep up the copper concentration in this 
region; similar results were obtained for chloride 
solutions. In larger cells sufficient stirring seemed to 
arise from gas evolution at the cathode, convection 
currents in the cell, etc.,'to make mechanical agitation 
unnecessary. 

Powders of a very wide range of size distribution were 
prepared in these experiments. The apparent densities 
of these varied between 0-7 and 3-7 grammes per 
millilitre, the value increasing as the cell conditions 





Products, 8th edition. Inst. of Pet., London (1947). 





approached those normally used in electroplating, that 
is, high electrolyte concentrations, high temperatures 


485 deg. 

2 | 3 1 | 2 | a oe | 2 | 3 
2 [or | s7| re] os | 70 v0 | 91 
Blend 1. Blend 2. Blend 3. 

40 20 5 
30 30 30 
15 20 25 
15 30 40 


greater in the sulphate than in the chloride bath. It 
was not possible to investigate this interesting pheno- 
menon any further, but it may have been connected 
with the fact that the copper-ion concentration in the 
cupro-chloride solution was low but relatively constant, 
being controlled by the dissociation of the complex 
anion. The structure of the electrolytic chloride 
powder was similar to that reported for powders precipi- 
tated chemically from chloride solutions.* 

The pilot plant, operating with an acid sulphate 
electrolyte under the optimum conditions specified 
above, gave an average power efficiency over long 
periods of 3-53 kWh per kilogramme of dry powder 
produced. The cells were water-cooled to keep them 
at the operating temperature. Two small batches 
of powder were made in a 500-ampere cell, using a 
chloride electrolyte under the conditions specified 
above. The energy dissipated as heat in the solution 
was insufficient to maintain the bath temperature at 
60 deg. C. without using some form of auxiliary heating. 
The power consumption, ignoring that required for 
maintaining the temperature of the solution, was 1-14 
kWh per kilogramme in one experiment and 0-77 in 
the other. The experimental cell was not identical in 





* I. and S. Inst. Special Rep. No. 38, page 162 (1947). 
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form with those used on the plant, but there was no 
doubt that higher power efficiencies could be obtained 
with the chloride bath. This was partly due to the 
lower voltage drop across the chloride cell and partly to 
the much higher cathode current yields, which 
approached the theoretical value expected for the 
deposition of cuprous ions. 

A large number of copper powder samples were 
examined during the course of this work, and all of 
them were found to be unaffected by prolonged storage 
in a dry atmosphere. The change in colour observed 
for certain powders stored in the laboratory atmosphere 
was due to surface oxidation: a type of reaction which 
only occurs at room temperature in the presence of 
water vapour, The earliest stability tests were 
carried out on samples supplied from the pilot plant. 
It was found that most batches which had been heat- 
treated in a reducing atmosphere below 550 deg. C. 
were unstable, while very few of those heat-treated 
above 650 deg. C. failed to satisfy the stability test. 
These heat-treatments had been carried out in a 
continuous furnace using an atmosphere of cracked 
ammonia. Different results were obtained, however, 
when samples of sulphate powder were heat-treated 
in a laboratory furnace using a purified-hydrogen 
atmosphere (Table II). In these experiments the 
proportion of stable samples was high at all annealing 
temperatures. There was a barely significant increase 
in the proportion of unstable specimens when powder A 
was treated at temperatures in the 200 deg. to 400 deg. 
C. range, but otherwise the observed differences were 
not statistically significant on an 0-05 level. There 
was no marked difference between the two untreated 
powders as far as stability was concerned. 

In order to investigate this discrepancy, experiments 
were carried out using the same annealing atmosphere 
in the laboratory furnace as had been used in the plant 
furnaces. This was prepared by passing cylinder 
ammonia over a heated catalyst in an I.C.I. cracking 
unit, and contained nitrogen and hydrogen with 
possibly a trace of free ammonia. It was completely 
free from oxygen and water vapour, unlike the purified 
cylinder hydrogen which may have contained small 
traces of these substances. Table III, opposite, shows 
that samples treated under these conditions were less 
stable than samples treated under similar conditions in 
hydrogen. The stability was improved by saturating 
the cracked gas with water and drying over calcium 
chloride, this procedure introducing a pressure of water 
vapour equal to that over anhydrous calcium chloride 
and removing any ammonia present. This increase in 
stability was not due to any scrubbing action by 

through a long purifying train, since passage 
of the gas through an empty train before it entered the 
furnace produced no improvements. 

These observations can be explained in two ways. 
In the first, place, the traces of water vapour and 
oxygen possibly present in the purified cylinder hydro- 
gen may have caused the formation of a thin protective 
film of oxide on the surface of each particle—cf. the 
bright-annealing-process for copper. No such film 
could have been formed by the dry oxygen-free cracked 
ammonia, though it could conceivably have formed 
after the gas had been saturated with water vapour 
and dried. Secondly, when gaseous ammonia is passed 
over heated copper the surface becomes pink and 
spongy, owing to the formation of copper nitride and 
its subsequent reduction by hydrogen derived from 
partial cracking of the ammonia at the metal surface. 
If ammonia had been present in the cracked gas used, 
the resulting increase in surface area of the powder 
might account for the decrease of stability. 

A choice between these two hypotheses could have 
been made, but for the use of calcium chloride as a 
drying agent. No cracking unit was available at the 
time to permit the repetition of these experiments 
using a drying agent which would not react with 
ammonia, but two sets of experiments were carried 
out with powder B, which suggested strongly that the 
second hypothesis was the correct one. Cylinder 
hydrogen was purified as described, and dried as 
thoroughly as possible, phosphorus pentoxide being 
used in the final drying stage. No change in the 
stability of the copper samples annealed in these 
experiments was observed. Further experiments were 
then carried out using a stream of hydrogen, purified 
and dried as in the majority of experiments, to which 
0-1 vol.-per cent. of dry gaseous ammonia had been 
added. The proportion of stable samples fell sharply, 
as can be seen from Table III. These results suggest 
that the high proportion of unstable samples obtained 
from material annealed at low temperatures on the 
pilot plant was due to the presence of ammonia in the 
reducing atmosphere, the ammonia producing a reac- 
tive surface on the powder particles by alternat 
formation and decomposition of copper nitride. 

In addition to studying the possibility of stabilisa- 
tion by controlling the conditions of heat-treatment, 
a number of substances were tested as ant-oxidants. 
Samples of a sulphate powder known to be unstable 
were stirred with 9 dilute solution of the substance in 


a suitable solvent, filtered, and washed with the 
solvent until all the excess addition agent was removed. 
The moist powders were then dried in vacuum. The 
most promising material for large-scale use was stearic 
acid dissolved in ammonia (i.e., ammonium stearate in 
excess ammonia), since it was cheap and did not require 
the use of organic solvents. A few 20-kg. batches 
were made by adding the stearate solution to powder 
from pilot-plant cells which had been washed free from 
electrolyte. After washing free from excess stearate, 
the powder was dried in steam-heated vacuum ovens. 
It oxidised slightly during drying, but was water- 
repellent. The colour was considerably improved, and 
the water-repellent properties retained, by a low- 
temperature anneal (below 300 deg. C.) in hydrogen, 
the resulting powder being stable. This process of 
stabilising, drying and heat-treating at a low tempera- 
ture in hydrogen appeared to be a practical method of 
producing a stable, oxide-free material, but it was 
never worked on a large scale. 

It was also found possible to stabilise a powder by 
mixing it with dry stearic acid or zinc stearate in small 
amounts, the mixing being most conveniently carried 
out in an empty ball mill. The chief objection to the 
process was that the flowing properties of the treated 
powder were poor, the deterioration being more marked 
than would have been expected from the slight increase 
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in the proportion of “fines” during the milling. 
However, this was probably not as important as it 
appeared, since stearates are frequently used as die 
lubricants, being mixed with the powder before pressing. 
Powders stabilised by the wet processes described above 
have flow properties similar to the original material. 

Some degree of sintering occurred at the higher 
temperatures (up to 750 deg. C.) at which the heat- 
treatment experiments were carried out. Measure- 
ments of the depth of penetration of a loaded needle 
into the heat-treated powder showed that slight 
sintering occurred at 300 deg. C. Thereafter the 
penetration of the needle decreased steadily up to 
650 deg. C., the rate of decrease then tending to fall 
off to some extent; there was no indication of any 
sudden change. No marked changes occurred during 
heat-treatment in the apparent density, the flow time, 
or the size-distribution of the powders, except for 
those powders which had sintered sufficiently to require 
breaking down in an impact mill. The final product 
was then finer and denser than the original with a 
similar flow time. The results were similar for powders 
A and B. 

Samples annealed at temperatures between 200 deg. 
and 750 deg. C., using the four standard conditions of 
heat-treatment, were prepared from both the experi- 
mental powders. The physical properties and the 
stability were examined as indicated above, and 





sintered compacts made from each. The densities 
of these were measured before and after sintering, 





together with the tensile strength of the sintered 
compacts. . The relationships between annealing condi- 
tions and properties of the compacts were not simple ; 
samples of the same powder annealed under appa- 
rently identical conditions often gave compacts of 
different densities and strengths. These variations, 
which were more marked for powder B than powder 
A, did not obscure the general statistical relationships 
between annealing conditions and properties. 

The densities of the unsintered compacts pressed at 
24 tons per square inch were positively correlated to 
some extent with the annealing temperature (correla- 
tion coefficients about 0-5 for both powders). Com- 
pacts from powder A were denser than those from B, 
the average increase in density with annealing tempera- 
ture being about the same for both (0-05 gramme per 
millilitre for an increse of 100 deg. C.). The results 
on 50-ton compacts were similar, the average density 
being about 0-8 gramme per mililitre higher than for 
the 24-ton compacts. The tensile-strength results for 
the above compacts sintered at 1,000 deg. C. were 
determined. Considering all the results for each 
powder it was found that the annealing temperature 
was more closely correlated with the strength of the 
sintered compact for powder A than for B, i.e., effects 
other than that of the annealing temperature were 
apparently more important for B than for A. The 
variables were most closely correlated for the slowly- 
cooled samples of A, indicating that the full effect of 
the heat-treatment was not produced after only 2 hours 
in the heated zone. In addition to this closer correla- 
tion for A, the average strength of the compacts from 
this material was greater than for those from B; in 
particular, there was no sample which gave a very low 
or zero-strength compact on sintering as did certain 
samples of B. 

Compacts were also pressed from annealed samples 
of A at 50 tons per square inch, sintered under the 
standard conditions, and the tensile strength measured. 
The results differed from those obtained for the 24-ton 
compacts. When the annealing temperature was 
below 500 deg. C., the effect on the tensile strength of 
the final compact was small; in general, these com- 
pacts were weaker than the corresponding 24-ton 
compacts. Above 500 deg. C. the effect of the annealing 
temperature was very marked, and the strengths of 
the 50-ton compacts from samples annealed at 700 deg. 
C. were comparable with those of the corresponding 
24-ton compacts. 

The effect of- varying size-distribution on the tensile 
strength of 24-ton compacts from powder B was tested 
by hand sieving and blending the resulting sieve cuts to 
give three powders of different size gradings. Table IV, 
oposite, shows that the strongest ie 8 were on 
the whole given by the finest powders. The tests were 
not, of course, very extensive. During the process of 
sintering the dimensions of the compact usually 
changed. Since the change in weight during sintering 
was negligible, the dimensional changes were followed 
by measuring the change in density. The most 
detailed results were obtained for 24-ton compacts 
prepared from powder A, the relationships between 
tensile strength and sintered density, and tensile 
strength and percentage change in density being shown 
in Figs. 5 and 6, on this page. It can be seen that both 
these pairs of variables were closely correlated, the com- 
pacts of highest strength being those with the highest 
sinter densities, the density having increased on sin- 
tering. The results on 50-ton compacts were similar. 

All the above-mentioned data on heat-treatment 
apply to sulphate powders. A small batch of chloride 
powder, pre as described at the outset of this 
paper, was also examined. After removing the portion 
retained on a 100-mesh sieve, 63 per cent. of the powder 
passed a 250-mesh sieve, the apparent density of the 
— 100 fraction being 1-5 grammes per mililitre. Heat- 
treatment in hydrogen for 1 hour at temperatures up 
to 615 deg. C. increased the density up to a maximum 
of 1-8 grammes per mililitre, and reduced the propor- 
tion of the — 250 fraction to 29 per cent. The density 
of the ‘« green” compacts pressed at 24 tons per square 
inch varied from 7-9 grammes per millilitre (225 deg. C. 
anneal) to 8-1 grammes per millilitre (615 deg. C.), the 
density increasing on sintering at 1,030 deg. C. for 
30 minutes by about 0-5 gramme per millilitre. The 
lowest tensile strength recorded was 11-2 tons per 
square inch, and the highest 13-9 tons per square inch. 
This particular chloride powder, therefore, was capable 
of giving sintered compacts, under the conditions 
stated, with strengths up to 91 per cent. of that of 
massive copper, a figure higher than that attained with 
either of the sulphate powders examined. 





BRITISH RalLways TRAFFIC RECEIPTS.—The income 
of the Railway Executive from traffic receipts for the 
period of four weeks ended December 4, 1949, totalled 
23,100,0001., compared with 24,294,0001. for the corres- 
ponding four weeks of 1948. The aggregate income for 
the first 48 weeks of 1949 was 298,183,000/., against 
306,805,0002. for the corresponding period in 1948. 
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THE MAGNEL-BLATON SYSTEM FOR 
PRESTRESSING CONCRETE.* 
By D. H. May, O.B.E., A.M.LC.E., M.LStruct.E. 


PRESTRESSED-CONCRETE construction commends its 
employment to the engineer by virtue of its simplicity. 
Figs. 1 and 2, above, illustrate this point. They 
show cross-sections of a beam of 60-ft. span to carry 
3 cwt. per foot run. The beam is required to form 
one of a pair to a 6-ft. walk-way between adjacent 
factory buildings. Fig. 1 shows a reinforced-concrete 
design, and Fig. 2 a prestressed-concrete design. The 
former requires 380 cub. ft. of concrete, 1,020 sq. ft. 
of shuttering, and 34 cwt. of steel; and the reinforce- 
ment requires 700 bends to be made before fixing. 
The prestressed beam requires only 280 cub. ft. of 
concrete, 480 sq. ft. of shuttering, 11-9 cwt. of steel 
(including 4-9 cwt. of high-tensile steel wire), and 
390 bends to be made in the reinforcement. 

High-strength concrete is absolutely essential in 
prestressed structures. The usual requirement of 
6,000 Ib. per square inch at 28 days on a 6-in. cube is 
not too difficult to obtain. The real difficulty is to 
obtain that strength consistently. That is why quality 
control is the first essential on any prestressed-concrete 
work. The use of high-tensile cold-drawn steel wire as 
reinforcement has introduced many new problems, not 
the least of them being its adequate protection against 
corrosion. The technique of prestressing in itself 
assists this by ensuring that the concrete is not subject 
to tension, so that the entry of moisture through hair 
cracks that might result from this stress is eliminated. 
There are other factors however. The prestressing 
cable is made from 0-2-in. diameter wire and is stressed 
to, say, 120,000 lb. per square inch at the anchorage. 
In general, the working stress is 80 per cent. of the 
0-2 per cent. proof stress, or 60 per cent. of the ultimate 
stress, whichever is the lowest. After allowing for losses 
of prestress, a loss in cross-sectional area of 29 
cent. would increase the residual stress to the proof 
limit—a very serious state of affairs—and it only 
requires a reduction in wire diameter of 0-032 in. to 





* Lecture delivered at the Building Exhibition, 
Olympia, London, on Friday, November 18, 1949, under 
the egis of the Prestressed Concrete Development Group, 
52, Grosvenor-gardens, London, S.W.1. Abridged. 
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produce this result. Less than twice this loss will 
cause the ultimate strength of the wire to be exceeded 
under full working load. Adequate protection of the 
prestressing cables is therefore essential. 

Protection is also desirable from considerations of 
fire resistance—an aspect of the prestressing technique 
that seems to have received little attention. Tests on 
full-scale beams carried out on the Continent both 
during and since the war gave very satisfactory results, 
within the range of temperatures normally expected 
when considering resistance to fire. At some tests 
recently made at Maastricht, a post-tensioned beam 
reinforced by a Magnel-Blaton cable over a span of 
11 m. 60 cm. was subjected to a fire test when sustaining 
its working load of 600 kg. per metre. The duration 
of the fire was 34 hours and the maximum recorded 
temperature on the lowest surface of the bottom 
flange was 865 deg. C. The maximum additional 
deflection during test was only 3-34 mm., and the 
additional per t deflection after the beam had 
cooled was only 0-02 mm. These results are highly 
satisfactory and suggest that adequate reasons exist 
to justify the claim that prestressed post-tensioned 
beams can successfully sustain the effects of fire. 

The principal components employed in the Magnel- 
Blaton, or “sandwich cable,” system are the cable 
itself, the end anchorage and an extractable rubber core. 
The cable, a length of which is shown in elevation in 
Fig. 3, and an enlarged cross-section in Fig. 4, is 
rectangular in form and comprises a series of wires in 
layers—four to each layer. It is provided with vertical 
and horizontal spacers which ensure a regular geo- 
metrical form, there being # in. between adjacent 
wires in both directions. The spacers are simple and 
cheap to mass-produce, being made from black strip 
1 in. wide. Their weight and type vary, and depend 
upon the type of cable. For example, a 40-wire 
parabolic cable is provided with heavy spacers of 
the type shown in Fig. 5. These are designed to 
retain the wires in their correct positions, and will 
sustain the secondary stresses set up as a result of the 
cable being stressed in its parabolic shape. The object 
of filling the uppermost space is to prevent the top 
layer of wires from being brought into contact with the 
parent concrete of the beam. This solid filling may be 
obtained by the use of a small slip of metal or by 
introducing a number of short wires, say, 6-in. long, 
into the space. The positioning of the spacers in the 
parabolic cables is determined by the curvature, i.e., 








the greater the radius of curvature the greater the 


(9767.0) 











(97676) 


“ENGINEERING 


spacing. Thus, every precaution is taken to maintain 
the wires in their correct relative positions under all 
conditions, with the object of (1) reducing the fricticn 
losses during prestressing to a minimum; and (2) 
“ aerating ” the cable, i.e., permitting a free flow of 
grout which ensures complete protection of the wires. 

The end anchorage, which is shown “ exploded ”’ in 
Fig. 6, consists of a distribution plate and sandwich 
plates. Fig. 7 shows the approximate dimensions of a 
sandwich plate and the associated wedge. Fig. 6 
shows the recess normally incorporated in the end 
of the beam, the distribution plate, the sandwich 
plates, the wedges and the shims. The latter are 
simply slips of 16-s.w.g. black sheet interposed between 
adjacent sandwich plates ; their purpose is to separate 
the wires in the adjacent surfaces of each pair of sand- 
wich plates, and also to separate the wires at the point 
of their entry into the anchorage. The sandwich plates 
are made from a semi-high-carbon steel. Each plate 
retains four pairs of wires by means of trapezoidal 
slots into which steel wedges are fitted. The wedges 
are also of semi-high-carbon steel of a slightly lower 
tensile quality. The distribution plate is a light steel 
casting which is bedded with cement mortar on to the 
end of the beam. It ensures that an equal local com- 
pression exists at the anchorage zone. The area of the 
plate is such as to produce a local compressive stress 
of 1} times the permissible working stress in the 
concrete of the beam in bending. 

Until recently, cables were fabricated and enclosed 
in a light metal sheath. Apart from considerations of 
cost, however, this method had many disadvantages. 
It was very difficult to make a grout-tight sheath 
without the introduction of some compound or adhesive 
material at the joints, and it was also difficult to 
introduce parabolic cables. Moreover, there was no 
direct contact between the parent concrete of the beam 
and the pressure grout. The first stage in the elimina- 
tion of this sheath was the introduction of a heavy 
extractable steel core. It was, however, only suitable 
fer straight cables. The rubber extractable core, 
shown in Fig. 8, represents the present stage in develop- 
ment. There are two standard sections available : 
one 2 in. by 2} in., and the other 3 in. by 24 in. Both 
are made of natural rubber by extrusion, and incor- 
porate a central hole 1 #, in. in diameter. By different 
combinations of these two sizes it is possible to vary 
the size of hole left from a minimum of 2 in. deep to 
any maximum required, in increments of I in. As an 
example, a 16-wire cable will require a single small unit 
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and a 56-wire cable will require two of the smaller 
units and one of the larger. To impart mechanical 
rigidity to the core assembly, a hollow steel “ inter- 
core ” is introduced through each of the 1 ¥,-in. holes. 
This inter-core is made from galvanised water barrel 
and fitted with screwed connections at suitable centres. 
Beams up to 160 ft. in length have been made success- 
fully using this core, and while the usual procedure is 
to extract it between one and three hours after casting, 
it has been left in for periods of up to two weeks and 
withdrawn with equal ease. On a bridge now being 
constructed in Philadelphia, cores are being extracted 
five days after the beams are cast without difficulty. 
The beams are 160 ft. long and the cores are made 
in two 80-ft. lengths, one length being extracted from 
each end. 

The remaining item peculiar to the Magnelk system 
is the prestressing jack illustrated in Fig. 9, above. 
It consists of a hydraulic cylinder with a ram and two 
return springs, a crosshead and two connecting links 
which are, in turn, connected to a second crosshead 
equipped with a large wedge and slot similar in form 
to those in the sandwich plate. The second crosshead 
operates between the four legs of a hollow frame, 
which is connected to an annular base-plate. The 
function of this plate is to press against the assembled 
sandwich plates and thus provide the necessary reaction 
to the outward movement of the hydraulic ram. The 
ram retracts the crossheads and with them the two 
wires being tensioned. The strain is regarded as the 
criterion of stress induced. The hydraulic pump used 
in conjunction with the jack is equipped with a pressure 
gauge, the reading being used as a check on the exten- 
sion, 

Developments in the process have recently taken 
place, particularly in the operation of cable grouting, to 
which considerable attention is paid in this country. 
The current standard procedure is to inject grout 
under pressure, using a machine which produces a 
colloidal type of material. This has been found to 
give the most satisfactory results and to impart to 
the cable a high degree of protection. 

Much remains to be done in the application of pre- 
stressing to continuous structures, and particularly to 
building frames. Certain experiments have already 
been carried out, but a practical solution that is 
competitive in a commercial sense remains to be 
deyised. The completion of the continuous-structure 
main-road bridge at Namur, where thirty-six 48-wire 
sandwich cables of 7-mm. wire were used, is an inter- 
esting advance in the right direction. This bridge has 
two principal spans of 204 ft. each. Fig. 10 shows the 
cables in position. 
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Fic. 10. Namur Roap BRIDGE UNDER CONSTRUCTION. 


THE DESIGN AND PERFORMANCE 
OF PLAIN BEARINGS.* 
By Pur T. Hoitican, B.Sc., F.1.M. 


(Concluded from page 9.) 

WHEN using whitemetal-lined bearings, the material 
of the crankshaft is relatively unimportant, as soft 
mild steel will perform quite satisfactorily, but when 
the higher-duty bearing materials such as copper-lead, 
aluminium alloy or silver, are used, the question of 
crankshaft material and hardness requires careful 
consideration. In the case of unplated copper-lead 
lined bearings, it is desirable that the crankshaft 
material, if of steel, should have a Brinell hardness of 
not less than about 250, although no hard and fast 
figure can be quoted. At one time it was advised that 
the crankshaft should have a hardness of not less than 
300 Brinell, but experience with many different t 
of engines over the past few years has shown that softer 
crankshafts will function satisfactorily. In some cases 
crankshafts as soft as 200 to 220 Brinell have given 
satisfactory service with copper-lead bearings, although 
in one particular case it was found desirable to lead-flash 
the bearing surface in order to eliminate the small 
percentage of bearings which showed tendencies to 
seizure in the early stages of running-in. 

In the case of large crankshafts the use of heat- 
treated alloy steels is expensive, while the many 
surface-hardening treatments such as nitriding, induc- 
tion hardening, flame hardening, etc., are also costly 
and introduce their own problems. It does appear, 
however, that the lower rubbing speeds and larger 
clearances which obtain in the case of the larger engines 
permit the use of softer shafts than can be tolerated 
in the smaller high-speed hot-running engines. Chrom- 
ium plating of journals and pins, providing it is 
properly done, has proved quite satisfactory with 
unplated copper-lead bearings and has the advantage 
| that it eliminates the dangers of distortion which exist 
with the other hardening treatments. Cast-iron crank- 
shafts, irrespective cf their surface hardness, form the 
most excellent bearing combination in conjunction 
with lead-bronze or copper-lead bearings, whether 
plated or unplated. Metal-sprayed crankshafts cannot 
be recommended for use with unplated copper-lead 
bearings, or with aluminium-alloy bearings, as they 
exhibit a tendency to pick-up with either of these 
materials. Lead-plated copper-lead bearings appear to 


* Paper entitled ‘‘ Plain Bearings: Materials, Design 
and Performance,” presented at a general meeting of 
the Diesel Engine Users Association, held in London 
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function satisfactorily with metal-sprayed crankshafts 
but there is not a great deal of experience in this 
direction. Nickel-plated crankshafts are not recom- 
mended in conjunction with any of the harder bearing 
materials such as copper-lead, aluminium, etc. 

The major dimensions of crankshaft plain bearings, 
such as diameter and length, are dictated by many 
features of engine design, mainly by the space available 
between cylinders, the horse-power transmitted, and 
the rigidity. In addition, the type of loading, whether 
constantly applied or reciprocating, the rate of pressure 
rise, the peak loading attained and the operating 
temperature, will determine the type of bearing material 
which must be used. The use of expensive flanged 
bearings, where thrust loadings have not to be taken, is 
deprecated, with the possible exception of big-end 
bearings in certain large stationary and marine Diesel 
engines. Even in these cases, the changeover from 
flanged to unflanged bearings has been effected in 
many cases with satisfactory results and with consider- 
able saving in cost. The wall thickness of crankshaft 
bearings also influences cost considerably and the 
trend now is towards the use of replaceable liners of 
relatively thin wall in place of the massive directly-lined 
rods or shells formerly used. 

Oil grooves may be regarded either as spreader 
grooves to distribute the lubricant over the ing 
surface, or as transfer grooves to convey the lubricant 
from one position to another. It is desirable that oil 
grooves should be limited, so far as possible, to the 
unloaded areas of the bearing, preferably in such a 
position that the formation of an oil wedge in the 
loaded area will be promoted. It is not possible to 
generalise upon groove form or dimensions as this will 
naturally depend upon the method of lubrication. In 
some cases the final form and disposition of grooves is a 
matter of trial and error, but it is now recognised that 
the main functions of the grooves are to introduce the 
oil in the right position, to distribute it across the 
bearing surface as effectively as possible, and to avoid 
breakdown of the desired high-pressure oil film within 
the loaded area. For this reason the practice of groov- 
ing many big-end bearings has been discontinued com- 
pletely ; the big-ends, for example, in many modern 
commercial-vehicle engines are entirely plain. Simi- 
larly, the practice of putting transverse grooves across 
the bearing surface adjacent to the area of maximum 
loading has been largely discontinued as it is realised 
that this simply has the effect of breaking down the 
pressure in the oil film and so reducing the load-carrying 
capacity of the bearing. 

In quoting recommended figures for running clear- 
ance with different types of bearing materials it must 
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always be remembered that these figures are necessarily 
average figures around which the effect of tolerances 
must be taken into account. For example, in the case 
of whitemetal-lined bearings, a good average figure for 
diametral clearance is 0-00075 in. per inch of shaft 
diameter, for plated copper-lead bearings 0-001 in. 
per inch, for unplated copper-lead bearings 0-00125 in. 
per inch, and for aluminium-alloy bearings 0-0015 in. 
per inch of shaft diameter. However, in the case of 
small bearings at one end of the range, and of large 
bearings at the other end, these average figures may 
require modification. When deciding upon running 
clearance at the design stage it is advisable to determine 
first the minimum possible clearance which can result 
when shaft and bearing-wall thicknesses are on top 
limit, and housing bore on bottom limit ; crankcase or 
bearing alignment must be taken into account when 
fixing this minimum clearance. The maximum possible 
clearance can then be calculated by reference to the 
designed tolerance on each component, and in fact it is 
at this stage that the significance of these tolerances, and 
the necessity for their reduction, may become apparent. 
Actually, in practice, some portion of the total tolerance 
range is undoubtedly absorbed by elastic and permanent 
deformation of housing and bearing shell. 

No reference has been made so far to the question of 
interference fit ; the importance of this cannot be over 
emphasised, and in my experience more bearing failures 
are caused by lack of interference fit than by any other 
single circumstance. The bearing manufacturer, when 
designing bearings for a particular engine, must take 
into account the tolerance in the main bearing housing 
or connecting-rod bores, and he must then so choose 
either the diameter or the peripheral length of the 
bearings, that adequate interference fit is provided 
under all conditions. The practice of filing the backs 
or the joint faces of bearings cannot be deprecated too 
strongly, as this practice may result in destruction of 
the truly-cireular form of the back of the bearing and 
in the production of joint faces which are no longer flat 
and parallel. Wherever possible, the engine or bearing 
manufacturer should be consulted if there appears to 
be any discrepancy, either in the bedding of the bearing 
in its housing, or fn the interference fit figure. Only 
in an emergency should the joint faces of bearings be 
rubbed down, and then only with great care on a fine 
surface plate, and with frequent testing in order to 
ensure that too much is not removed from the bearings. 
It is appreciated that, in practice, the service engineer 
may have to carry out many adjustments on site, 
and the purpose of these remarks is, mainly, to draw 
attention to the precision nature of the modern bearing 
and to the. necessity of ensuring that it is regarded so 
and treated accordingly. 

So far, this paper has dealt almost entirely with 
crankshaft main and big-end bearings, but mention 
must be made of the other bearings involved in an 
engine, namely, small-end bushes, rocker bushes, cam- 
shaft bushes, etc. In the case of small-end bushes, 
these, of course, may be whitemetal-lined steel or 
bronze bushes, unlined bronze bushes, or steel- backed 
lead-bronze lined or copper-lead lined bushes, the 
choice depending upon operating conditions, bearing 
loadings and temperatures. The traditional use of 
phosphor bronze for small-end bushes is well known, but 
other types of bushes and materials have now been 
developed which have proved either equal, or more 
satisfactory, and cheaper. For example, while phos- 
phor bronze is undoubtedly capable of taking heavy 
impact loads, there are many applications in which 
the steel- backed lead-bronze lined bush is more suitable 
and more economical, such as the wrapped type of bush 
formed from flat strip. In some cases such wrapped 
bushes may be of solid bronze, the bushes in this case 
being manufactured from bronze strip. In other cases, 
where the mechanical strength of such a bush would be 
inadequate, the steel-backed lead-bronze lined or 
copper-lead lined bush is suitable. The split type of 
bush, however, is not always acceptable and in such 
cases the steel-backed copper-lead lined unsplit bush, 
although considerably more expensive, has been found 
to give better service than the cast phosphor-bronze 
bush. The relative merits of the various materials 
mentioned will be appreciated from the discussion upon 
bearing materials in the earlier part of this paper. In 
the case of camshaft bushes, the conditions are such 
that, in general, whitemetal-lined bushes or bearings 
are suitable, while in the case of rocker bushes either 
whitemetal-lined or lead-bronze lined bushes may be 
used, although, in general, the high operating tem- 
perature precludes the use of whitemetal. 

Although a bearing assembly consists essentially of 
three components, namely, the bearing, the shaft and 
the lubricant, it would be more fitting for the lubrication 
side of the problem to be dealt with by a specialist in 
this field. Regarding the question of bearings for gas 
turbines, I would mention here that in such applications 
in which, in general, speeds are very high but loadings 
quite light, the whitemetal bearing appears to be the 
most suitable, provided of course that external condi- 
tions, such as the transfer of heat from the turbine 





blading, do not preclude their use. In general, 
high-speed bearings of this type are operating under 
truly hydro-dynamic conditions and the main essential 
is to ensure that the rate of oil circulation is such as to 
carry away effectively the frictional heat generated. 
For this reason the diametrical clearance in such bear- 
ings is usually large by comparison with practice in the 
Diesel-engine field, and design is more concerned with 
the means of promoting oil flow than with the type of 
bearing material itself. 





ADJUSTABLE MOUNTING FOR 
BENCH USE. 


THE assembling, adjusting and servicing of small but 
complex articles such as typewriters, radio-receiver 
chassis, or sewing machines, may be hampered owi 
to the difficulty of mounting the article at different 
angles. It may have to be turned over on the bench 
or re-positioned in the vice many times during the 
— and this may waste a considerable amount 
of the operator’s time, or even, on occasion, give 
rise to damage. Messrs. Spencer Franklin, Limited, 
292, High Holborn, London, W.C.1, have introduced 
a hydraulically-clamped mounting, known as the 
““Hydraclamp,” which is designed to hold articles 


‘weighing not more than | cwt. in any position. The 


mounting, which is shown in the accompanying illustra- 
tion, comprises an arm which swings in a vertical plane 
about one end, and is fitted, at this end, into a turret 
which will turn about a verticalaxis. The turret rotates 
above a cast base which may be screwed to the bench or 
fitted to a pedestal; the base also carries a handle 
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which locks the arm and turret in position and releases 
them when required. 

The article is held in an adaptor which is fixed to 
the arm by two bolts, several types of adaptor, com- 
prising frames, clamps or simple brackets, being 
provided by the makers. The arm to which the article 
is fixed can swing from the horizontal to the vertical 
position about a ball which forms its inner end. The 
ball is located between two part-spherical seatings, 
the upper of which is provided by the turret itself, 
while the lower is a circular pad which can slide 
vertically inside the turret and is supported on a vertical 
piston which is pressed upwards when the clamp is 
locked. The turret can rotate about a vertical axis 
and is held to the base by a ring which is fixed to the 
turret by set-screws and fits underneath a circular 
flange on the base. Locking of the arm and turret in 
any position is accomplished by the locking handle 
already mentioned, which is attached to a cam and, 
when moved either downwards or upwards from an 
intermediate position, causes the cam to exert pressure 
on a horizontal plunger. The plunger, which is adjust- 
able in length, acts on oil in a chamber in the base 
of the turret, thus pushing the piston up. This 
causes the ball to be locked between its two seatings 
and also tends to force the turret upwards so that 
it is locked against the flange on the base. When 
the locking handle is returned to its intermediate 
position, the oil pressure is released and a small helical 
compression spring returns the vertical piston and 
releases the ball and turret. A screw is fitted to 
enable air to be removed from the oil chamber, and, 
if required, a long locking lever can be provided for 
foot operation. 





THE DIRECTORATE OF SUNDRY MATERIALS.—The Board 
of Trade announce that the work of the Mica, Rubber and 
Sundry Materials Directorates was amalgamated as from 
January 2, The remaining functions of the three Direct- 
orates are now carried out under the title of the Direct- 
orate of Sundry Materials, at Empire House, St, Martin’s- 
le-Grand, London, E,C,1. (Telephone: MONarch 1020). 





NOTES ON NEW BOOKS. 


The Lynton and Barnstaple Railway. By L. T. (rox. 
POLE. Fourth edition. The Oakwood Press, ‘I ingle. 
wood, South Godstone, Surrey. [Price 6s. net.] 


Tue first three editions of this small book were 
exhausted in three years before the war. The ‘ourth 
contains almost the whole of the original text, byt 
without the appendices of newspaper extracts which 
are now thought to be of less interest. The Lynton 
and Barnstaple Railway, well known to holiday. 
makers, was a 2-ft. gauge line traversing difficult 
country in North Devon. Although the line was 
barely 20 miles long, the contractor for the wor!: wags 
reduced to a state of bankruptcy, due, apparently, to 
the failure of the consulting engineer to appr: ciate 
that the route lay on rock, not soil, Work had been 
started in 1895, and the railway was opened t. the 
public on May 11, 1898. The locomotive stock at 
first consisted of three Manning, Wardle 2-6-2 side-tank 
engines, a fourth being added after the railway was 
absorbed by the Southern Railway in 1923; and, 
shortly after the opening of the line, a 2-4-2 engine was 
ordered from the Baldwin Locomotive Works, owing 
to a strike in this country. This American enzine 
had bar frames. For various reasons, the railway 
was never a commercial success, though it served 
delightful country, and in 1935 it had to be closed 
down. All but one of the locomotives were soli for 
scrap, and the track was taken up. Mr. Catchpole 
tells the story of the railway simply and without un. 
necessary detail, and he is aided by a pleasing frontis. 
piece in colour and a number of sketches—all the 
work of a real artist. 





Metallurgy for Engineers. By Dr. E. C. Routasoy, 
F.I.M. Second edition. Edward Arnold and Com. 
pany, 41, Maddox-street, London, W.1. [Price 
16s. net.} 


Tue first edition of this book appeared in 1939, and 
the fact that it was subsequently reprinted seven times, 
the last occasion being in 1947, shows that the author 
had correctly estimated the need of the engineer for 
a practical knowledge of the metallurgy with which 
he is brought daily into contact. Dr. Rollason has, 
in fact, achieved a successful compromise between the 
metallurgy of the specialist, and that required by the 
user of metals and by the student preparing for the 
various qualifying examinations of those technical 
institutions which now include this subject. In this 
second edition, there is a good deal of additional matter, 
partly arising from the introduction to industry of 
various new alloys and specifications, and from experi- 
ence during the war—for example, in the brittle 
fracture of steel, notes on which have been incorporated 
in the first chapter, on “‘ Mechanical and Non-destruc- 
tive Tests,” and the renewed prominence given to the 
phenomenon of “ creep ’’ as a result of the development 
of the gas turbine. The British Standard En specifica- 
tions for high-tensile steels, powder metallurgy, and 
new equilibrium diagrams for copper alloys are among 
the additional material now included, and the sections 
on magnesium and on welding have been rewritten. 
As Dr. Rollason is the research manager for Messrs. 
Murex Welding Processes, Limited, he writes with 
particular authority. The book should be useful not 
only to students, but to practising engineers who may 
find difficulty, as many do, in following the papers 
presented to the metallurgical societies. 





Fractional Horse-Power Electric Motors. By E. K. 
Bortte, B.Sc., A.M.I.E.E. Charles Griffin and Com- 
pany, Limited, 42, Drury-lane, London, W.C.2. 
[Price 15s. net.] 


THE small, or so-called fractional horse-power, electric 
motor is now being used for so great a variety of 
purposes and under such a number of different condi- 
tions in both industry and elsewhere that its main- 
tenance is obviously often the duty of many who, are 
not familiar with either its design or construction. 
This book is primarily intended to enable such persons 
to choose the motor most suited to their requirements, 
and to tell them how it is made and how it works. 
The technical treatment has therefore been simplified 
and, in particular, the first chapter has been written 
for those who may not be completely familiar with 
electrical terms. Other chapters, however, deal with 
load analysis and the mechanical and electrical design 
of small motors in general terms, while details of the 
various types of fractional horse-power motors are also 
given. A final chapter is devoted to testing. The 
treatment is clear and the illustrations are informative. 
We have, however, been unable to find any specific 
definition of what is meant by “ fractional ”’ in the 
term “ fractional horse-power’’ motor. Presumably, 
it means motors of less than 1 horse-power, but 
we suspect that this is not always so. 
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FLOUR-MILLING 
MACHINERY. 


(Continued from page 31.) 


THE wheat-cleaning processes which take place 
in the screen-room are intended to remove: (1) 
rubble, i.e., bits of string, straw, sticks, stones, 
rags, paper, etc. ; (2) dust and other light particles ; 
(3) alien grains and seeds, such as maize, oats, 
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machine (Fig. 5), past an adjustable balanced feed 
gate, which ensures that the wheat is distributed in 
4a steady even stream on to a preliminary scalping 
sieve, which tails over (i.e., removes) large impurities. 
As the wheat falls from the gate on to this sieve it is 
aspirated to remove dust and other fine particles. 
It passes through the scalping sieve on to the first 
main sieve, which also allows the wheat to pass 
through, and tails over miscellaneous large impuri- 
ties. The wheat falls through on to the second main 
sieve, which is of fine mesh, so as to tail over the 

















the bevelled surface of the frame, strike the under- 
side of the sieve and thereby help to prevent it from 
becoming clogged. The oscillation of the main 
sieve frame is caused by the reaction of a pair of 
eccentrically-weighted meshing gearwheels. With 
the weights in proper phase, the reaction is solely 
longitudinal and causes no external vibration. The 
gearwheels are mounted on top of the sieve frame, 
and are driven by a belt running over jockéy pulleys. 

The principle of the “‘ Millerator” is illustrated 





Fig.6. 





by a simplified longitudinal section, Fig. 6, and a 
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Fig. 5. SELF-BaLancinG SEPARATOR. 














Fie. 7. Group oF “ MILLERATORS.”’ 


barley, cockle, etc.; and (4) dirt adhering to the 
surface of the wheat. The removal of the first group 
of impurities is now often carried out in a ‘‘ Miller- 
ator,”” which is gradually replacing the older types 
of separator. Many of the latter, however, are still 
used and made, and a typical machine of this type, 
known as the Simon self-balancing separator with 
Juby drive, is illustrated in Fig. 5, above. 

The separator employs sieves and aspiration. 
The wheat enters at the top left-hand end of the 





wheat grains and allow sand and other fine particles 
to pass through into a discharge hopper. The 
grain is again aspirated as it leaves the lower sieve. 
The sieves in this, and some other, machines, are 
cleaned by a “‘ball-and-bevel”’ arrangement—a 
wood frame mounted below the sieve and consisting 
of a large number of longitudinal and lateral slats, 
of triangular section, with a small rubber ball in 
each space in the frame ; the oscillation of the sieve 
and frame causes the balls to bounce upwards off 





group of these machines in a modern flour mill is 
shown in Fig. 7. It is a totally-enclosed all-metal 
machine, which is more compact and cleaner than 
the separator described above ; the sieves also keep 
cleaner in use. There are two inclined sieves, 
a and b (Fig. 6), each with a ball-and-bevel cleaning 
arrangement, and both supported in a common 
frame, the motion of which, in plan, is like that of 
an engine connecting rod. One end of the frame is 
connected to a rotating crank, and the other end 
Teciprocates along an almost straight-line path: it 
is supported on balls and is constrained by a long 
transverse link, one end of which is connected to the 
sieve frame and the other end to a fixed pivot. The 
drive to the vertical crankshaft is through a pair of 
bevel gears from a belt pulley. 

The grain enters the Millerator at c, and is spread 
evenly over the upper sieve by the rotary motion 
of that end of the sieve frame. The “tailings ”’ 
pass down on top of the sieve, and the grain passes 
through on to the second sieve. A retarding device d 
prevents sound wheat from escaping with the 
tailings. It consists of brushes or flexible strips 
which are moved along the surface of the sieve by 
a set of chains and sprockets. They move in the 
same direction as the tailings, but at a slower speed 
than the natural rate of movement of the tailings, 
thus retarding the stock and ensuring that all sound 
wheat passes through the sieve. The lower sieve b 
allows dust, sand and small seeds to pass through 
and be discharged through a flexible spout, while 
the wheat tails over on to a balanced delivery 
plate e, thence to an aspirating leg f, in which an 
upward current of air bears away chaff, husks and 
any light grains to a settling chamber, g. The 
chamber is fitted with deflector plates, and its 
increasing cross-section reduces the velocity of the 
air and allows the particles to settle at the bottom, 
whence they are removed by a transverse conveyor 
worm. The machine may have a pair of built-in 
fans, but is usually connected to a central-exhaust 
system. The aspiration is observed through a 
window in the lower part of the aspirating leg, and 
can be adjusted by valves. 

Most machines in the screen-room incorporate one 
or more aspirating sections. The Duo-Aspirator, 
however, is a compact machine designed solely for 
removing dust and other light particles, the second 
of the categories of impurities mentioned above. 
It is shown diagrammatically in Fig. 8, on page 58, 
and a group of them is illustrated in Fig. 9, on the 
same page. Grain enters at a, and accumulates 
until its weight opens the counter-balanced feed 





gate 6b, which then allows a continuous uniformly 
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thin stream of grain to emerge ;_ the mass of grain | 
above the gate prevents any air from entering with | 


the feed. The lip of the feed gate is curved upward, 
so that as the grain emerges it is momentarily 
retarded and aspiration is enhanced. The grain 
then strikes an adjustable deflector plate c, which 
retards it a second time and “ reshuffies ” it for the 
final aspiration. The grain is discharged through a 
spout, and the “‘liftings ’’ are borne up through the 
aspirating leg d into the settling chamber e, where 
they are flung against the wall, the expansion and 
loss of velocity of the air allowing them to accu- 
mulate at the bottom, whence they are removed by 
a worm. The air follows a closed circuit (a fact 
which is evidence of the efficiency of the settling 
chamber), returning to the fan through the outlet f, 
thence through a duct to the inlet g. The position 
of the deflector plate and the strength of the aspira- 
tion are adjustable. The aspiration can be observed 
through a window. 

Alien grains and seeds, such as oats, barley, 
cockle and vetches, are removed from wheat in 
either a Simon disc separator or a Trieur cylinder. 
The latter has a number of inherent disadvantages, 
as compared with the disc separator, and need not 
be described here. Fig. 10 shows a group of disc 
sparators arranged in two tiers ; Fig. 11, opposite, 
is a front elevation of one of the separators, with the 
casing partly cut away. Fig. 12 is a sectional plan, 
and Fig. 13 is a cross-section through the feed end. 
The disc separator relies on the differences in 
lengths of grains and seeds for its action. It 
consists of a dust-tight casing containing a number 
of annular cast-iron plates or discs, a, mounted on 
a common shaft; the discs are indented on both 
sides with many smal] pockets which are shaped 
according to the type of separation to be effected. 
Mixed grain enters the machine at 6, and the spaces 
between the discs become about half filled with a 
mass of grain. Three obliquely-set blades, c (Fig. 
13), are fitted to the three spokes which support 
each disc, so that, as the shaft rotates, the grain is 
slowly fed from the feed end of the machine to the 
opposite end. Grains or seeds which are too large 
to enter the pockets at all, or too long to be lifted 
by them without falling out, are discharged over an 
adjustable weir, d (Fig. 12). Those which are picked 
up by the pockets are carried over by the rotating 
discs and fall out of the pockets on to sloping 
troughs, e (Fig. 13), which fit between each pair of 
discs. A conveyor worm, f, rotates in a longitudinal 
trough, below the bottom edges of the sloping 
troughs, e, and the top of the trough is formed of 
a series of pivoted trap doors, g, which can be 
opened or closed independently. Thus, the grains 
or seeds carried over by the facing pockets of an 
adjacent pair of discs can be delivered either into 
the worm-conveyor trough, by leaving the appro- 
priate trap door open, or over the closed trap door 
and down the outlet h. The worm conveyor returns 
any seeds received by it to the feed end of the 
machine for the separation process to be repeated. 

The return system provided by the trap doors 
and conveyor worm is fully effective only for 
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separations in which the discs lift the bulk of the 
feed, and a relatively small amount of impurities 
passes out over the weir. The separation of oats and 
barley from wheat is a case in point; the disc 
pockets accommodate the wheat, but not the oats 
and barley, the grains of which are generally too long. 
The amount of oats and barley in the feed is small, 
and the number of these grains which are less than 
their average size and therefore short enough to be 
lifted by the discs will be smaller still. Thus, at the 
feed end of the machine, the disc pockets will lift 
practically nothing but wheat grains, which will be 
delivered over the closed trap doors. As the feed 
reaches the other end of the machine, however, the 
proportion of smal] oats and barley which can be 
lifted, while still small, will have increased, owing 
to the removal of most of the wheat. The liftings 
from the last few discs are therefore returned for 
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treatment by means of the open trap doors and the 
conveyor worm. These liftings mix with the mass 
of feed again; the wheat grains have another 
chance of being lifted, and the oats and barley have 
another chance of being discharged over the weir. 
The separation of cockle from wheat is on a different 
principle. Briefly, the pockets are made too small 
for wheat grains, but large enough for cockle ; 
thus, the wheat passes out over the weir and the 
cockle is lifted and discharged through the outlet h. 
It may be noted here that the casting of the 
pocketed discs presents an interesting problem 
owing to the fact that the pockets are slightly under- 
cut. When the pattern is removed from the sand 
mould it is automatically given a slight twist so as 
to avoid damage to the sand lobes which form the 
pockets in the cast'ng. 
(To be continued.) 
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Reinforced Concrete. By ProOrEssor A. L. L. BAKER, 
M.I.C.E. Concrete Publications, Limited, 14, Dart- 
mouth-street, London, S.W.1. [Price 15s. net.] 

Tuts is not just one more text-book for students, 

though the author is the newly-appointed pro- 

fessor of concrete technology at Imperial College. 

Not so long ago, the elements of engineering 

science could only be studied in a university under 

a corner of the friendly cloak of natural philosophy, 

but to-day the process of division and sub-division 

has gone so far that the once familiar title, Professor 
of Engineering, has almost disappeared from univer- 
sity calendars. Many view this spread of specialisa- 
tion with alarm and would banish from university 
precincts and purviews all that savours of the purely 
technological ; but Professor Baker’s book, which, 
it is stated, closely follows his course of lectures, 
should go far to dispel their concern. The chapters 
on ‘*General Principles of Design,” and ‘‘ Com- 
mercial Practice,” especially, are illumined by an 
abundance of humanity and philosophy. They 
contain two lessons of fundamental importance to 
the student. One is that the acquirement of 

technical proficiency in the manipulation of a 

particular material is not to be regarded as an end 

in itself; and the other, that the work of creative 
building is a fully sufficient avocation for a respon- 





sible citizen, and that, by the development of | 


qualities of sound judgment, prompt decision and 
skill in the conduct of human relations, a technical 
profession may be an excellent preparation for 
wider responsibilities in the direction of affairs. 








As a technical treatise, this book is comprehensive 
rather than profound. The student is introduced 
to every item of specialist technique that he may 
need in subsequent practice as a designer or con- 
structional engineer, being given a bird’s eye view 
of the subject, in which every technical aspect falls 
into proper perspective without distorting the general 
picture. In this sense, the book may be considered 
as an introduction to a subject on which there is 
already extant a formidable aggregate of technical 
literature. From this point of view, the references 
to other work in the same field are unusually 
scanty, no attempt being made to provide the 
comprehensive annotation and bibliography that 
are characteristic of most American text-books. 
A third of the book is given to a chapter on ‘‘ Theory 
of Statically Indeterminate Structure,” and this is 
particularly valuable by reason of the balanced 
treatment, and simple exposition of the basic prin- 
ciples and methods, in a branch of analysis which 
many engineers have come to regard as abstruse 
and intractable, if not beyond the interest of a pro- 
fessional man engaged in practical work. Pre- 
stressing is well presented, but plastic theory is 
disposed of rather summarily in an appendix; 
possibly because the validity of the new theory, in 
its application to reinforced concrete, is less well 
established than for homogeneous ductile materials. 

Although the outstanding quality of the book is 
its educational value, it should be read with special 
interest by engineers in practice, as the product of 
an author whose primary qualification for his task 
has not been academic research, but a considerable 
experience as a designer and executive engineer. 
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Ill.—Tue Macutne-Toor I[npustry. 


THE machine-tool industry, in 1949, shared in the 
general prosperity of the engineering industry. All 
companies report that their order books are full, 
and some, such as the Scottish Machine Tool 
Corporation, claim that the volume of orders on 
hand is a record. Although deliveries to the home 
market did not improve in 1949, there was some 
increace in exports. More attention will now have 
to be given to home needs, for without efficient tools 
British engineering firms risk being left behind in 
what promises to be, in 1950, a highly competitive 
international race to get the lion’s share of a dimin- 
ishing world demand for engineering products, with 
Germany and Japan already well placed. Many 
eminent planners hold that capital re-equipment 
ought to take place at a time of slackening world 
demand for machines, maintaining that this is one 
of the most important prerequisites of economic 
stability. It is largely a question of timing, and 
the danger is that the switch-over from exports to 
home sales will be too gradual, or will come too late. 
There may be no cause to alter present policy while 
British manufacturers are protected overseas by 
the dollar shortage. It should not be overlooked, 
however, that competition is coming from countries 
which do not require payment in dollars ; also, the 
United States is insisting on freer international 
trade, and it may well be that, sooner than most 
people expect, the British engineering industry 
will have to withstand foreign competition in this 
country. As was pointed out in the two foregoing 
articles in this series, labour costs are unlikely to 
be held down, and considerably greater output per 
man must be secured. This wil] not be achieved 
merely by redeployment of labour and the removal 
of restrictive practices. Much of the increase will 
have to come from the use of more, and better, 
machines. This raises two most important ques- 
tions. Can machine-tool manufacturers satisfy 
home needs and, at the same time, continue to 
expand their earnings of valuable foreign currency ? 
Will the British engineering industry buy the 
machines if they are available ? The first question 
is examined in this article and the second will be 
discussed in subsequent articles, dealing with 
other sections of the engineering industry. Neither 
are simple questions to answer; both involve a 
careful examination of many problems, but a partial 
answer to both lies in stating the industry’s greatest 
problem—increased productivity, or more machines 
at lower prices. 

Deliveries of machine tools are shown in Table I, 
on page 60, which is taken from the Monthly Digest of 





Statistics. The value of deliveries of metal-working 
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tools in the first eight months of 1949 was rather 
above that for the corresponding period of 1948, 
averaging 2-8. millions a month as compared with 
2-41. millions. There was, however, no increase 
in the volume of output ; the number of separate 
units produced actually declined, averaging 3,525 
a month in the first eight months of 1949 as com- 
pared with 3,635 a month in the corresponding 
period of 1948. The home market, moreover, 
received a smaller share of the reduced supplies 
in 1949. Export deliveries in the first eight months 
of 1949 averaged 1,296 a month as compared with 
1,243 in the previous year. Mr. W. J. Morgan, the 
secretary of the Machine Tools Trades Association, 
estimated in 1948 that the annual value of metal- 
working machine tools needed for home industry 
(including replacements) should be not less than 
301. millions. Deliveries in the United Kingdom 
were at the annual rate of 33-3l. millions in the 
first eight months of 1949, while deliveries for 
export were at the annual rate of 12-2/. millions. 
Imports were at an annual rate of 5-2I. millions 
and the total value of supplies to the home market, 
therefore, was about 26-3/. millions. 

The number of metal-working machine tools in 
use in 1940 was estimated at 700,000, in a census 
held in that year. Since January, 1946, deliveries 
to the home market have totalled about 118,000 
home-built machines and 13,000 obtained from 
foreign sources. To this should be added machines 
purchased from Government surplus stocks (mostly 
American machines obtained under Lend-Lease), 
probably equal to 20 per cent. of the total supplies 
from other sources, making a total of 159,000 
machines acquired in three years and eight months. 
At this rate, the total number of machines in use 
would be replaced in less than 12 years. It is 
probable, however, that relatively few machines 
have been scrapped since the war, most of those 
displaced by new ones being reconditioned and 
re-sold for a new lease of life. Assuming that the 
number of machines scrapped amounts to about 
one quarter of the new machines required, and that 
there had been no increase in the machine-tool 
“population” between 1940 and January, 1946, 
the number of machines in use at September, 1949, 
would total 819,000. Since, in fact, the machine- 
tool population increased during the war, the total 
may be as high as 900,000. Assuming also that 
the average life of a machine tool is 20 years (this 
was the pre-war figure), the number of machines 
required for replacement purposes between Septem- 
ber, 1949, and August, 1950, would total at least 


41,000, which would represent a 28 per cent. increase | Canad 


on the number obtained either from production or 
imports during the previous 12 months, when the 
rate of replacement cannot have been much better 
than once in 25 years. 

Oddly enough, this rate of replacement compares 
favourably with that of the United States, where, 
according to an inventory of metal-working equip- 
ment published by The American Machinist in 
November, 1949, new machine tools installed in 1948 
amounted to only 2 per cent. of the 1-76 million 
machines in use. The average age of American 
machine tools, however, is substantially less than 
that of British machines. In 1949, 57 per cent. of 
the machine tools in use in the United States were 
less than ten years old and 80 per cent. were less 
than 20 years old. This is better than in 1940, 
when only 28 per cent. were under ten years old, 
but worse than in 1945, when this proportion had 
increased to 62 per cent. Reasons for the decline 
in the replacement rate are thus not easily found. 
There is certainly no shortage of capacity : machine- 
tool deliveries in 1949 were estimated at less than 
one-third of the average for the three years 1945 to 
1947. Demand has obviously fallen heavily. One 
of the factors in this fall, doubtless, is the motor 
industry’s exceptionally low requirement during the 
most wonderful boom that it has yet enjoyed. The 
industry is by far the most important consumer of 
machine tools, particularly of special-purpose tools, 
many of which must normally be changed when a 
new model has been. designed. « The seller’s market 
in cars: has provided little incentive for radical 
changes in design.. There are, however, many other 
contributing factors. The United States magazine 
Business Week lays particular stress upon causes 


with which British machine-tool manufacturers are 
only too familiar. American manufacturers com- 
plain that the depreciation allowed by the Bureau 
of Internal Revenue is too small to allow them to 
get back the outlay on the average machine tool in 
ten years. Machine-tool prices have advanced so 
much that, unless the machine represents a spectacu- 
sar advance in labour-saving, it is not an economic 
proposition. Organised labour sets a limit to 
production on some jobs and on these jobs there is, 





demand, the machine-tool manufacturers have a 
satisfactory volume of home orders on hand. These 
represent about a year’s production for most types 
of machine tool; for lathes and other specialised 
types, it will take at least five years to overtake 
current home orders. Only the lighter standard 
types can be supplied from stock. 

The progress made by the machine-tool industry 
in the export field in 1949 was fairly substantial, 
Table II, herewith, extracted from the Accounts 


TABLE I.—DELIVERIES EX-WORKS OF BRITISH-BUILT MACHINE TOOLS. 
(Monthly averages or calendar months.) 
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| Woodworking Machihe Tools.* 
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* January to November. 
+ Figures in brackets are for January to November ; 
British ’’ or ‘‘ Other Foreign ’’ countries. 





therefore, no point in providing high-speed machines. 
Naturally, users will replace a tool only when they 
think it will pay for itself, and their ideas on this 
subject do not always square with those of the 
machine-tool manufacturers. 

If these reasons for insufficient replacement 
obtain in the United States, they are doubly valid 
in Britain. There is undoubtedly a large potential 
demand for machine tools in this country which 


‘will beeome- actual. only when the Government 


increases the present inadequate level of depreciation 
allowances and when labour and management 
become more fully alive to the need for increasing 





productivity. Whatever the desirable level of 





| For Export. 
Val | Valu | Value Ss Valuc 
alue, alue, , 7 D, 
Number. | £1,000. Number. | £1,000. Number. £1,000. | Number. £1,000. 
| | Snead 2 | ‘ a 
ime a la ae —- a —~ | 88 =e 7 
| | 
1946 .. 3,756 1,669 1,014 601 817 | 149 161 31 
ae: ws 3,734 2,127 1,332 870 1,338 254 376 2 
1948 .. | 2,737 2,591 1,286 940 1,462 347 | 565 126 
1947—3rd Quarter . | 3,658 | 2,100 1,286 | 827 1,445 266 | 383 71 
4th Quarter .. 3,953 } 2,499 1,516 1,044 1,450 316 472 102 
} 
1948—I1st Quarter ..| 3,671 2,376 1,319 947 1,461 327 544 116 
2nd Quarter..| 3,750 2,495 1,228 =| 879 1,478 342 | 533 117 
3rd Quarter .. 3,484 =| = 2,465 1,184 828 1,382 340 | 538 | 120 
4th Quarter .. 4,041 3,027 1,412 1,093 1,527 379 | 647 } 147 
! } 
1949—January mie 3,626 2,686 1,327 970 1,417 396 541 | 158 
a 3,918 2'994 1,455 1,091 1,447 364 | 642 | 143 
March 3,590 3,103 1,227 1,238 1,477 405 | 544 134 
| 
April .. 3,083 2,358 1,106 908 1,319 407 | 556 185 
May ae 3,540 2,867 1,369 1,189 1,497 392 589 156 
June .. 3,251 2,792 1,090 1,012 | 1,464 390 536 141 
July .. 3,818 2,781 1,532 1,213 1,387 395 496 138 
y= a | 3,373 2'641 1,260 | 1,082 1,174 427 405 93 
* Excluding, except in 1935, machine tools of low value. 
TABLE II.—Untrep KINGDOM EXPORTS OF METAL-WORKING MACHINE TOOLS, BY COUNTRIES. 
1938. 1948. 1949.* 
| a m v _ Val 7 
| i | V . alue, 
Tons croon, =| = Tom. | £1,000. | — 1,000. 
| as) i <a 
| a = a earn ae 4 | 
British West Africa .. — ae (431) ¢ (161) 518 163 
Union of South Africa .. 1,754 293 4,080 ,244 3,102 | — 
British East Africa -2 ge — | — (551) (166) 740 2378 
India ee es pe me | . 3 2 402 S| 6,574 A 
Pakistan... .. |. Js 2,561 261 8,10 2, 1 468 196 
Malaya .. at a ae 474 60 604 196 334 126 
Australia ‘ ‘ 2,236 398 4,999 1,597 4,001 | 1,463 
New Zealand ere 257 43 933 347 763 $11 
a Pas <e me oa 308 58 611 196 696 | = 
Other British Countries ms 901 132 2,424 840 1, pad | os 
Trish Republic .. ae ea 93 | 16 665 223 8 ed 
Soviet Union vs a ae 10,103 j 1,711 262 66 722 | Ho 
Finland .. a a: o — — (524) (171) 313 | 1 
Sweden mer, 3 Hl 408 88 | 1,748 545 | 1,729 605 
Norway .. ee ve ae 40 8 805 297 | 1,129 | 411 
Denmark we a we 140 37 712 257 | 571 | 226 
Poland .. a od =a — —_ (1,943) (369) | 3,892 1,072 
Netherlands ..  .. ..| 27 68 2,892 946 =| ~—s«1,978 | = 
Belgium .. . - ‘ 195 38 1,508 | 421 ‘3 892 72 
France... 893 243 3,641 1,085 2,218 be 
Switzerland es cal 129 37 905 269 439 4 
Portugal .. va = a 21 | 4 560 156 281 an 
Spain ae on as wa 12 3 517 223 532 318 
Czechoslovakia .. a na — (2,336) (417) 1,126 
i el OR taeres 28 3 178 77 188 75 
Turkey .. ts ae 59 | 7 528 141 210 a 
Palestine . . ne oe as 25 | 4 209 71 170 ane 
Egypt oe as aA ade 265 50 684 249 748 4 
Burma... ae de .| 107 | 14 419 142 113 4 
China = Be el 74 13 441 } 175 51 a 
Brazil “e aa | — | _ (392) (137) 440 ona 
Argentine Republic 7 | 176 33 | 2,653 m 838 bye 1.488 
Other Foreign Countries 3,591 851 | 10,747 2,706 4: ’ 
Total .. 24,122 4,473 51,828 15,709 42,436 14,926 


the twelve-months figures for the countries concerned are under “‘ Other 


Relating to Trade and Navigation of the United 
Kingdom, shows that the total value of machine-tool 
exports in the first eleven months of 1949 was 
14-9]. millions ; this compares with 14-251. millions 
in the corresponding period of 1948. The tonnage 
of exports dropped slightly in 1949, but this is more 
than accounted for by the fall in exports of recon- 
ditioned machines which, in the first eleven months 
of 1949, were 4,449 tons below, and less than half 
the value of, those exported in the corresponding 
period in 1948. The decline in exports of recon- 
ditioned equipment is due, no doubt, to the depletion 
of Government surplus stocks, and may be expected 
to continue. 
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Exports of new machines thus increased substan- 
tially in both volume and value. As on the home 
marxet, lathes appear to be most strongly in 
demand, and exports of lathes, shown in Table ITI, 
herewith, particularly of capstan and turret lathes, 
showed a larger increase in 1949 than those of any 
other category, from 3-7l. millions in the first 
eleven months of 1948 to 4-8/1. millions in the 
corresponding period of 1949. 

Although total exports increased in 1949, it is 





TABLE IIl.—Unirep Kinepom EXPortTs OF 


Soviet Union substantially, since the United States 
is not likely to allow Marshall Aid recipients to 
export to Russia large quantities of equipment 
which she is not willing to supply herself. 
Germany, before the war, accounted for two-thirds 
of the world’s exports of machine tools, and already 
is showing signs of recovering this trade. German 
prices are rather lower than the British and, though 
production is officially limited to 11-4 per cent. of 
the 1938 level, it is unlikely that the industry, 


METAL-WORKING MACHINE TOOLS By TYPES. 




















1938. 1948, 1949.* 
a ee — i - |; ——_-—-———_- ‘ 
Tons. Value, £1,000. | Tons. Value, £1,000. | Tons. | Value, £1,000. 
| 
— aie Sic iN igs aa Ss Tiere tale ak 2 —_ 1 | ! | . 
New Complete Tools :— | } 
Boring and broaching 1,673 235 } 2,586 | 850 2,523 925 
Drilling “ ar si 2,532 444 4,596 1,388 4,129 1,355 
Grinding, lapping and honing | 2,792 736 3,757 1,548 3,251 1,383 
Lathes : 
Automatic... +1) 1,891 | 897 1,568 900 
Capstan and turret me i 6.727 1.441 2,929 1,280 3,534 1,828 
Other ote o | peme , 5,964 2,089 5,429 | 2,027 
Screwing and threading | 488 259 603 530 
Milling and gear-cutting oa 1,798 424 2,863 1,157 2,276 1,163 
Planing, shaping and slotting 3,535 420 2,846 780 | 2,606 764 
Presses a : a ie 1.470 146 f 3,939 366 3,355 | 778 
Punching and shearing = \ 3,341 734 2,733 | 628 
Sawing a a 253 34 692 | 237 760 214 
Other . - 3,342 593 3,248 940 2,851 964 
Used Complete Tools ~- 11,003 | 1,653 | 5,406 | 696 
Parts Ks — — | 1,735 1,031 | 1,412 | 771 
Total 24192 | 4,473 51,828 | 15 | 42,486 =| ~S «(14,926 
| | 








* January to November, 


disturbing to note that, in many markets, there 
were significant declines ; indeed, the expansion 
in 1949 is due in no small measure to the increase 
in exports to countries behind the Iron Curtain. 
The value of exports to Poland, 1-07l. million, 
was three times higher than in 1948, and the value 
of exports to the Soviet Union rose from 66,0001. 
te 180,000/. Exports to the Scandinavian and 
South American countries also increased, but else- 
where, apart from a heartening increase in exports 
to Canada, there was a general decline. Exports 
to France, one of Britain’s best customers before 
the war, fell by 210,0001. to 792,6441. and exports to 
Belgium declined by 107,000/. to 793,000/. As is 
repeatedly stressed by the chairmen of various 
companies in their annual statements published in 
1949, machine-tool manufacturers are facing in- 
creasingly keen competition overseas. Devaluation, 
at best, can only provide a breathing space, per- 
mitting increased exports and, at the same time, 
affording an opportunity to cut production costs. 
The contraction of their home market must neces- 
sarily cause United States manufacturers to give 
more attention to export markets. The American 
type of machine is not, of course, always directly 
competitive with the British, since a large proportion 
of requirements in the United States are for special- 
purpose machines, suitable for volume production 
of standard articles in countries where labour costs 
are high. Demand for such machines can come only 
from the most highly industrialised nations, which 
at present are not among Britain’s best customers. 
The demand for British machines comes mainly 
from the less industrialised countries, for instance, 
the Commonwealth and South America, which are 
expanding their industrial capacity and require 
robust general-purpose machines, easy to operate 
and maintain. Amercian manufacturers might 
conceivably come into the market on a large scale 
with machines of this sort, but the dollar shortage, 
intensified by devaluation and diminishing Marshall 
Aid, puts them, for the present, at least, at a serious 
disadvantage. The journal Business Week reports 
that one large United States manufacturer who, 
before the war, exported 40 per cent. of his output, 
is now exporting only 10 per cent. The progress 
made by Britain in the Eastern European markets 
is doubtless due at least in part to the cessation of 
United States exports in accordance with the policy 
of banning the shipment of goods which would add 
to the military potential of the Soviet Union or its 
satellites. Russian import demand, a high propor- 
tion of which was formerly supplied by the United 
States, has been estimated at 25]. to 301. millions, 
or double the present value of British exports to 
all countries in 1949. It is unlikely, however, that 
Britain will be able to increase exports to the 





once rehabilitated, will be kept down to this level. 
German technicians, moreover, are contributing 
to the building-up of a machine-tool industry in 
India, which hitherto has been Britain’s largest 
customer. They and some Czech manufacturers 
have made arrangements with a Swiss company to 
erect at least two machine-tool factories in India 
and to train personnel and operate the factories 
until they can be taken over by Indians. One of 
these factories is to be set up by the Oerlikon 
Machine Tool Company, of Ziirich, at Bangalore. 
A company is to be formed with a capital of Rs. 12 
crores (91. millions), of which Oerlikon will take 
up 10 per cent. Oecerlikon also undertakes to pay 
the cost of plant and equipment ordered from the 
United States or Switzerland, up to the sum of 
Rs. 1-2 croree. 

Among the other countries in which production is 
expanding are Czechoslovakia and Japan; the 
former, though exporting mainly to the Soviet 
Union and Eastern Europe, is also competing 
strongly in the West. Japan is likely to offer 
stronger competition in the Near and Far East 
than before the war. Japanese machine tools 
are reputed to be of good quality and to be selling 
at prices considerably below the British. 

In addition to increased competition, British 
exporters have had to face currency difficulties in 
many markets. Shortage of sterling has been 
at the root of the fall in French exports. On the 
other hand, in the Italian market, high prices and 
long delivery dates appear to be the principal reason 
for the failure of British manufacturers to increase 
their exports. Italy has a favourable balance 
with the sterling area, but very little of the 700,0001. 
of orders for machine tools, visualised under a 
trade agreement, have beentakenup. The machine- 
tool industry cannot be expected greatly to increase 
its exports to the dollar area. No country is ever 
self-sufficient in machine tools and, even in the 
United States, there is a market for specialised 
types, though it is small. A British high-speed 
lathe for thread-chasing is being marketed in the 
United States and there are, no doubt, other 
examples, but it is not thought that exports can be 
greatly expanded. 

The proportion of British machine tools going to 
Canada, despite the expansion in 1949, still seems 
to be unduly low, since Canada buys at least twenty 
times as much from the United States. The Toronto 
Exhibition of 1950 will give British manufacturers 
an opportunity to show their products, and it is 
hoped that some expansion of exports may result. 
In this, as in other markets, British manufacturers 
are making an energetic attempt to expand sales. 
Messrs. A. C. Wickman, Limited, initiated a new 


method of sales promotion in July, when they sent 





aspecially-equipped vehicle to demonstrate machines 
in overseas factories. The itinerary, for which the 
Treasury made aspecial currency allowance, included 
Italy, Switzerland, France, Germany, Denmark, 
and Sweden. No amount of sales promotion, how- 
ever, will bring large orders if prices are not com- 
petitive. The arrears of orders for export are 
estimated to represent about a year’s production— 
approximately the same as home orders ; but this 
satisfactory state of affairs is not likely to be main- 
tained over the next year unless costs can be cut 
and delivery dates shortened. The only answer 
lies in increased productivity. The British machine- 
tool industry at present employs only 2-3 per cent. 
of the labour engaged in metal manufacture. 
This is a lower proportion than in Switzerland and 
the United States, where the horse-power used per 
head is much higher, but it is most unlikely that 
the industry will be able to increase greatly the 
present labour force of 73,900. The need is for 
skilled labour of the highest calibre, which is 
becoming increasingly difficult to obtain. 

If the industry cannot be further expanded, 
perhaps the most effective way of increasing output, 
reducing costs and improving delivery dates is by 
introducing a larger measure of specialisation and 
standardisation ; though some manufacturers con- 
tend that since, outside the lighter ranges, ma- 
chine tools have to conform to individual specifi- 
cations, standardisation is impossible. Moreover, 
if the machines have to be exported, there are 
considerable difficulties in adapting them to overseas 
standards and in obtaining and fitting electric 
motors to suit the wide variety of voltages encoun- 
tered, but there is scope for increasing the range 
of semi-standard machines. As noted earlier, this 
is the type of machine which offers the largest 
potential market for British manufacturers. The 
machine-tool industry, in the past, has always been 
one of the industries to suffer most in trade reces- 
sions ; many manufacturers, therefore, understand- 
ably prefer to spread their production over a wide 
variety of types and are reluctant to specialise in 
a few basic models. Nevertheless, unless they do 
80, it is difficult to see how costs are to be kept down 
to competitive levels. Greater standardisation, 
moreover, might enable manufacturers to quote 
shorter delivery dates and to build up stocks; 
long delays in delivery are particularly serious 
in the more distant markets of Canada, Australia and 
India, where trade is being, or is likely to be, lost 
to manufacturers who can promise speedier delivery. 

The mutual assistance scheme, whereby six 
Production Efficiency Panels were set up in 1949 
by the Machine Tool Trades Association in the 
main centres of the industry, should make a valuable 
contribution toward increasing standardisation 
within the industry. This provides for the inter- 
change of ideas and information with a view to 
increasing the production efficiency of all members 
of the industry. This scheme is well supported at 
present, but how effective it will be remains to be 
seen. It is, however, a step in the right direction. 

In general, the prospects for the machine-tool 
industry in 1950 are good, and the volume of orders 
on hand, both home and export, is satisfactory. 
Unless a good deal of attention is devoted to costs, 
however, trade will be lost to Japan, for instance, 
in the Indian and the Far Eastern markets, and to 
Germany and Czechoslovakia in Western Europe. 
The question of costs is just as important on the 
home market. The British engineering industry 
has been starved of machine tools since the war, and, 
in view of the importance of increasing productivity, 
there is doubtless a large potential demand. This 
may not be translated into orders, however, as 
American “experience shows, until the prices of 
machine tools are low enough to enable manufac- 
turers to regain their outlay within a reasonable 
number of years. While the task of increasing pro- 
duction and offering their output at reasonable prices 
falls to the manufacturers, it is the Govern- 
ment’s duty to increase depreciation allowances 
and to see that the home market gets an adequate 
share of available supplies. Exports must take 
high priority in the British economy, but the best 
contribution that the machine-tool industry can 
make to the export drive is by increasing the 
efficiency of British engineering. 
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JOHN HOPKINSON, 1849-1898 .* 


By Proressor James Greia, M.Sc., Pa.D. 
(Concluded from page 36.) 

Horkrnson’s fundamental work on magnetism 
began, as has been mentioned, with the accumu- 
lation of accurate data on the magnetic materials 
used in the construction of dynamos. His interest, 
however, had been aroused in the variation of 
magnetic properties with temperature, and, in 
particular, the phenomenon of recalescence in iron. 
His work on this subject was reported in two Royal 
Society papers of 1889 and 1890, which have taken 
their place in the classical literature of magnetism. 
By one of those odd accidents, of not infrequent 
occurrence in the history of science, a further 
investigation into the properties of a range of alloys 
of nickel and iron did not contain one of the critical 
composition required to give the exceedingly high 
permeability of the modern nickel-iron magnetic 
alloys. One of his alloys contained 73 per cent. of 
nickel and 26 per cent. of iron, but impurities were 
present to an appreciable extent. 

Perhaps the greatest intellectual stimulus on 
electrical matters to which Hopkinson’s mind 
responded was Maxwell’s treatise on Electricity 
and Magnetism, which had been published in 1872. 
Hopkinson’s early interest in the behaviour of 
dielectrics may be attributed to his study of Max- 
well’s treatise, the personal influence of Kelvin, and 
to his interest, in connection with his lighthouse 
work, in the properties of glass. His imagination 
had been gripped by the concept of the existence 
of a relation between the dielectric constant and 
the refractive index which had been predicted by 
Maxwell’s theory. Over a period of nearly 20 years 
Hopkinson returned from time to time to experi- 
mental work directed towards investigating the 
deviations of actual dielectric material from con- 
formity with this theoretical law. Modern dipole 
theory has shown why Maxwell’s generalisation 
will not ordinarily apply to dielectrics in low- 
frequency fields and Hopkinson, at the conclusion 
of his paper, “‘ Electrostatic Capacity of Glass and 
of Liquids,” Royal Society, 1881, recognised the 
magnitude of the gap in his frequency spectrum in 
these words, ‘‘ It must, however, never be forgotten, 
that the time of disturbance in the actual optical 
experiment is many thousands of million times as 
short as in the fastest electrical experiment even 
when the condenser is charged or discharged for 
only the one twenty-thousandth part of a second.” 
The phenomena of residual charge played a large 
part in Hopkinson’s investigations and the theory 
which he developed for dealing with this effect 
has been embodied in fundamental dielectric theory 
under the name “‘ Hopkinson’s superposition law.” 
» It is interesting to note in his paper of 1877, on 
“* Residual Charge of the Leyden Jar,” the comment, 
“the following method of treating the question of 
residual charge was suggested to the author by 
Professor Clerk Maxwell; it is essentially similar 
to that used by Boltzmann for the after-effects of 
mechanical strain.” 


Hopkinson had married in 1873, and there were 
three children when the family moved to London 
and set up home near Addison-road station in 
Kensington. It seems that the first 18 months 
of building-up the consulting practice were some- 
what anxious and a little straitened financially. 
A period of invention, development and rapid 
expansion, like the eighties and nineties, inevit- 
ably preduces a spate of technical and scien- 
tific litigation and the expert opinion of scientific 
men tends to be much in demand in the Law Courts. 
Hopkinson soon found himself involved in this 
type of activity and he displayed an astonishing 
aptitude for it. Not only did he possess a scientific 
background sufficient to place him in the front 
rank, but he combined with it sound engineering 
experience and was capable of exceptional mental 
concentration and rapidity of thought. He was 
able to express himself in court with a brevity and 
lucidity which gave his evidence due weight and 
carried conviction, and it is interesting to note 





* Hopkinson Centenary Lecture, delivered at King’s 
College, London, on November 14, 1949. Abridged. 
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that, in this respect, his great contemporary Kelvin 
sometimes cut a comparatively poor figure beside 
him. For a display of forensic brilliance and skill 
perhaps the most notable case in which Hopkinson 
was involved was the famous ‘‘ Three-Wire Case ” 
in 1893. Here he was defending his own patent, 
No. 3576, 1882, which, incidentally, had been sold 
previously to the American Westinghouse Company, 
against infringement by the St. James and Pall Mall 
Electric Light Company. The paragraph of the 
patent specification covering the three-wire prin- 
ciple reads as follows : ‘‘ For the purpose of econo- 
mising the cost of main conductors I place two 
dynamo machines in series and place two systems 
of lamps or other appliances consuming electricity 
of approximately equal capacity also in series. A 
main conductor is taken from each extreme pole 
of the two dynamos to points between the two sys- 
tems of lamps, the intermediate conductor serving 
to bring back to the central station any electricity 
required for one system of lamps in excess of that 
required by the other system of lamps.” 

The action, which lasted for three weeks, engaged 
the highest talents of Bench and Bar, Mr. Justice 
Romer, Mr. Fletcher Moulton and Sir Richard 
Webster. Lord Kelvin and Mr. Swinburne were 
expert witnesses. The validity of the three-wire 
patent was upheld. In his legal work, Hopkinson 
set for himself the same high standard which indeed 
determined all his actions in life, complete integrity 
and to give of his best. 

Early in 1882, Hopkinson accepted the invitation 
of the recently formed English-Edison Company 
to be one of their consulting engineers. It was in 
a report to the directors of this company that 
he expounded the principle of the two-part tariff 
method of charging for the supply of electricity. 
The company, however, did not pursue the project 
of setting up supply stations. Ten years later, 
in his presidential address to what was then the 
Junior Engineering Society, on ‘The Cost of 
Electricity Supply,” he developed the same theme 
with admirable lucidity. 

It was in the autumn of the same year that 
Hopkinson wrote to the company recommending a 
critical study of the Edison dynamo with a view 
to possible improvement and the modification of the 
design to meet varying conditions. The manufac- 
turing rights of the Edison dynamo were held in 
this country by Messrs. Mather and Platt, of Man- 
chester, and the chief engineer of this company was 
John Hopkinson’s younger brother Edward. The 
problem was tackled experimentally by the use of 
models of the old magnet system and of the proposed 
modified system. These models are preserved in 
the Science Museum at South Kensington, and a 
photograph of the exhibit is reproduced* in Fig. 3, 
opposite. Essentially, the modification amounted 
to diminishing the length and increasing the cross- 
section of the magnetic circuit. The first machine 
of the new design gave on test more than double 
the output of the Edison machine of the same 
weight. Hopkinson reported to the Edison Com- 
pany on its performance in May, 1883. Two years 
later the paper on the “‘ Magnetisation of Iron,” 
presented to the Royal Society, gave the data 
upon which the design of the machine was based. 
In the following year came the joint paper in which 
the design and performance of the Edison-Hopkin- 
son machines are described. Fig. 4, on the opposite 
page, which is reproduced from an exhibit in the 
Science Museum, South Kensington, illustrates the 
general design of the Edison dynamo, which was the 
forerunner of the Edison-Hopkinson machine ; two 
of the latter are shown under test in Fig. 2, on 
page 35, ante. The design and performance of the 
**Manchester’’ dynamo, illustrated in Fig. 5, 
opposite, is described in an appendix added after 
an interval of about four months, to the Royal 
Society paper of 1886. 

As Hopkinson’s reputation grew, so his services as 
a consultant became increasingly in demand. He 
became consulting engineer to the Metropolitan 
Electric Supply Company, and in 1891 undertook, 
for the Manchester Corporation, the design of that 
city’s electric-lighting works. He was also con- 
cerned with the development of electric traction, 





* Fig. 3 is reproduced by permission of King’s College, 
London. 
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the City and South London Railway and ihe 
Liverpool Tramways being projects on which he 
advised. In his later years, he became greatly 
interested in the problems of long-distance trans- 
mission, but he did not survive to realise his 
ambitions in this field. 

John Hopkinson had a natural liking and a)pti- 
tude for the imparting of information, and jis 
urge to present a matter in the clearest possi!)le 
form is evident in most of his writings. He was 
also interested in the broader aspects of educa- 
tion. The development of the Engineering Sch»ol 
ar Cambridge was a matter of close personal 
concern to him and although he declined +he 
invitation of the University to follow James Stuart 
in the University Chair of Engineering, he was 
instrumental in the appointment of Ewing to thie 
office, an appointment which was of great and lasting 
benefit to the School. Then, in due course, Hopkin- 
son’s son Bertram followed Ewing in the Chair 
and filled the post with great distinction. It is 
interesting to read, in a memorandum on enginecr- 
ing education written by Hopkinson for a Cambridze 
University Syndicate in 1890, these words, ** There 
are also probably many students who intend to 
pursue engineering as a means of livelihood, but 
who desire to enjoy the general advantages afforded 
by the University in other ways than in their pro- 
fessional training. For both it is of great import- 
ance, and of great importance to the country as 
well, that they should have an opportunity to 
pursue at the University that line best adapted 
to their subsequent work.” 

In London, Hopkinson’s first formal contact with 
University work came with his appointment to 
the Senate in 1889. He had obtained the degree of 
Doctor of Science in the University in 1870 and 
had been made a Fellow in 1887. King’s College 
had received in 1890 from the widow of Sir William 
Siemens, a benefaction for the foundation of an 
Electrical Engineering Department within the 
Department of Engineering, and Hopkinson was 
invited to accept the post of Professor of Electrical 
Engineering in the College. The conditions of 
appointment permitted him to carry on his consult- 
ing practice and required him only to direct the 
teaching and the work of the laboratories. The 
offer was accepted and the appointment turned out 
to be of great benefit both to the new professor and 
to the College. Hopkinson now had _ physical 
resources and staff to assist in the pursuit of research 
and in engineering investigations, together with the 
opportunity to transmit to a group of students 
something of his own scientific knowledge and of his 
unrivalled experience of engineering practice. He 
thus brought to the College the stimulus of a first- 
class mind actively engaged on many of the major 
electrical projects of the time. For a generation 
after his death, Hopkinson’s students made their 
mark in the engineering world. The essence of 
Hopkinson’s method in teaching was to develop 
the student’s power to solve problems on his own 
resources and he brought to the College from his 
practice a steady stream of actual current problems 
upon which his men could begin to build up their 
experience. The Proceedings of the Royal Society, 
the Journal of the Institution of Electrical Engineers 
and the pages of The Electrician bear witness to the 
fruitful association of Hopkinson with King’s 
College. A few of the researches were published under 
his name alone, but most were joint publications with 
Ernest Wilson, who succeeded him in the Chair, 
and with the student demonstrators who assisted. 

Hopkinson was elected a member of the Institu- 
tion of Mechanical Engineers in 1874 and of the 
Institution of Civil Engineers in 1877, and several of 
his papers were read before these institutions. 
He served on the councils of both. He was, 
however, also active in promoting the development 
of the then very young sister institution, the 
Institution of Electrical Engineers, of which he 
was elected a member in 1881. Hopkinson enjoyed 
the rather rare distinction of serving two terms as 
President of the Institution of Electrical Engineers, 
first in 1890 and again in 1896. In 1890, his 
presidential address was on “‘ Magnetism,” and in 
1896 he reviewed the state of knowledge of electrical 
science and examined critically the systematic 


arrangement of the subject as presented to electrical 
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engineers at that time. Referring in this address 
to Maxwell’s Theory he comments, ‘‘ Whether the 
postulate of an all-pervading ether be, or be not, a 
metaphysical necessity, surely it is well for the 
practical man and the physicist to leave the question 
to the metaphysician.” This remark is typical of 
Hopkinson’s approach to any scientific problem, 
namely, that the theory should contain no unneces- 
sary assumptions. 

Hopkinson’s second term of office as President 
came at a time of national disquiet and anxiety, 
and the Institution itself was passing through 
one of the critical phases of its development. It is 
evident that his election was due to universal 
recognition of his complete integrity and great 
strength of character. One occurrence during his 
year of office is of special! significance in the light of 
subsequent events. In the Minutes of the Meeting 
of the Council on January 16, 1896, we read— 
““The President stated that, it having occurred to 
him as very desirable that some steps should be 
taken by the Institution to render the technical 
knowledge of electrical engineers available for the 
defence of the country he had communicated his 
views to Lord Kelvin and other members of the 
Council who were unable to be present that evening, 
all of whom had expressed themselves strongly in 
favour of the proposed movement and he accordingly 
moved—“‘ That steps should be taken to render 
available for purposes of national] defence the tech- 
nical skill of electrical engineers and that a committee 
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be appointed with 
instructions to take 
such steps as it 
thinks fit to attain 
that end.” That re- 
solution resulted in 
the formation of the 
Volunteer Corps of 
Electrical Engineers, 
and Hopkinson be- 
came Major in Com- 
mand of the Corps. 
This was probably the first British Military unit 
with specific responsibility for electrical work. In 
this connection it may be mentioned that two years 
later inthe Minutes of the Council of King’s College 
there appears this entry—‘ A letter was read from 
Professor Hopkinson suggesting that it would be 
advantageous to the College if the Submarine 
Mining Electrical Testing Apparatus of the Elec- 
trical Engineers Volunteer Corps were deposited in 
the Siemens Laboratory and the members of the 
Corps be given access to it under proper con- 
ditions.” 

Although Hopkinson played a leading part in the 
work and development of the Institution of Electrical 
Engineers from 1881 onwards, he was not a very 
frequent contributor to the discussions on papers. 
When he spoke, however, he had something signifi- 
cant to say. One example may be quoted— 
speaking on Mr. Mordey’s paper on “ Alternate 
Current Working,” read in 1889, Hopkinson made 
the following comment on the paralleling of alter- 
nators, ‘To obtain a great control of one machine 
upon another it is not of itself desirable to have 
any large self-induction as Messrs. Kapp and 
Forbes appear to think, nor is it desirable to have 
it as small as possible as Mr. Mordey appears to 
think when he says ‘if it (self-induction) were 
absent probably the machines would run parallel 
all right.” The machines will best control each 


other when “2%, y being the self-‘nduction, is 
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equal to the resistance of the armature circuit 
and the leads to the junctions with the leads of 
the other machine.” 

Great confidence had come to be reposed in 
Hopkinson’s judgment on electrical matters and 
he was consulted on many of the major projects 
under consideration both in this country and 
abroad. He was at the height of his powers when 
his life was cut short by a climbing accident in 
Switzerland which has gone down in the annals 
of rock climbing as one of the most dreadful of 
recorded tragedies. In 1898, Hopkinson, in accord- 
ance with his usual custom, went with his family to 
Switzerland on holiday for the month of August. 
They were staying at Arolla. His enthusiasm for 
climbing was shared with his family and they 
were in the habit of going out together. On 
August 27, 1898, Hopkinson, with his son Jack, 
and his daughters, Alice and Lina, went out to 
make an ascent of Petite Dent by way of the Col de 
Zarmine. The party did not return. All had 
perished in a fall from a ridge not far from the 
summit. So closed the page of history on the life 
of one of the first great electrical engineers.* 

The record of John Hopkinson’s life is ‘one of 
practically unbroken success. He @ rare 
combination of qualities: mathematical ability, 
scientific insight and a clear appreciation of practical 
requirements. He entered the field at a time when 
the opportunities for the exercise of such talents were 
almost unlimited and he entered it equipped as 
were few of his contemporaries. His scientific work 
stands in the first rank. His engineering achieve- 
ments, which were characterised by the essential 
simplicity and directness of his application of 
scientific principles, would alone merit the honoured 
place which his name occupies in the annals of 
engineering. Integrity and ability were the qualities 
which he showed to the world and as success and its 
attendant distinctions came upon him he remained 





* An obituary .notice appeared in ENGINEERING, 
vol. 66, page 301 (1898). 
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un-selfconscious and unspoiled. He cared little for 
honours, but two which gave him special pleasure 
were the award of the Royal Society Medal in 1890 
for his researches on the magnetic properties of iron, 
and his election to the Atheneum in 1887 as one 
of the nine annually chosen for eminence in “‘ Litera- 
ture, Art and Science.” 

There was a good deal of the fighting instinct in 
Hopkinson’s make-up and something of an element 
of daring. His urge to advance scientific knowledge 
and engineering practice was irresistible, but he went 
forward always with prudent care and sound 
judgment. Possibly his legal work satisfied some- 
thing of his fighting instinct, but climbing provided 
that spice of physical danger without which satis- 
faction could not be complete. He was in the 
fullest sense a man of great stature, a stature which 
the 50 years since his death have served to increase 
rather than to diminish. 





PRODUCTION ECONOMY IN THE 
ROLLING OF ALUMINIUM.* 


By W. J. THomas and W. A. FowLer. 
(Concluded from page 37.) 


Deviocgrs adopted at the mill itself to minimise chis 
staining problem by removing surface oil by means of 
wipers and air jets have not been completely successful. 
Failing the discovery of a lubricant which will not 
leave a stain after annealing, the solution may lie in 
carrying out the latter process in such a way as not to 
create a stain. Tests have shown that free access of 
air at a suitable temperature will bring about disap- 

ce of the stain. This latter condition might 

obtained by a continuous strip-annealing furnace in 
which the coil is unwound as the strip passes through 
the furnace, and rewound after annealing. Such a 
furnace would have other applications, and will be 
dealt with in somewhat greater detail later in this 
paper. ing has been considered, but such a 

is not attractive in view of the volume of metal 
to be handled, the outputs required, and the capital 
and working costs that would be involved. 

It should be mentioned that the staining problem 
arises even with new clean oil, and becomes still more 
serious as the oil gets dirty in use. If no attempt is 
made to keep the oil clean it acquires, after a week or 
two, a very dirty black appearance, causing a dull and 
unattractive finish on the metal and even more objec- 
tionable staining after annealing. The oil becomes 
loaded with finely-divided aluminium and aluminium 
oxide, and a very difficult filtration problem for the 
removal of this contaminant is presented. It not only 
spoils the appearance of the finished sheet, but it very 
much reduces the load-bearing capacity of the oil, and 
it becomes necessary to decrease the percentage reduc- 
tion and/or the rolling speed. Again American prac- 
tice, supplemented by trials in this country, has shown 
the direction in which to seek a solution of the filtration 
problem. The most promising method is to carry out a 
rough filtration or clarification of the whole of the oil 
in circulation by equipment capable of removing 
particles down to about 10, size and to by-pass, say, 
about 30 per cent. of the oil in circulation through a 
fine-filtration system using fuller’s earth or the like as 
the filtering medium. Continuous filtration plants of 
this sort are very expensive, and take up a lot of space, 
but at present there is no satisfactory alternative to 

_ their use. Such filtration systems should be designed 
to maintain the contaminant in the oil at not more than 
0-005 per cent. by weight. 

‘There is a growing demand for strip-rolled sheets, 
approximately 0-012 in. thick, for the canning and 
box-making industries, and frequently consumers 
require an entirely oil-free material to be supplied. 
Even the small amount of oil left on the strip with the 

. older methods of rolling, by slow-speed mills employing 
light reductions, is difficult to remove, and the problem 
is far more serious when the sheets are produced on 
modern high-speed heavy-reduction strip mills requir- 
ing: flood lubrication. Efforts have been made to 
remove the oil by various means, such as by dilution 
with low-flash-point solvents and physical removal by 
means of solvent baths, sawdust boxes, wipers, air 
blowers, and by inter-leaving with paper as the strip is 

.. wound on to the drum.. These methods have been used 

‘separately and in combination, but have not been 
entirely satisfactory, even with slow-speed rolling. Some 
producers follow the rolling process by a degreasing 
or other chemical process, in order to obtain the com- 





* Paper entitled ‘‘ Some Technical Problems Influenc- 
ing Production Economy in the Rolling of Aluminium,” 
presented before the Institute of Metals, in Paris, on 
Tuesday, October 4, 1949. Abridged. 
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plete removal of surface traces of oil, but the cost of 
such additional processes is high in relation to the 
total rolling cost. 

There is a problem here, therefore, for the oil tech- 
nologist or chemist to overcome ; that is, to produce 
a rolling oil or other lubricant which will meet one of 
the following alternatives: (a) It should completely 
evaporate from the strip after rolling, or by the applica- 
tion of a subsequent low-temperature treatment, or be 
otherwise completely and cheaply removable, or (5) if 
traces do remain on the strip, then the oil or lubricant 
should be of such a character that it will have no 
deleterious effect on food containers or on the adhesion 
of paints or lacquers. 

Pure aluminium and its non-heat-treatable alloys are 
produced in sheet and strip form in different “‘ tempers,” 
namely, soft, quarter-hard, half-hard, three-quarters- 
hard, and hard. These tempers are usually obtained 
by different degrees of strain-hardening; thus, for 
intermediate tempers the metal is usually given some 
preliminary cold rolling, is then annealed, i.e., fully 
softened, and is then further worked by more cold 
rolling to the finished gauge, the annealing gauge 
being such that the amount of cold work given to the 
metal between it and the finished gauge is just sufficient 
to produce the required properties. 

Material to intermediate tempers costs more to pro- 
duce than either hard or soft material because of the 
interruption to rolling, and this disadvantage is more 
pronounced with the large modern high-speed mills 
which roll in coil form. Further, the most important 
disadvantage of the interruption caused by the temper 
anneal is that the final temper reduction is often very 
much less than the mill is capable of giving; in some 
cases it may be as small as 10 per cent., and to employ 
a mill capable of effecting a reduction of 60 per cent. to 
70 per cent. on this duty is obviously uneconomical. 
Indeed, in most cases, had the interruption for the 
temper anneal not been necessary, the mill would have 
been capable of effecting the complete reduction in one 
or two passes instead of the two or three, respectively, 
that the temper anneal necessitates. A further point 
is that the wide variations in reductions called for, 
from very light ones in the case of quarter- and half- 
hard tempers to heavy ones in the case of soft, three- 
quarters-hard and hard, leads to trouble because of the 
wider range of roll cambers and winding tensions 
needed. It will be realised too that, if the finished 
properties are to be reasonably consistent, the temper 
annealing and finished gauges must be quite accurately 
controlled, a matter of some difficulty in the case of 
thinner gauges and also with those alloys which work- 
harden rapidly. The difficulties mentioned could be 
eliminated by cold rolling straight to the finished gauge, 
and then finally applying a controlled part-anneal, 
sometimes called ‘‘ temper letting down.” 

When rolled aluminium, or one of its alloys, is heated, 
its properties change gradually over a period of time, 
the tensile strength falling to the value for fully 
annealed material in an interval which may be a 
matter of seconds at the commonly accepted annealing 
temperature, or a thousand hours or more at 200 deg. C. 
At intermediate temperatures the rate of softening is 
such as to allow the interruption of the process at a 
point when the desired mechanical yp eigen have 
been attained. The initial stages of the softening 
process are unaccompanied by any change in structure 
detectable by normal means, the change in properties 
being due simply to the relief of internal strain. If 
carried on long enough, recrystallisation and full 
softening will occur, but in applying the process it is 
desirable to ensure that the partial anneal is purely 
one of strain relief, as partial recrystallisation would 
result in a non-uniform texture. 

Such “ letting down ” processes are quite practicable 
and consist of heating at low temperatures for a 
sensible period of time. Low temperature has to be 
emplo because the higher the temperature the 
more quickly does the process proceed through the 
stage of strain relaxation to that of recrystallisation, 
and eventually complete annealing, and it is only by 
the use of a very-closely controlled low temperature 
that the time of treatment becomes less critical. The 
process also calls for a close control of the temperature 
at which the original slab was hot rolled. Temper 
letting down is applicable to pure metal, with the 
exception, perhaps, of quarter-hard, as the tensile 
strength range for this temper involves heating ufder 
conditions where recrystallisation is likely to occur. 
The lower tempers, which involve the risk of entering 
the recrystallisation range, are still more impracticable 
in those alloys prone to become coarse-grained unless 
heated very rapidly through that range. The process 
is also usefully applicable to those alloys, for example, 
the binary magnesium alloys, which work-harden so 
rapidly as to make property control by the conventional 
rolling methods difficult. With such alloys, the method 
has the further advantage of giving much less dis- 
coloration because of the low temperature employed. 

In some cases, quite an important benefit of the 





temper letting down process is that, compared with 
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temper rolling for a given ultimate tensile strength, the 
former gives a much higher ductility as illustrated by 
the results on pure half-hard metal shown in Table Ti, 

















TABLE II. 
Temper Rolling. Letting Down. 
Mean | Percentage Mean Percentage 
Ult. Tens. Elongation Ult. Tens. Elongation 
trength, on 2 in. Strength, on 2 in. 
Tons per sq. in. e Tons per sq. in. l 
7:3 2-5to7 | 7-4 17 to1s 
8-2 2to5 | 8-1 9 to 17 





While the process, as will be seen, is technically very 
attractive, further work is needed to establish that 
this method of treatment has definite economic advan- 
tages over the strain-hardening process. This will 
call for a furnace of such design that the total time of 
thermal treatment and the amount of energy absorbed 
are kept as low as possible, and that the total cost 
involved will not exceed that which is necessitated by 
interrupting rolling procedure and giving a normal 
anneal. 

Users are demanding finer and finer grain for circles 
and sheets for deep drawing, so that while a standard 
of 400 grains per square millimetre was sufficient before 
the war, 800-1,000 is not now good enough for many 
customers. It is imperative that metal of soft or inter- 
mediate temper destined for use in any forming opera- 
tion has a fine grain, not because of any deterioration 
in mechanical properties associated with an increase in 
grain-size, but because of the superficial roughness 
which develops when the metal is subjected to some 
forms of deformation. To remove the roughness 
polishing is essential, and this can be a very costly 
item. 

Coarse grain is comparatively rare in commercial- 
purity aluminium, provided close control is exercised 
of the metal — and of the well-known optimum 
conditions. ere is little difference in the final results 
obtained between the use of semi-continuous cast and 
chill-cast rolling slabs, although the former is liable to 
give trouble with thicker sheets and circles. In regard 
to the effect of composition, it has been found that, to 
obtain the best results, the iron content should not be 
below 0-4 per cent., with a silicon range of 0-18 to 0-20 
per cent., and the manganese should be kept below 
0-02 per cent. Grain refiners, such as titanium and 
boron, may help in giving a uniform grain-size. Homo- 
genisation is of no particular advantage from the grain- 
size point of view except, perhaps, in the case of thicker 
sheets and circles produced from semi-continuous cast 
slabs. A rapid rate of heating does give improved 
results but is not vitally important. 

It is with 1-25 per cent. manganese alloy that the 
greatest difficulty in achieving a fine grain is experi- 
enced and in regard to which some problems remain to 
be solved if economic production is to be obtained. 
With this alloy, the semi-continuous casting method is 
at a disadvantage compared with that of chill casting. 
In regard to composition, the iron content should be 
kept fairly high, 0-4 per cent. being regarded as a mini- 
mum. In spite of many efforts it has not been possible 
to find any grain-refining element which would have a 
noticeable effect on the grain-size. The addition of small 
quantities of copper or magnesium does help very 
slightly, but not sufficiently to obviate the need for 
special processing conditions for this alloy. Homo- 
genising, i.e., heating for a period of 12 hours at a tem- 
perature of about 570 deg. C., either immediately before 
or after hot rolling, is essential in the case of semi- 
continuous cast metal and also beneficial with chill- 
cast. 

It is the annealing conditions which undoubtedly 
have the greatest influence on the final grain-size of 
1-25 per cent. manganese alloy. It is essential, both 
with chill-cast and semi-continuous cast metal, even 
when the latter has been homogenised, to ensure that 
the recrystallisation range is traversed in a matter of 
seconds which, in effect, means taking the metal from 
room temperature to the annealing point in a period of 
2 to 3 minutes. It has not been possible to obtain 
this so-called “ flash ” annealing with the conventional 
type of furnace using heavy and bulky charges, such as 
large tight-wound coils or stacks of flat sheets. It 
should be remembered that with this alloy the necessity 
for a flash anneal arises not only for soft-temper sheet 
and strip, but also, particularly when using semi- 
continuous cast metal, for quarter-hard and half-hard 
tempers. 

There is well-tried equipment available for the flash 
annealing of the metal in single flat sheet form, namely 
a conveyor-type furnace through which single sheets 
are rapidly passed. There is, however, at present, no 
suitable equipment available for the flash annealing of 
the metal in coil form. In consequence, with the grow- 
ing demand for fine-grained intermediate tempers in 
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1-25 per cent. manganese alloy, the compulsory con- 
version of the coiled strip into flat sheets at the temper- 
anneal gauge in order to carry out a flash anneal, raises 
a serious problem from the point of view of economic 
production. Instead of being able to roll to finished 
gauge at the high speeds obtainable on modern strip 
mills, the producer is obliged to carry out the final 
rolling on the old type of flat-sheet mill, the rolling 
rates of which are much less than those which can be 
achieved on a high-speed strip mill. 

Some means of flash annealing continuously in strip 
form must, therefore, be developed. What is required 
is a furnace capable of receiving coils of metal, flash 
annealing the strip while it is paid out from the coils, 
and then re-winding the metal. Before re-winding, 
however, in order to avoid surface damage which would 
occur if the metal were wound hot, the strip should be 
cooled. Because of the softness and low strength of 
the metal in the region of the annealing temperature, 
there are problems to be overcome of supporting it in 
its passage through the furnace in such a way that 
abrasion does not occur, and of re-winding it under a 
reasonable amount of tension so that the strip will not 
break or stretch unduly. 

The continuous cooling of the metal introduces 
further difficulties, because if this is carried out by a 
water quench or spray, as would probably be necessary, 
there is the problem of removing residual liquid by 
drying. It seems clear that whatever type of furnace, 
with associated cooling and drying zones, is provided, 
a considerable loss of time would occur if each coil 
had to be threaded through the equipment separately. 
To be an economic proposition, it would be necessary 
to obtain truly continuous working by welding and 
stitching the trailing end of one coil on to the leading 
end of the next, and by providing some means at the 
outlet end for cutting the strip at the weld or stitch, 
and then winding up the coils again separately. 

In regard to the form of heating that should be 
applied, it seems that existing and well-tried methods 
would be suitable; for example, radiant heating and 
high-speed air-circulation convection heating. In 
addition, consideration has been given to contact 
heating by which the metal would pass over and be 
supported on, say, a heated drum. The possibility of 
using induction heating has been examined, and this 
method has attractions, in that the heat would be 
generated in the metal itself; further, it should be 
possible to get the metal up to temperature over a 
very short length, say, 2 ft. or 3 ft., and the supporting 
and tensioning problems would not be quite so serious 
as in the case of furnaces employing other methods of 
heating. It is not thought, however, that the way 
in which the heat is imparted to the metal is a serious 
problem. Where the difficulties are likely to arise is 
in providing the mechanical equipment comprising, 
unwinding and winding gear, tensioning apparatus, 
supporting rollers, welding or stitching machines, 
shears, etc., all constructed, speed-matched, and con- 
trolled to ensure that the metal will not be damaged. 

It is appreciated that somewhat similar equipment 
has been provided and works successfully for other 
metals, but there is not the same problem with these 
in regard to the softness and low strength of the strip 
during the annealing process, which in the case of 
aluminium and its manganese alloy render them so 
liable to suffer surface damage. Undoubtedly, develop- 
ment on the lines described must occur if fall advantage 
is to be obtained from modern high-speed rolling 
methods in the production of intermediate tempers in 
1-25 per cent. manganese alloy. The continuous flash 
annealing of wide strip should, therefore, receive the 
serious attention of furnace builders. 

It is unfortunate that the considerable developments 
which have taken place in the casting and rolling 
processes, essentially in the direction of high-speed 
continuous production employing large heavy-unit 
pieces, have not been matched by corresponding 
developments in the heat-treatment process. An 
increasing proportion of the rolled stock delivered from 
the mill is in the form of very heavy coils, which, on 
account of the limitations of existing heat-treatment 
equipment, have to be cut up into single flat sheets 
or very small-weight coils before the material can be 
heat-treated. In consequence, not only is that process 
slow, but the following finishing processes, such as 
flattening, shearing, and slitting, are also slow. Some- 
thing of the order of half the total cost of producing 
the saleable product is represented by the cost of 
heat-treatment and final finishing operations. 

The present available methods of solution heat-treat- 
ment are, of course, well known. If the final product is 
to be in flat-sheet form, the rolled coiled strip is cut up 

into single sheets which are supported in racks or 
suspended from frames, and then either immersed in a 
salt bath or placed in a high-speed: air-circulation 
furnace. If the final product is required in the form 
of coiled strip, the original rolled heavy coil has to be 
cut up into much smaller pieces and the latter then 
re-wound with the laps spaced from each other, either 
by dimpling the edges or interwinding spacing wires. 
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This spacing is essential to ensure that the heating| by reducing scrap, 


medium penetrates to all the laps (so that the required 
heat-treatment temperature is rapidly and precisely 
attained) and that quenching and drying are effective, 
and, in the case of salt-bath heat-treatment, to enable 
any traces of salt remaining after > be 
washed out. Obviously, the width of the space between 
laps is considerable by comparison with the thickness 
of the metal; therefore, the overall diameter of the 
heat-treated coil is far greater than that of the original 
coil, and this is one of the factors which limits the 
weight of the coil that can be heat-treated. 

Another factor is that in spite of spacing of the laps, 
the gaps between them cannot be very great; on 
quenching they tend to close up, and if the quench is 
to be effective and rapid right through the coil, ex- 
perience has shown that there is a limit to the width 
of strip in coil form that can be heat-treated ; this is 
of the order of 36 in. maximum. Further, to provide 
the minimum spacing that is required, it is necessary 
in the case of the wider strip to keep the laps apart, 
not only at the edges, but along the centre of the coil, 
by centre dimpling or threading through a céntral 
wire, and in final processing the dimpled zones or the 
marks left by the wires have to be removed by slitting, 
thus still further reducing the width of the coil and its 
finished weight. Moreover, with existing methods of 
heat-treatment, thermal inefficiency arises owing to the 
necessity for repeatedly heating the frames and cradles 
used for supporting the metal. 

Briefly, whereas the casting and rolling processes are 
efficient by virtue of making use of unit pieces of 
2,000 Ib. weight or more, heat-treatment plant has 
not been developed on the same scale, and the handling 
of single sheets varying in weight, say, from 10 Ib. to 
30 lb., or single coils varying in weight, say, from 
50 Ib. to 200 lb., makes the heat-treatment and finishing 
processes much more costly than they need be. An 
important point that must be borne in mind is that the 
individual handling of so many small-unit pieces con- 
siderably increases the risk of damage to the product, 
as well as calling for the employment of a dispropor- 
tionate amount of labour. 

Most producers, in view of these circumstances, have 
contemplated the advantages that would accrue from 
a continuous method of heat-treatment, whereby a 
coil of finished width would be drawn successively 
through a solution heat-treatment zone, quenching and 
drying zones, flattening rolls, and then either through 
a flying shear for cutting to dead length, or on to a 
re-winding drum. In such a development, a furnace on 
lines somewhat similar to that described in the para- 
graphs dealing with grain-size, above, would be 
required, and the same considerations would apply. 
In addition, there would be the further complication of 
providing a rapid quench. The obvious quenching 
medium is water, but this involves a subsequent drying 
operation, and it would be preferable if some other 
method could be developed which avoided subsequent 
drying or cleaning. The quench should take place as 
rapidly as possible, preferably within two or three 
seconds of the strip leaving the heating zone, and this 
factor would determine the speed of passage of the 
strip through all sections of the line. 

As in the case of the continuous strip furnace envi- 
saged for flash annealing, the continuous-strip heat- 
treatment, flattening and cutting-off lines would have 
to be very carefully designed, in regard to the close 
speed-matching of the component parts and the 
shape and material of all supporting media, with a 
view to preventing damage to the metal. Continuous 
heat-treatment on the lines described: would not only 
show considerable production economies over present 
methods, but because the material is held flat and 
under some degree of tension throughout, it might 
suffer less distortion, and if the quench could be 
made effective and rapid the properties should be 
more consistent. 

With the larger sheets, the finishing, i.e., post-rolling, 
operations of flattening, stretching, and shearing, are 
responsible for a very large proportion of the total 
cost of production of such sheets from a modern 
rolling mill. To derive full benefits from these modern 
mills the production unit or piece should be main- 
tained in its large heavy form for as long as possible 
throughout the finishing operation. 

This principle is followed in the finishing of thin 
short sheets, such as are required for box-making, or 
for sheets for subsequent corrugating, where the coil 
is fed through trimmers, roller levellers and flying 
shears, and cut to length. The reason that the same 
principle cannot be adopted in the finishing of larger 
sheets, particularly those calling for a fairly high degree 
of flatness, is that roller levellers, in addition to tending 





to mar the surface finish of the sheet, will not give the 
flatness demanded, and a stretching operation is usually 
needed. There is, therefore, scope for designing either 
a continuous stretching machine or a roller-leveller line 
which will give the desired flatness without, at the 
same time, introducing surface defects. Such equip- 
ment would result in very considerable economies 


ar us eliminating individual sheet 
ndling at several stages, thereby minimising the 
risk of damage, and reducing inter-operational trans- 
port, 

In conclusion, it may be pointed out that the paper 
has drawn attention to a large number of production 
problems still facing the aluminium-rolling industry, 
and in nearly every instance they will require for their 
solution the closest collaboration between the produc- 
tion engineer, research-laboratory staff, and, in many 
cases, also the plant manufacturers. The general adop- 
tion of semi-continuous casting has represented a consi- 
derable advance in technique, but it seems probable 
that there is still much to be gained by further develop- 
ments in the process. Casting speeds, for instance, are 
at present limited to a few inches per minute. If these 
speeds could be materially increased it would not only 
lead to increased outputs but to many other incidental 
advantages. The problems here are related to heat- 
flow and the mechanism of solidification, which involve 
co-operation between the metallurgist and the physicist, 
but any modification to present technique is likely also 
to involve the plant designer and engineer. 

The formation of blister on the surface of aluminium 
sheet, both pure metal and alloy, has been a constant 
source of trouble to the industry in the past. Works 
trials, in which the different variables have been con- 
trolled in an attempt to determine which are mainly 
responsible, have usually ended in disappointment. 
The more scientific method of attack, in which an 
accurate knowledge of the solubility of gases in both 
solid and liquid aluminium has been combined with 
accurate methods of gas analysis, has taken us much 
nearer to the solution of the problem. Further work 
in this direction, by the physicist in close co-operation 
with the production staff, is still required. 

The problems in the field of roll cooling and lubrica- 
tion require for their solution the joint efforts of the 
oil chemist, the engineer, and the metallurgist, since 
the properties which are desirable from the point of 
view of mill operation are often detrimental from the 
point of view of the quality of the finished product. 
The control of grain-size and directionality in finished 
sheets which are to be used for deep-drawing and 
pressing operations, is closely related to the work 
done in hot and cold rolling combined with appro- 
priate annealing conditions. The most efficient 
operation of the mill does not always lend itself to the 
introduction of anneals at the most suitable times. 
Here, again, team-work between the scientist and the 
production staff is essential. 

It is, however, probably in the field of heat-treatment 
and annealing that co-operation between the plant 
designer, the production staff, and the metallurgist is 
most urgently required at the present time. The full 
benefits of modern plant giving high outputs of con- 
tinuously-rolled strip will not be achieved until anneal- 
ing and heat-treatment facilities to keep in step with 
output have been developed. There are several ways 
in which the problems of the type indicated can be 
tackled. In the early days of the industry the solution 
of these production problems was usually attempted 
by the method of trial and error, in which the various 
factors which it was thought might influence the result 
were deliberately varied in the pious hope that all 
other factors would remain constant. is was & 
laborious procedure, and, even when a satisfactory 
process had been found, it was liable to go wrong, 
and in the absence of fundamental knowledge it 
was often difficult to know to which variable the trouble 
was to be attributed. 

The application of statistical analysis to production 
data seemed to offer some hope, but the authors’ experi- 
ence over many years shows that this method by itself is 
likely to be disappointing. An alternative method of 
attack is to study in the research laboratory the funda- 
mental chemical, physical or metallurgical facts which 
are operative in the process under consideration. When 
this knowledge has been acquired it is usually possible 
to devise means of measuring and controlling accurately 
those variables which are important. For example, 
the ability to control blister in rolled sheet has been 
greatly advanced by an accurate knowledge of the 
solubility of hydrogen in solid and liquid aluminium 
and by having accurate and fairly rapid methods of 
analysing the amount of gas present in the metal. The 
study of the various factors which produce directionality 
in rolled sheet, based on X-ray diffraction and metallo- 
graphic studies, is making it possible to devise produc- 
tion schedules which will reduce this factor to tolerable 
limits. Further, it is only by a determination of the 
constitutional diagram for the more complex alloys 
that the best heat-treatment schedules and optimum 
composition can be determined. 

These are the kind of contributions that the scientist 
can make to the development of the industry. His 
knowledge, however, must be translated into terms of 
large-scale production. This cannot be achieved 
without the close co-operation of the works production, 





technical, and engineering staffs, and, in many cases, 
the plant manufacturers. 
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THE re-equipment and expansion of British industry 
continues to make good progress. This applies parti- 
cularly to the engineering industries, and details of 
several new plants and re-equipment programmes have 
been given from time to time in ENGINEERING. A 
further good example of the progress being made in 
this direction is furnished by an entirely new mechanised 
iron foundry which was put into operation recently by 
Messrs. Ruston and Hornsby, Limited, Lincoln. 
Actually, the need to extend their foundry facilities 
had been apparent for a number of years, during which 
several representatives of the firm spent some time 
studying modern European and American foundries. 
By the end of the second World War, however, the 
need had become urgent and plans for the new foundry 
were put in hand. 

After carrying out a detailed study of their future 
requirements, it was decided that an additional capacity 
of some 250 tons of castings a week was required. 
The new foundry, therefore, was designed to produce 
this, but at the same time was planned so that future 
extensions could be made when it became expedient 
to adopt modern methods for the manufacture of the 
heavier and larger castings at present made in the 
company’s other main foundry. 

In planning the new foundry, it was realised from 
the outset that, with the existing shortage of skilled 
foundry workers, future requirements of intricate 
castings could be met only by the extensive use of 
machinery and the employment of available skilled 
foundrymen to the best advantage. As a consequence, 
it was decided to break the work down as far as prac- 
ticable and allocate skilled operators only to those 
jobs requiring their special knowledge. The class of 
work handled by Messrs. Ruston and Hornsby, how- 
ever, is by no means of a repetitive nature, and there 
was the further problem, therefore, of applying proved 
continuous-working principles to the firm’s require- 
ments. This difficulty was overcome by dividing the 
plant into five unit systems, each designed to produce 
a particular range of products under continuous and 
progressive processing methods. 

The new foundry, which is known as the Beevor 
Tron Foundry, has been built on a site acquired several 

ago; it has good rail and road access and i 
reasonably close to the city and the other works o 
Messrs. Ruston and Hornsby. Authority for building to 
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proceed was obtained in June, 1946, and, by September 
of that year, the general building contractors had 
started work. The buildings cover a total floor area 
of 115,000 sq. ft. and consist of five bays, each 50 ft. 
wide, three of which are 350 ft. long and the remaining 
two, 325 ft. long. The five bays are parallel with each 
other and constitute the main production areas for 
core making, sand treatment, moulding, casting and 
fettling. There are two further bays arranged at 
right angles to the main bays; these are 60 ft. wide 
and 300 ft. and 200 ft. in length,; they are used 
for raw-material handling, melting, storage, and 
various distribution purposes. All the operations, 
including cupola charging, are carried out under 
cover and sufficient space has been provided to give 
wide gangways and good access to the various mach- 
ines. In order to ensure good atmospheric conditions 
at working level, the buildings were constructed as 
high as practicable, the height to the crane rails being 
24 ft., to the eaves, 32 ft., and to the ridge of the roof 
43 ft. When construction of the building commenced, 
bricks were in short supply; the structure has been 
covered, therefore, with protected-metal sheeting. 
Glazing bars also were not available and it was decided 
to use dispersed roof lighting to the extent of 10 per 
cent. of the total roof area. 

Considerable care had to be taken over the founda- 
tions for the plant ; this will be appreciated from the 
fact that 900 ft. of reinforced-concrete pit work had 
to be constructed for the sand-handling plant alone, 
the width of the pits varying from 7 ft. to 15 ft. and 
the depth from 8 ft. to 17 ft. Rendering the pits 
waterproof proved a difficult problem as the normal 
water level was only 5 ft. 6 in. below floor level. 
Eventually it was decided to use the latest type of 
American dewatering equipment by means of which 
the water level was lowered locally below that of the 
deepest excavation. 

As previously mentioned, the required production of 
moulds was obtained by dividing the installed plant 
into five unit systems, each designed to produce a 
— range of product and a drawing showing the 
ayout of the foundry in diagrammatic form is repro- 
duced in Fig. 1 on this page. The green-sand pro- 
duction plant comprises four of these units and is 
served by a single sand-handling and preparing plant. 
Two of the sections are equipped with jolt-squeeze 
turnover moulding machines and the other two sections 
with pin-lift machines the former being employed for 
the heavier moulds and the pin-lift machines for metivm 
and light moulds. There are four moulding machines 
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to each unit and these are capable of producing green- 
sand moulds ranging in size from 16 in. by 14 in. to 
48 in. by 30 in. There is a separate endless pallet-type 
conveyor for each unit to convey the moulds to 
the casting stations ; one of the pallet-type conveyors 
is illustrated in Fig. 4, on the opposite page. The 
moulds are carried from the moulding machines to the 
pallet conveyors by gravity-roller conveyors, which, 
in the case of the turnover machines, are arranged so 
that the moulds can be withdrawn from the machine 
tables directly on to the rollers, without lifting them. 
This is accomplished by hinging and fitting counter- 
balance weights to the portion of each conveyor 
adjacent the machine so that it can be swung upwards, 
as shown in Fig. 5, on page 70. During the moulding 
operation, the hinged portion is left in the upright 
= 80 as to give access to the machine, but is 
owered when it is required to remove the finished 
mould from the machine. The job of removing the 
mould is further simplified by a series of small rollers 
arra’ at each side of the machine and fitted to a 
subframe which embraces the machine table. During 
the moulding operation, the subframe is kept below 
the level of the table, but when the mould is com- 
pleted, the piston of the moulding machine auto- 
matically raises the frame as it retracts. This operation 
brings the rollers into contact with the underside of 
the moulding board and raises it clear of the table, 
thus enabling the mould to be moved with comparative 
ease on to the gravity-roller conveyor. 

As already indicated, the casting operation is carried 
out on the endless pallet-type conveyor. After casting, 
the moulds enter a fume-exhausting tunnel, one of 
which can be seen on the left of Fig. 4. After leaving 
the tunnel, the moulds reach the knock-out station 
where they are moved from the conveyor by a pneu- 
matic ram on to a vibrating grid. The latter separates 
the sand from the casting, and incorporates a mechani- 
cally-operated fork lifting device, which separates the 
two halves of boxes from the castings. The pneumatic 
ram, vibrating grid and fork-lifting device for one 
section can be seen in Fig. 6, on page 70; this illus- 
tration also shows the gravity-roller conveyor by which 
the moulding boxes are returned to the moulding 
machine. Each knock-out section is provided with an 
efficient dust, steam and fume extraction system, 
which operates on the down-draught principle. 

The used sand from each knock-out station is fed 
continuously on to a common return conveyor belt, 
any metal fragments being removed from the sand by 
means of an over-band magnetic-type separator. The 
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sand is then broken up in a disintegrator before it is 
elevated to a rotary screen and permeability controller. 
It is discharged from the latter on to another belt, 
which delivers it to three 40-ton capacity storage 
hoppers arranged over three Simpson-type batch mills. 
New sand is delivered by rail to the service bay and 
is unloaded on to an apron conveyor system, which 
conveys the sand to points over the mills for addition 
during the re-milling operation. The mixed sand is 
discharged on to a slowly-moving belt conveyor and 
is then elevated to an aerator. This feeds the sand 
to an overhead conveyor, arranged above the moulding 
machines, which feeds it into storage hoppers for the 
various moulding machines, each of which has its own 
hopper. On the larger roll-over machines, the sand is 
fed into the mould boxes by belt conveyors situated 
at the bases of the hoppers, but on the smaller machines 
the hoppers are fitted with undercut gates. The sand 
is directed into the hoppers by ploughs, one for each 
hopper, which can be brought into operation as required. 

The fifth unit is designed for progressive dry-sand 
moulding, closing and casting, the sizes of the moulding 
boxes ranging from 24 in. by 24 in. up to 54 in. by 
40 in. It is based on a gravity-roller conveyor system, 
in which the pattern boards are fed continuously on 
to the conveyor; these pass definite operating points, 
each manned with the correct grade of labour and are 
each provided with independent handling equipment. 








After the facing sand has been placed and packed in 
position, the backing sand is added by sand-slinging 
machines. The moulds are stripped by means of two 
large Hermann roll-over machines, and, after they have 
been finished by hand and sprayed with mould wash, 
are transferred to the drying ovens. They are then 
returned for closing and casting, after which the boxes 
pass to a vibratory knock-out grid. The unit is served 
by a separate sand plant, which comprises both facing- 
and backing-sand systems. It will be seen from Fig. 1 
that all the knock-out stations are segregated into a 
single bay. This has been done so that the complete 
bay can be isolated by partitioning should the extraction 
plant referred to previously prove inadequate. 

The core-making plant is situated in one of the 
outer 50-ft. bays, a general view of which is given in 
Fig. 2, on this page. All the cores are made from oil 
sand and, in general, female labour is employed on this 
work. The cores are stripped in a core-stripping 
machine supplied by the British Moulding Machine 
Company, Limited, and are then conveyed on a steel- 
band conveyor to a large five-stage vertical continuous- 
drying stove; the stove, which is gas-fired under 
automatic control, can be seen in Fig. 2. The silica 
sand used for core making is delivered by rail to the 
service bay, from which it is fed mechanically into a 
rotary gas-fired drier. The hot dry sand is discharged 
into a suction-lift system, which conveys it through 





an overhead pipe to hoppers situated over the core- 
sand mixing plant. The sand is, of course, cooled as it 
passes through the pipe and, apart from starting up 
and closing down, the complete plant is automatic. 
The fettling plant occupies the other wing bay and 
the castings are delivered to this section by roller-top 
traversers and elevating trucks. All castings are shot- 
blasted in airless rotary-table machines, after which 
they are conveyed past the various fettling operational 
points on a production-flow basis. 

The melting plant is located in No. 1 cross bay, the 
plant being arranged so that all handling of pig iron, 
limestone, coke, etc., is done under cover. As in the 
case of the sand, these materials are delivered by rail, 
the trucks being brought into the foundry. The 
material is unloaded into bins by an overhead travelling 
gantry provided with a magnet and grab, and the 
furnace charges are made up in drop-bottom buckets 
which are conveyed past the various bins on an 
American-type weighing car. Thestorage bins and weigh- 
ing car are illustrated in Fig. 7, on page 70, which also 
shows the overhead magnet and unloading grab. A 
separate cupola-charging crane is used, and this is 
shown on the point of feeding into a cupola in Fig. 8, 
on page 70. There are four cupolas in the melting 
plant, each of which is 42 in. in diameter, measured 
inside the linings. Two are operated each day and 
each is capable of melting between 6 tons and 7 tons 
of iron an hour. The base metals from each can be 
either mixed or treated separately at the spouts with 
alloy or graphiting additions according to requirements. 

The cupolas are tapped into drum-type distribution 
ladles of the type illustrated in Fig. 3, on this page, 
which are delivered by electric trucks to the various 
casting stations; although unusual, this method of 
transporting the molten metal has proved entirely 
satisfactory. For transferring the metal to the casting 
ladles, the drum is lifted from the truck by a travelling 
hoist and tipped in the usual manner; this process is 
illustrated in Fig. 9, on page 70. The casting ladle 
also is suspended from a separate travelling hoist, 
which is interconnected with the four green-sand 
moulding units. Similar arrangements are employed 
for dry-sand casting. 

The foundry is heated by means of a radiant-panel 
high-pressure hot-water system and is understood to 
be the first foundry so equipped. The shops are 
vehtilated by 46 roof-extraction fans and by 19 fresh- 
air inlets. Air is also extracted by the equipment 
installed at such points as the knock outs, rotary sand- 
feed tables, etc., the total amount .extracted by this 
means being approximately 180,000 cub. ft. per minute. 
The boiler for the heating system, the air compressor 
and the electrical equipment is installed in a separate 
brick building situated a short distance from the 
foundry. The amenities provided for the employees are 
exceptional. These include shower baths, locker 
rooms fitted with heated lockers, and rest rooms, 
those for the men being on the ground floor and those 
for the women on the first floor of a separate brick 
building, the rest rooms being equipped for the serving 
of light refreshments. 
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CONTRACTS. 


THE MINING ENGINEERING COMPANY, LIMITED, 
Meco Works, Worcester, have received a large order for 
mining machinery from Poland. A consignment of 
this left Worcester for Hull Docks on January 16 in a 
special 35-wagon train. 

MEssRs. FERGUSON BROTHERS (PORT-GLASGOW), 
LIMITED, Newark Works, Port-Glasgow, have obtained 
an order from Australian owners for a single-screw 
steam hopper barge of just over 1,000 tons capacity. 
A triple-expansion engine of Messrs. Ferguson Brothers’ 
design and manufacture will be installed. The hopper 
doors will be worked hydraulically on a system developed 
by the builders. 

MEssRS. SIMON-CARVES, LIMITED, Cheadle Heath, 
Stockport, have received an order, valued at over 
250,0001., for a large contact sulphuric-acid plant, from 
the Hellenic Company of Chemical Products and Ferti- 
lisers, Limited, Athens. The plant will have a capacity 
of 150 tons of sulphuric acid per 24 hours and will be of 
the pyrite-burning type. It will incorporate the Freeman 
flash-roasting system which the firm are now adopting 
as standard practice on pyrite-burning plants. 


Messrs. POWELL DUFFRYN TECHNICAL SERVICES, 
LiwiTreD, London, have obtained a contract from the 
Greek Government for the preparation of a project for 
the large-scale development of the lignite deposits of 
Ptolemais in Western Macedonia, to produce briquettes 
for industrial, | tive and d tic purposes. The 
Ptolemais deposits are said to contain: reserves exceeding 
one thousand million tons which can be worked by 
opencast mining. A team of engineers and chemists is 
leaving this week for Greece to investigate the lignite 
deposits and to obtain the data necessary for the prepara- 
tion of the scheme. 


Messrs. THE TUDOR ACCUMULATOR COMPANY, 
Lutrep, 50, Grosvenor-gardens, London, S.W.1, are 
to supply five storage batteries for the Turkish Great 
National Assembly, or Parliament, now under construc- 
tion in Ankara. Two of the batteries, each consisting 
of 12 cells, with a capacity of 101 ampere-hours at the 
10-hour discharge rate, will supply current to the auto- 
matic voting machine. Another battery, of 30 cells, 
with a capacity of 37 ampere-hours at the 10-hour 
discharge rate, will operate the central clocks system, 
and the two remaining batteries, each of 12 cells of 41 
ampere-hours capacity, will supply current to the fire- 
alarm, watchman-control and police-call systems. 

MEssRS. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LIMITED, Marconi House, Chelmsford, Essex, have 
received an order for two medium-wave broadcasting 
transmitters from the Danish Posts and Telegraphs 
Department. The transmitters have each an output 
power of 100 kW, are air-cooled and will be installed, 
the one at Skive and the other at Kalundborg. Owing 
to the restricted number of frequencies available for 
broadcasting in Europe, the Skive transmitter will be 
sharing the same frequency as that used by the Copen- 
hagen Station. The Marconi Company is providing 
two of its high-constancy drive equipments to enable 
this common-frequency working to be achieved satis- 
factorily. By the use of these drives it is possible for 
two transmiters to operate independently, on common 
frequencies, with only occasional checks and adjustments 
for the alignment of their two drives. 








PACIFIC-TYPE LOCOMOTIVES FOR INDIAN METRE-GAUGE 
RaILWway : CORRIGENDUM.—The diameter of the piston 
valves of the 4-6-2 locomotives built for the old Morvi Rail- 
way, India, which were described on page 698, in our pre- 
vious volume (issue of December 30, 1949), was given as 9 
in., in both the text and the plan which was reproduced in 
Plate XV. The makers, Messrs. W. G. Bagnall, Limited, 
Stafford, have written to say that the diameter is 8 in., 
and that they regret the error, which originated on their 
drawing. 





RaDIO CONTROL OF DREDGER FLEET.—The Ribble 
Navigation Department of the County Borough of 
Preston is now able to control the seven sand pump 
dredgers, which work in the estuary, by very high- 
frequency radio telephony. The equipment used for 
this purpose, supplied by the General Electric Com- 
pany, Limited, Magnet House, Kingsway, London, 
W.C.2, consists of single-unit transmitter/receivers, 
one of which is installed on shore and can be remotely 
controlled from the Harbour Master’s office or the police 
office at the main gate, while the others are installed 
on the dredgers themselves. The transmitter power is 
10 to 12 watts and the frequencies are in the 160 mega- 
cycle band. Two-frequency simplex is used, the called 
and calling statious operating on separate frequencies 
and speaking alternately. The shore station can speak 
to all the dredgers at once, but the dredgers can only 
communicate with the shore station and not with each 
other. The dredgers are capable of working to a depth 
of 46 ft. below water level and remove about 2,500,000 
cubic yards of silt annually. 


BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S8.W.1, 
at the price quoted at the end of each paragraph. 

Aluminium and Aluminium- Alloy Ingots and Castings. 
—Various British Standard Specifications for aluminium 
and aluminium-alloy ingots and castings for general 
engineering purposes have now been combined into a 
single publication, or schedule. In this, which is 
designated B.S. No. 1490, a system of nomenclature, 
in line with that described in the recently-issued 
publication B.S. No. 1470, covering wrought aluminium 
and aluminium-alloy sheet and strip, has been adopted. 
The new schedule covers aluminium of 99 per cent. 
purity and 20 different alloys, in the form of ingots 
and castings. In each case the chemical composition, 
mechanical properties and, where applicable, the 
condition of the material, are specified. In addition, 
it is stipulated that the materials shall comply with a 
series of general clauses relating to testing and inspec- 
tion procedure and other matters. In view of the 
issue of the new publication, specifications B.S. Nos. 
359, 360, 361, 362 and 363, of 1929, and B.S. Nos. 702, 
703 and 704, of 1936, have been withdrawn, but the 
schedule includes also specifications for ingots and 
castings not previously covered. The Institution 
state that in a few early-distributed copies of the 
schedule there is a printer’s error in alloy LM-6-M, on 
page 22. Here the percentage maximum limit for 
copper is given as 0-3 per cent. instead of the correct 
0-1 per cent. Persons possessing a copy containing 
the error are asked to return it to the Institution, 
when a correct copy will be supplied in return. [Price 
7s. 6d., postage included.] 

Universal Decimal Classification—Metallurgy.—The 
most recent publication, B.S. No. 1,000 (669), of the 
series of complete sectional tables of the fourth inter- 
national edition of the Universal Decimal Classification, 
now in preparation by the Institution, has been made 
available. It covers metall and is a 44-page 
publication containing a detailed alphabetical subject 
index. The principles involved are clearly explained 
in a 5-page introduction to the Abridged English 
Edition relating to the system, published in April, 1948 
(127 pages, price 25s.). Metallurgical firms and 
institutions desiring to arrange their documents in a 
systematic manner should make use of this abridgment 
as a foundation upon which to base the more detailed 
classification of metallurgy proper for which the 
present volume is designed. [Price 10s., postage 
included.] 





BOOKS RECEIVED. 


Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on 24th July, 1949, at 
London Bridge in the Southern Region, British Railways. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 3d. net.] 

University of Michigan. Official Publication. Proceed- 
ings of the Thirty-Fourth Annual Highway Conference. 
Held at Grand Rapids, Michigan, March 15, 16, 17, 
1949. Offices of the University, Ann Arbor, Michigan, 
U.S.A. [Gratis.] 

PEP Engineering Reports.—II. Motor Vehicles. PEP 
(Political and Economic Planning), 16, Queen Anne’s- 
gate, London, S.W.1. [Price 15s. net.] 

The Origins of Modern Science. 1300-1800. By PROFESSOR 
H. BUTTERFIELD. G. Bell and Sons, Limited, York 
House, Portugal-street, London, W.C.2. [Price 
10s. 6d. net.) 

Guide to Industrial Film Making. The British Electrical 
and Allied Manufacturers’ Association, Incorporated, 
36 and 38, Kingsway, London, W.C.2. The British 
Engineers’ Association, Incorporated, 32, Victoria- 
street, London, S.W.1. [Price 2s., post free.] 

Overseas Economic Surveys. Denmark. By S. SIMMONDS. 
[Price 2s. net.) Portuguese West Africa. (Angola.) 
By D. O. Fynes-Ciinton. [Price 1s. net.) Nether- 
lands. By L. B.S. Larxins. [Price 2s.net.] Norway. 
By L. C. 8. BARBER. [Price 1s. 6d. net.] Mezico. 
By W. W. MocVirrie. [Price 1s. 3d. net.) H.M. 
Stationery Office, Kingsway, London, W.C.2. 

Questions and Answers on Electric Motors. By E. MOLLoy. 
Fourth edition. [Price 5s.net.] Questions and Answers 
on Electric Arc Welding. By E. CRAWFORD. [Price 
5s. net.] George Newnes, Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. 

Electric Resistance Welding. .A Practical Guide to Spot, 
Seam, Projection, and Butt Welding Methods. By 
H. E. J. Burner. George Newnes, Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
[Price 17s. 6d. net.] 

Building Science. By D. A. G. REID. Volume lI. Long- 

mans, Green and Company, Limited, 6 and 7, Clifford- 





street, London, W.1. [Price 6s.] 








PERSONAL. 


Str ARCHIBALD McKinstry, D.Sc., has relinquished 
his position as deputy chairman of Messrs. Babcock and 
Wilcox, Limited, but is to remain on the board. Mr, 
Cc. K. F. Haaue, M.1I.Mech.E., A.M.I.E.E., has been 
appointed deputy chairman in his place, but is retaining 
the position of managing director. 


Sm ROBERT WaTSON-WarT, C.B., F.R.S., is to deliver 
his presidential address at the next meeting of the Royal 
Meteorological Society, 49, Cromwell-road, London, 
8.W.7, to be held at 5 p.m., on January 25. 


AIR VICE-MaRsHAL 8S. P. Sumpson, C.B., C.B.E., M.C., 
R.A.F. (ret.), aerodrome commandant, Northolt Airport, 
has been made Divisional Controller, London and South 
Eastern Division, Ministry of Civil Aviation, in succession 
to AIR MARSHAL Sm RODERICK CarRR, K.B.E., D.F.C., 
A.F.C., R.A.F. (ret.), whose contract of service expires 
on January 31. 


The incoming President of the Sheffield Society of 
Engineers and Metallurgists, PROFEssoR H. W. Swirt, 
M.A., D.Sc. (Eng.), delivered his address on January 16. 


Dr. J. B. BRENNAN, M.Sc. (Belfast), principal of the 
technical school, Portadown, Armagh, Northern Ireland, 
bas been appointed general secretary of the Institution 
of Chemical Engineers, 56, Victoria-street, London, 
8.W.1. 


Mr. K. J. Coox, O.B.E., M.I.Mech.E., M.I.Loco.E., 
has been appointed Mechanical and Electrical Engineer, 
Western Region, British Railways. Mr. W. N. PELLOw, 
M.1.Mech.E., M.I.Loco.E., has been made Motive Power 
Superintendent, and Mr. H. RanpDLeE, J.P., M.I.Mech.F., 
Carriage and Wagon Engineer of the Region. 


Mr. KEITH FRASER, M.A., A.M.I.C.E., M.I.Chem.E., 
has been elected President of the British Engineers’ 
Association, 32, Victoria-street, London, S.W.1. Mr. 
Davip D. WALKER, M.A., M.I.E.E., has been re-elected 
a vice-president, and Mr. E. Bruce BALL, M.A., 
M.1.Mech.E., has also been elected to that office. 


Mr. R. G. Boots, district engineer, British Railways, 
Leeds (Eastern Region), has been made district engineer, 
Leeds (London Midland Region). Mr. A. L. OWEN, 
assistant district engineer, Bradford, has been promoted 
to be district engineer, Bradford. Mr. E. MORGAN, B.Sc., 
lighting and heating assistant, Civil Engineer’s Depart- 
ment, Euston, has been appointed senior research engi- 
neer, London Midland Region, Derby. 


Mr. H. BELLMAN, M.I.Mech.E., A.M.I.E.E., formerly 
chief mechanical engineer, India Store Department, 
bas joined, in a senior capacity, the engineering staff of 
Messrs. Ferrum (England), Limited, Stafford House. 
43, Norfolk-street, London, W.C.2. 


Mr. H. C. Youne, M.1I.Mech.E., M.I.E.E., hitherto 
deputy chief engineer of the general engineering depart- 
ment, Metropolitan-Vickers Electrical Company Limited, 
Trafford Park, Manchester, 17, has been made superin- 
tendent of the firm’s erection department, in succession 
to Mr. A. W. CLARKE, who has retired. 


Dr. F. D. RICHARDSON, B.Sc., is relinquishing his 
present position as Head of the Chemistry Department 
of the British Iron and Steel Research Association, at 
the end of January, to take up the appointment of 
Nuffield Research Fellow in Extraction Metallurgy at 
the Royal School of Mines, London. 


Mr. F. ANDERSON has been appointed chairman of the 
Cable Makers Association ; Mr. R. A. BEBB, chairman 
of the Mains Cable Manufacturers Association ; Mr. E. G. 
HEBDITCH, chairman of the Mains Cable Manufacturers 
Association (Super Tension); Mr. C. H. BROUGHTON 
Pipkin, chairman of the Rubber and Thermoplastic 
Cable Manufacturers Association; and Mr. F. W. M. 
Lewis, chairman of the Overseas Rubber Cable Manu- 
facturers Association. 


Mr. J. GRIFFITH HALL, secretary, of the Westinghouse 
Brake and Signal Company, Limited, 82, York Way, 
King’s Cross, London, N.1, has been appointed director 
and secretary, and Mr. M. W. SHORTER, sales manager. 
becomes director and sales manager. 

Mr. KR. A. McManon, secretary of the British Elec- 
trical and Allied Industries Research Association, Thorn- 
croft Manor, Dorking-road, Leatherhead, Surrey, has 
had conferred upon him, by the President of the French 
Republic, the distinction of Chevalier de la Légion 
d’Honneur for services to Anglo-French relations. 

Mr. C. T. Every, C.B.E., F.R.1.C.S., Mr. 8S. GESTET- 
NER, Mr. W. A. WINSON and COLONEL J. A. DAVIES, 
O.B.E., A.M.I.Mech.E., A.M.I.E.E., have been appointed 
new members of the Stevenage Development Corporation. 


The membership, editorial and general office section 
of ASLIB moved from Bloomsbury-street to 4, Palace 
Gate, Kensington, London, W.8, on January 16, and 
hope to resume full service by the first week of February. 
The information, library and document-reproduction 
sections are to move next, and service will be suspended 
from January 23 until February 6. 
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JAN. 20, 1950. 


NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—With plant and machinery made ready 
to handle maximum throughputs, no time has been lost 
following the New-Year resumption in restoring produc- 
tion at the various works to the high level prevailing 
before the holiday. Raw materials are coming forward 
very satisfactorily, greatly helping to sustain outputs. 
Although starting on this strong note, makers and re- 
rollers are nevertheless concerned at the out-of-balance 
demand for steel products. Large sections, for example, 
are a poor trade, mainly as a result of reduced require- 
ments for shipbuilding, consequent upon the advance of 
welding technique. Other outlets are restricted follow- 
ing the Government’s action in clamping down on 
general building. A reversal of the recent policy in this 
respect is needed to remove a threat of short-time working 
in the branch of the industry concerned. Re-rollers are 
also in difficulty. Even the most favourably placed 
have no more than four weeks’ full work assured. Small 
bars and light angles are notably quiet, a direct outcome 
of the heavy imports from Belgium under an agreement 
which has still about two years to run. On the other 
hand, plate makers and sheet makers are in a very com- 
fortable position. The former have well-filled order books 
for many weeks ahead, with a practically assured demand 
for the remaining months of 1950. Bookings in sheets 
extend well into Period 2, while business currently placed 
corresponds to the capacity outputs from the mills. 
scottish producers contributed a record quantity of steel, 
last year, towards the United Kingdom record of 
15,552,900 tons, The total output of ingots and castings, 
during the 12 months, amounted to 2,381,800 tons, 
exceeding by 127,900 tons the previous best of 2,253,900 
tons established in 1948. The output of pig iron reached 
768,800 tons, compared with 765,800 tons in the previous 
year. 

Scottish Coal.—The failure of the coal production for 
1949 to reach the target estimate is reflected in the export 
cargoes from Scottish ports during the year. These 
totalled 1,248,835 tons against the previous year’s aggre- 
gate of 1,319,383 tons. The result was disappointing 
inasmuch as, in the first quarter of 1948, the trade was 
only gathering momentum after resuscitation in the 
preceding month. Denmark was the leading importer 
in 1949, taking 353,976 tons. Recent home deliveries of 
coal have been on the scheduled scale in most categories. 
Domestic traders are handicapped by the usual shortage 
after the holiday, and stocks are being encroached upon. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—An expansion of more than 
1,218,000 tons in the coal-export trade of South Wales 
and Monmouthshire, last year, was recorded in returns 
issued by the Docks and Inland Waterways Executive 
last week. These show that the six chief South Wales 
ports, between them, handled 8,020,745 tons of coal and 
coke, compared with 6,802,358 tons in 1948. These 
totals included all the coal and coke shipped at the 
docks, both as bunkerg and cargo, for coastwise as well 
as foreign destinations; but it would be fair to infer 
that the increased quantity has gone almost entirely to 
overseas customers. Nevertheless, the export trade was 
still less than half its pre-1939 volume, for, in the last 
pre-war year for which complete figures were available, 
namely, 1938, the six ports shipped 19,290,618 tons; 
and 1938 was not a good year. Patent-fuel shipments 
showed a substantial rise last year, and, at 544,422 tons, 
compared with 378,923 tons in 1948; they were more 
than double the 1938 total of 271,211 tons. Negotiations 
have now been completed for the supply of coal to 
France in 1950. As had been expected, these will be 
on a much heavier scale than in 1949, when more than 
1,000,000 tons were sent to that country, South Wales’s 
chief customer. Talks are still proceeding with Portu- 
guese consumers for supplies during this year. Ship- 
ments to South America and Italy are going forward on 
good lines, while there is a sustained trade with Belgium 
and Holland and the Scandinavian countries. Spain is 
receiving steady supplies under short-term contracts. 
Home requirements continue substantial and again 
account for a very large portion of the current outputs, 
while bookings ahead are heavy. The demand for 
bunkers is sustained and cokes and patent fuel are well 
employed. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, although there was an easing off in the 
recent spurt in the demand for tin-plates, home con- 
sumers continued to place a number of orders for delivery 
during the current Period. The export market was 


quieter, and the sales made were not as heavy as they 
were during the past few weeks. There are no signs of 
relaxation in the demand for steel sheets and there is a 
strong demand for the heavier and better qualities of 
iron and steel sorap. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Stocks of steel are at a higher level 
than a year ago and production is proceeding on a satis- 
factory scale. The demand is strong, but the chief 
anxiety is caused by rising costs of production which, 
it is understood, may lead to higher prices of steel, 
varying between 10s. and 11. per ton. Devaluation, 
while of some assistance in obtaining export trade, has 
sent up prices of imported alloys and scrap materials. 
The big sufferers in steelmaking are those firms which 
converted their melting plants to the use of fuel oil, the 
price of which has risen considerably since the war 
years, when the conversion plans were made. Coal, gas, 
electricity and transport costs are higher than formerly 
and constitute a serious increase which will have to be 
passed on to the steel user. On the other hand, the several 
large schemes of reorganisation and re-equipment de- 
signed primarily to bring down production costs should 
be taken into account. All factories making engineers’ 
small tools, and edge tools of all types, are very busily 
employed. An American firm prominent in the tool 
industry has decided to extend its Sheffield factory to 
allow full advantage to be taken of the high demand. 
There is no lack of orders for mining equipment, and also 
for railway materials, both on home and export account. 
To provide against any scarcity of gas for industry it has 
been decided by the East Midlands Gas Board to erect 
five new gasholders in the Sheffield and Rotherham 
Division. This will enable the gas output to be increased 
by 3,500,000 cub. ft. a day for five working days a week. 
They will also provide 22,000,000 cub. ft. of extra 
storage capacity. With the exception of one holder at 
Worksop, they will be linked with the South Yorkshire 
Gas Grid. 

South Yorkshire Coal Trade.—Gradually production 
is returning to satisfactory proportions after the holidays. 
The movement of loaded and empty wagon trains has 
been fairly satisfactory in spite of foggy periods. A 
dispute at Thorne colliery has led to loss of output. 
All allocations of coal for export. for the month have 
been taken up, and there is a good deal of forward 
inquiry. Industrial steams are in sufficient supply. 
Coking coal is being directed in adequate quantities to 
coke works which are working full heats again. Hard 
coke is in strong demand ; gas coke is plentiful. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Currency problems still tend to 
induce buyers of iron and steel to act cautiously but the 
prospective needs of both home and overseas customers 
are extensive and business is gradually expanding. Raw 
materials continue in ample supply. Adequate parcels 
of fuel are regularly reaching consuming works and the 
intake of foreign ores is maintained at a high level while 
iron and steel scrap continues plentiful. As iron and 
steel firms are well sold over the first quarter of the year 
conditions encourage the effort to increase the tonnage 
output in all branches of North-East Coast industry. 
The bigger parcels of most commodities available for 
distribution are steadily overtaking the demand for home 
needs and larger tonnages are becoming obtainable for 
shipment overseas. The expansion of export trade how- 
ever depends largely on factors outside the control of the 
iron and steel makers. Devaluation of the pound has 
already made foreign ores more costly than for some time 
and the threatened rise in rail freights may necessitate a 
substantial advance in the prices of Tees-side products. 


Foundry and Basic Iron.—There is no shortage of 
ordinary foundry pig iron though the sources of supply 
continue few and the small intermittent make of a special- 
quality iron, for use as a substitute for common foundry 
pig, is promptly taken up. The bulk of the blast-furnace 
products reaching North Yorkshire and South Durham 
iron foundries is still from the Midlands producing area. 
Middlesbrough basic blast furnaces continue to pour their 
output into direct use at adjoining steel-melting shops. 

Hematite, Low-Phosphorus and Refined Iron.—The 
deliveries of East-Coast hematite are steadily maintained 
on a substantial scale and deal satisfactorily with the 
actual needs of the usual buyers but larger supplies would 
be very acceptable. Outputs of low- and medium- 
phosphorus qualities of iron have a ready sale but makers 
manage to meet the demand. Refired-iron manufac- 
turers have a good deal of work in hand. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are busy on running con- 
tracts, and hope to book new orders, while steel pro- 
ducers have a lot of workin hand. Re-rollers are receiv- 
ing satisfactory quantities of steel semies, much of which 
is from the Continent. Finished-steel makers are 
handling their delivery obligations better than of late 
but are not yet able to cope fully with the claims of over- 
seas customers. Sheets, especially, are still wanted for 





export in larger parcels than the producers can provide. 





NOTICES OF MEETINGS. 

Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting, 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion: Monday, January 23, 5.30 p.m., Victoria-embank- 
ment, W.C.2. Discussion on ‘‘ Electronic Components : 
Government and Industrial Relations,” opened by Dr. 
D. H. Black and Mr. N. F. 8S. Hecht. North-Eastern 
Centre: Monday, January 23, 6.15 p.m., Neville Hall, 
Westgate-road, Newcastle-upon-Tyne. ‘‘ Electrical Con- 
trol Gear for Machine Tools,” by Mr. A. R. H. Thorne. 
East Midland Centre: Tuesday, January 24, 6.30 p.m., 
Loughborough College, Loughborough. ‘ Performance 
of British Grid System in Thunderstorms,” by Dr. J. 8. 
Forrest. Scottish Centre: Tuesday, January 24, 7 p.m., 
39, Elmbank-crescent, Glasgow. ‘‘ Tidal Power and the 
Severn Barrage,” by Mr. H. Headland. Supply Section: 
Wednesday, January 25, 5.30 p.m., Victoria-embank- 
ment, W.C.2. ‘“‘ Design, Specification and Performance 
of High-Voltage Surge Diverters,” by Mr. H. F. Jones 
and Mr. C. J. O. Garrard. 

INSTITUTION OF PRODUCTION ENGINEERS.—Halifaxr 
Section: Monday, January 23, 7 p.m., Whiteley’s Café. 
Westgate, Huddersfield. ‘‘ Production Management 
Problems,” by Mr. M. Seaman. South Wales Section: 
Wednesday, January 25, 6.45 p.m., South Wales Institute 
of Engineers, Park-place, Cardiff. ‘“‘ Starting a New 
Factory,” by Mr. A. R. Northover. 

INSTITUTION OF CIVIL ENGINEERS.—Railway Engineer- 
ing Division: Tuesday, January 24, 5.30 p.m., Great’ 
George-street, S.W.1. Film: “Repair Work for 
Restoration of Railway Traffic,” with commentary by 
Mr. J. S. Robertson. Yorkshire Association: Friday, 
January 27, 7 p.m., Great Northern Station Hotel, Leeds. 
Dugald Clark Lecture on ‘‘ Methods and Plant for Con- 
creting,”’ by Mr. A. P. Lambert. : 

INSTITUTE OF REFRIGERATION.—Tuesday, January 24, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, S.W.1. ‘“* Refrigeration Flow 
Control and Electrical Control Devices,” by Mr. C. B. H. 
Fentiman. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, January 
24, 5.30 p.m., 85, Minories, E.C.3. ‘“‘ Alternating- 
and Direct-Current Drives,” by Mr. R. Clarke. . 


INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, January 24, 6 p.m., Mackworth 
Hotel, Swansea. (i) ‘‘ Thermal Efficiency of Hand-Fired 
Natural-Draught Lancashire Boiler,” by Mr. T. F. 
Hurley and Mr. W. J. Sparkes. (ii) “‘ Performance of a 
Lancashire Boiler,” by Dr. E. G. Ritchie and Mr. N. Y. 
Kirov. Southern Branch: Tuesday, January 24, 6.30 
p.m., Municipal College, Portsmouth. Thomas Lewe 
Gray Lecture on “ Provision and Operation of an Over- 
seas Mail Service,” by Mr. James Gray. Yorkshire 
Branch: Wednesday, January 25, 7 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Deep Drawing of Sheet 
Metal,” by Professor H.-W. Swift. North-Western 
Branch: Thursday, January 26, 6.45 p.m., Engineers’ 
Club, Manchester. ‘On Accuracy of Gear-Hobbing 
Machine Tables,” by Mr. J. M. Newton. Institution : 
Friday, January 27, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. ‘‘ Some Factors in the Use of High Tem- 
peratures in Gas Turbines,” by Dr. T. W. F. Brown. 
AUTOMOBILE Division.—Birmingham Centre: Tuesday, 
January 24, 6.45 p.m., James Watt Memorial Institute, 
Birmingham. ‘Internal Expanding Shoe Brakes for 
Road Vehicles,” by Mr. Ivan Waller. North-Western 
Centre: Wednesday, January 25, 7.15 p.m., Engineers’ 
Club, Manchester. Annual Dinner. Chairman’s Ad- 
dress on “ Ignition Equipment,” by Dr. E. A. Watson. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, January 24, 6.30 p.m., 39, Elm- 
bank-cresent, Glasgow. ‘“ Experimental Running of 
Open- and Closed-Cycle Gas Turbines,” by Mr. J. B. 
Bucher. 

ROYAL METEOROLOGICAL SOCIETY.— Wednesday, Janu- 
ary 25, 5 p.m., 49, Cromwell-road, S.W.7. Annual 
Meeting. Address on ‘“ Evolution of Meteorological 
Institutions in the United Kingdom,” by Sir Robert 
Watson-Watt, F.R.S. 

INSTITUTE OF WELDING.—Wednesday, January 25, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “‘ Welding of Light Alloys in Structural 
and Similar Applications,” by Mr. W. K. B. Marshall. 


JUNIOR INSTITUTION OF ENGINEERS.—Proposed East 
Midland Group: Thursday, January 26, 7 p.m., 
Mechanics Institute, Burton-street, Nottingham. ‘‘ Weld- 
ing,” by Mr. E. W. Harding. Institution: Friday, 
January 27, 6.30 p.m., 39, Victoria-street, S.W.1. 
“ Electrical Distribution in Large and Small Work- 
shops ” by Mr. Robert J. Merralls. 

NortTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 27, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘ Modern Tanker Con- 





struction,’’ by Mr. N. Carter. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 


Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada ; : 


For Canada 


£410 0 
£4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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NATIONAL ELECTRICITY 
SUPPLY. 


On April 1, 1948, 561 undertakings, which were 
then supplying electricity to the public in this 
country, became vested in the British Electricity 
Authority with its fourteen subsidiary Area Boards, 
which had been established by the Electricity Act, 
1947. It is laid down in this Act that the Boards 
are to submit annual reports on their activities to 
the central Authority, which, in turn, is to report 
to the Minister of Fuel and Power. Members 
of Parliament, frequently to their chagrin, are 
not permitted to satisfy their curiosity regarding 
the day-to-day operations of these and other similar 
bodies, but they can, at least theoretically, initiate 
debates on their general policy and conduct. As 
regards electricity supply, they have now been 
provided with abundant material for this purpose, 
for the first report* of the British Electricity, 
with its appendices, which was published yester- 
day, is a portentous document of over 300 pages, 
while the reports of the 14 Area Boards, which 
were made public on the same day, while less 
voluminous, do not always err on the side of con- 
ciseness. We make no complaint about this, for 
this mass of information should in time enable our 
legislators to learn much about the great experi- 
ment they have initiated, even though, during the 
next few weeks, they will be concerned with matters 
which they regard as of greater importance. A 





* British Electricity Authority. First Report and 


Statement of Accounts for the Period August 13, 1947, to 
March 31, 1949. H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. 





{Price 5s. 6d.] 








perusal of the reports can also be recommended to 
engineers; and to those of the laity who are 
desirous of learning how things electrical are 
working out. 

The first point that will probably strike readers 
is that, unlike other nationalised industries, elec- 
tricity supply is financially solvent. In fact, a 
genuine surplus of 4,391,684/. has been earned on 
the year’s working ; and this owes nothing to the 
curious arts of accountancy. This figure, it may be 
added, has been realised without including the 
proceeds of last winter’s surcharge on domestic 
consumers, which amounts to nearly another 
4,000,0007. ; and has been held in suspense against 
the rebates, which become due during the ensuing 
summer periods. The average revenue was 1-176d. 
per kilowatt-hour sold, a figure which was 4 per cent. 
higher than in the previous year and 12-6 per cent. 
above that of 1938-39. As is rightly pointed out, 
however, this increase was well below the corre- 
sponding advances in most commodity prices ; 
and it would have been higher but for the war- 
time embargo on the increase of domestic and 
commercial prices. In fact, these two classes of 
consumer have been paying a substantially lower 
average price for electricity than before the war. 
Financially, therefore, it would appear that national 
electricity supply has made a good start. The costs 
of both fuel and plant are rising, however, and, as 
a result, many difficulties will have to be faced in 
the future. 

That there is, nevertheless, good prospect that 
progress will continue is shown by the fact that the 
total amount of electricity generated during the year 
ended March 31, 1949—46,243 million kWh—repre- 
sented an increase of 10 per cent. over that of the 
previous 12 months. No less than 98-7 per cent. 
of this total was generated by steam, for which 
purpose 28 million tons of coal, half a million tons 
of coke, and a small quantity of oil were consumed, 
representing an increase of 9-2 per cent. over the 
previous year’s figures. The overall average ther- 
mal efficiency of generation improved to 21-15 per 
cent. Nevertheless, considerable scope still exists 
for further improvement in this respect, although 
it is not likely to be achieved until the obsolete 
plant, which still has to be kept in service, is 
replaced by more efficient units. Improvement is 
also rendered difficult by the poor quality of much 
of the coal that is supplied. More than 60 per cent. 
of the coal consumed is still untreated and the 
calorific value fell from 11,250 to 10,800 B.Th.U. 
per lb. between 1935 and 1949. On the other hand, 
the price during the same period rose from 160d. 
to 600d. per ton, with the result that the works costs 
during the year under review were 0-4954d. per 
kilowatt-hour generated compared with 0-225d. in 
1938. The former figure was also 0-0173d. per 
kilowatt-hour higher than in 1947-48, owing to 
increased coal prices. 

These results, satisfactory as they may be claimed 
to be, have only been obtained in the face of con- 
siderable difficulties. Almost certainly the most 
insistent of these is the continued shortage of 
generating plant. It is not surprising, therefore, to 
find that a good deal of space is devoted to this 
question in the report, as upon its solution much 
will depend in the immediate future. The position 
is that, on April 1, 1948, the Authority acquired 
297 power stations containing 906 generating sets. 
Of these sets, 291 had been in use for 25 years or 
more, and 477 had an individual rating of less 
than 8 MW. The difficulty of maintaining a supply 
with coal of poor quality and under other similar 
unhappy conditions need not be stressed. That 
drastic improvement was necessary was, however, 
one of the reasons why towards the end of the war 
a large-scale programme was prepared for the pro- 
vision of new plant. Unfortunately, for reasons 
which are now well known, this programme was 
severely pruned, the result being that at the end 
of 1948 it had only been possible to commission 
1,042 MW of the 3,051 MW of plant the suppliers 
had hoped to bring into operation. During the 
winter of 1947-48, the overall deficit at the time of 
maximum potential demand was therefore no less 
than 1,169 MW ; and would probably have reached 
1,650 MW if load-spreading had not been enforced. 
Even during the mild winter of 1948-49 there was a 
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deficit of 521 MW. Unfortunately this shortage, 
with all its handicaps and inconveniences, is likely 
to continue. It is estimated that, if the coming 
winters are severe, there will be a deficit of 1,000 MW 
in 1950-51 and of 1,250 MW in each of the three 
following years, which will make it necessary to 
retain much of the obsolescent plant in service. 

This serious position is due to the fact that, while 
the planning programme envisaged an annual 
addition of generating plant of as much as 2,150 MW, 
only 307 MW was actually commissioned in 1946, 
340 MW in 1947, and 566 MW in 1948. As a 
supply of electricity is essential for the welfare of 
the nation, it is clear that drastic steps must be 
taken to relieve this situation. It must be appre- 
ciated, however, that the Authority has not a free 
hand in this matter. Shortages of labour and 
material still cause delays, especially in boiler con- 
struction ; and over all loom the Treasury, seeking 
to restrict expenditure, and the Government, 
directing policy. It is a pity, therefore, that so 
little is said in the report about these obstacles to 
improvement, for an opportunity has thus been lost 
of enlisting public support. The shortage is, of 
course, a problem with which the manufacturers of 
plant are also closely concerned, and it is satisfac- 
tory to learn that they are being consulted on the 
design of the stations, if only because the cost of 
construction is now about 50/. per kW, or about 
three times the pre-war level. In any event, as the 
position is at best static and at worst deteriorating, 
action must not be delayed. 

Shortage of generating plant, besides rendering 
it difficult to meet the load, gives rise to operating 
problems because of its uneven distribution through- 
out the country. For instance, it often becomes 
necessary to make heavy transfers of power between 
Areas, with the result that lines which should be 
taken out of service for maintenance and overhaul 
have to be continued in operation. As continuity 
of supply is a leading tenet of the Authority, risks 
have therefore to be assumed, with consequences 
which are sometimes untoward, as those who were 
concerned with the events of May 23, 1948, will 
remember. Although such steps as are possible 
have been taken to minimise the effect of any 
future mishap, the real remedy is clear. 

Bad as the situation is, it would undoubtedly 
have been worse but for the presence of the Grid. 
This now consists of 3,663 route miles of overhead 
line operating at 132 kV, and 35-6 miles of under- 
ground cable working at the same voltage. In 
addition, there are 1,265-8 route miles of overhead 
line and 237-8 miles of cable operating at 66 kV 
or lower voltage. Work on a further 330 miles of 
132 kV line was put in hand during the year. A 
system of this extent, with the large amount of 
generating plant connected to it, naturally imposes 
heavy short-circuit stresses on the switchgear. It 
has been necessary, in fact, to increase the rupturing 
capacity of the 132-kV equipment at some places 
from 1,500 to 2,500 and 3,500 MVA, while investiga- 
tions into such matters as fault protection, fog and 
atmospheric pollution and corrosion again show the 
importance which is attached to maintaining con- 
tinuity of supply. 

It is not possible in the space at our disposal to 
comment on the many other facets of the activities 
of the British Electricity Authority, which are dealt 
with in the report, frequently at considerable length. 
We may mention, however, that they include 
details of the administrative arrangements which 
are being adopted to weld the former undertakings 
into a national whole, as well as such matters as 
the simplification and standardisation of charges, 
rural electrification, labour relations, training and 
welfare. In fact, the ground covered is so wide 
that it is perhaps hypercritical to complain that so 
little is said about high policy, though we hope that 
this omission will be rectified in future. Neverthe- 
less, we have gained the impression that the 
Authority is endeavouring to ensure that its labours 
will meet with success, and that its organisation is 
sound enough to enable it to deal with the problems 
of the future, among which the most important is 
a reduction in the price of electricity. In fact, if 
political influences, of which there is at present little 
sign, can be resisted, future progress should at least 
be as great as it has been in the past. 





EUROPEAN STEEL 
PRODUCTION. 


THE publication, by the British Iron and Steel 
Federation, of the steel production figures of the 
industry for 1949—15,552,900 tons—follows hard 
upon the appearance of another and more compre- 
hensive report,* by the Steel Division of the Econo- 
mic Commission for Europe. The British figure 
for 1949 is particularly gratifying as showing that 
the industry has achieved, with a margin in hand, 
the “‘ target ” set of 15} to 15} million tons of ingot 
steel. It was the highest annual total ever reached 
by the industry, being 676,000 tons more than that 
of 1948 and about 50 per cent. better than that of 
1938. About 30 per cent. of the demand in 1949 
was for export, and it is expected that this propor- 
tion will be exceeded in 1950. Incidentally, the 
prices charged in 1949 were among the lowest in the 
world, an achievement that was the more remarkable 
in view of the increasing cost of coal and coke and the 
fact that over 8,600,000 tons of ore had to be 
imported. The Federation’s forecast for 1950 is 
that a further increase of about 250,006 tons is 
probable ; this, with some increase in imports and, 
perhaps, a reduction in stocks, should make avail- 
able in 1950 about 17,700,000 tons of steel, of which 
about 3,000,000 tons will be exportable. 

The report of the Economic Commission, however, 
looks still farther ahead, to 1953, and reaches the 
somewhat disquieting conclusion that, by that year, 
European steel production is. likely to reach 
70,000,000 metric tons, of which 8,000,000 tons will 
probably fail to find a market. The figure for the 
total output is obtained by adding together the 
individual planned outputs of all the European 
steel-producing countries with the exception of 
Russia; some rather vague figures are quoted 
for the Russian industry, which is stated to have 
in view an output of 60,000,000 tons in 1960, but it 
is considered that the U.S.S.R. is unlikely either to 
import or export any considerable quantity, so 
that there is no point in taking the Russian produc- 
tion into account when considering the probable 
interaction of the supply and demand over Europe 
as a whole. To some extent, of course, the figures 
given in the statistical appendices to the report 
are based on estimates, but the outputs of the 
principal producing countries are reasonably de- 
pendable and such errors as there may be, therefore, 
are unlikely to invalidate the conclusions. 

Figures are given for the production of *‘ crude 
steel’ for each year from and including 1925, 
with a gap from 1940 to 1944, after which the series 
is continued to include 1948, the most recent year 
for which comprehensive totals are available or can 
be estimated with any approach to precision. 
They show that the highest pre-war output was 
nearly 59 million tons, in 1939; the average for 
the period 1925-39 was 44,649,000 tons, the biggest 
average contribution to this total being that of the 
Western Zones of Germany, which was about 13} 
million tons. By 1948, the European total had risen 
to 47,205,000 tons, though it should be noted that, 
out of the 22 national totals included in this figure, 
nine were estimated ; the biggest single item was 
the 15 million tons produced by the British industry. 
From and including 1949, the totals alone are given 
but with a footnote explaining that the figures 
represent estimates by the Secretariat of the 
‘“maximum attainable production on the basis of 
known production plans.” They amount to rather 
less than 56 million tons in 1949, rather more than 
60 millions in 1950, nearly 64 millions in 1951. 
674 millions in 1952, and 70,290,000 tons in 1953, 
In spite of the warning about over-saturated 
markets in that-year, it is estimated that the produc- 
tion capacity will continue to rise, to more than 
71 million tons in 1954, nearly 72 millions in 1955, 
and 72,360,000 tons in 1956—the last figure given. 
It may be noted that this maximum for the whole 
of Europe is approximately equal to a normal year’s 
output of the United States steel industry. 

The principal reason adduced for the probable 
excess of capacity in 1953 is a lack of co-ordination 





* European Steel Trends in the Setting of the World 
Market, Obtainable from. H.M. Stationary Office, York 
House, Kingway, London, W.C.2. [Price 11s. net.]} 
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between the various steel-producing countries. It 
is recognised that abundant supplies of cheap stee] 
are essential to a proper development of the 
European economy and that large exports of stee] 
and of products made from steel are equally essential] 
to a healthy state of trade between Europe and 
other continents. These desiderata, however, bring 
into prominence two fundamental questions to which 
the report seeks to supply answers: ‘‘ Has Europe 
the necessary raw materials for producing steel 7” 
and, ‘‘ Will the cost of producing steel in Europe 
permit European producers to compete with other 
world exporters ?”’ These questions are examined 
in considerable detail, and the conclusions are that 
the European industry is at a disadvantage at 
present in world competition with the American 
industry, a disadvantage due primarily to the great 
rise in European prices of coal and ore. 

To produce one ton of finished steel (or 1-25 to 
1-3 tons of crude steel), the report points out, 
requires from two to four tons of ore, according to its 
quality, about two tons of coal, and about one ton of 
scrap and other raw materials ; and, as all these 
materials are bulky, the cost of assembling and 
transporting them is an important item in the 
production cost of the steel. In this respect, the 
American industry has another advantage over the 
European industry in that its raw materials are 
generally of a better quality, so that the quantity 
required is somewhat less. Moreover, the European 
reserves of certain of the materials, notably coking 
coal, are becoming seriously depleted ; though, in 
the case of coking coal, the leading producers of 
steel—the United Kingdom and Germany—are still 
in a more favourable position than some of the 
smaller countries. Ore reserves in Europe are 
described as “‘ substantial,” though the average iron 
content (about 40 per cent.) is lower than the 
average in the United States, where it is about 50 per 
cent. The American percentage, however, is likely 
to decrease, as it is estimated that the rich hematite 
deposits of the Mesabi Range will be exhausted 
within the next 20 years. In Europe, the shortage 
of coke in recent years has led to a greater consump- 
tion of the richer ores, in addition to which there 
has been a considerable export of rich European 
ore to the United States. 

There is no certainty, of course, that the whole 
of the European plans for extensions to existing 
capacity will be realised ; even in the case of some 
of the schemes that have been approved, it seems 
that construction has not yet begun and, obviously, 
large steelworks plant cannot be built in less than 
several years. There is also a possibility that the 
home demand, in several of the European countries, 
may increase at a greater rate than has been 
assumed by the investigators in formulating their 
forecast ; and there is no assurance that the whole 
of the capacity will be working constantly at its 
full output—the problems of international finance, 
especially in the smaller countries, may affect both 
the imports of steel-making materials and the 
export of finished steel. It is noted, in fact, that 
production has already declined in some of the 
exporting countries because of monetary and 
exchange restrictions. Even so, the estimated 
surplus of 8,000,000 tons of capacity in 1953 is 
large enough to absorb many of these fluctuations 
and still to leave an uneconomic margin, and the 
capital investment that it represents could be used 
to advantage, no doubt, in other directions. The 
report suggests, therefore, that possible measures 
for co-ordination should be studied and applied in 
order to increase consumption when signs of a 
slump appear, and to ensure a satisfactory overall 
level of production and a proper balance between 
the different categories of steel. The co-operation 
between the steel-making countries should extend 
to cover the supply of raw materials and a wide 
exchange of information on improvements in 
technique, and arrangements should be made to 
review periodically the state of the world steel 
market so that the measures taken in co-ordination 
can be adjusted to the probable needs. It is 
emphasised that, because the problems of consump- 
tion and production are so closely interwoven, they 
should be discussed on a Europe-wide basis, and 
by the. producers, the consumers and the Govern- 
ments concerned, in close collaboration. 





| lng Be} 


—-~_Geea @& & ereo @©eGeen &@ ww 





JAN. 20, 1950. | 


it 
| 


ENGINEERING. 








NOTES. 


Tue INSTITUTION OF CIVIL ENGINEERS. 


A paPER on “The Bearing Capacity of Screw 
Piles and ‘ Screwcrete ’ Cylinders ” was presented by 
Mr. Guthlac Wilson, 8.M., B.Sc. (Eng.), at a meeting 
of the Institution of Civil Engineers held on Tuesday, 
January 17. The chair was taken by the President, 
Mr. V. A. M. Robertson, C.B.E. Mr. Wilson intro- 
duced the paper by showing a number of slides 
illustrating the development of screw piling in this 
country and the driving of screw piles in Burma 
with the aid of primitive rigs constructed by native 
labour. The paper itself described an investigation 
carried out on behalf of Messrs. Braithwaite and 
Company (Engineers), Limited, by means of model 
experiments, full-scale loading tests on piles and 
cylinders, and observations of the settlement of 
screw piles in actual structures. From these, and 
published material, he developed a theory of bear- 
ing capacity, devised a check on the relationship 
between the driving torque and the bearing capa- 
city, and formulated certain rules for design. The 
investigation was divided into three parts, the first 
being a theorevical inquiry based on the assumption 
that the pile was a rigid body embedded in an 
elastic isotropic medium. Then followed a series of 
driving and loading tests with three model piles, 
having blade diameters of 2 in., 4 in. and 6 in., 
respectively, screwed by means of a hand-operated 
capstan into a saturated coarse Ham River sand, 
loosely placed, the same sand densely compacted, 
and London brown clay. The capstan was capable 
of applying a torque of more than 4,000 Ib.-in. 
The test loads were applied by means of a lever, 
the greatest load being 2 tons. Finally, full-scale 
experiments were made with test piles, the results 
being compared with an analysis of data obtained 
from various actual structures at Newport, Mon., 
Shanghai, Izmit (Turkey), and elsewhere. The 
conclusions reached were that the value of the 
coefficient of earth-pressure at rest was a critical 
factor in the bearing capacity of structures founded 
in a frictional medium; and that the effect of 
screwing a cylinder, with a closed nose, into dense 
sand was to raise the horizontal earth-pressure con- 
siderably, so effecting a large increase in the bearing 
capacity. The gross penetrative effort was found 
to be a better basis for the determination of bearing 
capacity than the net penetrative effort, but, even 
so, the range of probable error was too great to 
permit the use of observations of penetrative 
effort as an index to bearing capacity. From the 
full-scale tests, it was concluded that it would be 
a safe assumption to reckon on the bearing capacity 
of the screw blade alone immediately after screwing 
a pile into a cohesive material, and to count on the 
adhesion on the shaft only after a period sufficient 
to allow for the re-consolidation of the soil. 


THE British HyDROMECHANICS RESEARCH 
ASSOCIATION. 


The second annual report of the British Hydro- 
mechanics Research Association, covering the 
twelve months from October, 1948, to September, 
1949, shows a considerable development in the 
range of contemplated future activities, as well as 
a substantial, though still insufficient, increase in 
the resources at the disposal of the Council. The 
increase in membership has been relatively small— 
only 16 per cent.—but several of the member firms 
have voluntarily underteken to give more than the 
regular subscription, and it is hoped that many new 
members will be attracted to the Association when 
they realise the advantages to be gained by really 
active participation: a change of policy, decided 
upon in the course of the year, should conduce 
to this end. It had been assumed, at the outset, 
that all the research to be initiated would be 
carried out in Government and university labora- 
tories, but it became evident, as the possible claims 
on these establishments were integrated, that 
it was desirable to have a small laboratory under 
the direct control of the Association ; much work 
of immediate interest to members and potential 
members could be undertaken in such a laboratory, 
which would supplement the hydraulic-machinery 
laboratory that is to form part of the Mechanical 
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Engineering Research Association’s establishment 
at East Kilbride. To this end, the Council 
approached the Harlow Development Corporation 
with a proposal to construct a laboratory and offices 
in the new satellite town at Harlow, Essex, where 
housing accommodation would be available for the 
necessary staff. The plans for a building of about 
12,000 sq. ft. are now well advanced. It is esti- 
mated that the cost of running such a laboratory 
will be about 3,0001. per annum for each qualified 
research worker employed; and the wide scope 
of the interests of the present membership indicates 
that, eventually, a team of about a score of research 
engineers will be needed. Meanwhile, the Associa- 
tion has been proceeding with the task, to which 
priority was given on its formation as a grant-aided 
body, of building up an abstracting and information 
service. During the year, 19 foreign research 
papers were translated, and published in the 
Bulletin. About 60 technical problems have been 
placed before the Association, which has been able 
to provide solutions to nearly 50 of them; in the 
other cases, it was considered that the required 
information probably did not exist, though it might 
be found by practical research. Where the answers 
to submitted problems were considered to be of 
sufficient general interest, they were circulated to 
members in the form of ‘‘ Technical Notes.” Re- 
searches undertaken, particulars of which are also 
given, included investigations into pressure surges in 
pipelines, friction in pipes, measurements of induced 
pre-rotation in the flow into centrifugal pump 
impellers, and studies of self-acting valves (in 
reciprocating pumps) and seals on rotating shafts. 
THE INSTITUTION OF MECHANICAL ENGINEERS. 
Two metallurgists, Mr. F. H. Keating and Mr. 
E. V. Mathias, B.Sc., presented a paper to the Ap- 
plied Mechanics Group entitled “The Use of Mild 
Steel for Service at Sub-Zero Temperatures,” at a 
meeting of the Institution of Mechanical Engineers 
on Friday, January 13. Dr. 8. Livingston Smith was 
in the chair. Mr. Keating said that, in the paper, 
he and his colleague had attempted to assess the 
extent to which existing knowledge of the subject 
might be applied to a practical problem of engineer- 
ing construction, in particular, the design of chemical 
plant for operation at sub-zero temperatures. The 
work which they had undertaken was confined to 
certain “‘ fully-killed ” mild steels of 0-15 per cent. 
carbon content. A British Standard would shortly 
be issued on mild steel for use at sub-zero tempera- 
tures, which specified an impact test at the lowest 
temperature of operation. The new pressure-vessel 
code, B.S. 1500, required that steel for sub-zero 
operation should have an Izod impact value of not 
less than 20 ft. Ib. at the lowest operating tempera- 
ture. The authors thought that it would have been 
preferable to provide for a better method of mea- 
suring quality ; the test should show that the steel 
had been processed in such a manner that its suscep- 
tibility to sub-zero notch-brittleness had been re- 
duced to a minimum. This could be achieved by 
specifying that impact testing should be carried out 
at an agreed minimum temperature, irrespective of 
the operating temperature—they suggested —50 
deg. C.—or by specifying a curve which would show 
the impact value required at aj] temperatures from 
0 deg. C. to the agreed minimum. In the investi- 
gation described in the paper they had dealt, in 
the first place, with the mechanical properties of 
different forms of the selected mild steels at tem- 
peratures down to — 100 deg.C. The tests included 
tests on welds, and covered the effects of surface 
cold-working. They had found that even the thin 
cold-worked skin resulting from grinding might have 
serious effects ; stress relieving, which they proposed 
as a remedy, was, in any case, carried out on welded 
pressure vessels for other reasons. In the second 
part of the investigation, consideration had been 
given to the benaviour of a vessel in the event of a 
crack developing from local over-stressing. The 
results suggested that, although the final rupture 
had the characteristics of a brittle failure, deforma- 
tion had occurred, prior to the final failure, to a 
sufficient extent to justify the conclusion that the 
steel had enough ductility at the temperature of 
the test to accommodate local over-stress by strain- 
ing without rupture. In view of the marked effect 





of even small amounts of cold work on the notch 





sensitivity of mild steel at sub-zero temperatures, 
the authors suggested that it might be advisable to 
reverse the normal procedure, by pressure testing 
before final stress-relieving. They concluded that 
it was reasonable engineering practice to use 
correctly selected and fabricated mild steel down to 
temperatures of — 50 deg. C. Although tests were 
conducted at lower temperatures, they advised the 
addition of a factor of safety to the results. 


Grants FOR Stupy IN THE UNITED STATEs. 


The United States Government have announced 
that a limited number of dollar grants, under the 
Smith-Mundt Act, are available to university teach- 
ing staff, or persons of equivalent academic status in 
other institutions, and to senior research workers, 
who wish to visit the United States for the purpose 
of study, research or lecturing. The grants will be 
awarded within the period of one year from June 1, 
1950. Applicants for these grants must be citizens 
of the United Kingdom. They must have estab- 
lished some connection with an American institution 
of higher learning ; applications will, however, be 
accepted from candidates who have not yet com- 
pleted such affiliation, but who expect to do so 
with reasonable certainty. Research candidates 
must spend at least three months in the United 
States, and visiting lecturers at American Univer- 
sities at least six months, or one semester. The 
maximum grant under the Smith-Mundt Act is 
2,000 dols. per annum, plus the cost of internal 
travel in the United States. In addition, successful 
candidates will be awarded a Fulbright travel grant 
to cover the cost of their return fares from the 
United Kingdom to their first destination in the 
United States. In most cases, however, Smith- 
Mundt grants will be awarded to supplement 
inadequate dollar funds obtained from some other 
source. Those wishing to apply should write 
immediately for application forms to the United 
States Educational Commission in the United 
Kingdom, 55, Upper Brook-street, London, W.1. 
The forms must be returned before February 18. 


MECHANICAL AND CIvIL ENGINEERS: SUPPLY 
AND DEMAND. 


In 1941, a Technical Personnel Committee, under 
the chairmanship of Lord Hankey, was appointed 
by the Cabinet to recommend measures for increas- 
ing the supply of trained scientists and technicians, 
and for ensuring their most economic employment 
in the services or in civil life. After the war, this 
Committee, at the request of the Minister of Labour 
and National Service, undertook the supervision 
of inquiries into the supply of, and demand for, 
fully-qualified technical and scientific man-power 
during the subsequent five years. A number of sub- 
committees were appointed to deal with this ques- 
tion, and the results of the investigations of five 
of these, covering electrical engineering, physics, 
architecture, chemistry and geology, were published 
a short time ago and were dealt with on page 649 
of our issue of December 16, 1949. Four other 
reports, each costing 6d., and covering mechanical 
engineering, civil engineering, valuation and estate 
management, and building and quantity surveying, 
were issued on Monday, January 16, by H.M. 
Stationery Office. The mechanical-engineering re- 
port estimates that, at the present time, an average 
of 14-8 professionally-qualified engineers are em- 
ployed in the industry for every 1,000 workpeople. 
Although this represents an increase of 70 per cent. 
over pre-war figures, the ratio, if all the professional 
engineers needed could be supplied, would be 17-6. 
The position as regards research workers is similar. 
In ten years’ time it is estimated that 20-7 profes- 
sional engineers will be employed for every 1,000 
workpeople engaged in mechanical engineering ; 
and that there will be corresponding increases in 
the demand for mechanical engineers in other 
industries and in the Government service. If, 
however, the supply of qualified engineers con- 
tinues at the present rate, it is considered that these 
demands can be met. As regards civil engineering, 
it is estimated that, at the end of the war, the profes- 
sion was about 1,000 below strength. To ascertain 
the future demand and supply is difficult, owing 
to the specialisation that exists. The opinion is 
expressed, however, that the output of graduates 
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during the next five years should be sufficient to 
provide the additional numbers required. 


THE INsTITUTION OF ELECTRICAL ENGINEERS. 

It is announced that the Council of the Institution 
of Electrical Engineers have awarded the Faraday 
Medal for 1950 to Sir James Chadwick, F.R.S., for 
his contributions to science generally and more 
particularly for his distinguished work in nuclear 
physics. Sir James was educated at Manchester 
Secondary School and at the Universities of Man- 
chester, Berlin and Cambridge. He collaborated 
with Rutherford in researches at the Cavendish 
Laboratory, which laid the foundations of modern 
nuclear physics. In 1935, he was appointed Lyon 
Jones Professor of Physics in the University of Liver- 
pool and held that position until he became Master of 
Gonville and Caius College, Cambridge, in 1948. 
Since 1946 he has acted as Scientific Adviser to the 
United Kingdom on the United Nations Atomic 
Energy Commission. He was elected a Fellow of 
the Royal Society in 1927 and was awarded the 
Hughes Medal in 1932. He received the Nobel 
Prize for Physics in 1935 for his discovery of the 
neutron and the United States Meda) of Merit for 
his work on the use and control of nuclear energy. 
It is also announced that Professor E. W. Marchant, 
Emeritus Professor of Electrical Engineering in the 
University of Liverpool has been elected an honorary 
member of the Institution. Professor Marchant 
was educated at University College School and the 
Central Technical College, London, and, after acting 
as lecturer in electrical engineering under Silvanus 
Thompson at Finsbury Technical College, became 
the first David Jardine Professor of Electrical Engi- 
neering in the University of Liverpool, retiring from 
that position in 1941. He has carried out a great 
deal of work on high-frequency currents and de- 
signed a laboratory at Liverpool for the impulse 
testing of high-voltage cables. His connection with 
the Institution dates back to 1898, when he was 
elected an associate. He was President in 1932, 
and had also served as chairman of the North 
Western and Mersey and North Wales Centres. 





LETTER TO THE EDITOR. 
‘‘HISTORIC RESEARCHES,” 


To THE Eprror oF ENGINEERING. 

Str,—Every scientific theory, whatever it may 
arise from, is based upon certain postulates. The 
two postulates of the special theory of relativity are 
explicitly stated on page 186 of Einstein and 
Infeld’s The Evolution of Physics, to which Dr. 
Chalmers referred in his letter published in your 
issue of January 13, on page 46, ante: (1) The 
velocity of light in vacuo is the same in all co-ordinate 
systems moving uniformly relative to each other. 
(2) All laws of nature are the same in all co-ordinate 
systems moving uniformly, relative to each other. 
The relativity theory begins with these two assump- 
tions. From now on we shall not use the classical 
transformation because we know that it contradicts 
our assumptions.” How we know this is made clear 
on the previous page of the book: ‘“ Let us now 
write down the facts which have been sufficiently 
confirmed by experiment . . . (1) The velocity of 
light in empty space always has its standard value, 
independent of the motion of the source or receiver 
if light. (2) In two co-ordinate systems moving 
uniformly, relative to each other, all laws of nature 
are exactly identical and there is no way of dis- 
tinguishing absolute uniform motion. There are 
many experiments to confirm these two statements 
and not a single one to contradict either of them.” 

Of these experiments, the one cited on page 183 
of the book as crucial is that of Michelson-Morley. 
In a mathematical theory, the postulates are com- 
pletely arbitrary and need have no relation to 
experience. In a physical theory, the postulates 
are those suggested by experience and are idealisa- 
tions of the facts of experience. Though the 
Michelson-Morley experiment did not yield a null 
result, it gave results that departed sufficiently from 
classical predictions to justify Linstein’s bold 
idealisation. It is not usual, in any case, to assume 
a postulate suggested by experiment to be valid only 
to the degree of accuracy implied by the experiment. 





To do so would not only lead to an intolerable com- 
plication of the theories, but would also require their 
modification whenever refinements in technique 
enabled the experimental accuracy to be improved. 
Obviously, no one of any scientific competence, and 
least of all Einstein, would attempt to deduce one 
of his postulates from this theory. Neither would 
he introduce a postulate that was, in fact, super- 
fluous to the development of that theory. 

In his fundamental paper (Annalen der Physik, 
1905) Einstein shows that the transformation 
formule he derives are consistent with his postulate 
concerning the velocity of light, as they must 
necessarily be if they represent valid logical deduc- 
tions based on this postulate. He does not, as far 
as I can ascertain from re-reading his paper, claim 
as a deduction from the theory that the ether drift 
experiment ought to yield a null result. 

Yours faithfully, 
G. F. HeRRENDEN HARKER. 
University College, 
Cardiff. 
January 16, 1950. 
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MR, A, T. HOBBS. 


WE have learned with regret of the death, on 
January 12, of Mr. A. T. Hobbs, M.I.C.E., secretary 
of the Institution of Water Engineers since 1925 and 
formerly secretary also of the Institution of High- 
way Engineers and of the Diesel Engine Users 
Association. He was in his 61st year. 

Aubrey Thomas Hobbs was born on April 25, 1889, 
and received his early education in private schools 
at Luton and in the City of London School, after- 
wards taking a three years engineering course at 
University College, London. On the completion of 
this course, he was articled to Mr. S. F. L. Fox, 
borough engineer of Luton, serving three years 
under him and his successor, Mr. J. W. Tomlinson, 
and obtaining experience in the design of sewage- 
disposal plant, as well as the ordinary run of munici- 
pal engineering work. His next post, in 1912, was 
as assistant to Mr. R. H. Jeffes, the engineer and 
surveyor to the Malden and Coombe Rural District 
Council, under whom also he was engaged on the 
construction of sewage-disposal works ; but in the 
following year he went to Birmingham as assistant 
to Mr. H. E. Stilgoe, then City Engineer, on surveys 
and plans for highway improvements. On the 
outbreak of war in 1914, he enlisted in the Royal 
Warwickshire Regiment, subsequently obtaining a 
commission and being gazetted to the Bedfordshire 
Regiment, from which he was seconded to the 
Royal Engineers in 1915, spending three years in 
France with the 310th Road Construction Company. 
On being demobilised, he returned to his pre-war 
post of assistant to the City Engineer of Birmingham. 

In 1923, Mr. Hobbs made a brief contact with the 
manufacturing side of engineering, as a director of 
the Seaborne Interceptor and Engineering Company, 
relinquishing this position in 1925 on appointment 
as secretary of the Institution of Water Engineers. 
Initially, this was only a part-time appointment and, 
for a number of years from 1928 onwards, he was 
also a partner in the firm of Harry C. Ritchie and 
Partners, consulting structural engineers, of Liver- 
pool and Westminster. In this connection, he 
was concerned with water-supply works at Maid- 
stone, Chester, Wrexham, Barnsley, Swansea, and 
elsewhere. In 1935, Mr. Hobbs added to his activi- 
ties the secretaryship of the Institution of Highway 
Engineers, which he held for ten years; and, in 
1936, on the retirement of Engineer Rear-Admiral 
J. Hope Harrison, he became secretary also of the 
Diesel Engine Users Association, holding this 
post tiJl 1940. As the activities of the Institution 
of Water Engineers increased, it became evident 
that a whole-time secretary was needed, and, since 
1946, this had been his sole occupation, except for 
the editing of the Manual of British Water Supply 
Practice, on which he was engaged up to the time 
of his last illness. Mr. Hobbs was a member of the 
Institution of Civil Engineers, to which he was 
elected as associate-member in 1914, being trans- 
ferred to the class of member in 1931. 
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THE SITING OF ELECTRIC 
POWER STATIONS IN GREAT 


BRITAIN. 
(Concluded from page 48.) 

As was mentioned in the first part of this article, 
one question that has to be examined in connection 
with the future siting of generating stations js 
whether it is cheaper to transmit the electricity 
necessary to supply the load from a distance or to 
transport coal so that generation can take place in 
local stations. The relative costs of transmitting 
the output of a 240 MW station at 132 kV for 
distances up to 125 miles (including an allowance for 
a 10-mile haulage of coal from the pit head to the 
station) in the form of coal and electricity, respec- 
tively, are shown in Fig. 6, oppnsite. In each case 
the costs are given for annual] load factors of both 
70 per cent. and 50 per cent. ; the differences in the 
costs of electrical transmission when the power 
factor varies between unity and 0-9 are also given. 
It will be seen that at a load factor of 70 per cent. 
electrical transmission is cheaper than coal transport 
for distances exceeding 22 miles. Fig. 7 makes the 
same comparison between electrical transmission 
and coal transport when the transmission voltage 
is 275 kV. It will be seen that with a 70 per cent. 
load factor electrical transmission is cheaper for 
distances exceeding 34 miles. Fig. 8 shows the 
relative costs of transmitting 240 MW at 132 kV 
and 275 kV at 70 per cent. load factor over different 
distances. The cost of the terminal equipment is 
obviously higher at 275 kV, and a certain distance 
must therefore be exceeded before the full economy 
of the higher voltage is secured. Such comparisons, 
however, naturally depend upon the relationship 
between the price levels of the transmission equip- 
ment, the rate of interest on capital investment, 
and on the coal freight rates; and these factors 
may alter independently. Figs. 6, 7 and 8 are 
based on a 3 per cent. per annum interest rate, 
whereas the present rate is nearer 4 per cent. per 
annum. 

Fig. 9 shows the situation which might have to 
be faced in 20 years time if the policy of building 
the new stations near the load centres were adopted. 
In this diagram the unshaded vertical pillars repre- 
sent the energy requirements of each of the 14 Area 
Boards, the pillars shaded with horizontal lines the 
output of the generating plant in that area, the cross- 
hatched pillars the loca! resources of coal for clec- 
tricity generation (in equivalent units of electrical 
energy), and the pillars shaded with vertical lines the 
water power resources. Only that portion of the 
North of Scotland Hydro-Electric Board’s output 
which will be available to the British Elec.ricity 
Authority is, however, shown. The amounts of coal 
that would have to be exported from or imported 
into the areas either by rail or sea, and the quantities 
of electricity which would have to be interchanged 
are indicated by bands connecting the areas. The 
widths of these bands are measures of the amounts 
of coal transported or electricity transmitted. It 
wil] be seen that in most cases the electrical require- 
ments of each area could be met by local generation. 
In one area (the Southern), on the other hand, a 
scarcity of suitable sites for generating stations would 
render it necessary for nearly half the electrical 
requirements of that area to be imported. It will 
also be seen that large quantities of coal would have 
to be transported from Yorkshire and the East 
Midlands to the north-west, Merseyside, London, 
and the south. 

Fig. 10 shows the position in 20 years’ time if 
generation is concentrated on the coalfields and elec- 
tricity transmitted to the load centres, thus reducing 
the transport of coal by railto a minimum. In this 
diagram the vertical pillars and the bands connecting 
the areas have the same significance as in Fig. 9. 
It will be seen that, compared with the position 
shown in that figure, the capacity of the generating 
plant installed in Yorkshire, the East Midlands 
and Midlands has been much increased and that of 
the plant in the importing areas has been correspond - 
ingly reduced. Electrical transmission would, in 
fact, under such conditions, entirely replace the 
transport of coal by rail from Yorkshire and would 
also replace a substantial part of that from the 
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East Midlands. Further, it would replace some of 
the transport of coal by sea from the Humber, as in 
this case the distance from pit head to port by rail 
is appreciable. Some coal would still have to be 
moved from the East Midlands by rail, since in the 
opinion of the British Electricity Authority’s 
engineers it would probably be impossible to find 
sufficient suitable sites for power stations in that 
area to deal with the whole of the coal produced. 

In order to effect the transfer of electricity shown 
in Fig. 10, it would be necessary to provide trans- 
mission lines between east and west Scotland with 
a capacity of about 500 MW. From Yorkshire to 
the north-west and Merseyside, the required capacity 
would be about 1,300 MW, and from the Midlands 
to the south about 2,300 MW. 

To decide then, whether it would be a sounder 
policy to transmit electricity than to transport coal, 
the disposition of the coalfields in relation to the 
electrical load, and such technical questions as the 
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availability of circulating water have to be con- 
sidered. A balance must also be struck between 
the costs of transmission equipment and of the coal 
as delivered at the power stations on the lines 
discussed above. As, however, the policies of 
the National Coal Board, with regard to price 
structure, and of the Railway Executive, in 
regard to freight charges, remain obscure, dis- 
cussion on this point can hardly be taken further 
at the present time, except to say that now fuel 
resources, inland transport and the production of 
electricity and gas are all under public ownership, 
it would seem desirable, if not necessary, for the 
policies of these industries to be closely co-ordinated 
if the total energy requirements of the country are 
to be supplied in the most economical way. 

To sum up, future policy with regard to electrical 
generation in this country depends in the first place 
on the total load that has to be met and on the way 
that load will be distributed geograpnically. The 
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siting of the generating stations necessary to supply 
that load will depend on the availability of adequate 
cooling-water facilities. The position is, however, 
complicated both by scarcity of such sites and by 
the problem whether it will be more economical to 
transport coal by rail to such suitable sites as are 
near the load centres, or to transmit electricity to 
the centres from more distant sites. The answer to 
this question, which is as much financial as technical, 
cannot be given with accuracy until the policies of 
the Coa] Board with regard to fuel prices, and of the 
Rritish Railways with regard to freight charges, are 
accurately known. It will also require a decision 
to be made regarding the transmission voltage 
that is to be used, and this decision depends on a 
number of technical factors upon which more 
information is required. As has been wisely said, 
in this connection long-term planning is as much an 
art as a science; and a first step towards the 
selection of the right course to adopt is to disclose, 
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as the engineers of the British Electricity Authority 
are doing, all the information available. Some 
useful contribution may then emerge. It is in the 
hope that the information given above will enable 
readers of ENGINEERING to appreciate the position 
that this article has been published. 

It should be added that what has been written 
applies to long-term policy only. The problem of 
the present shortage of generating plant, of course, 
still unfortunately persists, but it is, although 
surrounded by many practical difficulties, in theory 
at least, less complicated to solve. At any rate, 
what should be done is clear, whereas in the case of 
the long-term policy the issue is confused by a num- 
ber of conflicting influences, which make decision 
difficult. A false step once taken might be hard to 
retrace, and considering that what is done now may 
affect the position for better or worse 20 years 
ahead, it is clear that some carefully organised 
guessing will be required. 





LAUNCHES AND ‘TRIAL TRIPS. 

M.S. “*‘ VESTFOLD.”’—Single-screw tanker for carrying 
oil in bulk, built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for Hvalfanger 
A/S Vestfold (Messrs. Johan Rasmussen & Co.), Sande- 
fjord, Norway. Main dimensions: 465 ft. (between 
perpendiculars) by 63 ft. 6 in. by 36 ft. 3in.; deadweight 
capacity, 13,570 tons on a draught of 28 ft.14in. Wall- 
send-Doxford four-cylinder two-stroke opposed-piston 
Diesel engine to develop 3,750 b.h.p. at 100 r.p.m. and 
a@ speed of 12} knots in service, constructed by the Walls- 
end Slipway and Engineering Company, Limited, 
Wallsend-on-Tyne. Trial trip, January 10. 

M.S. ‘‘ ATHELKING.”—Single-screw tanker, to carry 
molasses, oil or spirits in bulk, built and engined by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, for the Athel Line, Limited, 
London, W.1. First of an order for four vessels for these 
owners. Main dimensions: 542 ft. (overall) by 67 ft. by 
36 ft. to upper deck; deadweight capacity, 15,300 tons ; 
draught, 28 ft. 9 in. Hawthorn-Doxford four-cylinder 
Diesel engine to develop 4,450 b.h.p. at 112 r.p.m. in 
service. Trial speed, 13} knots. Trial trip, January 10 
and {1. 

M.S. ‘‘ SAMUEL CLEGG.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
the North Thames Gas Board, London, W.8 (Managers : 
Messrs. Stephenson Clarke, Limited, London, E.C.3). 
Main dimensions: 260 ft. (between perpendiculars) by 
39 ft. 6 in. by 18 ft. 6 in. ; deadweight capacity, about 
2,700 tons on a draught of 17 ft. 1 in. British Polar 
eight-cylinder two-stroke single-acting trunk-piston 
direct-reversible vertical Diesel engine, to develop 1,180 
b.h.p. at 225 r.p.m., installed by The North Eastern 
Marine Enginecring Company (1938), Limited, Sunder- 
land. Speed on trial, 114$knots. Trial trip, January 11. 

M.S. “* MomBasa.”—Single-screw cargo vessel, built 
by Messrs. Nakskov Shipyard, Limited, Nakskov, Den- 
mark, for The East Asiatic Company, Limited, Copen- 
hagen, Denmark. Main dimensions: 445 ft. (between 
perpendiculars) by 61 ft. by 38 ft. 3 in.; deadweight 
capacity, 10,000 tons; cargo capacity, about 600,000 
cub. ft. B. and W. six-cylinder two-stroke single-acting 
Diesel engine to develop 5,500 b.h.p. at 115 r.p.m. and a 
speed of 15 knots, fully loaded. Launch, January 11. 





ARTIFICIAL LIGHTING OF NEW HovusE OF COMMONS.— 
The ceiling of the new House of Commons chamber, which 
is now nearing completion, consists of 150 panels incor- 
porating carved oak framing for spiral cold-cathode 
fluorescent lamps. These lamps, which are being supplied 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, will be controlled so 
that. the general lighting can be increased or reduced to 
any level between zero and full brightness. The under- 
gallery and window-sill lighting will be effected by hot- 
cathode fluorescent lamps, which will be controlled in the 
same manner. The installation is being carried out by 
Messrs. Troughton and Young, Limited, Basil-street, 
London, S.W.3. 

SOLDERLESS WIRING CONNECTIONS.—A hand-operated 
plier-like crimping tool with four interchangeable dies 
for making solderless joints between electrical conductors, 
and suitable end-connectors or terminals, has been 
produced by the Plessey Company, Limited, Ilford, 
Essex. The conductor is bared and slipped into the con- 
nector which is then placed between the opened jaws of 
the tool. As these are closed, they first envelop and grip 


the connector so as to prevent distortion, and then 
bring the dies into action ; the dies press into the connec- 
tor, forming indentations therein which splay out the 
individual conductor wires inside and ensure a sound 
mechanical] joint as well as one of low electrical resistance. 
If required, the tool can be mounted on a bench and 
arranged for foot control. 
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LIGHT 0-6-0 TANK LOCOMOTIVE ; 
WESTERN REGION. 


Tue first of a new design of light-duty tank locomotive 
has recently been built at Swindon Works for the 
Western Region, British Railways. As the accompany- 
ing illustration shows, it is of the 0-6-0 pannier-tank 
type. The series of thirty, designated class 1600, 
which are to be built will replace the old branch-line 
engines built between 1875 and 1905. The design 
provides a tractive effort of 18,515 lb., the boiler 
pressure being 165 lb. per square inch, and the cylinder 
dimensions, 16} in. stroke and 24 in. diameter. The 
wheels are 4 ft. 14 in. in diameter. 

The inside cylinders are fitted with slide valves 
between them, operated by Stephenson valve gears. 
The cylinders, valves and valve gear are of the standard 
designs used on the Western Region 1400 class 0-4-2 
and 5400 class 0-6-0 tank engines. The frames are of 
steel plate, j in. thick, and the three axles have journals 
7 in. diameter by 8 in. long. The boiler barrel is con- 
structed of nickel-steel plates in order to reduce the 
weight ; it is 10 ft. 1 in. long, and the outside diameter 
is 3 ft. 10 in. maximum and 3 ft. 9} in. minimum. The 
dimensions of the firebox are: height, 5 ft. 5 in. at the 
front and 4 ft. 14 in. at the back ; length, 5 ft. outside 
and 4 ft. 3} in. inside; width, 4 ft. 5% in. and 
3 ft. 11} in. outside, and 3 ft. 5 in. and 3 ft. 4 in. inside. 
There are two large tubes, 5} in. in diameter, and 193 
small tubes, 1§ in. in diameter, all 10 ft. 4% in. long. 
The heating surfaces are 877-2 sq. ft. for the tubes, 
and 79-5 sq. ft. for the firebox: total, 956-7 sq. ft. 
The firegrate area is 14-9 sq. ft. The locomotive 
can negotiate a curve of 4 chains radius at normal speed, 
or 3$ chains radius at a slow speed. The wheelbase is 
14 ft. 8 in., the length over buffer beams 26 ft. 8} in., 
and the length over buffers 30 ft. 2} in. The total 
weight in working order is 41 tons 12 cwt., divided into 
13 tons 16 cwt. on the front axle, and 13 tons 18 cwt. on 
each of the other two axles; the empty weights are 
33 tons 17 cwt. total, with 11 tons 5 cwt. on the front 
axle, and 11 tons 6 cwt. on the others. The engine can 
carry 2 tons 10 cwt. of coal and 875 gallons of water. 





HISTORY OF THE BRITISH ELECTRICAL AND ALLIED 
MANUFACTURERS’ ASSOCIATION.—The British Electrical 
ard Allied Manufacturers’ Association, 36, Kingsway, 
London, W.C.2, have issued a pamphlet which, although 
perhaps too concise to be called a history, gives an 
interesting account of the development of that important 
body since its formation in 1911. From the begin- 
ning, close contact was established with the Govern- 
ment and with organisations such as the Institution of 
Electrical Engineers; and such difficult and pressing 
problems as conditions of contract, railway and shipping 
facilities and standardisation were considered. The 
Council at present consists of representatives of 34 
member firms; and there are a number of Committees 
dealing with design, education, fuel efficiency, mining 
research, traffic and other matters. Naturally, a con- 
siderable proportion of the activities of the Association 
are concerned with the export trade. Copies of the 





pamphlet can be obtained gratis from the Association. 
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MOBILE ACOUSTICS LABORATORY, 


Untix recent years, the construction of buildings for 
housing purposes has proceeded along various tradi- 
tional lines and according to traditional techniques 
which have been modified comparatively slowly over a 
long period. More recently, however, the advantages of 
making thorough scientific investigation into the many 
constructional problems have become widely recog. 
nised, and research work has been carried out on a 
fairly large scale, chiefly within the Department of 
Scientific and Industrial Research. The two establish- 
ments which have conducted the major part of the 
research are the Building Research Station, Garston, 
Watford, and the National Physical Laboratory, 
Teddington, and the results of their work have made 
possible newer and better methods of construction, 
methods which are a step in the direction of providing 
the best possible housing at an economical cost. 

One of the problems being studied is that of 
improving the sound-insulating properties of buildings, 
a problem which applies particularly to blocks of 
flats where several families live in close proximity, 
and various methods have been devised to improve 
the insulation, each being particularly adapted to a 
different type of building construction. An important 
aspect of the research work is the determination of the 
sound insulation given by different types of construc- 
tion, and in order that this may be carried out easily 
in finished buildings, a mobile acoustics laboratory 
was built in 1948 to the designs of the Building Research 
Station. The laboratory, which contains separate 
noise-producing and noise-measuring equipment, is 
completely housed in a modified R.A.F. vehicle, and 
can therefore be used for making tests in buildings in 
any part of the country. Standard methods of testing 
have recently been agreed between various European 
countries actively concerned with these problems, 
including Denmark, Sweden, the Netherlands and 
France. In 1949, the laboratory was taken to Rotter- 
dam, where measurements were made on a block 
of experimental flats. The building had been speci- 
ally designed and built for experiments on sound 
insulation, and the results obtained were very useful, 
therefore, in connection with the design of experi- 
mental buildings in this country. They were in agree- 
ment, incidentally, with results obtained by Dutch 
investigators. 

More recently, an opportunity was provided for the 
mobile laboratory to be seen in use on a large housing 
scheme being built for the Walthamstow Borough 
Council at Priory Court, Countess-road, Walthamstow. 
The scheme comprises 20 blocks of flats which are 
nearing completion and will house about 400 families. 
All the flats have been constructed with floating con- 
crete floors, consisting of a 1}-in. thick cement layer 
supported by an ordinary concrete floor and separated 
from the latter by a layer of bituminised glass silk. 
The glass silk is sandwiched between two layers of 
paper and the upper layer of concrete is reinforced by 
wire netting near its under side. A top coating of 
asphalt provides a surface for the floor, which, owing 
to the insulating layer of glass silk, is considerably 
more soundproof than the ordinary type. Tests were 
being carried out in one of the blocks of flats on verti- 
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cally-adjacent rooms with floors and ceilings of this 
type. 

; The noises normally encountered tall into two 
groups; airborne sound, such as is caused by radio, 
voices, and impact sound due to footsteps, moving 
furniture, and the like. In order that measurements 
should be accurately reproducible, they are made 
with two types of synthetic noise which simulate 
the noises normally occurring. A warbling note of 
varying frequency is used as an airborne noise, and 
a hammer box, with rubber or brass hammers, provides 
impact sound. The note, the frequency of which 
can be varied from 100 to 3,000 cycles per second, and 
which ranges rapidly through 10 cycles per second on 
each side of the mean, is emitted by loudspeakers 
placed in one of the rooms and connected by cables 
to the van; the hammer box is also connected to and 
operated from the van. A microphone located in the 
other room picks up the transmitted sound, and 
conveys a signal back to the van, where it can be 
measured and compared with the noise emitted. Thus 
the sound-insulating properties of the floor can be 
calculated over a range of frequencies in the case of 
airborne sound, or for two standard types of noise in 
the case of impact sound. In the former case, the note 
is warbled so as to prevent the formation of standing 
waves which would give an uneven distribution of 
sound in the rooms. 

The van contains the necessary signal-generating 
and amplifying equipment, and is supplied with power 
through a cable connected to the local mains. The 
only parts of the equipment which have to be used 
away from the vehicle are the hammer box, loud- 
speakers and microphone, so that the time necessary 
for setting up prior to testing is very brief, and it 
is generally possible to test completed flats before they 
are occupied. The laboratory has been used occa- 
sionally for other types of acoustical investigation, 
with such aims as reducing the noise in factories or 
improving the acoustics of concert halls. It was em- 
ployed to measure the noise from trains passing over the 
Hungerford Bridge before the L.C.C. concert hall on 
the south bank of the Thames was designed, and from 
the results it was possible to recommend types of wall 
and roof construction capable of excluding the noise. 





Dvust-SUPPRESSION SPRAY UntT.—The New Engineer- 
ing Construction Company, Limited, 130-132, Queen- 
street, Cardiff, are marketing a spray unit for fitting to 
the ends of long hoses or water pipe lines with the object 
of reducing troubles caused by the choking of the jet, 
particularly in collieries or in situations where the water 
may contain foreign matter tending to block the jets 
and break up the even nature of the spray. The Porter 
dust suppressor, as it is called, has a flat circular spray 
box, into one side of which is screwed any one of four jets 
with its axis perpendicular to the pipe union at the inlet 
end. A cylindrically shaped filter housing, with three 
in-line filter-coveréd holes around the side, is fitted co- 
axially between the union and spray-box so that foreign 
matter tends to be caught and held at the end of the 
housing. Both the spray box and the jet are of phosphor 
bronze. A key-spanner is used for securing or remoy- 
ing the jet, which is normally flush with the side of the 
spray box. Fixing lugs are provided on the box to 
facilitate tying up and the directing of the spray, and a 
coned union is fitted to receive a }-in. gas hose adaptor. 





VERY HIGH-FREQUENCY RADIO 
EQUIPMENT FOR RAILWAYS. 


A LOW-POWER very high-frequency radio transmitter 
and receiver has been designed by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, for use on railways and in mines, quarries and 
other places where rough usage may be expected. The 
equipment, which is shown in the accompanying illus- 
tration with the chassis drawn forward for servicing, 
consists of a 15 to 20-watt frequency-modulated trans- 
mitter and receiver carried on resilient mountings 
in a dust and weatherproof case of light alloy. It can 
be installed in any position for remote control from, 
say, the footplate of a locomotive. 

A particularly interesting feature of the equipment 
is the built-in selective calling device, which can be 
seen at the left-hand end of the chassis. The operation 
of this device depends on the output of the transmitter 
being modulated at audio frequency, so that uniselectors 
in the mobile receivers step round in synchronism with 
the impulses transmitted. Constant monitoring is not 
necessary, the attention of the operator at the receiving 
end being attracted by a bell or a light. This selective 
calling system is applicable to two-frequency simplex 
or duplex working, and is generally arranged so that 
all the unwanted stations are locked out while the main 
transmitter is being used. It is always possible, how- 
ever, to call groups of, or all, the substations by using 
special dial numbers. The number of substations which 
can be called in this way is unlimited, although a 
two-digit scheme to cover 70 individual stations or a 
three-digit scheme to cover 500, will cover most require- 
ments. 

The very high-frequency equipment at both the 
main and substations can be supplied for mains or 
battery operation. Amplitude-modulated, instead of 
frequency-modulated, transmitters can also be used, 
Where local control only is required, the equipment 
can be employed in the same way as an ordinary 
telephone. The equipment in its case measures 33 in. 
by 18 in. by 15 in., and weighs 2 cwt. The power con- 
sumption with a direct-current input at 12 volts is 
170 watts when transmitting and 90 watts when 
receiving, the frequency range being from 31-5 to 
184 megacycles per second. 





* BRITISH JOURNAL OF APPLIED PHysiIcs.”—For some 
years past, contributions on the subject of physics in 
industry have been grouped in a separate section of the 
Journal of Scientific Instruments, published by the 
Institute of Physics, but it has now been decided to 
deal with applied physics in a new monthly Journal 
and to devote the older Journal solely to scientific 
instruments and apparatus. The first issue of the new 
Journal, bearing the title quoted above, has now 
appeared. It contains special articles on ‘“ Scientific 
Education,” by Sir Philip Morris, C.B.E., M.A., and on 
“ Properties of Rubber,” by J. Moore, B.Sc., A.R.I.C., 
as well as several original contributions on such subjects 
as the epacity and refiectivity of printing papers, the 
internal friction of solid rods, and the application of 
multiple-factor analysis to industrial test data. There 
is also a selection of book reviews. The Journal is 
published by the Institute of Physics, 47, Belgrave- 
square, London, S.W.1, and the price of each issue 
is 6s. 





REFACTORIES IN FOUNDKIES, 


A CONFERENCE on “ Cupola and Converter Refrac- 
tories,” organised by the Steel Castings Division of the 
British Iron and Steel Research Association was held 
at Ashorne Hill, Leamington Spa, on May 12 and 13, 
1949. It was attended by 74 delegates from 42 firms, 
five research associations (including the Centre Tech- 
nique des Industries dela Fonderie) and two universities, 
and a full report of the proceedings has recently been 
published, price 10s., by the Association, 11, Park-lane, 
London, W.1. Fourteen papers were read and dis- 
cussed in three sessions, which were concerned, respec- 
tively, with converter, cupola, and general-refractory 
questions. In his opening remarks, the chairman, Dr. 
A. H. B. Cross, of the Brown-Firth Research Labora- 
tories, Sheffield, said that the object of the Conference 
was to call attention to the work which had been done 
both here and abroad and to encourage discussion. 

Five papers on converter refractories were read and 
discussed at the first session. Speaking on refractory 
life and “ refractoriness,” Dr. W. J. Rees said that 
the relations between these two characteristics was 
an extremely indefinite one. Messrs. J. L. Harrison 
and P. Murray both spoke on monolithic converter 
materials, the former stating that lining life was influ- 
enced by the chemical composition of the metal, the 
ultimate bath temperature, the quantity of heat 
evolved during oxidation, and the length of the blow. 
Mr. Murray concluded that easily-vitrifiable siliceous 
bricks of low refractoriness were in no way inferior in 
service to the more highly-refractory and chemically- 
superior aluminous bricks. The fourth paper of the 
session, that by Mr. D. Bird, concerned basic Bessemer 
refractories. The author said that, at Corby, they 
built up, in their 25-ton converters, 25 three-inch 
courses of semi-stabilised dolomite bricks with dolomite 
rammed behind, the remainder of the lining being 
rammed. The best lining life was obtained by making 
this eccentric, with a thickness of 22 in. on one side 
and of 29 in. on the other side, where there was greater 
wear. Mr. M. P. Newby, author of the last paper in 
the session, said that, in practice, it was found generally 
that the wear on the back wall of a side-blown converter 
was comparable in magnitude to that on the front wall, 
and was always particularly great near the tuyeres. 

Five papers were also presented at the second 
session, dealing with cupola refractories. General 
reviews of the subject were given by Mr. W. J. Driscoll 
and Dr. W. A. Archibald, the former stating that 
cupolas having an internal diameter of 21 in. or 24 in. 
were not a very practical proposition and that there 
was a demand for a small cupola which would work 
efficiently at a low melting rate and require internal 
repairs only infrequently. Dr. Archibald said that 
the refractory consumption in a foundry cupola was 
much greater than in any other commercial furnace. 
Improvements aimed at obtaining a minimum refrac- 
tory consumption under both intermittent and con- 
tinuous operation. Speaking on French developments, 
Mr. M. P. Nicholas said that by employing external 
cooling of the shell, the thickness of cupola linings could 
be markedly reduced. A rammed ganister lining, con- 
taining clay as a binder, was advocated as preferable to 
one of refractory bricks. It appeared from a paper, 
by Mr. K. J. F. Klein, read by Mr. E. J. D. Smith, that 
in Germany, the monolithic lining for cupolas was 
growing in popularity, but was not in universal use. 
The subject of water-cooled cupolas was dealt with 
in the last paper, the author, Mr. W. H. Bamford, stat- 
ing that although the savings in ganister for patching 
and in limestone additions to the charge were probably 
offset by the cost of the cooling water, the over all 
improvements in working conditions and freedom from 
shut downs more than justified the adoption of water 
cooling. It had been in operation on 60-in. cupolas 
for over four years. 

Four papers dealing with general refractory questions 
were read and discussed at the third and final session. 
Dr. G. R. Rigby referred to the possibility of not using 
any Clay at all, but substituting, as a bonding material, 
the so-called silicon esters. It was comparatively easy 
to cast articles using silicon ester as the bonding agent. 
Another author, Mr. H. Parnham, said that on account 
of its cheapness, ground ganister would long con- 
tinue to be utilised for cupola repairs, and basic 
materials would only be used for very special purposes. 
The author of the third paper, Mr. B. Vassiliou, said 
that the drying of the side-blown converter lining was 
normally promoted by heating the vessel internally. 
It would appear that this practice would inevitably 
tend to drive moisture into the lining towards the 
shell. The final paper of the conference, by Dr. 
A. H. B. Cross, took the form of a summary. He 
said that thin linings and water cooling were two 
future trends, in connection with the lining of cupolas, 
which had a common basis. Mr. Vassiliou’s work had 
led to the consideration of the “ outlandish ”’ idea of 
drying a converter from the outside. It had been 
clearly shown, however, that heat must be applied in a 
manner enabling the moisture to escape freely. 








ENGINEERING. 





JAN. 20, 1950. 








Tool Engineers Handbook.—Just as a sociologist 
might learn something about late-Victorian domestic 
life from an early edition of Mrs. Beeton’s Book of 
Household Management, so an English engineer, not 
one of the chosen few to visit the United States as a 
member of a Productivity Team, might sit at home 
and yet learn something about American production 
methods from this, the first, edition of the T'ool Engin- 
eers Handbook. If “ handbook” is a misnomer, the 
false impression so created is soon corrected by 
stating that there are over 2,000 pages of editorial 
matter and no advertisements. The work has been 
produced by a committee of the American Society of 
Tool Engineers, with Mr. Edward W. Ernst as chairman 
and Mr. Frank W. Wilson as editor-in-chief. It is 
divided into 115 sections, written by specialists (includ- 
ing at least one author from this country), and 
“‘ reviewed” by other specialists before publication. 
The sub-title is A Reference Book on all Phases of 
Planning, Control, Design, Toobing and Operations in 
the Mechanical Manufacturing Industries. A list of the 
section titles, too long to repeat here, would confirm 
the justification for such a description. For instance, 
we may quote the titles of six related sections : “sand 
casting, metal mould casting, plaster casting, investment 
casting, powder metallurgy and extrusion of metals.” 
The inclusion of information on investment casting, 
or the “ lost wax ” process, will be noted with interest, 
since this is a comparatively recent innovation in 
industry. In general, the hand-book is remarkably 
up-to-date. All illustrations, including views of 
machines, have been prepared as line blocks, to the same 
style throughout—a system which makes for great 
clarity. At the end of most sections a useful biblio- 
graphy is given. It is difficult to do justice to such a 
formidable reference work in a review, but a few quota- 
tions from the opening section, on “ Tool Engineering,” 
will serve to show that the hand-book is a by-product, 
so to speak, of considerable professional pride. “ Along 
with mass production, which has attained its greatest 
achievements in the metalworking industries, has 
come a new engineering profession, known as ‘ tool 
engineering ’.” ‘“‘ The new edition of Webster's Inter- 
national Dictionary will contain a definition [of “ tool 
engineering ”’] arrived at by consultation of the dic- 
tionary’s editors with national officials of the A.S.T.E.” 
Again: ‘Conclusions of the Ohio State University 
inquiry, undertaken as a result of requests that a 
curriculum be set up leading to a degree in tool engineer- 
ing, were that ‘ whatever the label, the tool engineer, 
production engineer, or manufacturing engineer seems 
to have a place in industry fixed’. The handbook is 
obtainable from the McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 127s. 6d.]; and from the McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 15 dols.] 


Mechanical World Year Book, 1950.—It is the sixty- 
third year of publication for this small reference book. 
The most important new feature in it is a 35-page 
section entitled ‘“‘ The Continuous Flow Gas Turbine,” 
contributed by Mr. W. R. Thomson, B.Sc.Tech., 
A.M.LC.E. After a preliminary explanation of the main 
types and principles of operation, Mr. Thomson treats 
of basic thermodynamics and adiabatic changes, 
and then deals with the theory of the constant-pressure 
cycle, with specific heat, “ bladed turbo-machines,” 
and finally with some gas-turbine plants which have 
been constructed, giving brief particulars of certain 
Swiss plants. In other res the book contains the 
customary well-known chapters, which have, however, 
been revised. The matter as a whole, in particular the 
tabulated data, has been rearranged so as to group 
related subjects together, as far as possible, for easy 
reference. Writers and editors of engineering reference 
books, if they are conscientious, are in a unique position 
to appreciate the steady advances which are continually 
being made in all branches of the subject; other 
engineers, not so directly concerned, can be forgiven 
for thinking that reference-book matter is fairly static. 
With the present wide scope of mechanical engineering 
alone, a complete reference book is almost an impossi- 
bility. In the Mechanical World Year Book the 
difficulty is overcome by concentrating on a limited 
number of subjects. Thus, for example, although gas 
turbines are included, there is no information on other 
internal-combustion engines, or on steam engines, 
apart from steam turbines and boilers. Of the subjects 
dealt with, mention may be made of belt conveyors 
and elevators, fuel and lubricating oils, machine tools, 
pumps, compressors, light alloys, die-casting, plasti 
steel, brasses and bronzes, high-temperature measure- 
ment, press work, gearing, and—surprisingly—the 
Export Credits Guarantee Department. In spite of 
the limitations indicated above, the Year Book is 
remarkable value, in these days, for 3s. 6d. net. It 
is published by Messrs. Emmott and Company, 
Limited, 31, King-street West, Manchester, 3. 
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LABOUR NOTES. 


THE wage-stabilisation policy of the Government, as 
sponsored by the general council of the Trades Union 
Congress, received a jolt from the magnitude of the 
Opposition vote at the special conference of executive 
Officials from the 187 unions affiliated to the T.U.C. 
Some 1,600 delegates attended the conference, which 
was held in London on January 12, and although the 
recommendations of the T.U.C. general council, that 
wage rates should be maintained at their existing level 
for the next twelve months, were approved on a card 
vote by 4,263,000 votes to 3,606,000, the majority of 
657,000 in favour of stabilisation was much smaller 
than on other votes which have been taken since the 
Government’s White Paper on ‘“ Personal Incomes, 
Costs and Prices” was published in February, 1948. 
The opposition to the general council came largely from 
the engineering, railway, and mining groups, while 
support for stabilisation was derived from, among 
others, the Transport and General Workers’ Union, and 
the National Union of General and Municipal Workers. 





Proposals of the T.U.C. general council, in support 
of the Government’s wage-stabilisation policy, included 
the suspension of sliding-scale agreements and the 
withholding of claims for wage increases, except those 
on behalf of very low-paid wage-earners, at least until 
January 1, 1951, provided that the retail-prices index 
figure did not vary outside the limits of from 106 to 118. 
The constitution of the T.U.C. is such that that body 
have no power to force affiliated unions to obey their 
decisions. Compliance depends upon the loyalty of 
the unions concerned. The strength of the opposition 
vote on January 12 was such that the general council’s 
proposal for the suspension of sliding-scale agreements 
for 12 months seems stillborn, and their suggestion for 
a general wage standstill may likewise prove to be 
unworkable voluntarily. 





The executive of the Iron and Steel Trades Confedera- 
tion, one of the largest unions possessing sliding-scale 
arrangements, had announced their intention to recom- 
mend their union to suspend the arrangements, on 
condition that other unions having similar agreements 
followed suit. It now seems certain that the other 
unions will not do so. Unions which possess such 
agreements include those serving workpeople in the 
building, boot and shoe, and hosiery trades, and they 
are understood to have voted against the proposals of 
the general council. As to applications for wage 
increases generally, many of the most influential unions 
have persisted in their claims since the conference on 
wage restraint two years ago, when the majority sup- 
porting the general council was some three times as 
large. Many speakers at the conference demanded 
action regarding high profits, and Mr. Vincent Tewson, 
general secretary of the T.U.C., assured delegates that 
the general council aimed at securing equality of 
sacrifice. Mr. Arthur Deakin, a member of the general 
council, made the suggestion that the Government 
would take retrospective action regarding such matters 
as company gifts to important chiefs of industry, 
regarding which some representatives present had 
expressed concern. 





Unemployment, which had been steadily increasing, 
month by month, since last July, reached its highest 
level for nine months on December 5, 1949, when the 
number of persons in Great Britain seeking work 
totalled 330,336. This compared with 323,609 on 
November 14, 1949, and with 243,041 on July 11, 1949. 
It represented an increase of 87,295 in a period of less 
than five months. The latest figure of 330,336, on 
December 5, 1949, comprised 232,985 men aged 18 and 
over, 5,768 boys under 18 years of age, 86,513 women 
aged 18 and over, and 5,070 girls under 18 years of age. 
Unemployed married women included in these fi 
numbered 44,315. A further analysis of the total for 
December 5, 1949, made by the Ministry of Labour and 
National Service, shoved, that the employment of 
7,461 persons was only temporarily stopped and, of 
the remaining 322,875 wholly unemployed workpeople 
of both sexes, and including juveniles, 90,870 had been 
unemployed for less than two weeks, 100,457 for over 
two weeks but not more than eight weeks, and 131,548 
for over eight weeks. 

During the four weeks ending on November 23, 1949 
(the latest date for which statistics are available) 
349,000 vacancies were filled by employment exchanges 
and other local offices of the Ministry of Labour and 
National Service, compared with 370,063 placings 
during the four weeks to October 26, 1949, and with 
368,618 placings during the four weeks to September 
28, 1949. Under the Control of Engagement Orders, 
a system of priorities is operated, by which first prefer- 
ence is accorded to vacancies for workpeople which, in 
the opinion of the Ministry, it is in the national interest 








that they should take epeon over all other 
vacancies. Some 44,000 of the total of 349,000 adults 
and juveniles placed in work by the Ministry during the 
four weeks ending on November 23, 1949, were first. 
preference vacancies. That represented approximately 
13-5 per cent. of the adult placings for the period. ~ 





During November, 1949, the working population of 
Great Britain increased by 60,000, of whom 16,000 were 
men and boys, and 44,000 were women and girls, 
At the end of that month, the working population 
numbered 16,099,000 men end 7,285,000 wemen, in 
each instance including juveniles, a total of 23,384 (00, 
As now used by the Ministry of Labour and Nationa] 
Service, the phrase “ working population ” is applied to 
persons of both sexes, aged 15 and over, who work for 
pay or gain, or who register themselves as available for 
such work. The figure includes members of the 
Forces, men and women on release leave who are 
seeking employment, and the registered unemployed. 
It includes private indoor domestic servants and gain. 
fully-occupied persons over pensionable age, which 
categories were at one time excluded. 





The size of the Forces was reduced by 3,000 persons 
during November, 1949, to a total of 737,000 at the 
end of that month, of whom 709,000 were men and 
28,000 were women. At the end of December, 1948, 
the number of persons serving in the Forces totalled 
808,000 (774,000 men and 34,000 women), so that the 
country’s Armed Forces have been reduced in number 
by 71,000 in eleven months. Men and women from the 
Forces on release leave who had not found civilian 
employment numbered 11,000 at the end of November, 
1949, compared with 18,000 at the end of December, 
1948, and with 92,000 at the end of June, 1948. The 
number of registered unemployed on November 30, 
1949, was 329,000, leaving a total of 22,307,000 persons 
in civilian employment. Of these, 15,141,000 were 
men and boys, and 7,166,000 women and girls. 





On balance, there was a decline in the level of employ- 
ment in the basic industries of 5,000 during November, 
1949. An increase of employment by 2,000 in the 
gas, electricity and water services was accompanied 
by decreases of 3,000 in the transport industry, and of 
4,000 in agriculture. Variations in employment in 
the remaining basic industries, fishing, coal-mining, 
quarrying, and mining other than for coal, were quite 
small. The total man-power employed in coal-mining 
at the end of the month was 771,000, and it may be 
noted that wage earners on colliery books declined by 
200 during the month, compared with a decrease of 
3,700 during October. In all, the basic industries 
employed 4,249,000 persons on November 30, 1949, 
compared with 8,395,000 engaged in manufacturing 
industries, such as the engineering, metal, vehicle, 
chemical, textile, clothing, food, drink, and tobacco 
industries. The remaining 9,663,000 persons in civilian 
employment were engaged in public administration, 
professional services, building and contracting, and in 
the distributive trades. 





High profits, stated to be earned by the industry, 
were put forward as a ground for pressing the claims 
of engineering employees for an all-round increase of 
20s. a week at a meeting of delegates of the Amal- 
gamated Engineering Union, which was held in 
Birmingham on January 15. The Engineering and 
Allied Employers’ National Federation are expected 
to make known their decision respecting these claims 
on February 2, and a resolution was passed at the 
Birmingham meeting pledging full support from those 
present for any constitutional action which the execu- 
tive of the A.E.U. may take when the employers’ 
decision is communicated. A member of the Union’s 
executive, Mr. R. Openshaw, expressed the view that 
the increase was justified having regard to the “ exorbi- 
tant profits being made in the engineering industry.” 
Their claims were based, he stated, on three principal 
grounds, namely, the profits being made, the rising 
cost of living, and increased productivity. 





Traffic-receipts income of British Railways declined 
by 10,529,0007. during 1949. Their total income 
from this source amounted to 321,321,000/. during that 
year, compared with 331,850,0001. during 1948. The 
most serious decline was in passenger fares, which 
aggregated 113.583,0001. during the 52 weeks ending on 
January 1, 1950, compared with a total of 122,244,000I. 
for the 52 weeks ending on December 26, 1948. The 
income from this one source thus dropped by 8,661,0001. 
in twelve months. The decline in income received 
during 1949 from the carriage of parcels by passenger 
train, and the conveyance of merchandise and livestock, 
was also an important factor in the yéar’s loss of 





revenue. 
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THE BRITISH GRID SYSTEM IN 
THUNDER-STORMS, 


‘ 


\ PAPER on “‘ The Performance of the British Grid 
System in Thunder-Storms,” was ready by Dr. J. S. 
Forrest at a meeting of the Supply Section of the 
Institution of Electrical Engineers, on Wednesday, 
December 14, 1949. During the 14 years from 1934 to 
1947, the author said, lightning had been responsible 
for 1,157 faults or disturbances which caused auto- 
miiic tripping of switchgear, the average total length 
of overhead line involved being 5,900 circuit miles. 
Nearly 95 per cent. of these faults occurred on the 
132-kV, 66-kV, 33-kV,; and lower-voltage overhead 
lines themselves ; and lightning troubles at substations, 
though important from the standpoint of damage to 
plant, had been infrequent. During this 14-year 
period, thunder was heard on an average of 13 days 
per annum in those districts of the British Isles covered 
by the Grid system, as compared with 10 days a year 
in New Zealand, 15 in Australia, 30 in South Africa, 
10 to 15 in most parts of the United States, 80 in 
Florida, and 100 in parts of Central Africa and 
Java. 

Nearly all the overhead lines of the National Grid 
were supported on steel towers which were linked by 
an overhead earth wire giving partial protection 
against lightning to the conductors suspended below ; 
on some recently-constructed lines, two earth wires 
were used for a distance of about a mile from the 
termination of the line. There were no special earth 
wires to protect substation plant from direct strokes, 
though the protection given by the terminal tower 
was sometimes extended by earth wires between the 
apex of the tower and the earthed substation structures ; 
in a few instances, special towers had been erected in 
the substation to provide an efficient earthed screen. 
Some of the line towers were originally provided with 
earthed electrodes in the form of iron pipes, but this 
practice had been discontinued since it failed to 
reduce materially the resistance between the tower 
and earth, and whenever practicable, the overhead 
earth wire was connected to the substation earthing 
system which usually had a resistance of less than an 
ohm. 

On the 132-kV network, the neutral points of trans- 
formers were solidly earthed ; resistance earthing was 
used on the 66-kV system and on two-thirds of the 
33-kV system, Petersen coils being installed on the 
remaining third. Insulation co-ordination was carried 
out by air gaps; surge-diverters and absorbers were 
not used except at a few experimental installations. 
Most stations had at least two incoming lines and two 
transformers. Each circuit was thus able to carry the 
peak load and provide for duplicate supplies which 
could be brought in by two single circuits following 
different routes, or by double-circuit lines. The latter 
method was cheaper though it gave less protection 
against lightning, since both circuits were then more 
likely to be involved in any single disturbance, especially 
on lower-voltage lines, as the conductor spacing was 
smaller. 

Though the number of lightning faults varied 
considerably from year to year, as indicated by the 
graph reproduced in Fig. 1, on this page, the percentage 
of total faults causing interruptions in the normal 
Grid supply (not necessarily to the consumer because 
of duplicate supplies) seemed to remain fairly steady, 
and over the 14-year period averaged about 46 per cent. 
Serious damage to transformers occurred for only about 
2 per cent. of the faults recorded. Altogether, lightning 
seemed to cause about 40 per cent. of all overhead-line 
faults, or 20 per cent. of the total faults if all classes 
of plant were considered. The proportion of lightning 
flashes capable of producing a spark-over at the line 
insulators naturally decreased as the line voltage 
increased, and Fig. 2 shows the relationship between 
fault incidence and system voltage ; the same general 
trend is apparent on the overhead-line system of both 
the British Electricity Authority and the Eire Electri- 
city Supply Board. 

Records of lightning faults followed seasonal and 
daily variations in accordance with the incidence of 
thunder-storms. Though there was a large yearly 
variation, faults were fewer during the winter months, 
but more common during the summer, especially in 
July ; the lowest number recorded for July was 4 (in 
1935) and the highest 65 (in 1939). The records of 651 
faults in all areas during the eight years 1940-1947, 
showed that there were more faults during the after- 
noon, especially between 16.00 and 17.00 hours Green- 
wich Mean Time. On the 132-kV network there was 
apparently little difference between the number of 
lightning faults in different parts of the country, 
extreme figures varying only + 20 per cent. from the 
mean. Fault incidence, as based on the mean annual 
fault rate per 100 route miles per annum, was highest 
in north-east England, a fact not inconsistent with 
meteorological data. It was lowest in central and 
south-eastern districts. 

Flashover points on overhead lines were usually 
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located by inspecting the insulators and conductors, 
aided perhaps by the indications given by protective 
gear. At present, many flashovers were not located, 
since the damage was small, so that the exact nature 
of the fault remained unknown; on the 132-kV net- 
work, 46 per cent. of the lightning disturbances were 
not traced during the period under review, correspond- 
ing figures for the 66-kV, and 33-kV systems being 
25 and 28 per cent., respectively. Analysis of traceable 
faults showed that the top phase was struck more 
frequently and this confirmed that the single earth wire 
gave less protection to the top than to the lower 
conductors. In most cases, the damage to the insu- 
lators and conductors did not impair the performance 
of the line materially, and in nine cases out of ten, 
the line on a 132-kV, 66-kV or 33-kV system could be 
returned to service immediately. 

Theoretically, the resistance between the tower 
and earth should be low to ensure that the lightning 
currents which flowed to earth after the tower or 
earth wire has been struck, did not build up excessively 
high voltages across the insulator strings and so cause 
flashover. Available results indicated, however, that 
50 per cent. of the towers involved in lightning flash- 
overs had earth or footing resistances of less than five 
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ohms, and that there was no marked association of 
flashover with the high-resistance towers. Only 27 
per cent. of the towers affected had earth resistances 
greater than 10 ohms, the highest being 80 ohms, 
and the mean value 9-4 ohms, with a standard deviation 
of 10 ohms. More detailed analysis of a sample of 
towers distributed throughout the country and of the 
frequency of flashover, indicated that footing resistance 
was not important from the standpoint of preventing 
flashover with the earthing conditions encountered by 
the B.E.A., even though there was a slight tendency 
for insulators to spark over. more readily with high 
footing resistances. The impedance of the tower itself 
might have some effect in the case of very high towers, 
since flashover had occurred, for example, on the 
Thames Crossing 132-kV towers (487 ft. high), even 
though the indicated voltage drop in the footing resist- 
ance was less than the impulse sparkover value for 
the insulators—the resistance being less than 0-1 
ohm, and the probable tower current about 30,000 
amperes. 

Only about 12 per cent. of the total lightning faults 
occurred at substations and approximately half this 
number also involved line flashovers. Substation 
faults could not always be ascribed to direct strokes at 
the station, since travelling waves, which might be too 
small to cause flashovers of the line insulators might 
break down terminal equipment when the wave ampli- 
tude was doubled by reflection at the station. On the 
whole it seemed that the maximum chances of a 
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substation fault due to a direct stroke were about 
once in 70 years. In the 14 years under review, sub- 
station transformers tripped out 140 times, two-thirds 
of these interruptions being traced to external flash- 
over of the protective gaps or bushing insulators, when 
the resulting damage was usually slight and enabled 
the units to be returned to service immediately. The 
remaining third were caused by internal breakdowns, 
such as flashover across internal connections or in the 
tap-changing gear ; or, more commonly, by breakdown 
of the winding insulation. 

Internal failures, though few, might involve pro- 
longed interruption in the normal supply and the 
return of the transformer to the manufacturer’s 
works. There had, however, been only 25 winding 
failures during the period under review, an average 
of less than two per annum (excluding transformers 
connected to the London 66-kV cable system), and in 
these cases there was no evidence to suggest that failure 
depended upon system voltage ; this was probably be- 
cause the values of the surge voltages at transformer 
terminals were limited by the insulation of the line, 
except in the rare instances of direct strokes. The use 
of protective devices such as rod gaps, coupled with 
more knowledge of the vehaviour of transformers under 
surge conditions, had undoubtedly helped to reduce 
winding failures which were now less common than in 
1934, when the statistics were commenced. 

Rod gaps gave protection by diverting an incoming 
surge to earth across an adjacent air gap. On 132-kV 
systems, the gaps were set at 26 in. instead of the 32 in. 
originally adopted in 1935. They were installed close 
to the transformer terminals, but not on the bushings, 
which otherwise might be damaged when the gaps 
sparked over. Rod-gap protection was not used on 
66-kV and 33-kV systems if the transformers were 
connected to an extensive underground network, but 
when protection was considered necessary, 15-in. gaps 
were used on 66-kV, and 9-in. gaps on 33-kV systems. 
In the latter case, the gap was in the form of an expul- 
sion tube having a 2-in. external gap in series with a 7-in. 
gap along the insulated bore of the tube, this arrange- 
ment helping to extinguish quickly the power-follow 
current so that the transformer was not tripped out— 
at least for certain ranges of current. 

Petersen-coil earthing improved the performance of 
a system by suppressing single-phase transient faults 
to earth. The coils had been installed only on sections 
|of the 33-kV system, since they involved the use 
|of transformers with fully-insulated neutrals, and 
| the general provision of adequate insulation became 
|expensive. It was difficult to obtain a true indi- 
| cation of their exact efficacy, but comparison of fault 
records before and after their installation, showed 
that faults had been reduced by about 50 per cent. 
| over a five-year period. 

The small number of serious faults did not justify the 
installation of lightning arrestors of the surge-diverter 
type, except in a few special cases, where plant was 
particularly vulnerable to lightning, as when trans- 
formers were directly connected to overhead lines 
without using switchgear or *bus-bars, and when the 
effective capacitance of the station was small. High- 
voltage diverters might sometimes give trouble under 
humid or polluted-atmosphere conditions, since the 
currents, which then leaked away over the external 
| surfaces of their porcelain bushings, upset the normal 
voltage gradients across them, and so caused internal 
discharges at the service voltage. Experiments were 
in hand with the object of ‘stabilising the voltage 
distribution by means of a semi-conducting glaze 
which would allow a small current to flow and so 
minimise the effects of surface deposits. 

Although a length of terminal cable would protect 
substation plant from the effects of lightning strokes 
to overhead lines, the length used had usually been 
selected empirically. There were very few cable 
terminations on the 132-kV network, but 77 per cent. 
of the transformers on the 33-kV system were con- 
nected to overhead lines through varying lengths of 
cable, ranging from a minimum of 35 yards to a maxi- 
mum of 3,400 yards, the mean length being about 
700 yards. On this system, there were 16 transformer 
failures involving either internal or external insulation, 
and of this number, 11 occurred without cable, and 
five with cable. Even so, there was little evidence to 
suggest that these last mentioned failures were asso- 
ciated with particularly short lengths of cable, and it 
appeared that long lengths, apparently well over 1,000 
yards, were needed to ensure immunity. Various 
thunder-storm-warning devices were available, and 
with their help, the transformers which were not 
needed for immediate load requirements could be 
switched out of service until the danger had passed. 
Recording instruments had also been developed to 
give information on the occurrence of thunder-storms 
in the various control areas and to assist the national 
control engineers ; these instruments provided evidence 
of the presence or absence of lightning at a given time 
and so helped in the diagnosis of the causes of break- 
downs. 














ENGINEERING. 


JAN. 20, 1950. 








HIGH-STRENGTH CONCRETE. 


Crushing Strength 











Water-Cement Ratio 


(9749.4) 


THE PRINCIPLES OF MAKING | 
HIGH-STRENGTH CONCRETE.* 
By A. R. Coxttmss, D.Se., A.M.I.C.E. 


THE development of the prestressing of concrete has 
focused attention on the problems involved in producing 
concrete with both a high ultimate strength and a 
high strength at an early age. In ordinary work, the 
average strength of cubes at an age of 28 days may be 
about 2,500 to 5,000 lb. per square inch, while concrete 
of normal high quality may have an average strength 
of up to, say, 8,000 lb. per square inch, and higher in 
rare instances. For prestressed concrete, the following 
are thought to be the main strength requirements : 
(a) a minimum crushing strength of from 5,000 to 
7,000 lb. per square inch at, say, 28 days, for concrete 
subjected to medium stresses ; (6) a minimum strength 
of 8,000 to 10,000 Ib. per square inch at, say, 28 days, 
for highly-stressed concrete; (c) a minimum strength 
of 4,000 Ib. per square inch at 3 or 4 days for concrete 
that is to be post-tensioned at an early age, or used 
in the long-line pre-casting process when several days’ 
curing can be tolerated; (d) a minimum strength of 
4,000 lb. per square inch at 12 to 24 hours for concrete 
as in (c), when earlier application of stress is required, 
or in the single-mould pre-casting process when the 
moulds are used once a day; and (e) a minimum 
strength of 4,000 lb. per square inch at 3 hours or less for 
concrete used in the single-mould pre-casting process 
when moulds are used twice a day. The average 
strengths for which the concrete must be designed would 
be somewhat higher. The first requirement (a) can 
generally be obtained by normal high-quality concreting 
methods. The second (b) requires the use of mixes 
richer than normal, carefully-chosen aggregates and 
every refinement of control, as well as high-class work- 
manship and supervision. Success in obtaining high 
early strengths usually involves the use of heat curing, 
but high early strengths can be obtained without heat 
by the use of high-alumina cement or by the use of dry 
rich mixes with Portland cement. 

The importance of the proportion of water to cement 
in governing the strength of the paste has been recog- 
nised for many years. Abrams,} in the United States, 
is generally credited with establishing the so-called 
“ water-cement ratio law.” Later work has shown 
that Abrams’ curve, relating strength and water- 
cement ratio, is really a family of very closely-spaced 
curves for different aggregate-cement ratios and different 
types of aggregate, but for practical purposes a single 
smooth curve covering all mixes can be considered 
adequate. Completely different curves exist for 
different cements, different ages of testing, different 
curing conditions and different methods of testing. 
At the present time, the relation between strength and 
water-cement ratio is generally expressed as a family of 
curves for different ages and for average materialst ; 
this can be used to predict with reasonably accuracy the 
strength that would be obtained with different types 
of concrete at different ages. The water-cement ratio 
law applies only if the concrete is fully compacted 
and does not contain air voids. A certain amount of 








* Lecture delivered at the Building Exhibition, 
Olympia, London, on Saturday, November 19, 1949, 
under the xgis of the Prestressed Concrete Development 
Group, 52, Grosvenor-gardens, London, S.W.1. Abridged. 

t+ “‘ Design of Concrete Mixtures.” Structural Materials 
Research Laboratory, Lewis Institute, Chicago, U.S.A., | 
1918. Bulletin No. 1, page 22. 

t Department of Scientific and Industrial Research. 
Road Research. Note No. 4. The Design of Concrete 
Mizes. H.M. Stationery Office, Kingsway. London, 





W.C.2 (1947). 

























































































Fig. 2 
T T 
KK] i 
12 200} 1:2:6 Mix | 
& PJ | 
ia — } j 
~, 
= 10000 ~S_, ~ —— —e . | 
_ | lt ett ~ | 
> * —S Zee? } a a "ag rs 
2 ia q ba > & — “4 22 | 
S } ites 2 eT a >—~ ‘ “se <2 J | 
£ | 4. 2D} i tia PE] : y Pig o wos } 
Ss ead a = , —— > 8000 = ~ 4-4 
* r Nie a, SS is a 
$ “2 ‘Ps s a, sy 
> TS f Pc 
¥ eal | 
s 0 6000 
~ [Se . N 
P | ‘1. hae | 
= ow : 2 
3 ~ “22 
ik 4000 on : 4000 ee 
5 oe x 
Y | —— 28 Days “25 ~* 5 ‘ es <= 
eons 7 Days Sg | ™ 
a 24 Hours Pi 
~~ | 
2000} | - = 2000 + ~— 
} | 
| | | | 
{ | | 
0-28 O30 0-32 034 036 O38 O40 O-32 O34 0-36 0-38 «#4040 


(vr49.8) 


air is always trapped in concrete during the mixing 
process. Most of this is eliminated during placing and 
compaction, but if these processes are not efficiently 
carried out, a —— amount of air will be left in the 
concrete in the form of large pores, which may be 
sufficiently numerous to give rise to “‘ honeycombing.”’ 
There is a relation between the strength of concrete and 
the proportion of air left by inadequate compaction.* 
The exact relationship varies according to the type of 
concrete, but it is characterised by a rapid falling-off in 
strength as the proportion of air voids increases. 

The ease with which full compaction can be obtained 
depends on the workability of the concrete and generally 
increases as the water in the mix is increased. On the 
other hand, it has already been shown that an increase 
in water-cement ratio results in a decrease in strength. 
Therefore, if an initially workable concrete of fixed 
proportions were made with steadily-decreasing water- 
cement ratios, and the strength plotted against water- 
cement ratio, the resulting curve would reproduce a 
typical curve of water-cement ratio to strength up to the 
point where the mix became too dry to be completely 
compacted, when the strength would rapidly fall off. 
If, when the point of maximum strength had been 
reached, a more efficient method of compaction had 
been employed, for example, vibration, then the 
water-cement ratio could have been further reduced 
without causing incomplete compaction, and the point 
at which the strength started to fall off would have 
been raised further up the curve. These effects are 
shown in Fig. 1, above. Concrete mixes are generally 
designed by fixing first the water-cement ratio necessary 
to give the strength required, and then choosing the 
aggregate type and grading and the proportion of 
cement so as to give a mix of adequate workability 
with the water-cement ratio chosen. As a rule, this 
mix is made as lean as possible for both technical and 
economic reasons. 

There are many recorded instances of very high 
strengths being obtained in both the laboratory and the 
field. The highest value appears to be a cylinder- 
crushing strength of 40,000 lb. per square inch.t This 
was reached by using a neat cement paste with a water- 
cement ratio of 0-08, and compacting by vibration and 
compression. Freyssinett has reported cube strengths 
of the order of 20,000 Ib. per square inch or more with 
concrete of more nearly normal composition, but for 
these results steam curing was used, in addition to 
compaction by vibration and pressure. An average 
cylinder strength of 12,000 Ib. per square inch, equiva- 
lent to a cube strength of 16,000 lb. per square inch, 
has recently been reported as being obtained with a 
mix of 1:0-87:2-35 by weight, used in making 





* Department of Scientific and Industrial Research. 
Road Research. Technical Paper No.5. The Grading of 
Aggregates and Workability of Concrete. By W. H. 
Glanville, A. R. Collins and D. D. Matthews. H.M. 
Stationery Office, Kingsway, London, W.C.2 (1947). 

t Proceedings of the Highways Research Board, 1947. 
A Discussion of Cement Hydration in Relation to the 
Curing of Concrete. By T.C. Powers. Pages 178-188. 

t “A Revolution in the Technique of the Utilisation 
of Concrete.” Structural Engineer, vol. 14, No. 5, pages 
242-259 (1936). 
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pre-cast facing slabs, while cube strengths of the order 
of 10,000 to 15,000 Ib. per square inch have also been 
recorded from time to time as having been obtained on 
construction sites. 

A clear distinction must be made between high ulti- 
mate strengths, which are normally obtained by adjust- 
ing the mix proportions and by careful control and 
curing, and high early strengths for which heat- 
curing or special cements may be required. The 
principles governing the adjustment of mix proportions 
to give high ultimate strengths are merely an extension 
of those applying to normal concrete. In the first 
place, it has been found that the water-cement ratio law 
is true at values as low as 0-28, and probably even 
lower. A low water-cement ratio will normally require 
the use of rich mixes in order to give sufficient worka- 
bility to allow the concrete to be properly compacted, 
but to avoid excessive moisture movement and shrink- 
age, very rich mixes should be avoided unless they 
are mixed extremely dry. In order to examine the 
possibilities of using low water-cement ratios in rich 
mixes, a number of tests have been made, and the 
curves shown in Figs. 2 and 3 give the relationship 
that was found between the cube crushing strength, at 
1, 7 and 28 days, and water-cement ratio, for mixes 
of 1: 2-6 and 1:3-5 by weight. Curves (1) are for 
crushed granite and natural sand, curves (2) for 
crushed gravel and natural sand, curves (3) for crushed 
granite, coarse and fine, and curves (4) for natural 
gravel and sand. The curves for all the aggregates 
coincide for the one-day strength, but become pro- 
gressively farther apart as the age increases and as the 
water-cement ratio decreases. This seems to indicate 
that, as the strength increases, the aggregate has a more 
important effect. The results also gave some indication 
of a maximum strength for each aggregate. In all the 
tests the highest strengths were obtained with the 
granite coarse aggregate and natural sand, whilst the 
lowest strengths were obtained with the natural 
uncrushed gravel. There were some indications of 
bond failure between the cement paste and the gravel 
aggregate, which may account for some of the difference, 
but this does not explain the lower strength obtained 
with the aggregate composed entirely of granite. The 
curves also show that for the same water-cement ratio, 
the leaner mix gives a higher strength than the richer 
one, a phenomenon found in all types of concrete. 

The workability of the mixes used to give very high 
strengths is usually too low to be measured by the 
slump test ; for the mixes which formed the basis of 
Figs. 2 and 3, the compacting factor was used to assess 
the workability. A mix with a compacting factor of 
less than about 0-70 or 0-8 cannot normally be com- 
pacted by hand, while one with a compacting factor 
of less than about 0-60 cannot always be compacted 
by vibration alone and may require pressure in addition. 
The results of the compacting-factor tests are given in 
Figs. 4 and 5 for the same mixes as those of Figs. 
2 and 3, and the curves demonstrate the superiority of 
the granite aggregate. In fact, the four aggregates used 
appear in roughly the same order as in the strength 
tests. Until a wider range of materials has been tested, 
however, it would be unwise to draw the general 
conclusion that granite aggregate is always better than 
flint gravel. The granite used in these experiments 
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was a very good one, and other crushed rocks may 
not be so satisfactory. It would also be dangerous to 
draw any conclusions about the use of the crushed- 
granite sand as, for experimental reasons, the material 
in the experiments was prepared with a grading 
similar to that of the natural sand. A normal crushed- 
rock sand might contain much dust, which might reduce 
the strength and the workability of the concrete. 

The hydration of cement, like many other chemical 
reactions, is affected by temperature. Provided water 
is always present, the rate of hardening of cement will, 
within limits, increase as the temperature is raised. 
This ability to speed up the rate of hardening of cement 
by heating is used, in certain fields of concrete work, 
to obtain high strengths at early ages. Sometimes the 
process consists merely of maintaining the concrete at 
a warm room temperature, say, 70 deg. F. to 80 deg. F., 
but more often steam is used to raise the temperature 
of the concrete to a level approaching the boiling point 
of water. In some processes a temperature higher than 
boiling point is obtained by the use of steam under 
pressure, and by this means very rapid rates of 
hardening are obtained; pressure-curing, however, 
requires costly apparatus. It is best used for small 
units, and is generally inconvenient for the type of 
product that might be prestressed. 

The strength of concrete cured at high temperatures 
is greatly affected by the conditions under which the 
curing is applied. For example, the time between 
mixing and the application of heat, the size of the 
mass of concrete and the rate of heating all have 
important effects. As the strength of concrete is a 
function of both time and temperature, the total value 
of a given period of curing can be represented by a 
figure obtained by multiplying the number of hours 
of curing by the temperature in degrees Centigrade. 
Within reasonable limits, the strength of a given 
concrete cured for a given number of “ degree-hours ” is 
constant, even if the actual times and temperatures 
are varied. High-temperature curing, therefore, merely 
decreases the period required to reach a given strength. 
If the concrete is heated too quickly there will be large 
differences in temperature through the mass, which 
may result in cracking. Another difficulty may arise 
when the temperature is raised too high too soon after 
mixing. This results in a slower rate of increase in 
strength and ultimately a decline in strength. In 
practice, these difficulties are not found to be very 
important. If the mass of the concrete is large the 
heat must be applied more slowly and for a longer 
period than with small masses, and in any particular 
instance tests must be made to determine the most 
economical heat-cycle, as it is undesirable to apply 
more heat than is necessary. If the concrete is to be 
stressed a few hours after mixing, the heat must be 
applied as soon as possible, and the temperature raised 
as high as possible, by placing the product in a steam 
oven or in hot water. A process such as this cannot be 
applied to products having a section of more than a 
few inches. If a period of 12 hours or more is available 
for curing, the temperature can be raised more slowly, 
by the normal processes used for pre-cast products, and 
the maximum temperature need not be so high. 

Heat-curing can sometimes also be used with advan- 
tage for work that is not to be stressed for several days. 
This allows the use of a leaner mix than would other- 
wise be required, and avoids possible ill effects of cold 
weather, The most common method of heating 
concrete is by the use of steam, which is economical 





to produce and convenient to handle, and has the 
advantage of giving a damp atmosphere. Hot-water 
baths are perhaps more effective when rapid rates of 
hardening are required, but they are inconvenient in 
use. Electric methods of heating, by passing currents 
through reinforcement or prestressing wires, or directly 
through the concrete, are also being used successfully. 

In order to use low water-cement ratios with mixes 
of reasonable proportions, it is necessary to be able to 
compact concrete of very low workability, and vibra- 
tion is nearly always essential. If good progress is 
to be obtained in making high-strength concrete, more 
powerful vibrators are required than are available at 
present. The design should be such that the concrete 
itself is strongly vibrated at a suitable frequency and 
amplitude, and that all the energy is not dissipated in 
loose fittings and in vibrating the moulds. The best 
results appear to be obtained by vibrating first at a 
low frequency and then at a higher one. Thus, the 
use of a variable-frequency vibrator would be an 
advantage, but its extra cost might not always be 
justified in practice. With mixes of the lowest work- 
ability, vibration alone ceases to be effective and 
merely shakes the particles about. To overcome this 
difficulty it is necessary to apply pressure to the 
concrete so as to cause the particles to cohere. It is 
difficult to say, without much more experience than is 
at present available, which mixes will require both 
pressure and vibration. A concrete of workability repre- 
sented by a compacting factor of less than 0-60 could 
not be placed by vibration alone, and mixes with com- 
pacting factors of less than about 0-75 or 0-80 are not 
likely to be compacted by hand ramming. However, 
much depends on the shape of the mould and the restric- 
tion caused by reinforcement, and practical trials are 
the only way of reaching a satisfactory arrangement. 

It is often economical to obtain high early strengths 
by using special cements, such as high-alumina and 
accelerated rapid-hardening Portland cements. High 
ultimate strengths can also be obtained with these 
cements. With high alumina cement, strengths of the 
order of 5,000 lb. per square inch can be obtained with 
normal mixes at an age of from 12 to 24 hours, and 
strengths of the order of about 10,000 lb. per square 
inch in from 7 to 28 days. No doubt higher strengths 
can be obtained with special mixes. High-alumina 
cement can, therefore, be used to make concrete to 
meet most of the strength requirements for pre- 
stressing without the need for very rich or very dry 
mixes. The high cost of high-alumina cement can 
often be offset by economies in mix design and com- 
pacting. The high rate of heat evolution of this type 
of cement creates difficulties because it does not 
develop a high strength, and may even lose strength, 
when cured at temperatures greater than about 
80 deg. F. It can be used, therefore, only for small 
masses which do not become warm during hardening, 
and the range of mix proportions in which it can be 
used is generally limited to about 1:6. Steam curing 
should never be used with high-alumina cement. 

Extra rapid-hardening Portland cements are made 
primarily for use in cold weather and are characterised 
by rapid setting and hardening. The difference 
between their rate of gain in strength and that of 
normal rapid-hardening cement naturally varies, but 
it is generally found that, at normal temperatures, the 
strength is about 25 per cent. higher at an age of 
one or two days, and about 10 to 20 per cent. higher 
at seven days. Ultimately there is little or no difference 
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in strength. Steam curing can be applied to these 
cements, but the rapid initial rate of setting may make 
it necessary in warm conditions to take special measures 
to mix and compact the concrete quickly. The cements 
are particularly useful in rather cold conditions when 
steam curing cannot be applied. A number of accelera- 
tors may be used to increase the rate of hardening of 
Portland cements. The best of these is calcium chloride, 
which is normally used in proportions varying between 
about 1 and 4 per cent. by weight of the cement ; with 
more than 2 per cent. of chloride, rapid setting of the 
concrete may make it difficult to compact. The 
increase in rate of gain of strength obtained by using 
calcium chloride is similar to that obtained by using 
accelerated rapid-hardening Portland cement, and its 
use requires the same precautions. 

In prestressed concrete work, control is required to 
ensure that the strength of the weakest part of the 
member is as close as is economically possible to the 
mean strength. If only medium high strengths are 
required, the cost of control can be balanced against 
the cost of allowing a greater margin of safety in the 
mix design, but when very high strengths are needed 
a high degree of control is essential. If a large number 
of concrete test cubes are made from a series of mixes 
of concrete of the same composition, their values will 
be distributed between the maximum and the minimum 
in a form approximating to that of a “ normal ” distri- 
bution. In Fig. 6, a distribution curve, or histogram, 
is shown for a series of cubes obtained on a reasonably 
well controlled concrete job. It will be noticed that 
there are a few very low and very high strength results. 
It would be unreasonable to count the lowest single 
cube result as the nominal minimum strength, as this 
strength may have been low because of an error in 
making or in testing. It is more satisfactory to take as 
the nominal minimum the value;below which fall either 
1 or 10 per cent. of the results. For prestressed concrete, 
it would be best to take the 1 per cent. minimum. 

The control process consists essentially of controlling 
the grading of the aggregate, estimating its moisture 
content, and accurately measuring the quantities of all 
materials used in each mix. The grading of the coarse 
aggregate can best be controlled by obtaining it from 
one good source, in several single sizes which can be 
combined by weight during the batching process. The 
moisture content can be estimated by drying a sample, 
or by one or other of the proprietary methods; if 
the aggregates are stored in large stock piles, the 
moisture content becomes more or less uniform, and 
few measurements have to be made. In the batching 
process, the quantities of cement and the various sizes 
of aggregate are best measured by weight. Careful 
volume batching is sometimes satisfactory. The water 
may be measured by weight or volume, and allowance 
should always be made for the moisture in the aggre- 
gate. The processes involved in controlling concrete 
quality are relatively simple once the work is properly 
organised. For example, weigh-batching apparatus is 
often much simpler to use and requires less labour 
than volume-batching methods and, with practice, the 
moisture content of aggregates can often be estimated 
by eye with only occasional checks by actual measure- 
ment. If the grading of the aggregate is reasonably 
constant and the cement and aggregates are batched 
by weight, any changes in water-cement ratio result in 
variations in workability, and it has been found 
possible to control the workability by eye sufficiently 
well to give a reasonably uniform water-cement ratio. 
These methods are suitable for ordinary high-quality 
concrete. If very high strengths are required, or if 
the utmost economy in mix design is desired, then 
every possible precaution should be taken to avoid 
variations in mix proportions, and especially in the 
water-cement ratio, and methods depending on visual 
estimations must not be used. 
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ALUMINIUM DOORS FOR TIMBER- 
SEASONING KILNS. 


One of the problems which arises in the construction 
of kilns for timber seasoning is the provision of doors 
which will withstand the heat and the acid-containing 
moisture present in the kiln, and, at the same time, be 
sufficiently light and rugged for everday use. The 
temperature is as high as 140 deg. F., and sometimes 
180 deg. ¥., and humidities of 60 or 70 per cent. are 
quite usual. On the occasions when it is necessary to 
sterilise worm-infested timber, steam is blown into 
the kiln and a humidity of 100 per cent. may be pro- 
duced. The doors must not only withstand these 
conditions without deteriorating rapidly, but must 
also provide a reasonably airtight seal and adequate 
heat insulation. 

Kiln doors have usually been constructed either of 
laminated timber or of steel, both types being pro- 
tected by bitumen paint. Neither method has proved 
entirely satisfactory, wooden doors seldom lasting more 
than five years, and steel doors being unduly heavy. 
In an effort to overcome these difficulties, the Forest 
Products Research Laboratory, Princes Risborough, 
Buckinghamshire, have designed and are carrying out 
tests on aluminium doors fitted internally with various 
types of heat-insulating materials, and, more recently, 
Messrs. Harris Lebus, Limited, Finsbury Works, 
London, N.17, who manufacture furniture on a large 
scale, have installed composite wood and aluminium 
doors on a number of their kilns. These docrs were 
designed by Messrs. Harris Lebus on the basis of 
preliminary test results obtained by the Forest Pro- 
ducts Research Laboratory and, although they have 
been in service for only some six months, it appears 
probable that they will be a considerable improvement 
on the older types. The aluminium used in their con- 
struction was supplied by the British Aluminium Com- 
pany, Limited, Salisbury House, London-wall, E.C.2. 

Each door in a group of five double doors is 8 ft. 8 in. 
wide by 12 ft. 2 in. high, and consists of a framework 
of 5 in. by 2 in. and 4 in. by 2 in. laminated pine, 
covered on each side by 18 s.w.g. sheets of 99 per cent. 
pure aluminium ; the doors are illustrated in Figs. 1 
and 2, on this page. The spaces between the sheets 
are filled with Onazote, an expanded-ebonite insulating 
material made by the Expanded Rubber Company, 
Limited, Mitcham-road, Croydon, Surrey, and the 
sheets are fixed to the wood by aluminium-alloy wood 
screws passing through l-in. by #-in. aluminium butt 
straps. All the sheets and butt straps are bedded in 
“* Duralac ” cement. The supporting steel framework 
is constructed of steam barrel having an internal dia- 
meter of 14 in. and is fixed to the door by aluminium- 
alloy blocks which are bolted to the wooden frame. One 
door of each pair is provided with a small inspection 
hatch through which the kiln may be entered without 








Group oF Five Dousie Doors. 


the main doors being moved and each door, when 
shut, is held in position by 12 clamps. These, like the 
hinge pins, bolts, nuts and other parts which have to 
bear an appreciable stress, are made in one of the 
lower-tensile copper-free aluminium alloys. 





APPRENTICESHIP SCHEME OF 
MESSRS, J. STONE AND COMPANY, 


In an illustrated brochure entitled ‘“ Engineering 
as a Career,”’ Messrs. J. Stone and Company, Limited, 
Deptford, London, 8.E.14, describe their apprentice- 
ship scheme. The firm hasyfour main divisions— 
electrical, mechanical, and marine engineering, and 
non-ferrous founding, the latter activity being carried 
out in foundries at Charlton. The apprenticeship 
scheme outlined in the brochure refers only to the 
first three divisions, which are situated at Deptford ; 
a separate booklet describes the foundry-apprenticeship 
scheme. 

Training is provided for three groups of students— 
trade apprentices, student apprentices, and graduate 
apprentices. Trade and student apprentices carry out 
a six-months probationary period of training, in the 
apprentices’ training school, before being indentured ; 
one day a week is spent at a day continuation school or 
technical college, trade apprentices studying for the 
City and Guilds Diploma and the Ordinary National 
Certificate, while student apprentices are expected to 
qualify for the Ordinary and Higher National Certifi- 
cates, and are encouraged to take further courses with 
the object of obtaining an external degree in engineering. 
The trade apprentice is accepted up to the age of 16 
years, if he has attended a secondary school, or up to 
17 years if he has spent his last two years in a technical 
school. In the latter case, the two-year course is 
considered to be equivalent to the first year of appren- 
ticeship. The trade apprentice receives a training 
which qualifies him as a skilled tradesman at the 
termination of his apprenticeship, at the age of 21, 
with prospects of promotion to the positions of charge- 
hand, foreman, and shop superintendent. 

The student apprentice, who is trained for a position 
in the design office, one of the drawing offices, the 
planning and production office, works engineering 
department, sales and commercial department, or 
works supervisory staff, must have been educated to 
school-certificate standard, and is accepted between 
the ages of 16 and 18. Up to the age of 19}, the 
training is similar to that for trade apprentices, but 
for the final 18 months it is arranged to suit the particu- 
lar branch chosen by the boy. The training is com- 
pleted when the student reaches the age of 21 years. 
The graduate apprentice course, for university men, 
covers two years, and qualifies them for positions in 
the design, production, research, or commercial depart- 
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ments. The first part of the course consists of 10 
months’ mechanical training to provide general work- 
shop experience, followed by eight months’ electrical 
training. The final six months are spent in one of the 
departmental offices. Normally, graduate apprentices 
will have received a probationary period pg rr 
of from four to six months, during the college vacations. 
At the end of each year, apprentices in the trade and 
student group who have shown marked ability are 
promoted to a higher group. 





EXHIBITION OF FRENCH SCIENTIFIC INSTRUMENTS.— 
An exhibition of French scientific instruments will be 
held at the Science Museum, South Kensington, from 
February 9 to 26, by arrangement with the Centre 
National de la Recherche Scientifique, the Office 
National d’Etudes et de Recherches Aéronautiques, 
and other bodies, and under the patronage of the Cultural 
and Commercial Counsellors to the French Embassy in 
London. Civil and mechanical engineering will be among 
the branches of study covered by the exhibition, and 
atomic physics will be represented by a section contri- 
buted by the Commissariat & l’Energie Atomique. A 
number of lectures will be given during the course of 
the exhibition and will be open to the public. 





ALMANACS AND CALENDARS.—We have _ received 
monthly tear-off wall calendars from the D.P. Battery 
Company, Limited, Bakewell, Derbyshire ; Messrs. B. 
Levy and Company, 1-5, Osbert-street, Vincent-square, 
London, S8.W.1; the North British Locomotive Com- 
pany, Limited, Glasgow ; Mssrs. J. Stone and Company, 
Limited, Deptford, London, S.E.14; and Messrs. G. C. 
Turner and Company, 3, Wrestler’s-court, Camomile- 
street, London, E.C.3. Wall calendars with tear-off 
sheets showing on each the current month in heavy 
type, and the preceding and following months in 
smaller type, have reached us from Messrs. British Ropes 
Limited, Carr Hill, Doncaster ; Messrs. Davy and United 
Engineering Company, Limited, Sheffield, and associated 
companies ; Messrs. C. Townsend Hook and Company, 
Limited, 154, Fleet-street, London, E.C.4 ; Messrs. A. A. 
Jones and Shipman Limited, Narborough-road South, 
Leicester ; Messrs. John Laing and Son, Limited, Bunns- 
lane, London, N.W.7; and Messrs. W. Ottway and 
Company, Limited, Orion Works, Ealing, London, W.5. 
The British Thomson-Houston Company, Limited, 
Rugby, have sent us a monthly tear-off wall calendar 
which reproduces twelve natural-colour photographs of 
English and Swiss scenes taken by employees of the 
company. A monthly wall calendar received from the 
Bristol Aeroplane Company, Limited, Filton House, 
Bristol, has an arrangement whereby the sheets are turned 
over as each month passes, instead of being removed, 
and they can thus remain available for reference 
throughout the year. 
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BRAKE FOR AIRCRAFT LANDING 
WHEELS. 


Ir will be readily understood that the higher landing 
speeds and greater weights of modern aircraft, in 
comparison with those of a few years ago, have greatly 
increased the kinetic energy which has to be dissipated 
in the form of heat in the tyres and brakes of the 
landing wheels in bringing an aircraft to rest on an 
aerodrome runway. Moreover, the difficulty of dis- 


posing of the heat, which may be generated at the | - 


rate of 1,000 B.Th.U.’s per second, or more, has been 
augmented by the modern tendency to use smaller 
landing wheels and higher tyre-inflation pressures. 
The use of thinner wing sections, into which the wheels 
have frequently to be retracted in a lateral direction, 
restricts their width, so that the provision of materials 
and mechanism to withstand all the onerous conditions 
imposed presents some interesting problems. How 
these have been solved by the Aviation Division of the 
Dunlop Rubber Company, Limited, Holbrook-lane, 
Foleshill, Coventry, is explained below, with the aid 
of the illustrations, Figs. 1, 2 and 3, on this page. 

Fig. 1 is a horizontal section through one of the 
landing wheels showing the complete brake assembly, 
with which each wheel is fitted, on the right. The 
upper part of the assembly in Fig. 1 is drawn in section 
and is shown to a larger scale in Fig. 2. Fig. 3 is 
reproduced from a photograph of the complete brake 
removed from the wheel. The brake is described as 
of the plate type, but the plates are actually the 
opposite flat faces of two pairs of concentric copper 
tings faced with chromium. The rings, which are 
shown in section in Figs. 1 and 2, and are lettered 
a, b, c and d in the latter illustration, have teeth cut 
on their outer and inner edges, and these teeth fit into 
keyways formed in the rim and hub, respectively, of 
the wheel; the plates thus have slight freedom of 
movement in a direction parallel to the axle but are 
forced to rotate with the wheel; an inspection of 
Figs. 1 and 2 will make this clear. Friction pads bear 
on all four flat surfaces of the two rings, single-sided 
pads being used on the outer surfaces and double-sided 
pads bearing on the adjacent intermediate faces. 

To apply the brake, hydraulic or pneumatic pressure, 
usually the former, is admitted to each of two cylinders, 
which are mounted on a torque beam bolted to a 
flange on the axle, as shown in Fig. 1. An annular 
projection on the inner end of each cylinder fits into 
& corresponding recess in the face of the torque beam, 
and the piston rod es through a flanged tube, the 
flange of which fits into the opposite face of the beam. 
The piston rod is screwed into a nut in, a crosshead 
which bears on the outermost single-sided friction i 
It will be clear that, with the arrangements Goectibed, 
a pull on the piston rod will press the friction pads on 
to the rings between the piston crosshead and the 
flange on the tube through which the piston rod 

, and that a powerful braking effect will result 
from the friction between the pads and the rotating 
rings. The tendency for the torque beam to rotate 
when the brake is applied is, of course, resisted by the 








bolts which secure the beam to the flange on the axle. 
The holes for these bolts are obvious in Fig. 3. 

For the operation of the brakes, oil is supplied to 
the cylinders from both of the two independent hydrau- 
lic-pressure systems with which the aircraft is provided ; 
the separate pipe connections for this purpose can be 
seen in Figs. 1 and 3. Although pressure oil is normally 
supplied by both systems, arrangements have been 
made in the design of the cylinders so that the brakes 
can be applied by either system independently in the 
event of the failure of the other due, say, to a burst 
pipe. For this reason, each cylinder is provided with 
a main and auxiliary piston, the former only being 
connected directly to the piston rod, and the other 

TABLE I.—Brake Design Data. 





Plate Brake. 
Drum = eee 
— | Brake of | 
1943, | Normal | Emergency 
| Use Appli- 
} * | cation. 
Total kinetic energy ab- 
sorbed per brake applica- | 
tion, ft.-Ib. tie ..| 3-5 x 106| 14 x 106 | 22 x 106 
Kinetic energy absorbed per | 
sq. in, of rubbing surface, | | 
ft.-Ib. aie ~ od 7,600 15,000 23,500 
B.Th.U. dissipated— 
Per application. or 4,500 18,000 28,000 
Per sq. in. of rolling sur- | 
face ae ee wa 9-8 19-2 30 
Per second 5 i 320 1,000 1,250 
Braking torque, Ib.-in. 103,000 300,000 300,000 





being free to slide on a sleeve surrounding the rod. 
The two pressure systems are connected to the spaces 
e, f, respectively, in Fig. 2, and in normal circumstances 
the two pistons move together as one. They will also 
do so if the system connected to the space e should 
fail, since, owing to the presence of the auxiliary piston, 
the pressure oil from space f will not be able to escape 
through the pipe connection to space e. The move- 
ment of the piston, of course, will apply the brake in 
the normal manner. If, on the other hand, pressure 
is applied only to the space e, the auxiliary piston will 
either remain stationary or move to the end of its 
travel, thus preventing the escape of pressure through 
the connection to the space f, but the pressure on the 
back of the main piston will apply the brake normally. 
The brake is released after application by the taper 
coil spring shown in Fig. 2, and it will also be noticed 
in this illustration that the end of the piston rod which 
extends through the outer cylinder cover is squared, 
so that it can be rotated to take up any slack between 
the piston and the friction pads. The makers state 
that the temperature of the oil in the cylinders does not 
exceed 50 deg. C. under the most arduous operating 
conditions. The total weight of the brake is 130 Ib., 
of which 100 lb. is accounted for by the rings. The 
progress made in aircraft brakes is shown in the Table 
above, comparing the design data for the Dunlop 
expander-tube drum brake, which was in extensive use 
in 1943, with those for the modern plate brake. 





EXHIBITION OF WET-MILLING AND MIXING PLANT.— 
In a paragraph on page 587 of our 168th volume, in the 
issue of December 2, 1949, we referred to the above 
exhibition of plant made by Messrs. Vickers-Armstrongs 
Limited and associated companies. Messrs. Vickers- 
Armstrongs now inform us that the three-roll ink mill, 
designed by them is made at Barrow. They also handle 
the paint and ink-making machinery of the Keenok 
Company and Messrs. G. J. Worssam and Son, which is 
not marketed directly by those companies. 

















NOTES ON NEW BOOKS. 


Atlas of Defects in Castings. Revised and enlarged 
edition. The Institute of British Foundrymen, 
St. John-street Chambers, Deansgate, Manchester, 3. 
[Price 7s. 6d. to members ; 21s. to non-members.] 


Tue Technical Council of the Institute of British 
Foundrymen and its various sub-committees are 
responsible for a great deal of valuable research and 
development work connected with founding in all its 
branches, and much of this is submitted, in the form 
of reports, at meetings of the Institute. The Atlas, 
now re-issued in revised form, is published with the 
authority of the Technical Council and has been 
prepared by Sub-Committee T.S. 9, which was appointed 
in September, 1944. As Mr. A. E. Peace, the chairman 
of the Technical Council, states in his preface, defects 
in casting are liable to be given various names, often 
leading to misunderstanding, and considerable trouble 
and wasted effort can arise in the foundry when defects 
are not properly diagnosed. In consequence, the main 
object of the Atlas is to assist both ferrous and non- 
ferrous metal foundrymen to recognise and classify 
correctly faults and irregularities in castings. Well 
over 100 defects have been photographed and repro- 
duced, and, in all cases, a brief description of the defect 
is given, after which the cause is discussed and remedies 
are suggested. The defects dealt with include blow- 
holes, contraction cracks, shrinkage cracks, cold laps 
and shuts, inclusions, scabs, hot tears, gas holes, rough 
surface, pinholing, bleeding and shrinkage porosity. 
The scale adopted for reproduction is large enough to 
enable the defect to be seen clearly and the comments 
are always succinct and to the point. It is emphasised 
that the Ailas is not intended as a text-book on how to 
make good castings, but it does show what to avoid, 
and should help to improve foundry technique. 





Fuel Research. Technical Paper No. 55 of the Depart- 
ment of Scientific and Industrial Research. H.M. 
Stationery Office, York House, Kingsway, London, 
W.C.2. [Price 1s. net.] 


Ir is generally known that the waste of fuel incurred 
by a smoky boiler chimney is due far more to the 
escape of the combustible gases associated with black 
smoke than to the solid particles in the smoke itself. 
The obvious cure for both the smoke and the losses 
is to admit enough secondary air over the fire to com- 
plete the combustion of the gases before they leave 
the furnace. The firedoors of Lancashire boilers are 
provided with controllable slots for this purpose, but 
the smoke too frequently to be seen coming from 
factory chimneys shows how inadequate this arrange- 
ment may be. With a view to producing something 
more effective, a ‘“ smoke-eliminator ” furnace door, 
suitable for any ordinary hand-fired Lancashire boiler 
with natural draught, has been devised by the Fuel 
Research Station of the D.S.I.R. at Greenwich, and a 
discussion of its performance is the main theme of 
this 32-page brochure on “ The Effect of Certain Factors 
on the Efficiency of a Hand-Fired Natural-Draught 
Lancashire Boiler.” The new door is of hollow 
construction with a sort of box projecting inwards 
over the deadplate. Two nozzles, each 4} in. in dia- 
meter, are carried through the box, to give a continuous 
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supply of secondary air to the furnace. A supple- 
mentary supply enters the box through the lower part 
of the firedoor, and passes into the furnace through 
annular openings round the nozzles, as well as by a 
number of | holes through the inner face of the box. 
The supplementary air is shut off by the fireman, 
by raising a flap hinged to the front of the door, at some 
time after firing which is best determined by experi- 
ment. The door has been thoroughly tested on a 
hand-fired natural-draught Lancashire boiler with a 
superheater but no economiser. It was found to be 
capable of entirely preventing smoke from very smoky 
coals, and giving an average of 13 to 14 per cent. of CO, 
in the flue gases at all loads. The test efficiency of the 
plant was as high as 74-5 per cent. when operating at 
about 82 per cent. of the makers’ rating. The report 
contains particulars of 16 tests, four of them carried 
out with commercial t of door for comparison. 
In several of the tests the calorific value of the coal is 
stated to five significant figures, a pretence of accuracy 
that can only be justified by the facetious reasoning, 
attributed to Laplace, that the units figures should be 
retained because they may be correct even if all the 
others are wrong. Boiler owners who might wish to fit 
smoke-eliminating doors to their plant may be tanta- 
lised by the statement that they are now being manu- 
factured and sold commercially, for not the slightest 
information is vouchsafed as to where, or from whom, 
they may be obtained. Nor is the prospective user 
told enough about the design to enable him to have 
the doors made for himself; the only illustrations 
consist of a photograph showing a door in position, and 
a purely diagrammatic sketch indicating the air paths. 





Industrial Electricity. Volume Two.  Alternating- 
Current Practice. By Proresson WitiIam H. 
Timpre and the late Frank G. Wittson. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York, U.S.A. [Price 5-96 dols.] ; and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 36s. net.] 

Tue title of this book is misleading and does not give 

a proper idea of its contents. “ Industrial Electricity ” 

suggests a general account of electrical plant and its 

applications in industry, with descriptions of power- 
station lay-out and equipment,, electrical drives in 
factories, control arrangements and the whole com- 
plicated train of apparatus leading from the boiler 
house to the machine shop. The aim of this book is 
more modest. It consists of a series of chapters deal- 
ing, respectively, with such subjects as “‘ The Polyphase 

Induction Motor,” and “ Short Transmission and Dis- 

tributing Lines.” The justification for the title 

“‘ Industrial Electricity’ presumably is that in the 

treatment, for instance, of the transformer, the theore- 

tical considerations, which occupy by far the greater 
part of a chapter of more than 100 pages, are related 
to actual commercial transformers. The preface claims 
that “ each new concept is introduced by stating ‘ what 
happens’ and then explaining ‘why it happens ’,” 
but a better idea of the nature of the book would be 
given by saying that, throughout, it is concerned 
with the practical application of theoretical principles. 
After an introductory section on the fundamentals, 
there is a 70-page chapter on the use of vectors; 
the very thorough treatment of this subject, which 
is linked throughout with the performance of actual 
machines, will be of great value to the reader in 
studying the later chapters. The descriptive matter is 
clear and the 500 diagrams and illustrations of modern 
machines and apparatus are well produced. Problems 
which are set in the appropriate places throughout the 
volume, will be of value to the student in enabling him 
to check his understanding of the matter he has read. 
The solution of these problems requires “‘ a knowledge 
of simple algebra and arithmetic only.” The book is 
intended for American students, of whom it is stated 
that those “entering technical schools have had 
little mathematical instruction beyond algebra.” There 
are many in this country to whom this applies and this 
well thought-out treatise may be recommended to them. 





Machinery’s Five-Figure Log Book (Direct Reading). 
Including Logarithms of Trigonometrical Functions. 
Second enlarged edition. Machinery Publishing 
Company, Limited, National House, West-street, 
Brighton, 1. [Price 5s. 6d.] 

TueEseE tables of five-figure logarithms are intended for 
use in the engineering industry and in technical 
schools ; the second edition contains, in addition to 
the usual tables of direct-reading logarithms from 1 to 
99,999, 45 pages of tables of logarithms of sines, 
cosines, tangents, cotangents, secants and cosecants, 
at angular intervals of 1 minute. Good explanatory 
notes on the use of the tables are included. The 
ordinary tables of logarithms are well set out and easily 
read, The logarithms of the trigonometrical functions 
are, perhaps, rather crowded, but there is some com- 
pensation in the fact that they have been added to the 
original edition with no increase in the price. 





1-KW LOW-FREQUENCY MAGNETO- 
STRICTION GENERATOR. 


A LOW-FREQUENCY magneto-striction generator with 
an output of 1 kW, which has been produced by Mullard 
Electronic Products, Limited, Century House, Shaftes- 
bury-avenue, London, W.C.2, is intended as a solution 
of the problem of applying ultrasonics to industrial 
processes. It may be regarded as a development 
of the firm’s high-frequency quartz-crystal generator, 
which, although suitable for the treatment of extremely 
fine particles and bacteria, cannot be used commercially 
because its output is limited to 500 watts. 

The new low-frequency ultrasonic generator, the 
essential parts of which are shown in the accompanying 
illustration, consists of a mains unit comprising a 
driving oscillator, power amplifier and low-voltage 
direct-current supply, as well as the necessary monitor- 
ing and checking meters. The oscillator is mounted 
on racks to facilitate service and the controls are 
simplified so that it can be operated by semi-skilled 
labour. In addition, there is a transducer, which can 
be seen on the table on the left of the illustration, and a 
magneto-striction element. The transducer consists of a 
stack of nickel laminations, which are wound with a 
































common coil for both excitation and polarisation. Its 
insulation has been chosen so that it can be immersed 
in conducting liquids without risk of damage or 
shock. It is also designed so that it can be clamped 
to the side of the treatment bath or fitted in a pipe 
junction so that the liquid is treated as it flows over the 
actuating face. This face can, if desired, be curved 
for convenience. With simple cooling arrangements a 
loading of about 5 watts per square centimetre can 
normally be used, the necessary power being obtained 
from the transducer at a frequency of 15, 20 or 25 
kilocycles per second. 

The maximum change in dimensions and therefore the 
maximum conversion of electric to ultrasonic energy 
occurs when the magneto-striction element, which is 
excited from the transfucer, is operated at its natural 
frequency. A separate transducer is therefore pro- 
vided for each of the frequencies mentioned, but the 
change from one to the other can easily and rapidly be 
carried out. Since the velocity of sound in nickel 
varies with the temperature and the strength of the 
magnetic field—and this, in turn, effects the natural 
frequency of the transducer—some small adjustment 
of the generator frequency may be necessary. At 
present the equipment is made in three sizes with 
outputs of 1 kW, 500 watts and 250 watts, respectively, 
the nece power in each case being obtained from 
the 200 to 250 volt 50-cycle mains. 

In addition to the mixing of powdered and molten 


metals in alloy production, it is considered that the 
equipment might be used for speeding up the process of 
sclidification in molten tin and aluminium an‘! for 
tinning aluminium and other metals. It might also be 
employed for emulsifying liquids and for precipituting 
or dispersing particles in suspension, as well as for 
reducing the time required for clearing and washing 
cotton and rayon waste. 





CATALOGUES. 


Frequency Bridge.—Details of the Wien bridge for 
measuring audio frequencies are given in a leaflet received 
from Messrs. Muirhead and Company, Beckenham, 
Kent. 


Gear-Planing Machines.—Details of a range of five 
Sunderland gear-planing machines made by Messrs. J, 
Parkinson and Son (Shipley), Limited, Shipley, Yorkshire, 
are given in an illustrated brochure issued by the firm, 
The machines described are Nos. 5A, 5B, 5C, 16 and,19, 


Synthetic-Resin Adhesives.—The Technical Service 
Department of Aero Research Limited, Duxford, Cam- 
bridge, have published, in the December, 1949, issue of 
their monthly bulletin Aero Research Technical Notes, a 
useful glossary of terms connected with synthetic-resin 
adhesives for the woodworking industries. 


Marine Diesel Engines.—Full details of a number of 
marine Diesel engines for propulsion or auxiliary purposes 
are given in three booklets and one leaflet recently sent 
to us by Messrs. R. A. Lister (Marine Sales), Limited, 
Dursley, Gloucestershire. The booklets contain repro- 
ductions of drawings and tables of dimensions 


Paraffin and Diesel Marine Engines.—Full details of 
four Morris marine engines—three using paraffin and 
one Diesel fuel—are given in a 20-page illustrated booklet 
sent to us recently by the Nuffield Organisation, Cowley, 
Oxford. The catalogue also contains dimensioned draw- 
ings of intermediate shafts and stern gear suitable for 
use with the paraffin engines. 


Land-Clearing Equipment.—-A temporary publication, 
which describes their land-clearing equipment, has 
reached us from Messrs. Blaw Knox, Limited, Clifton 
House, Euston-road, London, N.W.1. The booklet, 
No. BK 117, deals with four items, namely, a “‘ treedozer” 
and stumper, a root cutter, a towed root rake and a front- 
mounted root rake. 

Electric-Lighting Equipment.—Messrs. Benjamin Elec- 
tric, Limited, Brantwood-road, Tottenham, London, N.17, 
have sent us an advance copy of their industrial lighting 
catalogue describing and illustrating electric lamp 
fittings and accessories. A brief reference is made to 
fluorescent-lamp equipment, though particulars of this 
are to be given in a separate catalogue. 


Flameproof Lighting Fittings.—The Belmos Company, 
Limited, Bellshill, Lanarkshire, have sent us an illus- 
trated leaflet describing one of their new flameproof 
lighting fittings for a 60-watt lamp; the unit weighs 
12 lb. and is made from silicon aluminium alloy, with a 
splinterproof Armourlite well glass, and detachable sealing 
boxes for armoured cable, or alternatively for conduit. 


Oil-Damped Bifilar Suspension Oscillograph.—A leaflet 
received from Messrs. Muirhead and Company, Limited, 
Beckenham, Kent, contains details of a Duddell-type 
oscillograph with an oil-damped bifilar suspension. 
This instrument has been designed to modulate the light 
beam in the Muirhead-Jarvis picture telegraph receiver, 
the maximum operating frequency of which is 1,000 cycles 
per second. 


Inductance Bridge.—The type A-181-A inductance 
bridge described in a leaflet issued by Messrs. Muirhead 
and Company, Limited, Beckenham, Kent, is capable 
of a very wide range of measurement using unity ratio 
throughout and a measuring standard of strictly limited 
range. It is stated to overcome the disadvantages of 
bridges with wide ratios, especially when these are 
used at the higher frequencies. 


Glass-Enamelled Equipment.—Messrs. Enamelled Metal 
Products Corporation (1933), Limited, Artillery House, 
Artillery-row, London, S.W.1, have sent us their 
illustrated catalogue (CH. 32) of standard Pfaudler 
glass-enamelled chemical-process reaction vessels and 
stills, condensers and receivers, and evaporating pans 
and storage vessels. Pfaudler glass-lined pipes and 
fittings and mixing and storage tanks are described in 
two separate leaflets. 


Electric-Hoist Control—We have received from 
Messrs. Dewhurst and Partners, Limited, Inverness 
Works, Hounslow, Middlesex, illustrated leaflets which 
give the general specifications of a lightweight pendant 
push-button control unit, and of a direct-on-line hoist- 
block controller incorporating an air-break reversing 
contactor suitable for the direct switchirg of 5-h.p. 
squirrel-cage induction motors on to 400-volt three-phase 
50-cycle supplies. The controller is in a pressed-steel 





case, arranged for an underslung or a back mounting. 
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1,070 BRAKE HORSE-POWER 
INDUSTRIAL GAS TURBINE. 


In our report of the Engineering and Marine 
Exhibition held at Olympia during August and 
September of last year, it was mentioned that Messrs. 
Ruston and Hornsby, Limited, Lincoln, were show- 
ing a nodel of the gas turbine they designed for base- 
Joad generation in the firm’s own power house. This 
set has since completed several hours successful 
running and Messrs. Ruston and Hornsby have now 
released more comprehensive particulars of its con- 
struction than have been available hitherto. The 
unit is claimed by the manufacturers to be the first 
British gas turbine, designed throughout as a prime 
mover, to be put on the market ; but, in view of the 
firm’s long association with the development of the 
Diesel engine, it is not surprising that they should 
be among the first to produce an industrial gas 
turbine. Actually, the first steps were taken early 


being run with the output, or power, turbine 
removed. This enabled information on the perform- 
ance of the compressor to be obtained with the 
minimum delay while, at the same time, experience 
was gained on the running of the plant. This was 
followed by further tests with the output turbine in 
place and power-output curves were obtained at 
from a quarter to full load by coupling the output 
shaft to a water dynamometer. 

The plant has now reached its final form, the 
alternator being installed as for permanent power- 
station use. It has been designed to drive a 750-kW 
machine, the maximum available output of the 
gas turbine being in the neighbourhood of 1,070 
brake horse-power. A photograph of the completed 
installation is reproduced in Fig. 1, on this page, 
from which it will be seen that the set has a particu- 
larly neat appearance and a low overall height. 
Two further views of the set with the sheet-steel 
covers removed from the turbine are given in Figs. 
'5 and 6, on Plate III, while Figs. 7 and 8, on the 





flat concrete floor. Alternatively, the heat exchanger 
may be omitted altogether, particularly if the plant 
is intended solely for emergency use. For ship 
propulsion, the heat exchanger can be disposed 
vertically with the upper part occupying the lower 
portion of the funnel. 4 

The turbine operates on the open cycle. The 
temperature of the air delivered by the compressor 
is, approximately, 380 deg. F., with an ambient 
temperature of 60 deg. F. After leaving the 
compressor, the temperature is raised to 788 deg. F. 
by the heat exchanger, while at the outlets from the 
combustion chambers the temperature reaches its 
maximum value of 1,346 deg. F. The temperature 
of the gases at the outlet from the turbine driving 
the compressor is reduced to 1,060 deg. F. and, from 
the power turbine, to 900 deg. F., the gases being 
finally exhausted to atmosphere at 530 deg. F. 

The construction of the machine is quite straight- 
forward, every effort having been made to avoid 





complications and simplify maintenance. As will 
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in 1945, when it was first realised that war time 
developments had paved the way for the develop- 
ment of an industrial unit. It was appreciated 
that the thermal efficiency could not be expected 
to exceed 25 per cent., but it was felt that, despite 
this handicap, the gas turbine would be suitable 
for power plants in which low fuel consumption is of 
secondary importance to lightness of construction, 
portability, and ease of maintenance ; and for the 
generation of power in areas where water is scarce 
or not available. 

After some preliminary schemes had been prepared 
during 1945, design work on the turbine commenced 
in May, 1946. Throughout development, emphasis 
was placed on achieving a compact design of 
Telatively light weight, suitable for both. portable 
duties and permanent power-station installation. 
Manufacturing facilities were built up as research 
work progressed, with the result that the greater 
part of the first machine was manufactured within 
the firm’s own organisation. Testing of the proto- 
type machine began in June, 1949, the gas generator, 
consisting of the compressor and its driving turbine, 





GenERaL View oF Gas TURBINE AND ALTERNATOR. 


same Plate, show the turbine assembly without 
the alternator in position. As previously indicated, 
the compressor and power turbines are mechanically 
separated ; this arrangement can be seen clearly in 
the drawing repreduced in Fig. 9, on Plate IV, 
which shows a longitudinal cross section through the 
compressor and its turbine, the power turbine, one 
of the combustion chambers and the air heater. 
It will be noted that the compressor and turbine 
machinery are arranged co-axially with the alter- 
nator, while the heat exchanger is situated below 
the turbine in a position corresponding to that 
of the condenser on a steam-turbine plant. Access 
to the tubes of the heat exchanger is obtained by 
removing the end cover remote from the exhaust 
and withdrawing them into a space provided for 
the purpose below the alternator; furthermore, 
the arrangement of the turbine, compressor and 
combustion chambers is such that.any one of these 
components can be examined without dismantling 
other parts of the unit. The heat exchanger can 
of course, be located beside the rotating components 
so that the complete plant may be installed on a 











be seen from Fig. 9, the compressor, which has a 
compression ratio of 4 to 1, is of the axial-flow type. 
It has 13 stages, the blades being secured to the 
rotor by the usual form of “ fire-tree ” root fixing, 
and to the stator by dovetail roots. The rotor 
is built up from a series of discs secured by a 
central through bolt and is arranged to run in 
plain white-metal bearings; these are supported 
concentrically with the compressor casing. A 
photograph of the rotor is reproduced in Fig. 10, on 
Plate V, where it is shown removed from its 
casing ; it can be seen also in Fig. 12, on the same 
plate. The lower half of the compressor casing is 
illustrated in Fig. 4, on page 86, where it is shown 
standing on end for convenience in photographing. 
A light drive is taken from the front end of the rotor 
shaft for operating the tachometer generator, and 
dogs are provided for the engagement of the starter 
motor. A spring-loaded overspeed bolt forms an 
integral part of the compressor rotor ; this operates 
by releasing the pressure in the servo-oil system of 
the turbine. 

The compressor turbine is also of built-up con- 
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Fie. 2. Compressor-Drivine TURBINE. 


struction, as this facilitates the machining of the 
serrated blade-root fixings and simplifies the cooling 
arrangements ; it is illustrated in Fig. 2, on this page. 
The turbine-stator blades are secured through 
dovetail roots similar to those used for the compres- 
sor, but the stator ring is of segmental construction 
so as to allow it to withstand rapid heating without 
distortion. Relatively thin material has been used 
for the turbine inlet ducting to permit the tempera- 
ture of the metal to adjust itself rapidly to the 
prevailing gas temperature without setting up severe 
thermal stresses. The turbine stator, however, is 
supported by the outer casing and, in order to prevent 
this casing from being subjected to large temperature 
changes, the ducting is surrounded by lagging, 
tkereby ensuring accurate control of the location 
of the stator blades relatively to those of the rotor. 
In general, the construction of the power turbine is 
similar to that of the compressor turbine. 

The compressor-turbine wheels are fitted to a 
tubular shaft which transmits the drive to the 
compressor through an involute-tooth type of 
coupling. The turbine-wheel assembly overhangs 
its bearing, which, like those for the compressor 
rotor, is of the plain white-metal type. The 
coupling is designed to give a limited amount of 
flexibility and is arranged to carry the axial load 
of the turbine. Usually, this is balanced by the 
thrust of the compressor rotor, but any unbalance 
is taken by a Michell thrust bearing which forms an 
integral part of the compressor-rotor shaft. Both 
the power turbine and alternator shafts are sup- 
ported by two bearings, but an intermediate, or 
“ steadying,” bearing is introduced in the reduction 
gearbox to supplement the location of the low- 
speed, or alternator, shaft. When an alternator 
is fitted, this steadying bearing is, virtually, inopera- 
tive, but it has been included to meet those applica- 
tions in which the output shaft is not located by 
the driven machinery. 

Both turbines are cooled by air bled from the 
compressor. For the power turbine and the faces 
of the low-pressure dise of the compressor turbine, 
the air is taken from the ninth stage of the stator 
blading, where it is collected in an annular passage 
cast round the compressor casing and is led to the 
Space between the discs of the compressor turbine 
through the hollow rotor shaft. The high-pressure 
disc of the compressor turbine is cooled by air bled 
from the compressor discharge. The air in this 
case, however, is passed through a small external 
cooler, in which lubricating oil is used as the cooling 
medium, before reaching the turbine. 

The compressor and its turbine rotate at 11,400 
r.p.m., and the power turbine at 6,000 r.p.m. The 
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Fie. 3. Epicyctio Repuctrion GEARING. 


latter speed is reduced to 1,500 r.p.m. at the alter- 
nator driving shaft, an epicyclic reduction gear 
being employed for this purpose ; this was manu- 
factured by the Self-Changing Gear Company, 
Limited, Coventry, to the specification of Messrs. 
Ruston and Hornsby. This type of gear is, of 
course, exceptionally small but strong, as the sun 
wheel meshes with the planet wheels at three points 
on its circumference ; furthermore, the driving and 
driven shafts are co-axial, an arrangement which 
gives a compact plant. A photograph of the gear 
with the side plate removed is reproduced in Fig. 3, 
on this page, from which it will be seen that it is of 
the double-helical type. The output shaft is sup- 
ported by a white-metal bearing designed to carry 
half the weight of the alternator rotor. This bearing 
is supplied with oil under pressure, and drilled oil- 
ways are incorporated in the shaft to lead the oil to 
the planet-pin bearings, and to the oil sprays which 
lubricate the gear teeth. Provision is made in the 
design of the gear assembly to ensure that an equal 
load is carried by each of the three planet gears and 
that the loads on the two helices of each planet gear 
are equalised. 

The governor, overspeed trip mechanism and the 
tachometer drive form an integral part of the 
gearbox casing. These components, however, are 
fitted to the rear cover of the casing in such a way 
that, during erection, they can be assembled and 
tested separately. The governor, which is of the 
centrifugal oil-relay type, has been designed to give 
three different grades of response, namely: stable 
governing over the full-load range at a constant 
speed, irrespective of load ; stable governing with a 
drooping speed characteristic when the load is 
increased ; and de-tuned governing suitable for 
use with an alternator supplying current at constant 
frequency to a grid system. 

The combustion chambers, of which there are two, 
were manufactured by Messrs. Joseph Lucas (Gas 
Turbine Equipment), Limited, Burnley, to the 
specification of Messrs. Ruston and Hornsby. The 
genera] design of the chambers will be clear from 
Fig. 9, on Plate IV, from which it will be seen that 
the flame tube consists of two cylindrical walls 
with suitable air-admission holes which form two 
divergent mixing sections. Combustion is initiated 
by a high-energy spark produced at the sparking 
plug shown in Fig. 9, the plug being located so 
that reliable ignition is obtained without having 
to retract the plug once combustion has commenced. 
So far, gas oil only has been used as the fuel, but 
combustion chambers suitable for use with heavy 
fuels are being developed. 

The heat exchanger is designed to hold nine iden- 
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Fie. 4. Lower Har or Compressor Casing. 


tical nests of tubes which operate in parallel; 
a photograph of two of the tube nests is reproduced 
in Fig. 11, on Plate V. The tube nests, which 
are referred to as tube “* bundles ” by the manufac- 
turers, are installed in three rows, each of which 
contains three nests arranged so as to provide 
passages at their ends for the admission of the 
exhaust gases which flow round the outside of the 
tubes. The air from the compressor is distributed 
and collected from the tube nests by headers at 
each end, parts of both headers being shown in 
section in Fig. 9. A piston-ring type of expansion 
joint is fitted at the entry to each tube nest, the 
incorporation of which causes a slight axial compres- 
sive load to be placed on the tubes. As a conse- 
quence, tension rods are provided at the high- 
temperature end of the heat exchanger to carry the 
resulting load on the header assembly. 

The turbine machinery is supported by a box- 
section frame which also acts as the oil reservoir 
for the plant. This arrangement simplifies the 
layout of the oil pipes as the return pipes from 
the bearings are led directly into the frame ; thus 
only short pipes are required. A conventional 
bedplate is used for the alternator which, for 
convenience in handling, is separate from the box- 
section turbine frame. The alternator bedplate 
is grouted to the concrete foundations. The 
turbine frame, however, is supported at its front 
end by a cross beam arranged to rest on rollem 
which allow for any differential expansion of the 
frame relative to its foundation; this arrange- 
ment can be seen in Fig. 9. The construction of the 
gas-generator unit is such that it is an inherently. 
rigid structure, the alignment of the bearings and 
casings being independent of the frame. The 
complete plant can be broken down into its constita- 
ent assemblies of gas generator complete with tur- 
bine, power turbine and reduction gearing, the 
combustion system, heat exchanger and the maii 
frame. This is a particularly valuable feature, a8 
none of these components is exceptionally heavy or 
bulky, thus making it possible to transport the 
complete plant by air in separate loads ; the number 
of loads, of course, depends on the aircraft. It. 
may be noted in this connection that the weight of 
the complete plant, as installed in a power station 
ready for service, is 21 tons 9 cwt. 

The gas generator is supported from the frame by 
a pedestal located between the turbine and the 
compressor and by a vertical swinging link situated 
at the compressor inlet, an arrangement which 
accommodates any differential expansion between 
the gas generator and the frame without stressing 
either part. Flexible metallic-bellows are installed 
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TECHNICAL DATA. 


General. 

Length overall, including 
alternator ’ men 

Length of compressor, 
turbine and reduction 
gearing ... ae ; 

Weight, including alter- 
nator and heat ex- 
changer 


Compressor. 
Number of stages 
Compression ratio 


Compressor Turbine. 
Number of stages 
Speed 
Power Turbine. 
Number of stages 
Speed = 
Performance. 
Maximum output, with 
heat exchanger ce 
Thermal efficiency, full 
load, with heat ex- 
changer aa = 
Maximum output, with- 
out heat exchanger _. 
Thermal efficiency, full 
load, without heat ex- 
changer a ioe 
Fuel consumption, full 
load A % 
Fuel consumption, 
load 
Fuel 


half 


“ENGINEERING” 


26 ft. 24 in. 
15 ft. 10 in. 


21 tons 9 cwt. 


13 
4tol 


9 

11,400 r.p.m. 
2 

6,000 r.p.m. 


1,070 b.h.p. 


24 per cent. 


1,250 b.h.p. 


174 per cent. 
0-59 lb. per b.h.p.-hour. 


0-77 lb. per b.h.p.-hour. 


Gas oil. 
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in the ducting between the compressor and heat 
exchanger, the heat exchanger and the combustion 
chambers, and the combustion chambers and the 
compressor turbine. The bellows are used in con- 
junction with pivoting joints which ensure freedom 
of relative movement in all directions ; some of the 
expansion joints can be seen in Fig. 9. Flexible 
bellows are provided also in the ducting between 
the compressor and power turbines, so as to allow 
for the axial expansion of this duct. The pressure 
load is taken by a pair of external tension bolts 
which ensure that the power-turbine stator and rotor 
blades are kept in the correct axial relationship. 
Low- pressure fle xible joints are installed at the 
gas inlet to the heat exchanger and in the ex- 
haust, while the heat exchanger is free to expand 
axially. 

The safety provisions cover overspeed of the 
compressor-turbine and power-turbine rotors and 
failure of the lubrication system. The control 
system is operated by a hydraulic-servo system 
supplied from the main lubricating-oil pump, the 
servo system being designed so that further safety 
devices, such as temperature-control and emergency- 
stop buttons, can be installed if required. The fuel- 
and lubricating-oil pumps are driven by a common 
electric motor which, as a further precaution, is 
supplied from the mains. 

As previously mentioned, the turbine has been 
calibrated on a dynamometer from a quarter load, of 
approximately 270 brake horse-power, to full load. 





The fuel consumption at half load was 0-77 Ib. per 
brake horse-power hour, and at full load, 0-59 lb. 
per brake horse-power hour, which is a creditable 
achievement. With a maximum gas temperature of 
1,340 deg. F., a compression-ratio of 4 to 1, and a 
heat-exchanger efficiency of 75 per cent., the full-load 
thermal efficiency of the plant at the output shaft is 
24 per cent., while at 40 per cent. load, the efficiency 
is 18} per cent. Without a heat exchanger, the 
efficiency falls to 174 per cent. at full load and to 11 
per cent. at 40 per cent. load. With the heat 
exchanger, the maximum rated output is 1,070 
brake horse-power and without the heat exchanger, 
1,250 brake horse-power at the output shaft. 

The foregoing description applies to the work done 
in one field only, namely, power generation. Con- 
siderable work is being done, however, in the 
development of marine-propulsion and rail-traction 
units, and since 1945, Messrs. Ruston and Hornsby 
have built up a comprehensive experimental 
department which includes a wind tunnel and a 
heat-exchanger test rig. The wind tunnel, which 
is used for carrying out cascade tests on the blading 
for compressors and turbines, is illu&trated in Figs. 14 
and 15, on this page, and the heat-exchanger test 
rig is illustrated in Fig. 13, on Plate V. Other 
test equipment includes a combustion-test rig on 
which work on the burning of low-grade liquid 
tuels is being carried out. Development work is 
also in progress on the burning of solid fuels, includ- 
ing peat. 
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The Design, Construction and Maintenance of Docks, 
Wharves and Piers. By F. M. Du-PuLat-Taylor, 
M.1.C.E. Third edition. Eyre and Spottiswoode, 
Publishers, Limited, 15, Bedford-street, Strand, Lon- 
don, W.C.2. [Price 105s. net.) 

Now and again, there appears a technical book 
which the range of subject matter and the manner 
of its treatment mark as one of authority : a volume 
to be kept as a consultative friend. Such a work is 
that on Docks, Wharves and Piers by Major F. M. 
Du-Plat-Taylor, now issued in a third edition. The 
opening chapter claims a niche for engineers in the 
classical past, by a brief historical record of a few 
of the ancient ports from the time of the Cretans to 
the Eighteenth Century. It is worth the score of 
pages allotted to it, as it provides an excellent datum 
to modern progress and change. The second chapter 
deals with the management and organisation of 
ports, detailing various forms of control from the 
economic angle. The author makes many brief and 
telling observations on the advantages and disadvan- 
tages of State ownership; comments which are 
politically impartial. Apparently, State ownership 
is to be preferred because of the great financial re- 
sources that it makes available, but there are dangers 
to commercial users in the indefinite delay inherent 
in Civil Service procedure. Home and foreign prac- 
tice in administration is examined with clarity. The 
chapter is informative and helps the reader to 
realise that ports are but the machinery of an 
economic vehicle of exchange. The following two 
chapters are devoted to an instructive survey of 
the modern requirements of port accommodation 
for vessels, showing that there is a continual demand 
by shipping interests for increased facilities, conse- 
quent upon transport economics and mechanical 
progress. Vessels are increasing in size and capital 
cost; a delay in port is a heavy liability, and, 
therefore, they must have every facility for rapid 
despatch. It follows that the layout of the docks, 
wharves, buildings and landing stages must be 
efficiently planned. The author examines the 
various forms for tidal and impounded dock accom- 
modation, noting that, in the past 50 years, the 
quayage per acre of impounded docks has decreased 
about 50 per cent., due to the increase in size of the 
average vessel. 

The five chapters which follow are concerned with 
dock and wharf walls. A large variety of types is 
considered—sheeting, gravity, monolithic, cellular, 
pontoon, caisson, arched, timber crib and com- 
posite. The matter forms a fifth of the book and the 
addition of new material has somewhat interrupted 
the continuity and cogency of the text. Cylinder 
and pile-supported wharves are included under the 
chapter heading of walls ; nevertheless, the examples 
given are usefully instructive. A few ambiguities 
appear: in line 11, on page 111, the word “ pre- 
ceding” may refer to Fig. 105 and not Fig: 107; 
and in line 13, from the bottom of page 112, the 
reader must guess at the meaning of “In the 
event ...” The unusual design of the footing of 
the Tilbury half-tide landing wall, Fig. 109, deserves 
more extensive comment than appears in the text, 
which merely states that “‘ part of the wall was 
carried on piles,” and gives no explanation of the 
projecting concrete toe, 20 ft. wide. The chosen 
examples of more recently constructed wharves are 
excellent, but the details are meagre. The New 
Quay at Tyne Dock, the last big undertaking of the 
late R. F. Hindmarsh, as engineer to the River 
Tyne Commissioners, was one of outstanding merit; 
and the screw-pile wharves at Beira and Calcutta, 
are worthy of more detailed comment for their 
efficiency on the poor ground at site. 

The introduction of examples of harbour walls in 
these chapters on dock walls is surprising as the 
problems are unlike; the one has to withstand 
forces of a dynamic nature, whereas the other is 
purely static. The inclusion of the Arromanches 
“Mulberry ” as an example of port engineering is 
unfortunate, in view of the fact that the design of 
the concrete unit was an expedient, under military 
necessity, for blockships, and had no resemblance, 
save in bulk, to a dock or harbour wall. It. is 
difficult to accept the author’s stavement that 
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“* With only slight alterations in design these caissons 
could be made suitable for permanent works . . .” 

The two chapters dealing with the calculations 
for the stability of dock walls should be helpful to 
designers and students: in the interest of clarity, 
however, there are several points that might have 
been revised. On page 134, weights of materials, 
etc., are given in pounds per cubic foot but. calcu- 
lated weights of wall sections are given in cwt., to the 
second decimal place. Why this needless complica- 
tion? Again C, on line 7, page 152, should read 
C = lb. persquare foot, not per cubic foot. Fig. 142, 
showing the relation between the lateral movement 
of a wall and the consequent pressure in the soil, 
requires more amplification than a mere repetition 
in the text of the legend of the illustration. The 
failure of the Kidderpur dock wall would be better 
understood by the reader if the author had men- 
tioned that the ground, ’ of a very treacherous 
nature,” was indurated silt, which liquefied readily 
when wetted. 

The long chapter on “‘Jetties and Landing 
Stages ” is informative and repays perusal ; but the 
reader will search fruitlessly for comments by the 
author upon the merits, or efficiency, of the various 
forms described. This is particularly noticeable in 
the brief section on ‘‘ Spring Fenders.” A practical 
full-scale test which the author carried out is 
described and illustrated by photographs, but no 
guiding data is given as to the deflections, impact 
blow, and velocity of approach of the vessel, matters 
which are of great importance. The illustrations 
of the Verdon Pier show the S.I.M.E.C. fenders to 
advantage, but the description is too brief to give a 
clear idea of the manner of their working. Each 
fender can take a blow of 125 tons throughout the 
travel, and vessels of 25,000 tons displacement have 
ridden comfortably alongside, though in waves of 
no less than 9ft. amplitude. The fenders are spaced 
at 100-ft. centres excepting at the end bays, where 
they are at 50-ft. centres. The text gives the latter 
figure as the uniform spacing. On landing stages 
the author is more expansive and gives the reader 
the benefit of a wide experience. 

There follow three long chapters on dry docks and 
their equipment. The subject is fully discussed 
and contains many useful hints on dock design and 
construction. Examples of some modern construc- 
tions are given but, though the Sturrock and the 
Captain Cook dry docks are mentioned, little 
information about them is vouchsafed. Several 
floating docks are described, including reinforced- 
concrete war-time constructions. Lock gates have 
received a good deal of attention, but caissons for 
dock closure, which the modern tendency for large 
dry docks has brought into favour, have received 
only scant notice. The succeeding nine chapters, 
of which four are on dock and wharf buildings, 
fitting, and equipment ; one on dredging ; and the 
remaining four on construction and maintenance, 
are among the most thorough of the book. They 
represent about two-fifths of the text and cover all 
phases of quayside activities, giving the author 
ample scope to expound helpfully those conclusions 
to which a wide experience leads him. In Fig. 364, 
it may be noted it is the maximum rake of the crane 
jib that measures 65 ft., not the minimum. The 
author’s aim, as e in his original preface, 
of producing a book “useful to Engineer and 
Manager ” is well fulfilled ; yet, though the volume 
is weighty, the modern examples, so briefly noticed, 
would have to be given in greater detail to attain 
that up-to-date character suggested by Sir William 
Halcrow in the introduction. 





Practical Spectroscopy. By C. CANDLER. Hilger and 
Watts, Limited (Hilger Division), 98, St. Pancras-way, 
Camden-road, London, N.W.1. [Price 21s. net.] 

In addition to manufacturing a variety of precision 

optical equipment of acknowledged excellence, 

Messrs. Hilger and Watts publish a series of texts 

dealing with the optical principles involved, with 

particular reference to their scientific and industrial 
applications. The present addition to this series, 
designed primarily for university and technical- 
college students, provides a practical handbook 
covering most aspects of spectroscopy. All the 
experiments described can be carried out with the 
Hilger-Barfit wavelength spectrometer and most 





of them have, in fact, been performed by the author. 
To observe a spectrum, four pieces of apparatus are 
required, namely, a source, a collimator, a dispersive 
medium and a detector, the character of each depend- 
ing on, and varying with, the range of wavelengths 
to be covered. Work is easiest in the visible region, 
where a suitable discharge tube is the most conveni- 
ent source. After describing the construction of 
the wavelength spectrometer and the adjustment 
of its components, details concerning the photo- 
graphing of the spectra are given. Various methods 
of wavelength calibration are explained, among them 
the use of the Edser-Butler plates. The attention 
directed to the improvement in resolution when 
coherent illumination is employed is welcome, 
as this is not generally appreciated. The success 
of qualitative spectrochemical analysis largely 
depends on find‘ng a satisfactory means of exciting 
the spectrum. The three common sources are the 
arc, the spark and the flame, the advantages and 
disadvantages of which are discussed in turn. The 
use of the Hartmann diaphragm to record spectra in 
juxtaposition on the same plate is indicated, and 
suitable devices for examining the resulting spectra 
are described. 

The more exacting demands of quantitative 
spectrochemical analysis are next considered. The 
importance of the method for estimating minute 


| traces of elements in alloys and biological specimens 


when only a small sample of material is available 
is pointed out while useful hints on the technique 
of using the microphotometer are included. Spectro- 
photometric measurements based on the Hilger- 
Nutting photometer in association with the wave- 
length spectrometer, using both the visual and 
photographic techniques, form the subject of 
Chapter [V. Experimental work includes tests of 
Lambert’s and Beer’s laws, determination of the 
blood volume of a patient by observations of the 
absorption of the blood before and after the intro- 
duction of a dye, estimation of metallic ions and 
measurement of acidity. Medifications of the 
standard equipment for work in the infra-red are 
described, though a fuller account of the Wadsworth 
mounting of prism and mirror would have been 
helpful. Attention is drawn to the fact that, even 
in the near infra-red, lack of energy practically 
restricts measurements to absorption spectra. 
Useful details concerning the adjustment of the 
apparatus, thermopile construction, anti-vibration 
galvanometer mounting, and the effect of slit width 
are provided, together with a representative selec- 
tion of experiments. Two short chapters on 
Raman spectra and the ultra violet monochromator 
are followed by a brief outline of the structure of 
line spectra. The concluding chapter, on interfero- 
meters, contains much helpful information on the 
use of the Fabry-Perot Etalon, the Lummer plate 
and the Echelon grating. 

The large number of figures, tables and graphs 
are a distinctive feature of the text. The plates 
illustrating spectra are well chosen and admirably 
reproduced, while the references at the ends of the 
chapters have been carefully and critically selected, 
though in no case are the initials of authors 
included in the reference; a point on which, 
perhaps, we are a little touchy. The only mis- 
print noted was ‘“‘ban” for “bar” on page 171. 
This is essentially a practical manual, abounding in 
hints that the beginner in spectroscopy would be 
well advised to heed, whether or not he is using 
Hilger instruments and, though experience will 
probably have taught the more mature worker such 
lessons as that “if accurate results are to be 
obtained the observer must be comfortably seated 
and the room must be well ventilated,” there are 
almost certain to be other recommendations for 
which he will have reason to thank Mr. Candler. 





CROMPTONIAN ASSOCIATION.—The annual dinner of 
the Cromptonian Association will be held on June 9, at 
the Abercorn Rooms, Bishopsgate, London, E.C.2. 
Details will be sent to members at a later date. The 
honorary secretary of the Association, Mr. H. H. Spencer, 
M.1.E.E., states that he would be pleased to hear from 
Old Cromptonians who are not members of the Associa- 
tion and particularly from those resident overseas. These 
are asked to write to him at Crompton House, Aldwych, 
London, W.C.2. 
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IV.—AGRICULTURAL MACHINERY. 


THE year 1949 was a turning point for the agri- 
cultural machinery industry. In 1947 and 1948, 
the picture was one of steadily expanding production 
as supplies of iron and steel improved. The Ministry 
of Agriculture, by the Farm Machinery Control of 
Manufacture and Supply Order, 1946, fixed the 
prices and directed the output and distribution of 
farm machinery. In 1949, supply overtook demand 
for most types of machinery. The only types now 
in short supply are the larger sizes of combine 
harvesters, heavy crawler tractors and pick-up 
balers, and the Order was revoked on June 1, 1949. 
In December, 1948, the Government estimated that 
farms would require machinery at the rate of 
501. millions a year. This has since proved to be 
substantially greater than the actual demand. In 
the first half of 1949, production for the home 
market was at the annual rate of 40-4/. millions, 
compared with 42-2/. millions in the corresponding 
period in 1948, as shown in Table I, opposite, 
which is taken from the Monthly Digest of Statistics. 
Imports in 1949 were at an annual rate of 3-3], 
millions, compared with 4-3. millions in 1948. 
The value of deliveries to British farms in 1949 is 
unlikely, therefore, to have exceeded 441. millions, 
as compared with 46-71. millions in 1948. 

The export demand has been no better maintained. 
Exports of agricultural machinery were valued at 
23-51. millions in the first eleven months of 1949, 
compared with 26-3l. millions in the corresponding 
pericd in 1948. The fall in both the total value of 
home and export deliveries is largely conditioned, 
however, by a substantial fall in the demand for 
tractors in 1949; deliveries of agricultural imple- 
ments have been better maintained. The expansion 
in outputs of implements, since the war, was much 
more modest than that of tractors, though increased 
sales of tractors with hydraulically controlled draw- 
bars have created a new demand for complementary 
implements. It would appear, therefore, that the 
demand for implements has been mainly for replace- 
ments. 

The magnitude of the fall in demand for tractors 
may be seen from Table II, opposite, taken from 
the Monthly Digest of Statistists. The monthly 
output in September, 1949, totalled 6,500, compared 
with 11,5€0 in October, 1948, and 12,400 in Novem- 
ber, 1948, the peak post-war month. The fall in 
production for the home market did not fall off 
so much as production for export, but, nevertheless, 
it fell substantially, averaging 3,200 a month in the 
first nine months of 1949, as compared with 3,700 
a month in 1948. The Organisation for European 
Economic Co-operation (O.E.E.C.) considered that 
the number of tractors on British farms would 
expand by 25,000 or 50,000 above the 250,000 
in use in 1948. The production of crawlers in 
1949 was expected to total 3,500 ; exports for the 
year numbered 1,400, probably at least 40 per cent. 
of productior, and it is unlikely, therefore, that the 
demand for crawlers will be satisfied for some time. 
The demand for ordinary agricultural types, how- 
ever, has levelled off sooner than was expected. 
The demand is now mainly for replacement, and is 
expected to be fairly stable at 40,000 per annum 
until 1952. The demand in 1949 appears to have 
been less than this, but the replacement demand 
may be expected to increase in future years. 

Even more serious than the fall in home demand, 
however, was the rapidly declining rate of tractor 
exports. The export figures for agricultural tractors, 
as given in the Trade and Navigation Returns, do 
not show a catastrophic decline ; in the first eleven 
months of 1949, 59,000 tractors were exported, as 
compared with 62,249 in the first eleven months of 
1948, shown in Tables III, on page 89, and IV, on 
page 90. This, however, understates the seriousness 
of the position. The “ production for export” 
figures, shown in Table II, are a better guide to 
the flow of export orders. In 1948, production for 
export totalled 73,200 ; in the first nine months of 
1949, it was at an annual rate of 51,600, and, apart 
from a slight recovery in August and September, 
the trend was downward throughout the year. The 
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production of agricultural tractors in the year 
ending June, 1950, is scheduled to rise 10 per cent. 
above the level of 118,000 achieved in 1948-49 
(100 per cent. in sizes over 40 h.p.). Assuming that 
the home market would take 40,000; this means 
that 76,000 tractors would have to be exported. 
Exports in 1949 were 8,000 below this level, and 
are not likely to be any higher in 1950. In 1948, 
tractor manufacturers were planning to increase 
capacity to 200,000 per annum, which would imply 
exports of the order of 160,000 per annum. Trade 
in 1949 was certainly hampered by currency diffi- 
culties and import restrictions, but these have 
generally meant that overseas countries are not 
buying tractors because they cannot afford them. 
These countries’ national resources are unlikely to 
increase greatly over the next few years; on the 
contrary, current trends suggest that the supply of 
certain important crops, such as wheat and market- 
garden produce, is equalling the demand and sur- 
pluses have already appeared, bringing in their train 
restrictions of output and reduced farm incomes. 
Much progress towards increasing the usefulness 
of tractors has been made in recent years, but 
the prices are still very high. The ambitious 





the other hand, appear to have increased their 
output. Messrs. David Brown (Tractors), Limited, 
who produced 5,520 tractors in 1948, were pro- 
ducing at an annual rate of 6,200 tractors in the 
first eight months of 1949. Marshall, Sons and 
Company, Limited, who produced 2,000 in 1948, 
are likely to have bettered this total by a small 
amount in 1949. The output of other tractors, 
such as the Massey-Harris ard the Nuffield, which 
was on a minor scale in 1948 or hed not been 
started, probably reached a total of 9,000 in 1949, 
as compared with 2,500 in 1948. The Nuffield 
output is said to be increasing by 10 to 20 per cent. 
a week, and was estimated to be about 200 a week 
in January, 1950. 

The reduced demand was thus confined to the 
lighter types of tractor in 1949, but it is by no 
means certain that the increase in production of 
the heavier types in 1950 can be as great as the 
official forecast. Marshall, Sons and Company 
reported in July some contraction of trade in over- 
seas markets. Several new types of medium and 
heavy tractors, however, have lately gone into 
production. International Harvesters, Limited, 








mass-production techniques, do not make large 
quantities of one machine. Many of them preduce 
four or five different models, some in smaller 
volume than the single-mcdel output of the larger 
British manufacturers. No advantages will accrue 
from specialisation, however, unless an accurate 
assessment of market requirements is made. The 
error of British tractor manufacturers was not that 
of specialising, but of over-estimating the demand 
for the lighter type of wheeled tractor. 

The reduction in the overseas demand in 1949 
has not been uniform, as will be seen in Table IV. 
Exports to Commonwealth countries increased 
compared with 1948—in the case of Australia, 
substantially. Elsewhere, apart from slight increases 
to Denmark and Norway, exports declined signi- 
ficantly. Exports to France deelined from 6,652 
in the first eleven months of 1948 to 3,195 in the 
first eleven months of 1949. France, up to July, 
1949, was short of sterling as well as dollars and 
French importers were unable to obtain licences. 
Moreover, Fiance is steadily expanding home pro- 
duction cf tractors, so that there is little prospect 
of any large increase of exports to France in 1950. 





produced their first Farmall M. tractor in Septem- 


The peak demand in the Netherlands market, as 
































TABLE I.—UNITED KINGDOM: PRODUCTION OF AGRICULTURAL MACHINERY. 
Mad | 5 Mouldboard Ploughs. | | 
Agri- | Market. | | pise | Corn Potato | Thrashing | Combine | Milking For 
| ,gultural | garden | ractor- | Horse- | Harrows. | Drills. | Mowers. | spinners. | Machines. | Harvesters. | Machines. | Tt | Export.t 
Year. ; Saees, | See | drawn. drawn. | | 
’ u u i 
| Numbers. £ million. 

7 1 , x 
1937 | ano | 461 6,054 | 14,695 1,323 | 398 4,436 1,767 518 oe ani 
1938 | 10,029 | 650 | 5,156 7/424 1260 | 352 4,641 1496 436 ~ ne et se 
1946 | 28,796 18,250 18,305 81,642 11,966 3,254 9,338 5,757 1,197 125 6,014 26-3 6-1 
1947 | 57.978 | 27:508 | 41/116 | 30,932 11/877 2'557 10,936 5,030 1/379 361 7/813 42-7 9-0 
1948 | 117/038 | 33,654 | 66,156 | 20,793 18,663 3,108 | 16,901 8,344 1,226 828 10,869 69-2 28-2 
1947, 2nd Quarter..| 13,170 | 6,683 | 8,115 | 10,369 2,208 408 | = 8,876 468 329 133 1,862 10-3 1-5 

$r ou 14,311 | 7,161 | 10,757 8,559 2,671 617 j 3,067 1,951 373 80 2,045 10-6 2-3 

ath 3) ::| 22180 | 8,775 | 17,008 5,379 "423 792 | (21495 2°159 373 75 2'444 15-1 3-8 
1948, Ist Quarter ..| 25,242 | 9,547 | 17,774 | 1,684 5,437 | 807 | 2,808 717 348 55 2,118 16-1 5-5 

2nd, = ..| 27346 91877 | 13,650 | 5,548 3,304 459 5.672 1,737 272 257 2°607 16-6 6-0 

Sra, || 29,040 7,907 | 14,730 2'607 4,635 678 | 2'900 3,552 349 » 518 3,081 17-5 7-6 

4th =}; .:| 34,510 | 6,238 |» 10,954 5,287 1074 | 5,521 2/338 257 3 3,063 19-0 9-0 
1949, Ist Quarter ..| 30,400 | 6,000 | 16,768 5,479 | 4,539 1,044 | 10,630 | 469 196 122 3,080 18-1 8-2 

2nd, = ..| «21,084 | 844s | 10,175 5403 | 1601 | 509 | sol | 1148 175 845 4,183 15- 5-3 

| 























* Including combined seed and fertiliser drills. 
TABLE II.—United Kingdom: Production of 
Agricultural Tractors.* 

| Total. | Export. 




















Total 
a Value.t 
Thousands. (£000.) 

1946 ea -_ | 2-4 | 0-9 _ 
1947 in os 4°8 1-5 1,449 
1948 ie 9-8 | 6-1 2,704 
1948—October 11-5 7:7 3,047 
November 12-4 8-6 2,893 
December 10-6 7-6 2,993 
1949—January 1-3 | 82 3,044 
February | 9-3 6-1 2,791 
March. . 9-8 | 5-6 3,261 
April 7-5 4-4 2,401 
May 7-0 3-4 2,183 
June 6-6 | 2-9 2,081 
July 5-0 | 2-7 1,799 
August 5-7 | s | 2 
September 65 | 4:3 2,396 





* Excluding market-garden types. 

t Value figures relate to deliveries and include parts and 
accessories. 
expansion schemes of tractor manufacturers are 
unlikely to succeed, therefore, until expand'ng 
output is paralleled by declining prices—as, of 
course, it should be. National wealth is not likely 
to increase greatly in the tractor markets over the 
next five years or so, and, while there is undoubtedly 
a high potential demand for tractors, there is little 
prospect of much of this becoming effective. 

The fall in the demand for tractors in 1949 was 
felt most acutely by the Ford Motor Company and 
the Standard Motor Company The output of 
Fordson tractors at Dagenham, which reached 
nearly 51,000 in 1948, was at an annual rate of 
33,000 in the first eight months of 1949. The 
cutput of Ferguson tractors at the Banner-lane 
lactory of the Standard Motor Company, estimated 
to have totalled about 53,000 in 1948, was at an 
annual rate of 28,000 in 1949. These two companies 
accounted for about 91 per cent. of the British 
cutput in 1949. Other tractor manufacturers, on 


+ Including value of items not shown separately in preceding columns, and also parts and accessories. 


TABLE III.—United Kingdom: Exports of Agricultural 






































Machinery. 

-- | 1938. 1947. | 1948. | 1949.* 
Tons. Tons. Tons. Tons. 

Types other than tractors ; 
loughs a .-| 8,676 8,693 | 10,956 | 13,868 
Hay and grass mowers 450 904 1,218 2,318 
Reapers and binders .. 455 945 646 366 
Threshers Se 559 2,358 1,319 803 
Other 3,444 | 14,635 | 21,794 | 19,164 
Total 8,584 | 27,535 | 35,933 | 36,519 
Tractors .. 10,013 | 30,219 | 105,612 | 94,349 
Grand Total 18,597 57,754 | 141,545 | 130,868 

Value (£1,000). 

— other than tractors : 
loughs ge si 207 977 1,521 1,745 
Hay and grass mowers 34 129 259 554 
Reapers and bind: 29 145 111 76 
Threshers & 49 370 234 140 
Other . 347 2,174 3,581 3,291 
Total 666 3,795 5,706 5,806 
Tractors .. 622 5,169 | 20,583 | 17,717 
Grand Total 1,288 8,964 | 26,289 | 23,523 














* January to November. 


ber, 1949. The Turner Manufacturing Company of 
Wolverhampton exhibited their 40-h.p. all-purpose 
Diesel tractor at the Royal Agricultural Show, and 
Massey-Harris should be turning out their 42-h.p. 
tractor at the rate of 400 a month in 1950. 

The success of Messrs. David Brown (Tractors), 
Limited, in keeping up output raises the question 
whether the production programmes of the two 
largest manufacturers are too rigid. In a letter to 
The Economist of March 12, 1949, Mr. F. B. Marsh; 
a director of Messrs. David Brown, suggested that 
the emphasis should be on preducing a range of 
tractors to meet market requirements; volume 
preduction of a single standard mcdel, he argued, 
cannot hope to meet the wide variety of market 
requirements. American manufacturers, despite 





in other western European markets, now appears 
to have been passed. Before the war, the Nether- 
lands imported, on an average, 400 tractors per 
annum ; in 1946, 1947 and 1948, the imports were 
1,740, 2,020 and 6,500, respectively. Official Dutch 
agricultural sources estimate the average annual 
tractor requirements of the Netherlands at 3,000 
over the next few years. The fall of British exports 
from 1,830, in the first eleven months of 1948, to 
724 in the first eleven months of 1949, is thus in 
step with the course of Dutch demand. The fall 
in exports to Sweden, too, is in line with the general 
trend of demand, and it is probable that exports to 
Denmark and Norway will also fall off in 1950. 
Under a trade agreement, Argentina contracted 
to buy 6,750 tractors in the United Kingdom in 
1949. The Argentine Bank in London, however, 
did not releare the necessary sterling, and, in fact, 
Britain exported only 294 tractors to Argentina in 
the first eleven months of 1949, as compared with 
2,307 in the first eleven months of 1948. The trade 
agreement with Argentina visualises that that coun- 
try will take 20,000 tractors from Britain in 1950 
and a further 20,000 in 1951. Past experience 
suggests, however, that it would be extremely 
optimistic to expect these orders to materialise. 
The fallin exports to the United States was, perhaps, 
inevitable. The success achieved in 1948, when 
12,184 tractors were exported to that country, was 
largely due to the temporary arrangements made by 
Harry Ferguson, Limited, with their United States 
counterpart, Harry Ferguson, Incorporated, of 
Detroit, whereby Ferguson tractors were to be 
exported from Britain until the new factory at 
Detroit went into prceduction. Even when this 
factory went into production at the rate of 500 a 
day, it was thought that it would still be necessary 
for the American company to place orders with the 
British company to the value of 15 million dollars 
per.annum for several years. The American factory 
was not expected to reach full capacity until the 
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middle of 1949, but it appears that British orders 
have already been substantially cut. The British 
export of tractors to the United States in the first 
eleven months of 1949 were valued at only 1-5l. 
millions, as compared with 3-1l/. millions in the 
corresponding period of 1948. 

The increase in exports to Canada is encouraging, 
but the British. share of this market is still com- 
paratively small. Tractor sales in Canada totalled 
44,000 in 1948 and may have been somewhat 
higher in 1949. Tractor exports from the United 
Kingdom in the first eleven months of 1949 totalled 
1,168. The Ford Motor Company started their 
assault on the Canadian market in September, when 
they shipped their first consignment of tractors. 
The first order is expected to earn 500,000 Canadian 
dollars and may be a forerunner of many more. 
The report of the British Agricultural Mission to 
Canada, published in November, 1949, pointed out 
that less than 1 per cent. of Canadian imports of 
agricultural machinery, valued at 35/. millions, came 
from the United Kingdom. The Mission, visiting 
Canada prior to devaluation, reported that many 
Canadian distributors and dealers objected to 
handling British machines because the prices were 
too high. British sales methecds were thought to 
be inferior and it was -generally feared that the 
British might not stay in the market, so that spare 
parts would not remain available. Since Canadian 
distributors do not tie up capital in spare parts to 
the extent necessary to cover all requirements, the 
Agricultural Mission recommended that a United 
Kingdom spare-parts organisation should be set up 
in Canada, to carry stocks for British firms. The 
organisation would work on a non-profit basis, cover- 
ing its costs by selling spares at a higher price 


than parts supplied by United Kingdom firms | Be 


directly to their distributors. Mr. Harold Wilson, 
President of the Board of Trade, commented, in a 
foreword to the Report, that devaluation had 
provided British exporters with a golden oppor- 
tunity to break into the Canadian market. This 
may be so, but it will require much hard work to 
expand sales and secure a permanent foothold. 
Only a few types of British machinery, moreover, 
such as tractors, tillage and haymaking equipment, 
are likely to sell on the Canadian market. British 
manufacturers are unlikely to be able to compete 
with the Americans in selling combine harvesters, 
or the equipment used for prairie cultivation. 

The markets which offer the soundest prospects 
for British tractor manufacturers are, perhaps, 
Australia and New Zealand, both of which are 
undertaking large agricultural expansion pro- 
grammes. Local manufacture in Australia, however, 
is bound to mean a considerable falling off in 
imports from Britain in the next two or three years. 
The International Harvester Company will probably 
be producing tractors in Australia at the rate of 
8,500 units by 1950-51, and other companies are 
planning to start production. To meet this threat, 
Ferguson tractors are shortly to be built and 
assembled in a Melbourne factory. The Indian 
market may also be capable of expansion, but 
India’s balance of payments situation is far from 
satisfactory, and, in any case, India is planning to 
manufacture tractors on a fairly large scale. 
Pashabai Patel and Company, of Bombay, an 
affiliated company of the Allis Chalmers Manufac- 
turing Company of the United States, have already 
produced a prototype and are to go into production 
in 1950. Marshall, Sons and Company, of Calcutta, 
are also considering the production of tractors. 
British East Africa certainly offers opportunities 
to British tractor manufacturers. The Overseas 
Food Corporation spent 1-8 million dollars on heavy 
tractors and equipment for land clearance in the 
period March 1, 1949, to November 9, 1949, and 
2 million dollars on agricultural tractors and equip- 
ment in connection with the East African ground- 
nuts scheme. The amount of capital equipment 
required by this scheme in future will be much less, 
presumably, than in the past two years, but British 
manufacturers should be in a position to supply 
those types of tractor and equipment formerly 
acquired from the United States. Messrs. Harry 
Ferguson announced in: November that the opening 
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Ferguson tractors by 35 per cent., and that their 
output was again approaching a thousand a week ; 
these, however, are limited markets, and it is 
doubtful if this recovery is more than temporary. 
While tractor manufacturers are faced with a 
declining demand in almost all countries except 
the British Commonwealth, competition from 
foreign manufacturers has been growing keener. 
The production of wheeled tractors in the United 
States reached 550,000 in 1948 and in 1949 it was 
at least up to this level. The total farm income in 
the United States is expected to have dropped 
15 per cent. in 1949 from the 1948 total of 30,000 
million dollars, and it is expected that machinery 
sales to the domestic market will register an equal 
fall during 1950. The Allis Chalmers Manufacturing 
Company estimate, however, that the replacement 
demand alone in the United States will be 350,000 
a year. The total demand for tractors may not be 
88 low as this in 1950, but it will probably not be 
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are certain exceptions, such as combine harvesicrs, 
which are still scarce and are being imported, 
More combine harvesters were produced in the 
second quarter of 1949 than in the whole of 1948, 
and manufacturers are booked up for a long time 
ahead. The output of mowers increased sub. 
stantially in 1949, exports being double those in 1')48, 
The output of balers also increased in 1949, hut 
there are signs that the market for ordi: ary 
types is now saturated and while, until recenily, 
there has been a shortage of pick-up balers, the 
supply may now be adequate. For tillage equip. 
ment and most types of barn machinery, the 
demand appears to have fallen to little above 
replacement level. 

Where both home and export markets are becomn- 
ing highly competitive, it is more than ever necessiry 
to reduce costs. The Lemon Report, quoted in the 
first article of this series, cites the agricultural enyin- 





eering industry as one in which there is very little 


TABLE IV.—Unrrep KinepoM: EXPORTS OF AGRICULTURAL TRACTORS, BY COUNTRY OF DESTINATION. 
(January to November.) 





























1947, | 1948, 1949. 
No. | £1,000. | No. £1,000, No. £1,000. 
Union of South Africa... 780 204 3,568 1,043 4,589 1,376 
Southern Rhodesia =|), 165 47 954 273 852 
British East Africa.) 347 91 791 250 867 302 
ity hse gma 219 836 209 954 401 
Australia Wc fy ae 1,907 427 6,574 1,726 16,461 4,908 
New Zealand =<. |)! 454 97 8,561 1,022 4,263 1,249 
os a a 90 10 785 206 1,168 309 
Other British Countries oe 396 108 750 226 731 266 
Irish Republic ..  .. 1,856 508 1,424 420 744 215 
Finland .. |. 432 104 2,06 613 1,979 610 
ae ee ET 1,129 295 5,708 1,518 3,943 1,192 
Eas te he 625 170 1,165 337 1,195 338 
Denmark oh, ances 729 177 3,487 977 3,646 1,010 
Netherlands ©. 1)! 992 225 1,830 506 724 243 
a ell RRs 698 195 590 160 523 165 
Meowe’* 4. fap 138 43 6,052 1,659 3,195 
eM 50 ea. ake 307 7 1,148 340 516 148 
Greece... ee “e +. 70 9 1 76 403 355 
United States ©. 1)! 3 1 12,184 3,119 6,605 1,478 
Mexico .. ee $e ee O4 22 4 149 101 32 
RR oe 158 36 1,259 831 658 217 
PPC is 594 201 2/307 737 204 100 
Other Foreign Countries 2,452 580 4,614 1,391 4,563 1,431 
Oe Se. 7 14,635 | 3,671 | 62,240 17,378 58,974 17,717 











TABLE V.—UNITED KINGDOM: EXPORTS OF AGRICULTURAL MACHINERY OTHER THAN TRACTORS 
BY COUNTRY OF DESTINATION. 


(January to November.) 


























| 1947. 1948. 1949. - 
Tons £1,000. Tons £1,000. Tons. £1,000. 
Union of South Africa .. 1,959 | 277 | 3,056 492 3,644 | 518 
British East Afri 1,318 114 1,452 208 2,342 355 
India_w. oe on es 1,110 168 1,235 174 2,009 257 
Australia i « fe 178 71 1,215 299 2,186 408 
New Zealand... ai | 397 1,470 239 2,190 359 
Other British Countries 1,351 242 1,811 374 3,115 540 
Irish Republic .. an 4,209 4,322 683 3,283 487 
Sweden .. a a 283 69 1,017 203 1,004 199 
1,534 216 1,940 271 983 168 
Netherlands 2,549 342 2,439 317 2,103 260 
France .. as } 490 67 3,057 474 2,175 342 
Argentine Republic... | 1,718 176 2,231 263 1,674 243 
Other Foreign Countries 8,218 1,062 7,903 1,226 9,811 1,580 
Total | 25,314 3,475 | 33,148 5,218 36,519 5,806 








more than 450,000, which would leave manufac- 
turers with an export potential of 100,000—nearly 
twice the British exports in 1949. The dollar 
shortage and devaluation are formidable obstacles 
in the way of Unived States manufacturers, but, 
since they have a home demand nine times greater 
than that of British makers, their competitive 
position is bound to be strong. German manufac- 
turers, for the present at least, are concerned mainly 
with their home market, but they have a large poten- 
tial capacity ; their production, now probably over 
1,000 a month, may be expected to grow. 
Although exports of implements, at 34,519 tons 
in the first eleven months of 1949, were 3,400 tons 
higher than in the first eleven months of 1948, the 
trade pattern as shown in Table V, herewith, is 
roughly similar to that for tractors. Exports to 
Western Europe and the Argentine declined; while 
those to Commonwealth countries increased. In 
most countries the’ peak demand has now been 
passed. In the United States, as in Britain, manu- 
facturers now find it necessary to carry stocks ; 
previously, it had been possible to sell their products 
as soon as they came off the line. Farmers have 





up of the markets of India, Israel and Germany 
has made it possible to increase the output of! 


now returned to the normal practice of seasona. 
and selective buying. In Britain, however, ther. 








standardisation. The Committee consider that, 
while the industry has many difficulties to contend 
with, there is scope for improvement in productivity 
through the reduction of needless variety in those 
features of design which are not affected by differ- 
ences in soil and weather conditions. The industry 
has made much progress in simplifying its products, 
but has not advanced far towards standardisation. 
Competition such as exists between Ford and 
Standard hardly favours the adoption of common 
standards. Their respective tractors, when fitted 
with the hydraulic lift, require different implement 
mountings, and keener competition between them is 
likely to force each to become even more individual- 
istic. At the same time, such competition is 
probably more likely to lead to cuts in prices than 
standardisation agreements between competitors. 
The advocates of all-out standardisation of imple- 
ments have a strong case, but such a policy has its 
own particular dangers and pitfalls. Standardisa- 
tion is likely to be much discussed during the next 
few months, and the British Society for Research in 
Agricultural Engineering, formed on September 25, 
1949, with a governing body appointed by the 
Ministry of Agriculture and Fisheries, will doubtless 
give the industry a lead in that direction. 
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Fig. 16. 


FLOUR-MILLING 
MACHINERY. 


(Continued from page 58.) 


THERE are several machines for removing dirt 
which adheres to the surface of grain ; the washer, 
the emery scourer and the Cheadle grain cleaner 
may be mentioned. The washer, or, to give it its 
full title, the combined washer, “stoner” and 
‘‘whizzer,”’ is shown in section in Fig. 14, above, 
and Fig. 15 shows a group of these machines in 
a mill. The combined machine is designed to 
remove stenes, clay balls, etc., wash the grains of 
wheat, and add some moisture to the wheat as a 
preliminary to wheat conditioning. The main 
parts of the washer are a rectangular cast-iron tank 
containing two conveyor worms, parallel to each 
other and one above the other, with water filling 
the tank almost to the top of the upper worm. 
Wheat is fed into a cast-iron box or shoe, a, which 
allows the grains to fall gently on to the rising side 
of the upper, or washing, worm, 6. The grains 
would sink in still water, but the motion of the 
worms causes upward currents in the water which 
bear the grains up while they are conveyed towards 
the whizzer at the left-hand end of the machine. 
In this way, the grains are washed, while stones, 
which cannot be sustained by the currents in the 
water, sink to the bottom of a trough surrounding 
the worms, and are conveyed by the lower worm, c, 
to a stone-collecting box d, from which they are 
removed periodically. 

The stones are separated within the first foot 
or so of the length of the worms, but the worms are 
longer than this so that, by adjusting the longitu- 


‘“*CHEADLE”’’ GRAIN CLEANER. 


| dinal position of the box a, the moisture added to | 


the grains in their passage through the washer can 
be varied. The correct action of the machine is 
achieved by adjusting the height of a weir which 
discharges excess water. The whizzer consists of 
a vertical roter carrying a number of inclined 
blades, e, which lift the washed grain from the 
bottom, where it is delivered by the washer conveyor, 
and eject it through the outlet f. The rotor and 
blades rotate in a perforated cylinder so that the 
centrifugal action removes surface moisture from 
the grains, the water falling to the bottom of the 
whizzer and returning to the washer tank. The 
rotor is also fitted internally with inclined blades 
which cause an upward flow of air, drawn in through 
inlets below the whizzer, to assist in the drying of 
the wheat. Nevertheless, although the whizzer 
dries the surface of the wheat, it does not remove 
all the moisture added in the washer; some of 
this moisture is absorbed into the interior of the 
wheat, the net amount depending on the adjustment 
of the box a. 

The emery scourer, which is not illustrated, cleans 
wheat by means of a rotor which has longitudinal, 
slightly helical, blades, rotating in an emery-lined 
cylinder. The grains pass from one end of the 
machine to the other, and are scoured against the 
emery by the action of the blades. The liberated 
dust is removed in two aspiration stages. The 
Cheadle grain cleaner, which is illustrated in Fig. 16, 
above, with part of the cover removed, has a 
gentler action than the emery scourer. The split 
metal casing is lined with wire mesh, and the rotor, 
running at about 1,000 r.p.m., is fitted with a 
series of beaters which propel the grains from one 
end to the other and cause a region of low air 





Fic. 17. 





‘“‘ STABILISOR”’ FOR TREATMENT OF WHEAT. 


pressure round the shaft. A fan is also connected 
to the discharge end of the shaft. The action of the 
rotor is to subject the wheat to a cleaning action 
against the wire mesh, and to allow the light dust 
particles to concentrate around the shaft. The 
wheat is aspirated before leaving the machine 
through a balanced gate valve, and the dust passes 
through a wire-mesh screen to the fan which 
delivers it to a dust collector. 

Brushing machines are also used for cleaning 
wheat. In one type, a helical brush rotates inside 
a smooth cylinder, thus cleaning the grains and 
propelling them from one end to the other. Before 
leaving the cleaning machines, mention should be 
made of magnetic separators for the removal of 
ferrous particles. They are often incorporated in 
grain spouts, so that the wheat passes them before 
entering high-speed cleaning machines where pieces 
of metal would cause damage. With one type, the 
wheat passes in a thin stream over a number of 
electro-magnetic “‘sills ’’ placed in series. Ferrous 
particles collect under the bottom edges of the 
‘* sills,”’ immediately below the flow of wheat, and are 
allowed to fall away periodically by momentarily 
switching off the current to the magnets. The 
action of switching off automatically closes a trap 
door which stops the flow of wheat, so as to ensure 
that none passes untreated. 

There is one other important process before 
milling proper, namely, conditioning, the primary 
object of which is to adjust the moisture content 
of the grain. The wheat must be dry enough to 
facilitate the separation of the endosperm from the 
bran and to permit accurate and easy sifting on the 
dressing machines, yet damp enough to ensure that 
the bran is sufficiently tough to avoid being unduly 
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broken up and that the reduction rolls can grind 
the endosperm into flour with a minimum consump- 
tion of power. Different wheats, countries, seasons, 
mills and products necessitate different conditioning 
before milling, and therefore the conditioning 
plant must be very flexible in operation. The secon- 
dary object of conditioning is to modify the gluten 
characteristics of the wheat by means of heat 
treatment. 

Conditioner-dryers* are tall rectangular towers 
in which the wheat descends slowly in a continuous 
mass, passing hot-water radiators to make the grains 
sweat, and open ducts which diffuse air through the 
mass of grain to absorb the moisture. Other open 
ducts collect the air which has absorbed the moisture, 
and can also be used for “‘ tempering,’ i.e., for adding 
moisture. The time taken by a grain of wheat to 
pass completely through the conditioner may be 
an hour or more. Recently, Messrs. Henry Simon 
Limited, have developed a new machine known as a 
‘* S$tabilisor,”’ which is much smaller and more com- 
pact than a conditioner-dryer, and treats the wheat 
in only 50 seconds. It does not act as a dryer ; it is 
used for tempering dry wheats by the addition of 
moisture, but will also improve the characteristics of 
wheat which does not require tempering. A photo- 
graph of a Stabilisor is reproduced in Fig. 17, on 
page 91. The process consists of heating the 
wheat suddenly for a very short period by low- 
pressure live steam, followed immediately by sudden 
cooling in cold water. 

The wheat entering the Stabilisor is divided 
equally between two horizontal conveyor worms, 
which run side by side, at 50 r.p.m., in stainless-steel 
casings at the top of the machine. Each worm is 
divided into a preheat section and a control section, 
and steam is injected into the casings through a 
series of jets. The worms are fitted with special 
lifting blades over each jet to throw the wheat 
upwards and turn it over, thereby ensuring uniform 
heating and conditioning. In the first, or preheat, 
sections of the worms the temperature of the wheat 
is rapidly raised to between 116 deg. and 125 deg. F., 
and in the second, or control, sections it is brought 
up to the final temperature required, which may be 
from 120 deg. to 150 deg. F. The passage of the 
wheat along the two worms is completed in approxi- 

mately 50 seconds, after which it is discharged 
immediately down a vertical channel into the 
washing worm of a combined washer and whizzer, 
where the cold water cools it rapidly to about 
75 deg. F. The sudden heating and cooling of 
the wheat causes rapid pressure changes inside 
the grains, which lead to a partial rupture between 
the bran and endosperm, thus facilitating their 
subsequent separation by the break roller-mills. 
The temperature of the wheat in the preheat 
sections is regulated by a reducing valve in the 
steam line, and that of the wheat in the control 
sections is controlled thermostatically according to 
the temperature selected by the operator. The steam 
valves are operated by compressed air which is 
supplied by a small electrically-driven compressor 
incorporated in the plant. A number of safety 
devices are incorporated to prevent damage to the 
wheat, or to the machine itself, in the event of 
various failures, such as a cut in the electricity 
supply. The Stabilisor is built in two sizes: the 
larger with a capacity of 5 tons of wheat per hour, 
and the smaller, which has only one conveyor worm, 
with a capacity of 24 tons per hour. The whizzer 
removes most of the surface moisture from the 
wheat, but the final traces are removed in a 
‘* Viskator,”’ in which the grains are subjected to 
high-speed air currents for about six minutes. 
After being cleaned and conditioned in the screen 
room, the wheat passes to the roller-mills. These 
are of two main types: break roller-mills for 
separating the bran from the endosperm, and 
reduction roller-mills for reducing the endosperm 
(after it has been purified of bran particles) to flour. 
From an engineering point of view, both types of 
roller-mills are of generally similar construction, 
but to the miller, of course, their functions are quite 
distinct. Furthermore, a group of break roller-mills 
have rolls with different shapes and sizes of flutes, 





* An illustrated description of a Simon conditioner- 





dryer was given in ENGINEERING, vol. 143, page 574 
(1937). 
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so that the breaking of the grains is done in several 
stages or “breaks.” The reduction roller-mills 
have smooth rolls, 

In a break roller-mill, the wheat passes between 
two rolls rotating in opposite directions at different 
speeds, i.e., in the same tangential direction where 
the rolls almost touch each other, but at different 
tangential speeds. Break rolls, of chilled cast iron, 
have flutes cut on their surface at a slight helix equal 
to an angle of 1 in 7 between the flutes and the centre- 
line of the roll. The hand of the helixis the same for 
both rolls, so that, as the flutes of the two rolls 
come together, they are crossed relatively. This, 
combined with the different speeds of the rolls, 
provides a shearing, disruptive action which cuts 
open the grains and scrapes the endosperm loose 
from the bran. The fluting is of approximately 
saw-tooth section with a narrow land bounded on 
one edge by a steep slope (the “‘ sharp edge ”) and 
on the other edge by a more gradual slope (the 
“dull edge”). Normally, the rolls are arranged so 
that the sharp edge of the slow roll is opposing the 
sharp edge of the fast roll. The lands of the two 
rolls do not quite touch, and the grains are sheared 
open between the sharp edges of the flutings. 

The rolls are mounted on self-aligning plain 
bearings ; the bearings of the upper roll are fixed 
and those of the lower rolls are spring loaded 
against a stop. The “grinding” pressure due to 
the passage of the wheat between the rolls is suffi- 
cient to cause a very slight deflection of the rolls. 
This governs their length, which is limited to 40 in. 
in reduction rolls and 60 in. in break rolls. The 
usual diameter is 10 in. In some cases, the rolls 
are slightly tapered at each end to allow for deflection 
and for the fact that the ends of the rolls absorb 
heat from the bearings as well as heat generated by 
milling. The taper amounts to about 0-002 in. at 
the extreme ends. 

A group of roller mills in a mill is shown in Fig. 18, 
opposite, and Fig. 19 is a half cross-section and end 
elevation of the latest Simon roller-mill, with a 
“ Feedmaster ” feeding mechanism. For compact- 
ness and economy in construction a roller-mill has 
two sets of rolls in separate halves of the machine, 
back to back, and is therefore known as a four- 
roll mill. The upper roll is indicated at a (Fig. 19), 
and the lower roll at 6. A belt pulley is mounted 
on one end of the upper-roll shaft, and the lower roll 
is driven from it through a pair of single-helical 
gears, or a chain drive, at the other end of the 
machine. The speed of fluted rolls is generally about 
350 r.p.m. for the upper rol] and 140 r.p.m. for the 
lower roll. In the case of smooth rolls, the ratio of 
speeds is not so great, to avoid excessive breaking 
of the remaining bran particles in the stock; the 
smaller differential enables the rolls to flatten the 
bran and break up the endosperm, thus facilitating 
the subsequent separation. The actual speeds are 
usually about 215 r.p.m. for the upper roll and 170 
r.p.m. for the lower roll. 

The bearings of the lower roll are mounted in an 
arm, c (Fig. 19), on each end frame of the machine. 
The arm is pivoted at d, and its outer end is con- 
trolled and adjusted in several ways to enable 
(1) the alignment and position of the lower roll in 
relation to the upper roll to be adjusted ; (2) the 
outer ends of the arms, being restrained by two 
helical springs, to move downwards and allow 
the lower roll to move away from the upper roll in 
the event of a hard foreign body coming between 
them; and (3) the lower roll to be moved down 
manually or automatically when the feed of stock 
is cut off, thus avoiding possible damage to the 
rolls, should they touch each other. 

Fig. 20, on this page, is a section of an “ adjust- 
ment assembly,” one of whichis fitted at each end of 
the roller-mill for each lower roll. The outer end of 
the arm c (Figs. 19 and 20) is held between the 
helical-spring housing e, and the head of the rod f, 
which is itself connected to the housing g. The latter 
contains a worm-wheel nut h, which is screwed on to 
an eye-bolt i, the thrust due to the weight of the roll 
and the grind’ng pressure being taken by a ball 
thrust bearing. The worm-wheel nut meshes with a 
worm j, which can be turned by a handwheel, and 
the upper erd of the eye-bolt fits on an eccentric 
pin at the end of a shaft k, which passes through the 
roller-mill from end to end, thus connecting the two 





adjustment assemblies. The shaft is provided 
withe a lever 1 (Fig. 19), which enables it to be 
rotated. When the feed of stock to the roller-mill is 
cut off, or whenever the roller-mill is stopped, the 
lower roll is moved down and away from the upper 
roll by about y in., to avoid possible damage to 
the rolls, by a pull on the lever. This action 
rotates the shaft, the eccentric pins move the eye 
bolts down, and with them the whole of the adjust- 
ment assemblies, the arms, and the lower roll. 
The whole mechanism is held in the closed position 
by a catch on the lever, but an adjustment for 
setting the lower roll in relation to the upper roll is 
provided by a device in the lever which alters the 
rotary position of the shaft / in relation to the lever. 
A handwheel m (Fig. 19) is used for making this 
adjustment. It does not, however, affect the 


Fig. 20. 
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parallelism of the two rolls ; this is corrected by 
turning one or other of the worm handwheels on the 
adjustment assemblies, the longitudinal movement 
of the worm-wheel nut in relation to the eye-bolt 
having the desired effect. The force exerted by the 
helical spring can be adjusted by a nut at the end 
of the spring rod; it is sufficiently powerful to 
prevent the lower rolls and arms from moving when 
milling, but it allows them to move apart if a hard 
body enters between the rolls. One other adjust- 
ment, which is not normally used by the miller, is 
provided, namely, means for ensuring that the 
centre-lines of the upper and lower rolls lie in the 
same plane. This is provided by eccentric bushes 
for mounting the fulcrum bearings of the arms. 
The rate and evenness of feed into the rolls are 
controlled by a ‘‘ Feedmaster ” mechanism which is 
shown in Fig. 19. The stock enters the machine 
through the spout on the feed box at the top, and 
is initially divided by a partition so as to feed each 
pair of rolls independently. Considering the feed 
to one pair of rolls : it is then divided longitudinally 
by a “feed shedder,” which is in the form of an 


inverted “‘ Y ” of thin-plate construction mounted in 
the feed box. The shedder is visible as a 4 only in 
front elevation ; n shows the end elevation. It is 
pivoted about the axis 0, so that, if it rocks about 
this axis, the proportion of feed passed to each side, 
which is controlled by the position of the top of the A, 
is varied. Thus, if more stock passes down one side 
than the other, the consequent increased pressure on 
the corresponding leg of the 4 causes a correcting 
movement of the shedder. In this way, the feed is 
divided equally between the two sides of the shedder. 
It falls on to two plates p, one on each side of the 
shedder, which are fixed to a T-shaped member g, 
and tend to turn the member about its pivot r, 
against the pull of a helical spring and a counter- 
weight. The member is also turned by the weight 
of the shedder and the stock falling over it, through 
the action of the vertical-sliding rod s, which is 
connected to the shedder pivot and is fitted with a 
foot at its lower end. The lower end of the 
T-shaped member is fitted with a roller, which bears 
on the pad of a feed-plate lever ¢, and this lever is 
fixed to a longitud'nal feed “ gate ” wu, which is also 
controlled by a spring. Thus, an increare in the 
rate of flow of the stock causes the feed gate to rise, 
and a decrease causes it to fall. 

The stock is delivered to the main rolls by two 
smal] rolls v and w, which are of the same length as 
the main rolls. The stock falls in two streams from 
the shedder on to the two plates p, which spread 
the streams out longitudinally ; thence the stock 
falls to the roll v, which is in the form of a worm, 
and is known as a worm spreader. As the worm 
spreader rotates, it carries the stock over in an even 
flow to the space between the feed gate wu and the 
rotating smooth feed-roll w. Thus, the stock is 
delivered evenly between the main rolls, at a rate 
corresponding to the rate at which the stock is fed 
into the roller mill. The ‘‘ Feedmaster ’” mechanism 
is adjustable at a number of points which will be 
apparent from Fig. 19. In some roller-mills, there 
are two smooth feed rolls (instead of one feed roll 
and a worm spreader), in which case the feed gate 
operates in conjunction with the first, or upper, feed 
roll. A belt drive at one end of the machine con- 
nects the upper main-roll shaft to the lower feed-roll 
shaft, and at the other end the two feed-roll shafts 
are connected through gears. A three-speed gear- 
box is sometimes fitted, giving a feed-roll speed 
range of from 12 r.p.m. to 32 r.p.m. for break roller- 
mills, and from 9 r.p.m. to 32 r.p.m. for reduction 
roller-mills. To remove warm, humid air from the 
interior of the roller-mill, an exhaust system is 
fitted, and the interior is lined with wood as an 
additional safeguard against condensation. Smooth 
main rolls are kept clean by brushes or steel scrapers ; 
fluted rolls do not require cleaners, unless the fluting 
is extremely fine, in which case brushes are used. 


(To be continued.) 





INSTITUTION OF PRODUCTION ENGINEERS.—The dinner 
of the Institution of Production Engineers, 36, Portman- 
square, London, W.1, which was to have been held on 
February 23, is being postponed because of the 
General Election on that day. The new date will be 
announced as soon as arrangements can be made. 





INDUSTRIAL MISSION TO PaKISTAN.—The British 
Government has accepted an invitation from the Pakistan 
Government to send an industrial mission to Pakistan. 
The mission will arrive in Karachi on February 26, and 
will spend about three weeks in Pakistan. It will be led 
by Lord Burghley, K.C.M.G., and the other members 
will be the Hon. A. D. Campbell, C.B.E. (textile industry), 
Dr. G. I. Higson (chemical industry) ; Mr. E. C. Holroyde 
(electrical industry); Lt.-Col. Sir Cyril Jones, C.B.E. 
(food processing); Mr. W. J. H. Rennie (civil engi- 
neering); Mr. S. A. Wright (agricultural-machinery 
industry); and a representative of the Trades Union 
Congress, who has not yet been nominated. Mr. W. 
Godfrey, United Kingdom S2nior Trade Commissioner 
in Pakistan, will also be an ez officio member of the 
mission, and Mr. M. J. Watt, of the Federation of 
British Industries, will be attached to it in an advisory 
capacity. The secretary of the mission will be Mr. J. 
Gray, of the Board of Trade. The mission has been 
directed to explore and report to the United Kingdom 
Government on the steps which might be taken to assist 
the flow of trade in both directions between the United 








Kingdom and Pakistan. 
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‘* CHASSISLESS ”’ PASSENGER- 
TRANSPORT VEHICLE 
WITH UNDER-FLOOR ENGINE. 


It may possibly be remembered that during the 
course of the last International Commercial Motor 
Transport Exhibition, held at Earl’s Court, London, 
in 1948, it was announced that Leyland Motors, 
Limited, Leyland, Lancashire, and Metropolitan- 
Cammell-Weymann Motor Bodies, Limited, Vickers 
House, Broadway, London, 8.W.1, would jointly 
develop and manufacture chassisless, or integral type, 
under-floor engine "buses, to be known as the Olympic 
series. These *buses are now in production and parti- 
culars regarding their design and construction have 
recently become available. So far, what may be termed 
four basic models have been produced, one for use in 
this country and three for overseas service; the four 
models, however, are generally similar. The home 
model, of course, fulfils legal requirements for this 
country, having an overall length of 27 ft. 6 in., a 
maximum width of 7 ft. 6 in. and a wheelbase of 
15 ft. 7 in. The three overseas models, however, all 
have a maximum width of 8 ft., but vary in length 
from 29 ft. 3 in. to 34 ft. 6 in. overall. 

The home model, which has been designated the 
HR 40, is illustrated in Fig. 1, on this page, from which 
it will be seen that the body has a pronounced overhang, 
while the space normally occupied by the engine is used 
for the passenger entrance door. This arrangement, of 
course, considerably increases the space available for 
passengers ; the HR 40 has space for 40 seats. The 
construction of the vehicle is unusual, in that the 
chassis and body form an integral structure. This 
enables the necessary strength to be obtained with a 
total structure weight considerably less than that for 
the more usual form of construction, in which the 
body is mounted on a separate chassis. Furthermore, 
designing the vehicle as a complete unit enables the 
best relationship between wheelbase, axles, spring 
anchorages, position of power unit, etc., to be obtained, 
with consequent close adjustment of weight distri- 
bution. In the design of the Olympic series of ’buses, 
the longitudinal load-carrying members extend, vir- 
tually, from the floor line to the underside of the 
windows and, to a lesser extent, to the roof, the trans- 
verse members, side framing and roof forming a box 
section beam. This form of construction can be seen 
in Fig. 3, on page 98, which is a general view of the 
vehicle in course of erection. The side frames are, of 
course, reinforced over the wheel arches and Fig. 4, on 
the same page, shows the type of cross-bracing used. 

The structural members which carry the power and 
transmission units are of high-grade steel, while the 
pillars, longitudinal members, outer panels and roof 
framing are of aluminium alloy. A substantial bumper 
rail of this material is fitted round the vehicle and 
the outer panels from the bumper rail to the waist 
line are of heavy gauge as they form part of the load- 
carrying structure. The outer panels below the 
bumper rail, however, do not carry any load and are 
either in the form of removable valances or detachable 
panels. The wheel-arches are of stainless steel, thereby 
making it unnecessary to replace them during the life 
of the vehicle. On the home model, two steps at the 
single front entrance lead to the floor of the passenger 
compartment, and the entrance is closed by a power- 
operated sliding-folding door. An emergency exit 
is provided at the rear of the vehicle, the door being 
fitted with inside and outside handles. The export 
models are provided with two entrances, one at the 
front and one at the centre, while the emergency door 
is arranged opposite the centre entrance. In this case, 
however, the emergency lock can be operated only from 
the interior of the vehicle, an indicator light warning 
the driver when the door is opened. The arrangement 
of the entrance doors and emergency exit on a typical 
export model can be seen in Figs. 5 and 6, on page 98, 
which are interior views of the body structure approach- 
ing completion. 

The engine, clutch and gearbox are of unit construc- 
tion, the complete assembly being mounted approxi- 
mately in the middle of the vehicle just below the floor. 
This position is almost ideal from the point of view of 
weight distribution and, contrary to general belief, is 
more accessible than the usual position. Maintenance 
of such components as the fuel-injection pump, injec- 
tors, valve gear, filters, etc., can be carried out from the 
outside of the vehicle and, if required, the engine can 
be removed in less than half an hour. A photograph 
showing the engine, clutch and gearbox assembly in 
position is reproduced in Fig. 2, on this page, from which 
it will be seen that it is mounted towards the offside 
of the vehicle. The engine, which is manufactured by 
Messrs. Leyland Motors, Limited, Leyland, Lancashire, 
was described in ENGINEERING, vol. 165, page 561 
(1948), so that it will only be necessary to give brief 
details here. It was developed originally to meet the 
demand from Continental chassis manufacturers for an 
engine of this type, and is based on the 9-8-litre vertical 
Diesel engine now being fitted by Leylands in their 
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heavy goods and passenger vehicles. It is a six-cylinder | 
direct-injection unit with a bore and stroke of 4-8 in. | 
and 5-5 in., respectively, developing 125 brake horse- | 
power at 1,800 r.p.m.; the maximum torque is 410 lb.-ft. | 


at 900 r.p.m. The minimum fuel consumption is 
0-34 pint per brake horse-power hour and the maxi- 
mum 0-36 pint per brake horse-power hour. 

The crankcase and cylinder block form a single iron 
casting, the cylinder bores being fitted with shoulder- 
located dry-type liners. The cylinder head is formed 
from two separate units, each covering three bores : 
they are fitted with the inlet and exhaust valves, 
which are arranged to operate on Stellite valve-seat 
inserts. The fuel system comprises a C.A.V. fuel 
pump which operates in conjunction with Leyland 
multi-hole injectors, and a combined mechanical- and 
vacuum-operated governor is fitted at the rear of 
the injection pump. The engine coolant is circulated 
through the cylinder head and block by a centrifugal 
pump driven by V-belts from the forward end of the 
crankshaft. The radiator is situated near the front 
of the vehicle and is. fitted with a cowl in which an 
engine-driven fan, 194 in. in diameter, rotates at 
1-5 times the engine speed. The fan is driven by 
an extension shaft and the engine temperature is 
regulated by a thermostat incorporated in the water- 
outlet pipe. 

The clutch and gearbox units were also manufac- 
tured by Leyland Motors. The clutch is of the single 
dry-plate type and is fitted with linings having a thick- 
ness of } in. on the flywheel side and ~ in. on the pres- 
sure-plate side. The gearbox is of the constant-mesh 
type giving four forward and one reverse speeds, the 











HoRIZONTALLY-MOUNTED LEYLAND DrEsEt ENGINE. 


ratios are 5-0 to 1, 2-63 to 1, 1-59 to 1, and 1 to 1 
for the four forward speeds and 6-13 to 1 for reverse. 
The change-speed unit is fitted at the left-hand side 
of the driver, and the motion is transmitted to the 
gearbox by light tubular shafts with knuckle joints. 
The drive to the back axle is transmitted through a 
single tubular shaft fitted with Hardy-Spicer needle- 
roller type universal joints. The rear axle is of com- 
posite construction, having a cast-steel centre and 
tubular ends. The final-drive unit is of the spiral-bevel 
type, having a reduction ratio of 4-1 to 1, but alterna- 
tive ratios of 4-625 and 5-143 to 1 are available. The 
front axle consists of an I-section beam fitted with the 
usual form of stub axles operating in phosphor-bronze 
bushes. The thrust is taken by hardened-stee] buttons 
fitted at the bases of the king pins, while the hubs are 
mounted on taper-roller bearings. As in the case of 
the engine and gearbox, the front and rear axles were 
supplied by Leyland Motors. 

The springs are of the laminated semi-elliptical type, 
the tension sides and all edges of the leaves being 
shot-peened to increase their resistance to fatigue. 
All springs have a width of 4 in., the length of the front 
springs being 60 in. and the rear springs 62 in. Both 
the front and rear wheels on the home model have a 
diameter of 20 in. and a width of 6 in., low pressure 
9-00 in. x 20 in. tyres being fitted to all wheels; 
the rear wheels, however, are fitted with twin tyres in 
accordance with usual practice. The export models 
also are fitted with 20-in. diameter wheels, but in this 
case the rims are 7-33 in. wide and are equipped with 
low-pressure 10-00 in. by 20 in. tyres, although larger 
tyres can be fitted if required. A vacuum braking 
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Fig. 2. HEATING CYCLE 
Balance Tank 
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Fig.3. COOLING CYCLE 
Balance Tank 
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system is fitted to the home model and a Westinghouse 
compressed-air system to the export models, separate 
operating cylinders being located close to each brake 
drum in both systems. The size of the drums and 
linings, however, is the same on all models, the drum 
diameter being 16} in. for both front and rear wheels ; 
the width of the linings is 4 in. at the front and 6 in. at 
the rear. The linings are } in. in thickness, and the 
total braking area is 577 sq. in. The handbrake is of 
the pull-on type and is arranged to operate the rear 
brakes only through a mechanical linkage ; the effective 
braking area in this case is 342-5 sq. in. 

As previously mentioned, there are three export 





models, known respectively as the E36, E40 and E44. 
The E36 has an overall length of 29 ft. 3 in., a width 
of 8 ft., and a wheelbase of 15 ft. 1 in., and is designed 
to seat 36 passengers. The width of the E40 is also 
8 ft., but the overall length is increased to 31 ft. 8 in. 
and the wheelbase to 17 ft. 6 in., the number of seats 
being 40. The E44 is also 8 ft. wide, but, in this case, 
the overall length is 34 ft. 6 in. and the wheelbase 
20 ft. 4 in.; the number of seats is increased to 44. 
All three models have been specially designed for 
overseas operation and can be fitted with either left- 
or right-hand steering; the passenger saloons are 
arranged for forced ventilation. 








HEAT PUMP FOR SMALL OFFICE. 


Stnce November 30, 1948, a small heat pump has 
been in use to heat, or cool, according to the season, a 
room in the offices of the Daily Mirror, Geraldine House, 
Rolls Buildings, Fetter-lane, London, E.C.4. The 
installation was in the nature of an experiment to deter- 
mine the economics of such a plant, a source of low- 
grade heat being readiiy available in the building. 
The heat pump was supplied and installed by Messrs. 
L. Sterne and Company, Limited, 183-191, Palace 
Chambers, Bridge-street, Westminster, London, S.W.1. 
Fig. 1 shows the heat pump, and Figs. 2 and 3 are flow 
diagrams for heating and cooling respectively. 

The telephone room at Geraldine House was chosen 
for the experiment because it is occupied for 24 hours a 
day ; it has practically no connection with other parts 
of the building and is therefore unaffected by the 
varying temperatures of other rooms ; and it is situated 
close to the foundry water tanks, which are on the roof 
and provide the low-grade heat. The room is 28 ft. 8} in. 
long and varies in width from about 8 ft. 7 in. to 
10 ft. 6 in. In order to provide data for designing the 
plant, accurate records were kept, during the winter of 
1947-48, of the current required to heat the room by 
electric radiators, of the outside temperature and the 
room temperature. On January 6, 1948, when the 
outside temperature was 37 deg. F., and the room 
temperature was main-tained at 65 deg. F. (a difference 
of 28 deg. F.), the electricity demand was 4 kW, which 
is equivalent to a heat load of 13,600 B.Th.U. an 
hour. It was considered, however, that conditions were 
likely to be more severe than this during a normal 
winter, and a heat pump with a capacity of about 
20,000 B.Th.U. an hour, to provide for a temperature 
difference of 40 deg. F., was pro’ , 

It was assumed that water discharged directly from 
the foundry at Geraldine House would be available for 
eight hours a day at a temperature of 70 deg. F., and 
that for the remaining 16 hours water at about 60 deg. 
F. would be available from the cooling tanks on the roof. 
Using the water at 70 deg. F., and maintaining the 
telephone room at 65 deg. F., the heat pump was 
designed to have a capacity of 25,500 B.Th.U. an 
hour. Under these conditions the total current 
consumption would be 2 kW, including current required 
for the warm-water circulating pump and for the 
fan motors of the two heater units which are installed 
in the telephone room. Thus the coefficient of per- 
formance would be equal to 25,500 B.Th.U. an hour 
divided by the thermal equivalent of 2 kWh, which 
works out at 3-74, i.e., the total heat supplied to the 
room would be 3-74 times the thermal equivalent of 
the current required to drive the plant. 

During the 16 hours when heat is drawn from the 
roof-tank water at 60 deg. F., the heating capacity 
of the plant would be reduced to 21,140 B.Th.U. an 
hour, with the same current consumption, and the 
coefficient of performance would be 3-1. As the plant 
is thermostatically controlled, being switched on and 
off automatically according to the demand, the actual 
number of hours a day for which it would run would 
fluctuate, depending to a large extent on the outside 
temperature. Thus, for example, with conditions 
similar to those prevailing on January 6, 1948, when the 
consumption of electricity was 96 kWh, supplied 
throughout the whole 24 hours, the heat pump would 
only be required to run for 14-5 hours; the total 
electricity consumption would then be 29 kWh, and 
the coefficient of performance would be 3-3. 

Figs. 2 and 3 are more or less self-explanatory. The 
refrigerating medium is Freon 12, and it will be noticed 
that, below the level of the three-way cocks in Figs. 2 
and 3, the flow pattern is the same whether the heat 
pump is used for heating or cooling. The choice is 
determined by the setting of the three-way cocks: 
when heating, the water from the roof tank is circulated 
through the cooler, where it gives up some of its heat 
to the Freon, and the other circuit of circulating water, 
which absorbs heat from the Freon in the condenser, 

through the heater units in the telephone room. 
When the heat pump is used for cooling, the paths of 
the two water circuits are transposed, as shown in 
Fig. 3. 

The main heat-pump unit shown in Fig. 1 is situated 
in a small room adjacent to the telephone room. The 
motor-driven compressor is visible in this illustration, 
and below it, mounted in the bed-plate, is the condenser ; 
to the rear of this again, but barely visible in Fig. 1, is 
the cooler or evaporator, fitted with oil-recovery 
equipment to return any oil which may pass into the 
evaporator back to the compressor. The compressor 
motor is rated at 3 brake horse-power, and runs at 
1,450 r.p.m.; it is supplied with single-phase current 
at 230 volts. The float-operated valve for regulating 
the flow of refrigerant is shown on the right of the 
plant in Fig. 1. The tops of the two motor-driven 
circulating pumps are visible in Fig. 1, and the arrange- 
ment of three-way cocks, controlled by one handle, is 
also shown. In the telephone room there are two 
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heater/cooler units, mounted near the ceiling, one at 
each end of the room. In each unit, air is blown over 
heating coils by an electric fan; Fig. 2 shows the 
temperature of the air as it enters and leaves each unit. 

Typical operating temperatures, when the plant is 
used for heating, are given in Fig. 2. The external 
temperature, when these figures were noted, was 
48-5 deg. F., and the room temperature was 68 deg. F. 
The Freon evaporating in the cooler was at a pressure 
of 56 lb. per square inch and left the cooler at 58 
deg. F. Passing through the condenser, it was at a 
pressure of 165 lb. per square inch and it entered the 
condenser at 126 deg. F. 

The average coefficient of performance during the 
time the heat pump was in use from November 30, 
1948, to May 23, 1949, was 2-3. It was found that, 
due to the position of the heater/cooler units near the 
ceiling, the air close to the floor of the room tended to 
remain cold, but this was rectified by fitting a duct 
to one of the units so as to deliver the heated air near the 
floor. Radiators have recently been substituted for the 
heater/cooler units, with the object of eliminating 
draughts. A more intractable difficulty arose, however ; 
it was found necessary to open the windows of the 
telephone room for ventilation, particularly to clear 
tobacco smoke, and this circumstance, of course, 
rendered heating and cooling less effective. 

While the experiment has been interesting from an 
engineering point of view, it has not been an unqualified 
success commercially, primarily owing to the small 
size of the heat pump. The economies of a larger 
heat pump would undoubtedly be more favourable. 
Furthermore, it is evident that air conditioning is an 
essential adjunct. 





CONTRACTS. 


MESSRS. RUSSELL NEWBERY AND COMPANY, LIMITED, 
Dagenham, Essex, have obtained an order from Sweden 
for thirty-five 30-h.p. Diesel engines for use in road rollers. 


One of the Brockhouse companies, MEssRS. LEWIN 
ROAD SWEEPERS LIMITED, West Bromwich, have received 
orders for one road sweeper-collector, type S.S.C., for 
the Belgian Air Force, two road sweeper-collectors for 
the city of Milan, Italy, and one compressing refuse 
collector, type C.R.C. on Austin chassis, for the factory 
area of the Société MISR pour la Filature et le Tissage 
Fin en Coton Egyptien S.A.E., Kar-el-Dawar, Egypt. 

MEssRS. WILLIAM DENNY AND BROTHERS, LIMITED, 
Dumbarton, have received an order from the Railway 
Executive for a steamer intended primarily to provide 
for the rapidly-increasing traffic in private cars by the 
Dover-Calais and Folkestone-Boulogne routes. It is 
designed to carry about 126 cars, which it will be possible 
to handle either by crane or by means of direct end-on 
loading. The vessel will be driven by steam turbines 
fed by two water-tube boilers using oil fuel, and will 
have a speed of 20 knots. She will be also capable of 
carrying 700 passengers. 





UNIVERSITY COLLEGE, SOUTHAMPTON.—A new Chair 
of Aeronautical Engineering will be set up in University 
College, Southampton, as from October 1, 1950. The 
engineering department provides courses in civil, mech- 
anical, electrical and aeronautical engineering. Normally, 
there are 200 full-time university students in the depart- 
ment, of whom about 25 are likely to specialise in aero- 
nautical engineering. The College is also a centre of 
technical instruction in the area. 





CENTENARY CONGRESS OF THE LIEGE SCHOOL OF 
ENGINEERING OLD STUDENTS ASSOCIATION.—To mark 
the centenary of its foundation in 1847, the Association 
des Ingéviéurs Sortis de l’Ecole de Liége (A.L.Lg.) 
organised a Congress which dealt with the future of 
industry in Belgium and elsewhere. The proceedings of 
this Congress, which are in the French language, have 
now been issued in the form of 23 volumes, each contain- 
ing the papers and lectures presented on ove of the 
subjects dealt with. 


These were as follow: mining; 
geology; physical metallurgy; iron and steel metal- 
lurgy; non-ferrous metallurgy; mechanical engin- 


eering ; power production and electrical engineering (two 
volumes); organic chemistry ; industrial chemistry ; 
the manufacture of industrial products from coal; 
laboratory research in chemistry ; chemical engineering ; 
civil engineering; rail and road transport; inland- 
water, sea and air transport; agriculture and farm 
products ; economic, professional and social questions ; 
colonial resources and industries ; textile industries ; the 
production and preservation of foods ; and the theory of 
acoustics and sound. The price of the 23 volumes is 
5,000 Belgian francs, but each volume is sold separately, 
the prices ranging from 100 to 450 Belgian francs. 
Further particulars regarding the volumes and order 
forms are obtainable from the Secrétaire Général of the 
Association, 12, Quai Paul Van Hoegaerden, Liége, 
Belgium. A brochure giving the contents of each 
volume is also available. 


BOOKS RECEIVED. 


Engineering Structures. Colston Papers Based on a 
Symposium promoted by the Colston Research Society 
and the University of Bristol in September, 1949. 
Butterworths Scientific Publications, Bell Yard, 
Temple Bar, London, W.C.2. [Price 21s. to Research 
subscribers, 25s. net to others.] 

The Electrical Year Book, 1950. Emmott and Company, 
Limited, 31, King-street West, Manchester, 3. [Pr’ce 
3s. net.] 

A History of N. Greening and Sons, Limited, Warrington, 
England, from 1799 to 1949. By S. P. B. Mats 
N. Greening and Sons, Limited, Britannia Works, 
Warrington, Lancashire. 

British Railways. Today and Tomorrow. The Railway 
Executive, 222, Marylebone-road, London, N.W.1. 
Numerical Analysis of Heat Flow. By PROFESSOR G. M. 
DUSINBERRE. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 4.50 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 

[Price 38s. 6d.] 

Overseas Economic Surveys. Belgium. With an Annex 
on the Grand Duchy of Luxembourg. By E. JAMES 
Joint. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

The Sydney County Council. Annual Report 
General Manager for the Year 1948. The General 
Manager, Sydney County Council, Queen Victoria 
Building, 457-479, George-street, Sydney, Australia, 

Colonial Office. Appointments in His Majesty’s Colonial 
Service. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. net.] 

Newnes Engineers’ Pocket Book of Tables, Formule, and 
Memoranda. By F.J.Camm. Third edition. George 
Newnes, Limited, Tower House, Southampton-street, 
Strand, London, W.C.2. [Price 10s. 6d. net.) 

Newnes Electrical Pocket Book. Edited by E. MoLiLoy. 
Tenthedition. George Newnes, Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. [Price 
7s. 6d. net.) 

Stetige Regelvorginge. By Dr.-ING. WINFRIED OPPELT. 
Wissenschaftliche Verlagsanstalt K.G. Hannover, 
Wolfenbiittel, Germany. [Price 7-00 D.M. in paper 
covers ; 7-80 D.M. bound.) 

Flow Measurement and Meters. By A. LINFoRD. E. and 
F. N. Spon, Limited, 22, Henrietta-street, London, 
W.C.2. [Price 30s. net.] 

Rarer Metals. By J. DE MENTand H.C. DAKE. Temple 
Press, Limited, Bowling Green-lane, London, E.C.1. 
{Price 25s. net.] 

Der Haken im Stahlbetonbau. By Dr.-ING. REINHARD 
BavER. Wilhelm Ernst und Sohn, Hohenzollerndamm 
169, Berlin-Wilmersdorf, Germany. [Price 2-60 D.M.] 
Lamge, Maxwell and Springer, Limited, 41-45, Neal- 
street, London, W.C.2. [Price 4s. 7d.} 

Lexique Technique Francais-Anglais et Anglais-Frangais 
concernant le Matériel de Travaux Publics. Tables de 
Correspondance des Unités Anglo-Saxonnes et des 
Unités Métriques. Institut Technique du Batiment et 
des Travaux Publics, 28, Boulevard Raspail, Paris (7e), 
France. [Price 700 francs net.] 

The Institute of Metals. Symposium on Metallurgical 
Aspects of Non-Ferrous Metal Melting and Casting of 
Ingots for Working. Held in London on March 31, 1949. 
Offices of the Institute, 4, Grosvenor-gardens, London, 
S.W.1. [Price 15s.] 

Electric Circuit Theory. By Dr. H. TROpPER. Longmans, 
Green and Company, Limited, 6 and 7, Clifford-street, 
London, W.1. [Price 15s. net.]} 

Communication Circuits. By PROFESSORS LAWRENCE A. 
WarE and Henry S. REED. Third edition. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 5 dols.| Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 40s. net.] 

Bulletin de V Association Technique Maritime et Aéro- 
nautique. No. 48. 1949. Secrétariat Général, Asso- 
ciation Technique Maritime et Aéronautique, 1, Boule- 
vard Haussmann, Paris, France. [Price 3,500 francs 
net.] 

Méthodes Nouvelles pour le Calcul des Chambres d’Equi- 
libre. By Proressor L. ESCANDE. Dunod, 92, Rue 
Bonaparte, Paris (6e), France. [Price 1,850 francs.] 

Hydraulic Diagrams. No. 2. Flow in Pipes, Culverts, 
Channels and Streams. Flow in New Cast-Iron Mains. 
Flow over Broad-Crested Weirs. The Contractor’s 


of the 


Record, Limited, Lennox House, Norfolk-street, 
London, W.C.2. [Price 4s.] 
British Welding Research Association. Recommended 


Practice for the Spot Welding of Low Carbon Mild Steel 
Sheet. Offices of the Association, 29, Park-crescent, 
London, W.1. [Price 1s. 6d.] 
Who's Who of Consulting Engineers. The Association of 
Consulting Engineers (Incorporated), 36, Victoria- 
street, London, S.W.1. [Price 10s. 6d. to members ; 
21s. to non-members.] 

inica bli Review of Commercial Conditions. 


D Rep 
October, 1949. H.M. Stationery Office, Kingsway, 








London, W.C.2. [Price 6d. net.] 








JAN. 27, 1950. 


PERSONAL. 

Sm HENRY DALE, O.M., F.R.S., has been electeg 
President of the British Council in succession to Lorp 
RIVERDALE. VISCOUNT ESHER has been elected to the 
Executive Committee of the Council. 

Sm RICHARD BURBIDGE, Bt., C.B.E., has relinquished 
his appointment as a part-time member of the London 
Transport Executive. 


Mr. B. A. OAKLEY has been appointed commandiayt of 
Northolt Airport, in succession to AIR VICE-MarsnaL 
Srupson, C.B.,C.B.E.,M.C. Mr. G. J. H. JEFFs, M.V.0., 
O.B.E., has been made commandant, Prestwick Airport, 
in succession to Group CAPTAIN J. A. McDonatp, 
C.B.E., A.F.C., R.A.F. (ret.), who has become divisiona} 
operations officer, London and South-East Divisional 
Headquarters, Ministry of Civil Aviation. 

Mr. J. F. B. JacKsON, B.Sc., A.R.I.C., F.I.M., has 
been appointed director of research to the recetly- 
formed Research and Development Division of the 
British Steel Founders Association, 301, Glossop-road, 
Sheffield, 10. 


Masor H. R. WATLING, O.B.E., J.P., director of the 
British Cycle and Motor Cycle Manufacturers’ Union, 
has been elected President of the International Federa- 
tion of Motor Cycle Manufacturers, in succession to 
Count RENE PE LATOUR, of France. 


Mr. D. W. HamMonp has been appointed works 
director and Mr. C. WHITAKER, production manager, of 
Messrs. William Jessop and Sons, Limited, Brightside 
Works, Sheffield. 

Dr. F. J. Paton, director of research of the Dunlop 
Rubber Company’s plantations in Malaya, has left to 
take up his duties in the new Rubber Research Centre 
which the Dunlop Company are opening in Negri 
Sembilan. The Centre will work in close co-operation 
with the Rubber Research Institute in Malaya. Mr. 
D. W. PounDER, the assistant director of research, is in 
Negri Sembilan, and there will be a rotation of research 
staff between Malaya and Fort Dunlop. 


Mr. H. H. ANDREWS, until recently manager of the 
traction sales and contracts department of the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, and since 1948 adviser to the traction 
department, has now retired. 


Mr. C. P. HOPKINS has been nominated, by the British 
Transport Commission to be chief regional officer, 
Southern Region, Railway Executive, to the Coastal 
Shipping Advisory Committee, set up under Section 71 
of the Transport Act, 1947. Mr. Hopkins is to succeed 
Mr. G. L. DARBYSHIRE, C.B.E., who has retired. 


Mr. E. M. WILLiAMs, “ Cremyll,” High Cross-lane, 
Rogerstone, Monmouthshire, has taken over the South 
Wales representation of the companies of which David 
Brown and Sons (Huddersfield) Limited, are the head. 


Mr. W. J. Row ann, F.C.C.S., has been appointed 
deputy director of Establishments, British Electricity 
Authority, Great Portland-street, London, W.1. 

The telephone number of the MINISTRY OF TRANSPORT. 
Berkeley-square House, London, W.1, has been changed 
from ABBey 7711 to MAYfair 9494. 

THE WOLVERHAMPTON DIE-CASTING COMPANY, LIMI- 
TED, have concluded affiliation with the PRECISION 
CASTINGS COMPANY, INCORPORATED, Syracuse, U.S.A.. 
under which there will be mutual exchange of technical 
information, methods of production, and data regarding 
all existing and future patents, 

An agreement for co-operation on matters of common 
interest has been signed between the BRITISH INSTITUTE 
OF MANAGEMENT, 8, Hill-street, London, W.1, and the 
INSTITUTE OF PERSONNEL MANAGEMENT. The indepen- 
dent status of the Institute of Personnel Management is 
unaffected by this agreement. 


The marine interests of BRITISH PAINTS LIMITED, 
Messrs. J. AND W. WILSON LIMITED, and the BRITISH 
ANTI-FOULING COMPOSITION AND PAINT COMPANY 
LIMITED, have been rationalised into one Marine Division. 
All inquiries should be addressed to British Paints 
Limited, Marine Division, Royal Mail House, Leaden- 
hall-street, London, E.C.3. 

Messrs. ROCKWELL MACHINE TOOL COMPANY, LIMI- 
TED, Rockwell House, Second Way, Exhibition Grounds, 
Wembley, Middlesex, have been appointed sole selling 
agents, in this country, of the CINCINNATI-PLANER Com- 
PANY, Cincinnati, Ohio, U.S.A. 

The name of LLoyps IRONSTONE COMPANY, LIMITED, 
has been changed to STEWARTS AND LLOYDS MINERALS 
LIMITED, with offices at The Manor House, Brigstock. 
near Kettering. On January 1, 1950, the new company 
acquired all mineral properties belonging to STEWARTS 
AND LiLoyps, LIMITED, STANTON IRONWORKS COMPANY, 
LIMITED, and their subsidiaries. The directors are MR. 
J. R. MENZIES-WILSON (chairman), Mr. R. B. BEILBY and 
Mr. A. F. HOLDEN. The secretary is Mr. J. MCLAREN. 

Messrs. ALFRED HERBERT LIMITED, Coventry, have 
been appointed sole agents for the sale, in this country, 
of the industrial measuring instruments made by the 





Watts Division of HILGER AND WaTTs, LimITED, London. 
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NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 


Scottish Steel.—Steel-ingot outputs are being main- 
tained at the high level rapidly re-established after the 
New-Year holiday, but pig-iron production has been 
reduced. Working almost continuously since 1939, the 
No. 2 blast furnace at the Clyde Iron Works of Messrs. 
Colvilles Limited, has been blown out for relining. 
During this campaign 1,553,766 tons of pig iron were 
produced, some 40,000 tons more than the output from 
the No. 1 furnace, which was taken out of commission 
for a similar overhaul a year ago. Plans have been laid 
for the conversion of the furnace, durirg the relining 
period, to incorporate the high-pressure system of 
operations utilised in the United States. An increase 
of between 15 and 20 per cent. in output is expected. 
Production will probably be resumed in from three to 
four months’ time, the present more satisfactory scrap 
position havirg eliminated the urgency with which the 
work of relining the No. 1 furnace was executed. Other 
raw materials are also readily obtainable. The home 
and export demand for sheets and plates is strong. A 
further expansion is expected in business for light sheets 
to meet the requirements of manufacturers of agricultural 
machinery and other products, recently established in 
Scotland. Medium and heavy plates, rolled in the heavy 
mills of the sheetmakers, are in fairly good demand, but 
some business can be accepted for delivery in the current 
quarter. The re-rollers are hopeful of improving their 
position by obtaining a due share of the considerable 
tonnage of small bars included in the bi-lateral trade 
agreement with Sweden. 


Scottish Coal.—Immediately following the holiday, the 
divisional outputs of coal were running at a slightly 
higher level than a year ago, 487,000 tons havirg been 
mined in the first full week, as compared with 483,000 
tons in the corresponding week of 1949. The additional 
4,000 tons, however, was only a part of the extra output 
which resulted from the working of a six-shift week by 
some pits in Fife and Ayrshire, the increase being offset— 
to the extent of some thousands of tons—by strikes. 
The latter have persisted in different parts of the division, 
an agitation for another increase in on-cost employees’ 
wages underlying some of them. So far as consumers’ 
supplies are concerned, the position is tolerably comfort- 
able. The adequacy of reserves and deliveries, however, 
is still subject to weather conditions. It has been very 
noticeable that consumption reacts sensitively with 
variations in outdoor temperatures. Hopes of reintro- 
ducing supplies of gas coal from the North of England, 
cancelled a year ago, have not materialised, the governing 
factor, apparently, being the over-riding need to sustain 
exports. Reserves at Scottish gasworks are below the 
average for the United Kingdom. Shipping programmes 
are being executed steadily, with cargoes for Denmark 
and Sweden prominent. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—-After making heavy losses 
in the first two years of nationalisation, the South Wales 
coalfield is now being operated on a sound financial basis. 
Mr. G. E. Aeron-Thomas, chairman of the Divisional Coal 
Board, speaking at a dinner of mining engineers, said 
that, in the first year, the loss was 10,000,000]. ; in the 
second, 5,000,0001., but now, based upon the last three 
months of 1949, *‘ we are absolutely in the black.”" The 
first tram of coal was raised, during the week, at Nant- 
garw, which is the first of the division’s new “ super ” 
collieries where horizon minirg on a big scale will operate. 
Work has been going on for two years, but it will be 
another two years before production starts properly. 
At full production, which it is hoped will be reached by 
1956, the colliery is expected to turn out 750,000 tons of 
saleable coal a year. It has been reported that contracts 
have been placed with local shippers for the supply of 
about 225,000 tons of coal to the public-utility under- 
takings in Argentina this year. This follows upon earlier 
business for 750,000 tons, placed locally by the Argentine 
Railways. The French trade, as a result of recent 
negotiations, will receive about 100,000 tons of Welsh coal 
a month, a considerable improvement over the 1949 
level of trade. Negotiations are still in progress with 
buyers in Portugal. The demand on home account is 
briskly maintained and with order books well filled 
forward the tone remains very strong. Cokes and patent 
fuel come in for a good attention and are firm. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was more active 
and sales reached a satisfactory total. The export 
market was also busy and the quantities sold, amounting 
as they did to over half the business transacted, were 
very satisfactory. Steel sheets continue to be in excep- 
tionally strong demand while sales of iron and steel scrap 
are heavy. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Production in steel and engineering 
is being very well maintained. Arrears are still being 
worked off and there is a steady flow of new business on 
home account. The overseas demand is active but 
buyers are exercising caution and need to be satisfied as 
to prices and delivery in the light of growing foreign 
competition. Last year, Sheffield steelworks produced 
more than 2,120,000 tons of steel ingots and castings, 
which total constitutes a record. The figure is about 
70,000 tons higher than that for 1948 and represents 
about 13-6 per cent. of the national output. Some 
authorities express the view that 1950 will be a fairly 
good year but not equal to 1949; a decline in the later 
months is foreshadowed. Makers of railway materials 
have very many months’ work on their books and are 
increasing production now that the steel scarcity has been 
eased. In tramway materials the outlook is satisfactory 
at present, but makers have misgivings having regard 
to the growth of the use of the motor omnibus. Rother- 
ham has abandoned the use of tramways and Sheffield 
proposes also to cease running them when the newly- 
planned city takes shape in the course of years. There 
is a never ending demand for colliery equipment, and 
all makers of coal-cutting and loading machinery and 
ripping machines of recent design are experiencing a 
very strong demand. Devaluation is helping to secure 
more orders in certain sections, but dearer alloys and 
imported scrap offset part of the advantage. 


The South Yorkshire Coal Trade.—The production of 
coal is exceeding expectations and several pits have 
passed their target outputs. Arrears of delivery are 
being overtaken, and, in some cases, the number of loaded 
wagons sent into works, at one time, is causing em barrass- 
ment. Unloading is delayed and empty wagons are 
held up. Gas-coke stocks are still high in spite of freer 
buying by householders, now that the ration scheme has 
been abandoned. Reserves of house coal are fairly 
considerable, but it is understood that the winter 
deliveries, per household, will not be more than 25 cwt. 
instead of the maximum of 30 cwt. In the first week 
of the removal of the Control of Engagement Order 90 
men left Yorkshire mines. There was an inflow of 
73 men over the age of 18, compared with the previous 
average of 50 a week. In the same week 170 boys of 
school-leaving age were found employment at the pits. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and _ steel producers are 
running plants at high pressure and the large aggregate 
tonnage output is readily taken up. Buyers are less 
hesitant than they have been to negotiate for supplies 
of material to deal with prospective requirements, but 
are still inclined to act with caution. Considerable 
purchases of commodities, to deal with the needs for 
home purposes, have been put through and inquiries 
circulating encourage further the expansion of business, 
but obstacles to industrial trade are still very difficult 
to overcome. Wile there is no shortage of raw material, 
the devaluation of the pound has increased the price of 
foreign ores and the position calls for increased outputs 
of native ironstone. Distributable tonnages of iron and 
steel scrap remain at a high level and regular users 
are keen on accumulating substantial stocks. Con- 
siderable imports from Germany over the first half 
of the year are promised, but this is unlikely to 
affect the drive for maximum quantities from home 
sources of supply. The quantities of pig-iron available 
cover approximately the actual requirements of steel 
plants and foundries, and, with the exception of the 
sheet mills, the outputs of finished-steel plants deal 
better with delivery obligations than for some time past. 


Foundry and Basic Iron.—Fairly substantial parcels 
of ordinary foundry pig iron from the Midlands are 
reaching consuming plants on the North-East Coast. 
The make of the Middlesbrough basic blast furnaces 
continues to flow into consumption at local steelworks. 


Hematite Low Phosphorus and Refined Iron.—Rather 
larger lots of East-Coast hematite are coming forward, 
but the deliveries are steadily absorbed by regular 
customers and a further expansion of supplies would be 
appreciated. Outputs of low- and medium-phosphorus 
qualities of iron are needed for current requirements. 
Refined-iron makers continue to meet the demand. 


Manufactured Iron and Steel.—Manufacturers of semi- 
finished and finished iron are well employed and in- 
quiries circulating are expected to lead to considerable 
business. Most types of semi-finished steel are in satis- 
factory supply. The commitments of the finished-steel 
producers are extensive. Sheets are still in greater 
demand than producers can provide. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 

INSTITUTION OF PRODUCTION ENGINEERS.—WNorth- 
Eastern Section: Monday, January 30, 7 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘‘ Protective Finishes,” by 
Mr. <A. Messenger. Manchester Section: Monday, 
January 30, 7.15 p.m., College of Technology, Manchester. 
** Measurement of Productive Efficiency,’ by Mr. W. C. 
Puckey. Wolverhampton Section : Wednesday, February 
1, 7 p.m., Dudley and Staffordshire Technical College, 
Dudley. “‘ Drop Forgings,” by Mr. R. P. Brookes. 
Birmingham Section: Friday, February 3, 6.30 p.m., 
95, New-street, Birmingham. * Productivity and 
Costs,” by Mr. W. 8S. Risk. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Monday, January 30, 7.30 p.m., 198, West-street, 
Sheffield. “‘ The Fundamental Application of Electric 
Drives and Control Gear,’”’ by Mr. R. Mathieson. Midland 
Section: Wednesday, February 1, 7 p.m., James Watt 
Memorial. Institute, Birmingham. Chairman’s Address, 
by Mr. R. G. Cobb. Jnstitution: Friday, February 3, 
6.30 p.m., 39, Victoria-street,S.W.1. Film: ‘“* Research 
in Engineering,’ with commentary by Dr. J. M. Dodds. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, January 30, 7.30 p.m., 
Mining Department, University, Leeds. ‘‘ Steam Plant 
Scale,” by Mr. W. F. Gerrard. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Measure- 
ments Section : Tuesday, January 31, 5.30 p.m., Victoria- 
embankment. W.C.2. Discussion on “ Metering of 
Welding Loads,” opened by Mr. G. F. Shotter. Southern 
Centre: Wednesday, February 1, 6.30 p.m., 111, High- 
street, Portsmouth. ‘“‘ High-Voltage Surge Diverters,”’ 
by Mr. H. F. Jones and Mr. C. J. O. Garrard. London 
Students’ Section: Wednesday, February 1, 7 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Blind Landing,” by 
Mr. T. E. Schilizzi. Institution: Thursday, February 2, 
5.30 p.m., Victoria-embankment, W.C.2. “ Fault- 
Throwing Tests on the 132-kV Grid System Under 
Normal Working Conditions,” by Mr. W. Casson and 
Mr. F. H. Birch. 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
January 31, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
Presidential Address, by Mr. N. Campbell-Little. 

ROYAL AERONAUTICAL SOcIETY.—Tuesday, January 
31, 7 p.m., 4, Hamilton-place, W.1. ‘* Further Problems 
of Aircraft Stressing,” by Mr. J. H. Argyris. 

SociETY OF INSTRUMENT TECHNOLOGY.—Tuesday, 
January 31, 7 p.m., Manson House, Portland-place, 
W.1. “Continuous Gauging of Materials in Thread or 
Wire Form,” by Mr. J. C. Evans, Mr. M. Groneek and 
Mr. H. G. Loe. 

INSTITUTION OF MECHANICAL ENGINEERS.—East Mid- 
lands Branch: Tuesday, January 31, 7 p.m., East 
Midlands Gas Board, Lower Parliament-street, Notting- 
ham. Annual Meeting. Thomas Hawksley Lecture on 
“World Energy Resources and Their Utilisation,” by 
Dr. A. Parker. North-Western Branch: Wednesday, 
February 1, 6 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. Joint meeting with LIVERPOOL ENGINEERING 
Society. Thomas Lowe Gray Lecture on “ Provision 
and Operation of an Overseas Mail Service,” by Mr. 
James Gray. Institution: Friday, February 3, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘“‘ Develop- 
ments in this Country in the Making of High-Pressure 
Vessels for the Oil-Refining and Chemical Industries,”’ by 
Mr. H. B. Fergusson. 

INSTITUTION OF CIVIL ENGINEERS.— Association 
London Students: Wednesday, February 1, 5.30 p.m., 
Great George-street, S.W.1. ‘‘ Natural Draught Cooling 
Towers,” by Mr. K. A. Kaye. 

INSTITUTION OF MINING ENGINEERS.—Thursday: 
February 2, 2.15 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. Annual Meeting. (i) Presi- 
dential Address by Mr. A. M. Bryan. (ii) “ Recent 
Advances Towards Safer Shotfiring in Coal Mines,” by 
Dr. W. C. F. Shepherd and Dr. H. C. Grimshaw. 

Roya Society.—Thursday, February 2, 4.30 p.m., 
Burlington House, Piccadilly, W.1. (i) “‘ Spectroscopic 
Studies of Low-Pressure Flames,” by Mr. A. G. Gaydon 
and Mr. H. G. Wolfhard. (ii) “ Flash Photolysis and 
Spectroscopy,” by Mr. G. Porter. 

INSTITUTION OF ENGINEERING INSPECTION and RoyaL 
STATISTICAL SoctrTy.—Thursday, February 2, 6 p.m., 
Royal Society of Arts, John Adam-street, W.C.2. “A 
Survey of Present Methods of Industrial Statistics.”’ by 
Dr. B. P. Dudding. 

CHEMICAL SocirETy.—Thursday, February 2, 7.15 
p.m., Burlington House, Piccadilly, W.1. Short papers. 

INSTITUTE OF FUEL.—South Wales Section: Friday, 
February 3, 6 p.m., South Wales Institute of Engineers. 
Park-place, Cardiff. ‘‘ Fuels for Gas Turbines,” by Mr. 
C. 8S. Williams. 
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the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
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SUBSCRIPTIONS. 
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or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
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EVOLUTION AND THE 
MARINE ENGINEER. 


‘* MEN are but children of a larger growth.” If 
proof should be wanted of this familiar aphorism, 
it is to be found at the meetings of the Institution 
of Mechanical Engineers ; for it has been a matter 
of observation over many years that the best 
attendances are to hear papers about locomotives 
and the next most popular subject is that of ships. 
Itis evident, as one Thomas Lowe Gray Lecture suc- 
ceeds another, that, in deciding that these lectures 
should have some bearing upon, or connection with, 
ships and shipping, the Council of the Institution 
who accepted Thomas Lowe Gray’s bequest and 
applied it to the purpose of founding and endowing 
the Lectures, certainly “ builded better than they 
knew.” Probably not one in a hundred of those who 
actually hear the lectures delivered is directly con- 
cerned with the construction or operation of ships or 
of marine machinery, but the interest that they 
arouse continues unabated. Mr. James Gray, the 
author of this year’s lecture, is a native of Edin- 
burgh, a city which must yield place to several others 
as a cradle of marine engineers, but to none as a 
centre of wide learning and ripe philosophy ; and it 
is not surprising, therefore, that his discourse should 
have shown a philosophical trend not always associ- 
ated with those who practise engineering as a liveli- 
hood, As we have indicated in another column, a 
great part of his lecture was devoted to the practical 
limitations which condition the selection of one type 
of machinery rather than another for a particular 
purpose, and to the problems of design and operation 
with which a superintendent engineer has to deal. 
At the end, however, Mr. Gray added a few com- 
ments, based on personal experience, on a tendency 
that has given cause for much anxiety in recent 





years among those who are concerned with the 
selection of the engineering complements of ships ; 
namely, the difficulty of ensuring that a sufficient 
supply is maintained of the higher-grade types of 
engineer, as distinct from the mere watchkeeping 
* engine driver,” and of finding men in whom exten- 
sive practical experience is associated with the ad- 
ministrative ability needed to occupy the relatively 
few, but increasingly important, directive posts. 

As a prime cause, Mr. Gray suggested that 
specialisation is largely to blame, in that it fails to 
encourage the breadth of outlook that is essential 
to efficient administration of any enterprise of 
wide scope. Paraphrasing the famous dictum of 
Sherlock Holmes about the capacity of the average 
human brain, he pointed out that development 
might be in breadth or depth; but that ‘‘ wisdom 
and capacity for decision’ were more often asso- 
ciated with breadth than with depth, and it is these 
qualities which are most needed in the higher 
executive positions. Specialisation in a fairly narrow 
field is most likely to ensure the most efficient 
operation within that field, though at a price which 
may not be immediately obvious ; but the tendency 
to-day is to strive first for economy, with the result 
that there is an over-production of narrow special- 
ists, steadily digging themselves more deeply into 
their respective grooves and, as they do so, becoming 
progressively less fitted to undertake responsibility 
outside of their special occupations. Working con- 
ditions have improved out of all comparison with 
those of earlier generations ; to quote Mr. Gray’s 
words, ‘‘ Pay is approximately four times that pre- 
vailing before the 1914-18 war . . . annual leave has 
increased threefold . . . the accommodation of a 
junior engineer to-day compares favourably with 
that of a chief engineer in the first decade of the 
century”; and yet “the skill of the seagoing 
engineer, as measured by certificates of competency, 
has diminished in conjunction with improvement of 
amenity and remuneration.” 

This, of course, is no new problem, nor is it 
peculiar to marine engineering, but its widespread 
incidence does not seem to bring a real] solution any 
nearer. It arises in part, no doubt, from the socio- 
logical advances of the present century, which have 
gone so far in tempering the wind to those formerly 
ill-upholstered that now they are more affected 
by draughts than their forerunners were by half a 
gale ; the standards of living and of working have 
altered, and that men have adapted themselves to 
the new standards, it may be, a little too quickly 
and widely. Moreover, it is not only that the condi- 
tions of amenity and remuneration have altered ; 
the nature of the employment has altered also. The 
chief and second engineers (especially, perhaps, the 
‘* seconds ’’) who were as competent to overhaul their 
machinery as to handle it, and who usually did both, 
were the products of their times and circumstances, 
to which they were well suited ; but it is by no 
means a foregone conclusion that the cargo-liner 
‘chief’ of 40 years ago would be competent to 
serve even as third in some vessels of the present 
day, in which successful operation depends so much 
more on an ability to interpret and act upon the 
indications of multitudes of gauges and automatic 
recorders. In short, the seagoing engineer of to-day, 
particularly in liners, must have much more of the 
student in his make-up ; it is only to be expected, 
therefore, that his composition should contain a 
somewhat smaller percentage of the mechanic. 

Concurrently with these changes, it may be 
remarked, the qualifications required in a super- 
intendent engineer have also undergone considerable 
modification, though by no means all of this rela- 
tively small but select fraternity have adapted 
themselves to changing circumstances 80 effectively 
as Mr. Gray—whose experience, incidentally, has 
included ten or eleven years in charge of one of the 
biggest ship-repairing organisations in the world, 
so that he knows the problems intimately from both 
sides, in a way that not many of his contemporaries 
can claim. The greater part of the world’s mercan- 
tile tonnage, however, is in units and fleets much 
smaller than those to which his lecture related, 
and some of the difficulties in finding suitable 
personnel, to which he referred, may be due to the 
fact that marine machinery in vessels of the liner 
type has developed along different lines from that 
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of the purely cargo-carrying vessel, while a large 
proportion of the engineers serving in liners obtained 
their grounding in cargo chips. Conditions may 
have changed in the fleets of the more enlightened 
owners of modern cargo tonnage, but it was cer- 
tainly the case up to the outbreak of the recent 
war that a man who obtained an Extra Chief Engi- 
neer’s Certificate did so with the knowledge that he 
was loading the dice against himself if he expected 
to continue at sea or to secure a post as assistant 
superintendent. Probably a majority of the Extra 
Chiefs who qualified each year entered for the 
examination with the deliberate intention of “ swal- 
lowing the anchor”, and as a step towards an 
appointment either in teaching or in some marine- 
engine builder’s drawing office. 

Of the concluding observations in Mr. Gray’s 
lecture on the problem of recruiting and maintaining 
suitably qualified staffs and complements, one of 
the most striking was his statement that, in recent 
years, ‘‘the proportion of engineers holding First 
Class Certificates, in several of the principal liner 
companies, has dropped from approximately two- 
thirds to less than one-third of the total staff.” At 
the same time, as ships’ engineers are less and less 
concerned with the actual work of maintenance in 
home ports, ‘‘they have little opportunity to inter- 
pret their operating experience by discovery in 
overhaul . . . Accumulation of experience is con- 
fined to operation—experience which can be ade- 
quately acquired in a few years.’ Mr. Gray’s 
conclusion (though, in fact, it is or should be 
obvious) is that ‘‘lack of wider development will 
tend to confine recruitment from the seagoing staff 
to positions of higher authority in the industry to 
the younger men, not set in and satisfied with routine 
conditions of operation only.’’ He ended with the 
warning that “‘the seagoing engineer must assess 
his circumstance to-day and decide whether he is 
satisfied to be an operator, and leave the creative 
part of his art to others’; a conclusion which was 
strengthened by the remarks of both the proposer 
and the seconder of the vote of thanks. 

We would suggest, however, that there is nothing 
new or unnatural in this state of affairs ; all that is 
novel is its extension to the first-class liner com- 
panies, who had been accustomed for decades to 
have at hand a long waiting list of applicants for 
vacancies and, in consequence, were able to insist on 
a “ chief’s ticket.” as an essential qualification for all 
except the most junior grades, whether in fact that 
qualification was really necessary or not. The atti- 
tude of mind induced by prolonged insistence 
upon a first-class certificate merely as a means of 
reducing the field of selection was reinforced by 
the slump conditions obtaining between the wars, 
when it was not unknown for men thus qualified to 
accept a position as donkeyman as an alternative to 
remaining indefinitely “‘on the beach.’ In many 
other branches of engineering, the distinction 
between designing and controlling staff and operat- 
ing staff had become evident long before—for 
example, in electric power stations and the larger 
works plants. 

The process has been accelerated by the metal- 
lurgical and other refinements that have been pro- 
gressively introduced in design and manufacture, 
and which have put it beyond the power of operating 
staff to undertake any but the simplest forms of 
adjustment and repair without the provision of 
equipment that it is not economical to supply for 
only occasional use. The trend is inevitable. Not 
so many years ago, the owner-driver of a motor car 
had to be a reasonably competent motor mechanic if 
he was to be confident of undertaking a long run 
with some certainty of arriving at his destination ; 
now there are thousands of owner-drivers who have 
never changed a tyre or a sparking plug. It is not 
to. be wondered at that a similar tendency should 
become evident in marine engineering, though it 
is never likely to proceed to quite the same length. 
No one would suggest that there should be a return 
to the old practice of providing a ship with a chief 
engineer for each engine. It seems to be a per- 
fectly natural development, with increasing relia- 
bility and the vastly improved means now available 
for rapid long-distance communication, that a more 
marked distinction should appear between operating 
staff, designers, and supervisors. 





ECONOMIC AND TECHNICAL 
PROGRESS IN THE 
ELECTRIC-LAMP INDUSTRY. 


THE dust cover of a recent book, published under 
the auspices of the Massachusetts Institute of Tech- 
nology, carries a list of important dates in the his- 
tory of the electric-lamp industry. The list, in 
abbreviated form, is as follows :—1800, Volta 
invents chemical battery, the first source of con- 
tinuous electric current; 1802, Davy discovers 
phenomena of continuous electric arc ; 1831, Fara- 
day and Henry independently discover principle of 
electromagnetic induction; 1877, Improvements 
in dynamos and arc-lamps lead to commercial elec- 
tric lighting ; 1879, Edison develops first practical 
incandescent lamp, using carbon filament ; 1904, 
Just and Hanaman develop method for preducing 
tungsten filaments; 1912, Coolidge applies for 
patent on process for making ductile tungsten fila- 
ments; 1913, Langmuir develops improved gas- 
filled lamp; 1938 (the American) General Electric 
Company develop highly efficient hot-cathode 
lamp. Two aspects of this list may be commented 
on, the first being that all the early workers, with 
the exception of Edison, were Europeans, those 
from 1912 being Americans ; and the second, that, 
while the pioneers worked with relatively primitive 
facilities, the contributors at the bottom of the 
list had the assistance of highly developed research 
organisations. 

The book referred to* is one of a “series of studies 
on the economics of innovation’ undertaken by 
the Massachusetts Institute of Technology, by 
means of a grant from the Rockefeller Foundation. 
The purpose is to inquire into the part played by 
outstanding individuals in technological advance 
and whether the concentration of monetary power 
in a few very large concerns is inherently favourable, 
or unfavourable, to further scientific progress. The 
question whether the patent system as at present 
operated is likely to encourage or check develop- 
ment in new fields, or revolutionary change in old 
ones, is also to be considered. The electric-lamp 
industry forms a suitable subject for a study of this 
kind. It is in the main in the hands of a small 
number of manufacturing companies in most coun- 
tries in which it is an important industry, and it has 
been the subject of extensive international trade 
agreements. 

Mr. Bright’s study fills a 625-page volume and 
gives evidence of the sifting of an enormous amount 
of material both scientific and economic, but that 
it will lead to “‘ the formulation of an organised and 
systematic theory of economic development ” may 
be doubted. The field is so vast and there is so 
much to be said for opposite points of view that no 
simple rules laying down the best method of foster- 
ing scientific advance are ever likely to be arrived at. 
No exact terms in which the work of individual 
pioneers can be related to the activities of skilled 
research teams are ever likely to be arrived at. 
The matter has been the subject of much discussion 
in this country in connection with claims that 
proper facilities and funds should be available for 
research work in university laboratories. That 
subject will not be discussed here, but the list of 
important dates which is given above has important 
bearing. In the course of his book Mr. Bright 
writes “until 1900 the United States relied almost 
wholly on Europe for its basic scientific know- 
ledge.” The advances up to that time, as recorded 
in the list, had been made by what may be called 
individual workers. The first American develop- 
ment after that time, due to Coolidge, was carried 
out with the facilities available in the General 
Electric Research Laboratory, which was estab- 
lished in 1900, and the important work of Irving 
Langmuir was done in the same place. It may be 
noted that, in this, the General Electric Company 
were well in advance of the time ; the Westinghouse 
Research Laboratory was not established until 1916, 
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a separate laboratory for lamp research being added 


in the following year. 

The various steps in the development of ¢'vctric 
lighting, from the original discovery of the electric 
are by Davy, are traced in great detail in the }ook, 
which constitutes a valuable technica] history of 
this subject, attention being paid to the fact that 
electricity could not have reached its present 
dominant position as a lighting agent without the 
parallel iocingdhien of the electric supply indistry, 
The “‘ part played by outstanding individuals ” jg 
made clear, but it is not established, and cannot be 
established, that the work of an outstanding indivyi- 
dual is likely to be less fruitful if he is provided with 
the facilities of a large well-organised laboratory, 
That is not to say, however, that his initiative may 
not, consciously or unconsciously, be influenced by 
his environment, and it is pointed out by Mr. Bright 
that a powerful manufacturing company may dis- 
courage a fundamental development because it 
would interfere with a fully-organised and com- 
mercially-successful manufacturing programme. On 
the other hand, he states that ‘‘ American universities 
and non-profit research institutions have not con- 
tributed significantly to fundamental lighting 
research.” He also says, however, in another place 
that “‘new knowledge is required to open up the 
remaining possibilities in electric-discharge |light- 
ing” and that “industrial organisations . . . (with) 
their vested interests in the current situation are 
not likely to provide the ideal environment for 
further fundamental progress.” 

In view of the fact that the later developments 
which have led to the modern types of electric 
lamps have, in the main, been carried out in indus- 
trial research laboratories, this latter remark may 
appear somewhat unkind. It appears to be dic- 
tated to some extent by the economic considerations 
which formed one of the subjects of the inquiry and 
by the dominant position in the electric-lighting 
field held for so long by the American General 
Electric Company. This organisation, incidentally, 
is a commercial concern and its great research 
laboratory was not established from altruistic 
motives. In view of this, it is interesting to learn 
that the laboratory spent 195,000 dollars on the 
development of the gas-filled lamp, and that “ far 
greater sums had been paid by General Electric for 
earlier lamp patents of much less significance.” 

To a large extent, this book is naturally concerned 
with the development of the electric lamp in 
America, and, in the commercial field, with the 
operations of the General Electric and Westinghouse 
companies. Much information, however, is given 
about similar developments and activities in Great 
Britain, Germany, France, Holland and other 
countries. The broad conclusions reached are that 
“the scientific background for the incandescent 
lamp, the are lamp, and the numerous electric- 
discharge lamps, was developed in Europe,” but 
that ‘‘in the mechanisation of lamp production the 
large American manufacturers led from the start.” 
This is a field in which American genius has long 
been prominent, but the establishment of a special- 
ised manufacturing plant, while reducing production 
costs, may result in a resistance to change. _Mr. 
Bright asserts that ‘‘ General Electric . . . resisted 
the growth of neon-type tubing for general illumina- 
tion ” and “ lagged in developing fluorescent lighting 
to a commercial stage ” and that “ General Electric's 
control over the lamp industry has not provided an 
ideal environment for the development and intro- 
duction of major new light sources.” The American 
General Electric Company, working in close associa- 
tion with the Westinghouse Company, has domin- 
ated the field in America, but it remains to be 
proved that “the greatest good of the greatest 
number” would have resulted had the American 
lamp industry remained in the hands of a large 
number of small companies, each of which might 
have introduced its own types but of which possibly 
none would have been sufficiently prosperous to 
develop elaborate manufacturing methods demand- 
ing heavy capitalexpenditure. The present position 
in America is complicated by anti-trust legislation, 
licensing arrangements and the patent situation. 
These matters are examined in detail in this very 
informative work, which is clearly an important con- 
tribution to the series of which it forms a part. 
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NOTES. 


THe THomas LowE Gray LECTURE. 


Tue general meeting of the Institution of Mech- 
anical Engineers on Friday, January 20, was devoted 
to the annual Thomas Lowe Gray Lecture, the 
22nd of its series and delivered by Mr. James Gray, 
C.B.E., B.Sc., chief superintendent engineer of 
the Union-Castle Mail Steamship Company, who 
reviewed ‘‘ Some Considerations in the Provision 
and Operation of an Overseas Mail Service.” The 
title was not, perhaps, the most attractive in 
the series of Lectures, nor does it indicate very 
precisely the ground covered by the lecturer ; 
but the contents were as had been expected by those 
who were acquainted with Mr. Gray’s professional 
background—an exposition of some of the general 
principles which govern a shipowner’s requirements, 
followed by a practical discussion of some of the 
engineering problems that beset a superintendent 
engineer. The examples cited were novel to many 
of Friday’s audience and are likely to be equally 
so to many of those who, in due course, will hear 
the Lecture repeated at various provincial centres. 
We comment on Mr. Gray’s concluding remarks on 
page 99 of this issue, and shall be reprinting the 
Lecture, somewhat abridged, in the near future. 
On the invitation of the President (Dr. H. J. Gough, 
F.R.S.), a vote of thanks to Mr. Gray was proposed 
by Dr. 8S. F. Dorey, F.R.S., seconded by Captain 
(E) W. Gregson, R.N.R., and carried by acclamation. 


INTERNATIONAL AERONAUTICAL EXHIBITION. 


The first half of this century has been notable, 
among other things, for the evolution of powered 
flight. It is fitting, therefore, that a mid-century 
exhibition to sum up the achievements of fifty years 
of aviation has been arranged to take place in the 
early summer. On June 10 to 25, 1950, an inter- 
national aeronautical exhibition, organised by the 
Belgian Comité National d’Aéronautique, will be 
held in the Grand Palais du Centenaire, Brussels, 
Belgium. The static exhibition will comprise 
aircraft, engines, navigational equipment, radio, 
aircraft instruments and equipment, air photography 
and photogrammetry, materials, miscellaneous 
industries and inventions. The programme will 
include flying displays; those of military and 
commercial aircraft will be given at the Brussels 
National Airport, while light aeroplanes will be 
flown at the Grimbergen-Brussels airfield. Heli- 
copters will be demonstrated from a prepared area 
in front of the Grand Palais du Centenaire. On 
the final day of the exhibition, June 25, a grand 
parade of all the aircraft presented at the various 
flying displays will take place at the Deurne- 
Antwerp aerodrome. Entries for the static exhibi- 
tion have already been accepted from the aircraft 
industries of Great Britain, the United States, 
France, Czechoslovakia, Holland, and Turkey, 
while negotiations are in progress with Canada, 
Italy, Sweden, and Switzerland. Full particulars 
of the exhibition, and application forms for prospec- 
tive exhibitors, can be obtained from the Secretary- 
General of the Exhibition, Comité National d’ Aéro- 
nautique, 1, Rue Montoyer, Brussels, Belgium. 


ELEctricity SupPLY 1n EvurRopE. 


The sixth session of the United Nations Economic 
Commission for Europe Committee on Electric 
Power opened at Geneva on Friday, January 13, 
under the chairmanship of Mr. P. Ailleret, Directeur 
des Etudes et des Recherches 4 l’Electricité de 
France. In an opening statement, Mr. Gunnar 
Myrdal, the E.C.E. executive secretary, said that the 
Committee still had before it certain vital projects 
for alleviating the continuing shortage of electricity 
which was an aftermath of the war. The funda- 
mental studies of Europe’s power position were 
approaching a point where they should be of great 
assistance in making practical decisions. Mr. 
Myrdal went on to say that the best available 
analysis of that position indicated the likelihood 
of serious and sustained shortages in power capacity 
and possibly also in generating equipment. If that 
Were so, one of the major preoccupations of the 
Committee would be to continue to analyse the tech- 
nical and economic means of overcoming this short- 
age, if possible by dealing with difficulties before 
they became emergencies. The ultimate aim of the 





Committee must be action calculated to result in the 
most sensible utilisation of Europe’s economic 
resources to meet her needs for power. As a result 
of meetings with financial interests, it was, however, 
clear that the task of finding private funds in 
Europe, even in the power field, was much more 
difficult than before the war, and would probably 
require governmental or international assistance 
for its accomplishment. In fact, the reasonably 
economic development of Europe’s power resources 
could hardly be imagined without effective inter- 
national co-operation. It was announced that Mr. 
T. Rollman, director of the Economic Commission 
Steel Division, had also been appointed director of 
the Power Division in place of Mr. J. Houston 
Angus. Mr. Angus has become special consultant 
on electrical power development in connection with 
the United Nations’ programme of technical 
assistance for economic development. 


Tue Soctety oF InstruMENT TECHNOLOGY. 

The great strides made, in recent years, in the 
production of automatic-control mechanisms have 
prompted a number of engineers to endeavour to 
bring together persons interested in the scientific, 
technical and educational aspects of the subject, 
with a view to the formation of an organisation 
devoted to encouraging progress in this field. In 
1942, a Ministry of Supply Panel on Servo-Mechan- 
isms was formed, as an informal body, for the 
exchange of information, and, in 1944, an inter- 
departmental committee was constituted to co- 
ordinate Service requirements and make recom- 
mendations for the allocation of research and 
development facilities. The Panel survived until 
the end of the war and the inter-departmental 
committee was re-organised in 1946. Subsequently, 
the need for a forum where certain scientific, 
technical and educational aspects of servo-mechan- 
isms could be discussed freely made itself felt, hence 
the inter-departmental committee appointed a 
sub-committee which included persons who were 
not members of the committee to inquire into the 
matter. It was decided to approach the Society of 
Instrument Technology, which, as their range of 
interests includes the subject, welcomed the idea of 
forming a Section which would appeal to all interests 
in the control field. The Section is intended to cover 
the theory and practice of closed-lcop control 
systems, including servo-mechanisms, regulators and 
process controllers, also problems of the human oper- 
ator as a controller and when part of a larger control 
system. An inaugural meeting will be held on Tues- 
day, March 28,-at 6.30 for 7 p.m., at the Royal 
Society of Tropical Medicine and Hygiene, Manson 
House, Portland-place, London, W.1, when three 
short papers will be read, namely, ‘‘Servo- 
mechanisms : Recent History and Basic Theory’”’, 
by Professor K. A. Hayes ; “‘ The Problem of Stabili- 
sation,’’ by Dr. A. Utley ; and ‘‘ Problems in Control 
Svstems which await Solution,’ by Professor A. 
Tustin. Further particulars may be obtained from 
the honorary secretary, Mr. L. B. Lambert, 55, 
Tudor-gardens, London, W.3. 


THE WorLp’s SHIPBUILDING. 

A downward trend is manifest in the total for 
steam and motor merchant ships under construction 
in the shipyards of Great Britain and Northern 
Ireland on December 31, 1949. The total, namely, 
1,994,191 tons gross, according to statistics given in 
Lloyd’s Register Shipbuilding Returns for the 
quarter ended December 31, 1949, is 101,026 tons less 
than that for September 30, 1949, and is 249,512 tons 
below that for June 30, 1948. The latter figure 
amounted to 2,243,703 tons and was the highest 
recorded since December 31, 1921. Nevertheless, 
that shipyards in this country are still very busy is 
indicated by the fact that, during the last quarter 
of 1949, 248,696 tons of shipping were commenced, 
301,941 tons were launched and 363,780 tons were 
completed. Moreover, the tonnage upon which 
work was suspended only amounted to 1,180 tons 
on December 31, last, and the tonnage of the 
vessels intended for registration abroad or for sale 
remained practically stationary, it being 758,479 
tons compared with 766,000 tons on September 30, 
1949. The total of 1,994,191 tons is made up of 
143 steamers, aggregating 754,823 tons, and 225 
motorships comprising 1,239,368 tons. The tonnage 


of steam and motor merchant ships under con- 
struction abroad on December 31, 1949, excluding 
Germany, Russia and China, for which no returns 
are available, was 2,400,577, which is 111,945 tons 
below the figure recorded on September 30. During 
the quarter under review, 424,853 tons of shipping 
were commenced in shipyards overseas, 485,218 
tons were launched and 569,216 tons were completed. 
The leading shipbuilding countries abroad comprise 
the United States with 512,707 tons of shipping 
under construction on December 31, 1949, France 
with 422,046 tons, Holland with 301,506 tons, 
Sweden with 297,325 tons, Italy with 214,410 tons, 
Denmark with 132,129 tons, Japan with 120,416 
tons, and Spain with 109,347 tons. The ships being 
built in the world at the end of December include 
19 steamers and 53 motorships each of between 
6,000 and 8,000 tons, 17 steamers and 54 motorships 
of between 8,000 and 10,000 tons, 25 steamers and 
78 motorships of between 10,000 and 15,000 tons, 
32 steamers and 13 motorships of between 15,000 
and 20,000 tons, and six steamers and four motor- 
ships of between 20,000 and 30,000 tons. The 
oil-tank steamers and motorships, of 1,000 tons 
gross and upwards, now under construction in the 
world comprise 174 vessels, aggregating 1,924,333 
tons, representing an overall increase of 16,166 tons 
since September 30. The totals for Great Britain 
show a rise of 57,581 tons, for Sweden of 41,800 
tons, and for France of 20,980 tons, but that for the 
United States a decrease of 102,824 tons. 
Royat Unrrep SERVICE INSTITUTION. 

The problems of “ Airfields in a War of Move- 
ment ’’ were discussed by Air Vice-Marshal T. G. 
Pike, C.B., in a lecture given to the Royal United 
Service Institution on Wednesday, January 18. 
The trend of increasing aircraft weights and tyre 
pressures demanded longer and stronger runways, 
he said, but, in war, transport for airfield construc- 
tion was in short supply and speed of construction 
was essential. The speed of construction of a 
runway depended on its length and width, its 
strength and its ability to withstand weather and 
traffic. Inthe North African campaign where there 
was hard desert and little rain, it was possible to 
produce a forward airfield for fighter aircraft in two 
or three days ; in Italy, when the winter rains set in, 
the problem was unsolved until the adoption of 
pierced steel planking, widely known as ‘‘ PSP,” con- 
sisting of 10 ft. lengths of 10 in. wide plate ; with this 
material, an airfield could be constructed in about 
two weeks. It had the disadvantage of being heavy 
—about 1 ton per yard of runway; this meant 
about 3,000 tons for an airfield, plus 10,000 tons 
of gravel foundation, essential in rainy conditions. 
A lighter alternative was pre-fabricated bituminised 
surfacing, or tarred canvas, which could be laid down 
by a special machine in about one week ; this was 
satisfactory if the ground underneath was suffi- 
ciently hard, but it was susceptible to damage, 
and once water was able to get through to the soil 
it was no use. Air Vice-Marshal Pike then consi- 
dered some developments in aircraft design. The 
necessity for high performance required the use of 
thin wing sections, and with retractable under- 
carriages of the conventional type, this led to small 
wheels with high tyre pressures. In America, some 
recent aircraft—notably the Boeing B-47 and the 
Martin B-51 bombers—had solved this difficulty 
by the adoption of the “‘ bicycle ” undercarriage, in 
which twin wheels were arranged in tandem to 
retract into the fuselage, with outrigger wheels 
either at the engine nacelles or at the wing tips. 
The disadvantages of this arrangement were the 
difficulty of getting sufficient wing incidence for 
take-off, and the fact that,when the wheel brakes 
were applied after landing, all the weight would be 
thrown on the front wheels. As a means of reduc- 
ing runway lengths, the use of arrester hooks for 
landing, in conjunction with equipment for assisted 
take-off, was being considered. In relation to air- 
field conditions, dust must also be considered ; in 
Normandy, abrasive dust was unexpectedly en- 
countered, and the Typhoon fighters, having no 
air filters, were seriously affected within a week ; the 
effects of abrasive dust on jet engines: were not 
known. The lecturer concluded by showing a 
film of American aircraft—the Fairchild C.82 and 





the Douglas ‘‘ Boston.” 
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LETTER TO THE EDITOR. 


THE SOLUTION OF ENGINEERING 
EQUATIONS. 
To THE Eprror oF ENGINEERING. 
Sir,—The method of solving equations given by 
W. R. Mitchell* is very useful on occasion, but it 
is worth pointing out that many of his equations 
are more easily and quickly solved by direct use of 
the slide rule. The method to be described is not 
new but seems to be little known. The ordinary 
notation for describing slide-rule operations will be 
used. Scales A and B are the upper (1 to 100) 
scales on stock and slide respectively, scales C and 
D the lower (1 to 10) scales on slide and stock 
respectively. Scale CR is the reciprocal scale 
(10 to 1) found on many rules on the centre of the 
slide. If there is no scale C R, take the slide out 
and reverse it end for end; then scale C becomes 
C R on what is now the upper edge of the slide, and 
B becomes BR on what is now the lower edge. 
K is the cursor line. 
To solve 2? + az + b = 0, rewrite it as 


b 
z?+- = —a. 
x 


Reverse the slide if necessary. Set 1 on C or BR 
tobon D. Then if K is set to z on D, it will show 


zon A and” on CR. All that needs to be done, 


therefore, is to move the cursor along until the sum 
of the readings on A and C R is — a and then read 
off zx on D. It is convenient, and helps to avoid 
decimal point mistakes, if the roots are first multi- 
plied by such a power of 10 as will bring 6 near to 1. 
As an example, take Mitchell’s first equation 
a? — 988a — 9880 = 0. 
Divide the roots by 10. This involves dividing the 
coefficient of a by 100 and the absolute term by 
1,000, giving 
a — 9-88 — 9-88 = 0, 
or 
9°88 
z* — —— = 9-88. 
zx 
Reverse the slide. Set 1 on BR to 9-88 on D. 
A root is expected near 3,soset Kto3o0nD. Read 
az*= 9 on A and = = 3-3 on CR. The differ- 
ence is 5-7 and it should be 9-88, so move K to, 
say, 13 on A and try again. This gives 2-74 on 
C R, difference 10-26. Obviously we have overshot 
and it is easy to settle K at A = 12-65, C R = 2-77 
which give the correct difference. Then read x on 
D as 3-56. If they were wanted, the other roots 
could easily be found at the same setting of the 
slide; they are — 2-41 and — 1-46. Thus the 
solution to the original equation is 
3-56 x 10 = 35-6, 
The equation z*+az*+56=0 can be solved 
similarly by writing it in the form 


b 
z+—54= —4a. 


x? 
Reverse the slide, set 1 on CR to 6 on A. Then 


K reads z on D and = on BR, and it is only neces- 


sary to adjust K until the sum of these is — a. If 
the rule has a scale of cubes the equation 

w+ar+b=0 
can be solved by a similar method. 

With a log log scale (referred to as LL) the 

equation 

@—ar—-b=0 
is solved in the same way. Again scale D is used 
for x, L L shows e*, and the slide is set so that C 
shows az. Take, as an example, Mitchell’s equa- 
tion 

oe — 27 = 1. 

Set 20n CtolonD. Then adjust K so that the 
reading on L L minus the reading on C is equal to 1, 
and read the answer z = 1-26 on D. It will be 
found in this case that the exact setting is uncertain, 
since a small shift of K produces very little change 
in the difference. It is a great virtue of the slide- 
rule method of solving equations that it shows up 


* See ENGINEERING, vol. 168, page 28 (1949), and 
Page 5, ante. 





uncertain solutions in this way, so that it is known 
when the answer is not too reliable. This un- 
certainty is inherent in the equation and is not 
introduced by the method of solution, whereas both 
the method suggested by Mitchell and the solution 
by formula may get into difficulty even in cases 
where there is no inherent uncertainty. 

The quadratic equation z*?+b2+c=0 can 
also be solved by this method more quickly and in 
some cases more reliably than by the usual formula 


z= —}b43V 0? —- 4a). 
Write the equation in the form 


c 
r+-= -b. 
x 


Set 1 on slide toc on D. Then adjust K until the 
sum of readings on D and C Ris — 6. Then these 
two readings are the two roots of the equation. 
The following problem compares the various 
methods. 

Two points A B, distance L apart, are joined by 
an are of a circle of radius large compared with L. 
Required the offset, or perpendicular distance from 
the arc to the chord A B, for a point on the chord 
distant z from A. It is not hard to show that the 
offset, y, is given by the equation es 
y(2a+y)=2(L — 2), 

where a is the distance from the centre of the chord 
to the centre of the circle. Take, as an example, the 
case a = 200, L = 68, x = 10. 

The equation becomes 

y? + 400y = 580. 

Solving by formula 

y = — 200 + $4 (160,000 + 2,320). 

Since the positive sign is obviously required 


y = — 200 + $162,320 
= — 200 + 202 
= 2, roughly. 
The formula method breaks down unless special 
dodges are used. 
Solving by slide rule 
580 
— —y= 400. 
y 
Set 1 on slide to 580 and at C R = 400, D — 1-45, 
giving a difference of 398-5. At CR = 401-5, 
D = 1-444, giving the correct ditference of 400, so 
the root wanted is 1-444, and the other root, 
incidentally, is — 401-5. 
Solving by the method described by Mitchell 
y® + 400y — 580 = 0° 
At y=1, 1 + 400 — 580 = — 179, 
y=2, 4+ 800 — 580 = + 224. 
The estimate of y is 1 +4 = 1-44, and the 
largest variation is in the term 400y. So the 
equation is written 


580 — y? 
= a 
ARO -— 1-442 
= 1-445 


Yours faithfully, 
A. N. Back. 
Engineering Laboratory, 
19, Parks-road, 
Oxford. 
January 12, 1950. 
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THE WHIRLING OF 
ROTATING ELASTIC SHAFTS. 


By T. M. Cuartron, B.Sc.(Eng.), 
A.M.1I.Mech.E. 


In existing literature on the subject of the 
whirling of rotating shafts, many misleading 
statements have been made concerning the physical 
interpretation of the mathematical analysis, in 
spite of the work of H. H. Jeffcott* and J. Morris.+ 
Thus the “stability theory,” described at the end 
of this article, though leading to numerically satis- 
factory results in the simple cases, involves a 
misleading approach. Furthermore, the problem 
is usually over simplified, due to the well-known 
basic assumptions made concerning the nature of the 
system. It is proposed to review the criticial-speed 
problem with particular reference to the physica] 
nature of the phenomenon. Secondary whirling, due 
to gravitational influences on horizontal systems, 
will not be discussed. 

In order that the phenomenon of whirling of a 
uniform cylindrical shaft in rigid bearings may 
occur, in the absence of bearing oil films, it is 
essential that there should be sufficient out-of- 
balance mass within the system to overcome the 
damping agencies during rotation. This is because 
whirling is a resonance effect, and not a form of insta- 
bility in the generally accepted sense of the term. 
Resonance occurs when the resolved components at 
right angles of the rotational forces have a frequency 
which corresponds to a natural frequency of flexural] 
vibration of the stationary shaft ; that is, when the 
speed of rotation has a periodicity equal to that of a 
natural flexural vibration of the shaft. The 
orthogonal components of the rotational forces 
produce two flexural vibrations at right angles, which 
combine to cause the centre of the shaft to move 
in a circular path at each section. 

It should be appreciated that, during the building 
up of the whirl, the shaft always rotates about its 
own geometrical centre line; it is the rotational 
forces due to out-of-balance relative to this centre 
line which produce the phenomenon. The change 
of phase which occurs at resonance is irrelevant to 
the present discussion. 

The case of a stationary uniform circular shaft 
will be considered for a moment, in order to 
clarify the above statements. If two equalimpulses, 
directionally at right angles and in the correct 
relative phasing, are applied to a point on the shaft, 
the resulting orthogonal free vibrations of the 
shaft will combine to give a circular motion or whirl 
of definite amplitude (in the absence of damping), 
depending upon the magnitude of the impulses. 
The elementary mathematical analysis of whirling 
can clearly be applied to this condition. If, in addi- 
tion, the shaft is perfectly balanced and rotating 
when the impulses are applied, a similar phenomenon 
will be observed, which differs from that described 
only in that the shaft is rotating about its geometrical 
centre line simultaneously with the whirling motion. 
The speed of rotation is immaterial; even if the 
shaft is rotating at a speed corresponding to a 
natural frequency of flexural vibration, the whirl 
produced by the impulses will, nevertheless, remain 
fixed in amplitude (stable) and of precisely the same 
nature as that of the stationary shaft. Again, if 
the perfectly balanced shaft is rotating at a speed 
corresponding to a natural frequency of flexural 
vibration and it is subjected to a single impulse in 
a given plane, its subsequent motion will consist of 
rotation about its deflected centre line plus flexural 
vibration in the given plane. The speed of rotation 
is again immaterial. 

At this point, it is necessary to state that the case 
of the shaft transmitting a heavy torque is a special 
one, since the torque will tend to produce whirling 
at any speed if the statical deflection is sufficient. 
For the purpose of this discussion, small deflections 
only are considered, as is usual when dealing with 
the vibrations of elastic systems, so that the torque 





* “The Lateral Vibrations of Loaded Shafts in the 
Neighbourhood of a Whirling Speed.” Phil. Mag., vol. 
37, page 304 (1919). 

+ The Escalator Method, Chapman and Hall, Limited, 
London, 1947; also The Strength of Shafts in Vibration. 
Crosby Lockwood and Company, London, 1929. 
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problem does not arise. This is acceptable from 
practical considerations, since the engineer is 
interested primarily in incipient whirling. 

The reason for the apparent confusion in the 
physical interpretation of whirling seems to be due to 
the coincidence of flexural vibration with rotation. 
The confusion is removed if it is remembered that a 
shaft will normally rotate about its geometrical 
centre line (as distinct from the bearing centre line) 
for elastic deformations, with the above reservation 
concerning torque. 

While the description of whirling as rotational 
instability seems to be incorrect, the nature of the 
vibrations or whirl may be described as stable, 
neutral or unstable. If it were possible for damping 
to be eliminated, the smallest amount of out-of- 
balance would produce an unstable vibration or whirl 
at a critical speed, in the sense that its amplitude, 
theoretically, would tend to infinity in an infinite 
time and, practically, would result eventually in 
mechanical failure. 

In the above discussion of the phenomenon of 
whirling, the following effects were disregarded 
for the sake of simplicity: (a) the flexibility of 
bearings in all directions ; (6) the effect of bearing 
oil films; (c) the presence of more than one span 
within the system, each portion of shaft being 
rigidly coupled to the neighbouring portions ; 
(d) asymmetry of the shaft cross-section ; (e) the 
stiffening effect of loads, e.g., wheels or discs fixed 
to the shaft; (f) gyroscopic effects due to loads ; 
and (g) the effect of temperature in the case of ther- 
mal prime-movers. 

The dynamical equations of motion for the whole 
system, including bearings, must be formulated in 
order to make allowance for these factors in the 
determination of resonant speeds, out-of-balance 
again being the primary disturbing factor. Such 
treatment is generally impracticable owing to the 
mathematical work involved, especially in view of 
the frequent indeterminacy of the constants for 
effects (a), (b) and (e). Thus it is customary, 
particularly in connection with turbo-alternator 
designs involving coupled spans, to assume a small 
amplitude of vibration ; gyroscopic effects negligible; 
bearing rigid in translation, but infinitely flexible for 
rotation about axes at right angles to the shafts ; and 
circular shafts and loads. The effect of temperature 
is taken into account by modifying the value of 
Young’s modulus for the various sections, and some 
attempt is made to allow for the stiffening action of 
the disc hubs. The latter correction tends to be 
only roughly approximate and is often ignored. 
The effect of each of the factors (a) to (g) separately 
can be stated briefly as follows. 

(a) Assuming that the bearings approximate to 
knife-edge supports, but that their translational 
flexibilities have varying values over the circum- 
ference, then, for each resonant critical speed, 
assuming rigid bearings, there will now be two reso- 
nant points corresponding with the maximum and 
minimum flexibilities. 

(b) A form cf rotational instability can occur due 
to the bearing oil films, the upper limit of which has 
been found to be one half of the rotational frequency 
in the general case. In actual fact, the phenomenon 
occurs somewhat below this limit. It is interesting 
to note that the tilting-pad Michell bearing is 
incapable of exciting oil whirl. Further generalisa- 
tion, however, is impossible.* 

(c) If the system consists of a number of rigidly 
coupled spans and there is “ play” or flexibility 
in the bearings for rotation about axes at right 
angles to the shaft, then the vibration characteristics 
of the coupled line must be considered as a whole. 
(Each span may be treated separately if the bearings 
are rigid and exercise complete directional restraint ; 
this is most unlikely in practice for incipient whirl- 
ing.) The speed-spacing of the critical speeds is 
likely to be very erratic ; e.g., the first and second 
critical speeds of coupled turbo-alternator systems 
are usually comparatively close, the second being 
usually less than twice the first. The grapho- 
analytical method of calculating the critica] speeds, 
using Rayleigh’s principle, must be abandoned, in 
general, since this can only be used for cases in 





* “The Influence of Oil-Film Journal Bearings on the 
Stability of Rotating Machines,” by A. C. Hagg. JI. of 
App. Mechanics, vol. 13, No. 3, page A-211 (1946). 





which the nodes are accurately known. Alternative 
methods of calculation have, however, been devised,* 
but it is considered that there is room for further 
improvement. : 

(d) 1f the shaft cross-section is asymmetrical, it 
will be found that, for each critical speed, there are 
now two such speeds, corresponding to the principal 
second moments of area of the section, in between 
which is a region of instability (as opposed to 
resonance). Two-pole alternator rotors are a 
practical example of asymmetry, but are heavily 
damped.t 

(e) The effect of discs shrunk or clamped to the 
shaft is to increase the critical speeds or natural 
frequencies of vibration, since the stiffness of the 
shaft is increased thereby. In addition, however, 
they may give rise to fretting and so tend to limit 
the amplitudes of vibration. If the discs are 
integral with the shaft, a similar stiffening effect 
will result, fretting being absent. The mathe- 
matical] estimation of these factors is generally 
difficult.f , 

(f) Gyroscopic effects tend to increase the critical 
speeds since they oppose the forces causing deflec- 
tion. If the discs are asymmetrical, for each 
critical speed there will be an unstable band 
bounded by the resonant critical speeds correspond- 
ing with the resultant principal moments of inertia 
of the discs about axes at right angles to the axis of 
the shaft.§ 

(g) Elevated temperatures decrease the shaft 
stiffness, and it is relatively easy to estimate this 
if the thermo-mechanical properties of the materia] 
are known. 

From practical observations which the author has 
made, rotating systems balanced to modern stan- 
dards show little tendency to whirl when run at a 
critical speed. Critical speeds should be avoided, 
however, since, otherwise, serious consequences 
would be the result of increased unbalance due to a 
mechanical failure. Critical speeds, estimated 
mathematically and based upon the usual simplifying 
assumptions, seem to agree with those observed to 
within a few per cent.; this applies to first and 
second critical speeds only. This state of affairs 
may change rapidly for new designs, and model 
tests are valuable as a means of checking the 
mathematical methods.§ 

While the “‘stability theory ”’** of the whirling 
of elastic rotating shafts is misleading, it leads to 
the same numerical values of the critical speeds as 
given by the correct theory, and is convenient for 
simple cases. By this theory, if a rotating shaft 
is deflected away from the bearing centre line, it 
will rotate bodily about this centre line. Un- 
balanced mass, or initial deflection, is considered to 
cause the phenomenon to manifest itself, to a 
greater or lesser extent, at all rotational speeds. 
Upon approaching a critical speed, the amplitude 
of whirl tends to increase with time. 

Again, if a perfectly balanced shaft is disturbed 
at any speed of rotation other than in the region of 
a critical speed, rigid body rotation is considered 
to follow, the amplitude of whirl tending to diminish 
owing to the rotational and eiastic forces not being 
in equilibrium ; i.e., the system is stable. At a 
critical speed, however, it is considered that such a 
disturbance will produce a whirl of definite ampli- 
tude, which will be maintained owing to the forces 
being in equilibrium; i.e., the system is neutral. 





* Steam and Gas Turbines, by A. Stodola, McGraw-Hill 
Book Company, New York, vol. 2, pages 1122-1126 
(1927); and “‘ A General Method for Calculating Critical 
Speeds of Flexible Rotors,” by M. A. Prohl, Jl. of App. 
Mechanics, vol. 12, No. 3, page A-142 (1945). 

t “‘ Critical-Speed Behaviour of Unsymmetrical 
Shafts,” by H. D. Taylor, Jl. of App. Mechanics, vol. 7, 
No. 2, page A-71 (1940). 

t “‘ Versteifender Einfluss der Turbinenscheiben auf 
die Durchbiegung des Laiifers,” by B. Eck, Z.V.D.I., 
vol. 72, No. 2 (1928). 

§ A. C. Hagg and J. Morris, loc. cit. 

q ‘‘ A Note on the Flexural Similarity of Structures,” 
by T. M. Charlton, Civil Engineering and Public Works 
Review, vol. 43, pege 456 (1948); and “‘ Some Recent 
Experimental Methods Applied to Engineering Design,” 
by T. M. Charlton, Trans. N.E.C. Inst., vol. 65, page 29 
(1948). 

** Materials and Structures, by E. H. Salmon, 
Longmans, Green and Company, London. vol. I, page 320 
(1938). 





Thus, unbalanced mass is supposed to provide the 
unbalanced force, which, at a critical speed, will 
cause the amplitude of whirl to increase with time 
until failure occurs ; that is, unbalanced mass pro- 
duces instability of the rotating system. It is 
evident, therefore, why the phenomenon of whirling 
is described as one of stability, and it is not surpris- 
ing that an analogy was drawn between the Eulerian 
strut and the whirling of a uniform circular shaft in 
two bearings. 





MARCONI EDUCATION AND 
TRAINING IN RADIO ENGINEERING, 


A BROCHURE, entitled “ Marconi Training,” which is 
the second of a series on apprenticeship within the 
English Electric Group of Companies, has been issued 
by Marconi’s Wireless Telegraph Company, Limited, 
Chelmsford. Its principal object is to give yo 
men, who have the range of talents and the type o 
mind for which the company is looking, facts about the 
Marconi apprenticeship schemes and to suggest the 
advantages of serving their time with so well-known 
and historic an organisation. It may be said at once 
that it fulfils this p admirably and that its 
contents are likely to be found of use to the embryo 
radio engineer and of interest’ to his parents and 
teachers. 

The brochure points out that training schemes have 
been available at Marconi’s for nearly 50 years and 
that radio communication itself has hardly a longer 
history. That history is briefly traced in a separate 
chapter from the opening of the first Marconi factory 
at Chelmsford in 1899, through the early days of 
transatlantic communication, to broadcasting, tele- 
vision and radar. The first residential training school 
for wireless engineers, it is pointed out, was opened at 
Frinton in 1901, but three years later was moved to 
the Chelmsford works, so as to provide a closer contact 
between training and manufacture. In 1911, a training 
school was set up at Broomfield, which is now the site 
of the apprentice training centre, while nine years 
later a college for engineering training was opened at 
Springfield. This was extended in 1936, and, later, 
renamed Marconi College, when it became the centre 
of the company’s education department. Full details 
of the equipment of this establishment and of the two 
main courses available in radio engineering and radar, 
respectively, are given in a well-illustrated brochure, 
which has also been recently published by the company 
under the title of ‘“‘ Marconi College.” 

As regards apprenticeship at Marconi’s, three classes 
are in being: craft, student and graduate, terms which 
are too familiar to require definition. Full particulars 
of each of these is given in the brochure; and it is 
satisfactory to learn that transfer to student apprentice- 
ship is permitted to those who have been following 
a technician training as craft apprentice and have 
passed the Ordinary National Certificate in Engineering 
by the end of their third year. Student apprentices 
enter the works at the age of 17, and undergo practical 
and theoretical courses in preparation for the Ordinary 
and Higher National Certificates ; and eventually for 
the associate membership examination of the chartered 
engineering institutions. Finally, the graduate appren- 
ticeship provides practical training for university 
graduates, alternative programmes being available 
according to the students’ education and experience at 
entry and the function within the company’s organi- 
sation for which they are being trained. The syllabuses 
for the various classes of apprenticeship are well 
thought out and the young man who has followed any 
one of them will have the satisfaction of knowing that 
he has acquired most useful knowledge in an important 
branch of the electrical industry. 





TUNGSTEN-CARBIDE TIPPED LATHE Too.s.—The 
British Hard. Metal Association, Light Trades House, 
Melbourne-avenue, Sheffield. 10, announce that the 
leading manufacturers of tungsten carbide and of tung- 
sten-carbide tipped tools have found, as a result of 
investigation of their clients’ requirements, that some 
sizes and shapes of carbide-tipped lathe tools, at present 
listed as standard, have become redundant. Research 
into the subject has reduced the shapes of tips employed 
by the present range of standard tools from 260 to 116, 
and this has been achieved without affecting the range 
of application of the tips. Consequently, users will be 
able to cover all their requirements with a considerably 
reduced stock. At the same time, the principle of 
primary and secondary rakes has been introduced to 
secure better cutting efficiency. In addition to enabling 
the user to employ one tool on a variety of work with 
very little modification, the reconditioning of the tools 
by grinding is greatly simplified on account of the con- 
siderable reduction in the area which requires to be 
re-lapped. The new tools will be available from April 1. 
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4-6-2 LOCOMOTIVES FOR THE 
WESTERN AUSTRALIAN 
GOVERNMENT RAILWAYS. 


Tutrgty-Five Pacific-type passenger locomotives are 
now under construction at the Hydepark Works of the 
North British Locomotive Company, Limited, Glasgow, 
for the Western Australian Government Railways. 
Roller-bearing axleboxes are being fitted to all the 
carrying axles of the locomotives, to the tender axles, 
and to the coupled axles of the last 16 engines. The 
trailing carrying axle is mounted in a radial truck of 
unusuil design. The locomotives, which are designated 
“* PM ” class, are a modified version of the 4-6-2 “ P” 
class built by the same firm in 1924, and are to the 
design and requirements of the railway authorities. 
Fig. 1 shows a general view of one of the locomotives 
and tenders; the rail gauge is 3 ft. 6 in. The boiler 
pressure is 175 Ib. per square inch, and the dimen- 
sions of the two outside cylinders are 19 in. bore 
and 26 in. stroke. The adhesive weight is 41-5 tons, 
the tractive effort at 85 per cent. boiler pressure is 
25,860 Ib., and the adhesive factor is 3-59. The 
principal dimensigns and weights are given in Fig. 2; 
in addition, the total weight of the engine and tender 
is 109-05 tons in working order, and 77-5 tons emoty. 
The width over the locomotive platforms is 8 ft. 11 in. 

The boiler has a parallel barrel and a Belpaire 
firebox, the inner firebox being of steel. The barrel is 
in two rings, that nearest the firebox being 4 ft. 9 in. in 
outside diameter. The distance between the tubeplates 
is 16 ft. 94 in., and there are 101 small tubes of 2 in. 
outside diameter, and 21 superheater flue tubes of 5} in. 
outside diameter. All tubes are of Aquacidox steel. 
The heating surfaces amount to 880 sq. ft. for the 


| 





small tubes, 490 sq. ft. for the large tubes, 135 sq. ft. 
for the firebox and two arch tubes, and 363 sq. ft. for 
the superheater ; the total evaporative heating surface 
is thus 1,505 sq. ft., and the combined total, with 
superheater, is 1,868 sq. ft. The grate area is 35 sq. ft. 
The steel inner firebox is of all-welded construction 
and is stayed to the outer roof by direct roof stays. 
Rigid water-space stays at the throat and the top 
corners of the backplate are of Monel metal, and stays 
in the firebox sides are of Longstrand hollow steel. 
Two arch tubes support the brick arch. The super- 
heater, comprising 21 elements and incorporating an 
anti-vacuum valve, is supplied with steam from a 
regulator of the Joco “0” type fitted in the dome 
and operated on the railway’s standard rack and 
lever principle. The boiler is lagged with lightweight 
asbestos mattresses supplied by Messrs. J. W. Roberts, 
Limited, Leeds. 

Fig. 3 shows the footplate arrangement. The boiler 
fittings include two 3-in. Ross “‘ Pop” safety-valves, 
two Gresham and Craven 9-mm. R.C.W. injectors, one 
“* Everlasting ” blow-off cock, and two sets of water- 
gauges and protectors. The steam turret, placed out- 
side the cab, is fitted with valves for supplying steam 
to the injectors, ejector, lubricator, steam reverser, 
electric-lighting turbo-generator and whistle. Sand is 
delivered in front of the leading coupled wheels from a 
large sandbox on top of the boiler. The sanding valves 
are of the vacuum-operated type. 

Walschaerts valve gears actuate the 10-in. diameter 
piston valves in the two cylinders, and the reversing 
gear is of Hadfield’s steam-power type. The cylin- 
ders are lubricated by a Detroit sight-feed lubri- 
cator. The miin frames are 1} in. steel plates with 
the usual stays ; at the rear end, just behind the trailing 





coupled wheels, they are attached to a substantial 
cast cross-member which is wider than the frames 
and is itself attached to secondary frames for the 
trailing radial truck. The coupled-wheel horn gaps 
in the main frames are made wide enough to accommo- 
date either plain or roller-bearing axleboxes, and 
manganese-steel liners are fitted to the box and guide 
faces. Horn wedges are of the spring-controlled self- 
adjusting type, and the plain-bearing axleboxes and 
horn cheeks are lubricated by two Silvertown six-feed 
lubricators. 

Some particulars of the Skefko roller-bearing axle- 
boxes fitted to the locomotives and tenders have been 
given by Mr. W. T. Thompson in a paper entitled 
“* Roller Bearings—Their Contribution to Modern Roll- 
ing-Stock Design,” which he presented to the Institution 
of Locomotive Engineers at a meeting on January 18. 
The roller-bearing axleboxes fitted to the coupled-wheel 
axles of the last 16 locomotives are similar to those 
which were used on the London Midland Region loco- 
motive, “ Sir William A. Stanier, F.R.S.,” except that 
they are arranged for top instead of bottom spring 
loading. The axlebox is split on the vertical centre-line, 
an arrangement which ensures that the width of the 
horn gap is kept to the minimum. A self-aligning 
spherical-roller bearing, in two rows of rollers, is fitted 
in the box. Two illustrations of the unusual design of 
trailing truck are given in Figs. 4 and 5. The axle 


runs in a two-row self-aligning spherical-roller bearing 
at each end. The axleboxes are free to ride vertically 
in guides, in the truck frame, but are normally retained 
in their upper positions due to the weight on the truck. 
In other respects the axleboxes are rigidly held in 
relation to each other by the truck frame, as shown 
in Figs. 4 and 5. The frame is braced by diagonal 
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Fie. 3. Cas AND FootTrpLaTE ARRANGEMENT. 


members, and incorporates radial Cartazzi-type slides ; 
the inner faces of the slides form horn guides for the 
axlebox faces, and the outer faces, being curved, are 
free to move laterally, 1} in. on each side of the central 
position, in curved guides which are attached to the 
secondary frames of the locomotive. Lateral move- 
ment of the truck is controlled by a helical spring, 
the resistance of which is imparted to the truck through 
the two brackets shown in Fig. 5. This design of 
truck eliminates the radial arm, and, in conjunction 
with the widely-spaced secondary frames, leaves more 
space for the firebox ashpan. The weight of the loco- 
motive borne by the truck axle is transmitted through 
laminated springs, each spring-buckle bearing on a 
pad which itself bears on the top of the truck above the 
axlebox. Laminated bearing springs on the locomotive 
are of the overhung type, without compensation. 

The central drawgear is of the railway’s standard 
type, and the connection between the engine and tender 
is a modified form of Goodall coupler. Vacuum-brake 
equipment is fitted, with one 24-in. cylinder on the 
engine and one 2l1-in. cylinder on the tender. The 
Stone’s electric-lighting equipment includes a head- 
lamp on the front of the engine, a rear lamp on the 
tender, and lights for glass gauges, lubricator and cab 
roof. The design of the tender is similar to that of 
the “‘ P” class, but with increased water capacity and 
with tank and bunker of all-welded construction. The 
water capacity is 4,000 gallons and the coal capacity 
is 8 tons. The underframes are built up from channel 
sections, angles and plates. The bogie frames are of 
the diamond type and Skefko roller-bearing axleboxes 
are fitted. 





ELIMINATION OF PRECIPITATION FROM COOLING 
TOWERS.—The_ British Electricity Authority state 
that a notable advance has been made towards the 
elimination of excessive precipitation by the use of 
special equipment, which has been fitted to one of their 
cooling towers. The results have, in fact, been so 
encouraging that it has been decided to extend the 
experiments to two other towers and to modify several 
others as manufacturing sources permit. A small-scale 
model tower is also being constructed so that the problem 
can be further investigated by the Authority’s Research 
Department. 
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Fies. 4 anv 5. 


LONDON AIRPORT GROUND- 
TRAFFIC MOVEMENT. 


Tue ability of an airport to handle large volumes of 
air traffic depends not only upon the capacity of its 
runways, but also on its facilities for conducting and 
controlling the aircraft between the runways and the 
loading bays, and for handling passengers and cargo 
in the quickest and easiest manner. The layout of the 
runways of London Airport, Heathrow, Middlesex, was 
discussed in a report* by the Layout Panel of the 
Ministry of Civil Aviation, published in 1946. A 
sequel to this report has recently been issuedt based 
on studies conducted by the Ministry of Civil Aviation 
on the ground movements of aircraft, and covering the 
“ routeing ” of aircraft to and from the runways; the 
control of aircraft moving on the ground; methods 
for manoeuvring aircraft, particularly jet-propelled 
aircraft, to and from parking stands; the handling of 
vehicles for servicing aircraft; the use of conveyor- 
gangways for transporting passengers and freight from 
the terminal buildings to the aircraft-parking stands ; 
and the internal arrangement of the buildings for 
expediting the handling of passengers. 

The 1946 report recommended the construction of a 
triple parallel-runway system, with a central terminal 
area. In the present report, time and motion studies 
were carried out on a scale model of the central area, 
a high movement rate of 135 aircraft per hour being 
assumed. The intermediate stages of construction, 
when dual parallel runways would be in operation, and 
the period when the changeover from single runways 
to dual runways would be taking place, were con- 
sidered, as well as the final triple-runway layout. As 
a result of these investigations, the recommended 
layout for the central area would consist of a diamond- 
shaped building area; four blocks of aircraft stands 
would adjoin the north-west, north-east, south-east 
and south-west faces of the terminal buildings. Parallel 
to this inner row of aircraft stands, and separated from 
them by a taxying-way, there would be four outer 
blocks of aircraft stands. A second taxying-way would 





* London Airport. Report of Layout Panel. HM. 
Stationery Office, Kingsway, London, W.C.2. 1946. 

t+ London Airport Ground Traffic Movement. H.M. 
Stationery Office, Kingsway, London, W.C.2. 1949. 














Fia. 5. 
RADIAL TRUCK WITH ROLLER-BEARING AXLEBOXES. 


encircle the outer row of aircraft stands. In handling 
the traffic, it is recommended that there should be only 
one entry point to the inner taxying-way, with a 
corresponding exit point diametrically opposite ; air- 
craft would follow one of two one-way systems between 
the outer and inner taxying-ways. By this arrange- 
ment, taking-off and landing aircraft could be largely 
separated, and delay and congestion would be reduced 
to the minimum. 

The large volume of traffic to and from the central 
area clearly demands, a comprehensive system of 
control. Some of the requirements can be met, it is 
stated, by adapting a railway-signalling system, using 
lights countersunk into the concrete surfaces as signals. 
This would allow the selection of crossing routes, to be 
performed in sequence, safety locks providing for the 
prevention of aircraft collisions. It would be necessary, 
however, to have additional means for automatically 
informing the traffic controller of the progress of traffic, 
and for reporting any dangerous situation which might 
arise from the misinterpretation of signals. For this 
purpose, the report recommends the development of a 
magnetic-responder system, consisting of a cable laid 
in the bitumen joints of the concrete. This cable would 
transmit to the controller any interruptions of its 
magnetic field caused by objects passing over it; it 
could also be used to set danger signals automatically. 
Identification of the aircraft would be possible, in view 
of the fact that they are fed into the traffic pattern in a 
known order. 

It has been suggested that the taxying of jet and 
airscrew-turbine aircraft in the central area may 
impracticable for two reasons—the blast effect of the 
jets upon buildings and neighbouring aircraft, and the 
high fuel consumption incurred in taxying. The use 
of tractors for towing has therefore been investigated, 
but it is not recommended except for moving aircraft 
to and from the hangers, and, possibly, for towing air- 
craft from their stands to the take-off point. Alterna- 
tive methods suggested for handling the aircraft to 
and from their stands are the use of single- or double- 
wheel turntables, or. “ side-tracking”’ by means of a 
conveyor-belt system or a platform moving along rails. 
The side-tracking method has the advantage that it 
would not be necessary to employ tractors for towing 
jet aircraft from the inner stands to their take-off 
position. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “CLAN SINCLAIR.”—Single-screw cargo liner, to 
carry twelve passengers, built by the Greenock Dockyard 
Company, Limited, Greenock, for the Clan Line Steamers, 
Limited, London, E.C.3. Second vessel of an order for 
three. Main dimensions : 476 ft. (between perpendiculars) 
by 66 ft. by 40 ft. 8 in. to upper deck; deadweight 
capacity, 10,950 tons on a mean draught of 28 ft.; gross 
tonnage, approximately 8,150. Reaction steam turbines 
with double-reduction gears, to develop 9,400 s.h.p. at 
108 r.p.m. and a speed of 16} knots in service, con- 
structed by Messrs. Parsons Marine Steam Turbine 
Company, Limited, Wallsend-on-Tyne ; and two oil-fired 
steam-generating units manufactured by Messrs. Babcock 
and Wilcox, Limited, London, E.C.4. Machinery 
installed by Messrs. John G. Kincaid and Company, 
Limited, Greenock. Launch, January 17. 


M.S. “* Bour.”—Single-screw cargo vessel, to carry five 
passengers, built by Messrs. Hall, Russell and Company, 
Limited, Aberdeen, for A/S Ganger Rolf (managers : 
Messrs. Fred. Olsen & Co.), Oslo, Norway. Main dimen- 
sions: 258 ft. (overall) by 38 ft. by 25 ft. 3 in. to shelter 
deck; deadweight capacity, 1,560 tons on a summer 
freeboard draught of 16 ft. 5} in. British Polar eight- 
cylinder Diesel engine to develop 1,310 b.h.p. at 250 r.p.m. 
constructed by Messrs. British Polar Engines, Limited, 
Govan, Glasgow. Trial trip, January 17. 


M.S. “* Inp1a.”—Twin-screw cargo vessel, to carry 64 
first-class, 16 third-class, and approximately 488 un- 
berthed passengers, built by Messrs. Bartram and Sons, 
Limited, Sunderland, for the Companhia Nacional de 
Navegacao, Lisbon. Main dimensions: 404 ft. (between 
perpendiculars) by 58 ft. 94 in. by 37 ft. to upper deck ; 
deadweight capacity, about 7,000 tons on a draught of 
25 ft. 3in. Two N.E.M.-Doxford four-cylinder opposed- 
piston Diesel engines to develop a total of 5,000 b.h.p. at 
136 r.p.m. and a speed of 14} knots in service, constructed 
by the North Eastern Marine Engineering Company 
(1938), Limited, Wallsend-on-Tyne. Launch, January 17. 


M.S. ‘“‘ ATHELMONARCH.”’—Single-screw tanker for the 
carriage of molasses, oil or spirits in bulk, with accommo- 
dation for four cadets, built and engined by Messrs. R. 
and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the Athel Line Limited, London, 
W.1. Second of an order for four vessels for these 
owners. Main dimensions: 542 ft. (overall) by 67 ft. by 
36 ft. to upper deck ; deadweight capacity, about 15,300 
tons on a draught of 28 ft. 9 in. Hawthorn-Doxford 
four-cylinder combined-stroke Diesel engine to develop 
4,450 b.h.p. at about 112 r.p.m. on service and a speed 
of approximately 13 knots. Launch, January 17. 


S.S. “ Parrocius.”—Single-screw cargo liner, to carry 
31 passengers, built and engined by Messrs. Vickers- 
Armstrongs Limited, High Walker, Newcastle-upon- 
Tyne, to the order of Messrs. Alfred Holt and Company, 
Liverpool, for the China Mutual Steam Navigation 
Company, Limited. First of two sister ships. Main 
dimensions: 478 ft. (between perpendiculars) by 68 ft. 
by 38 ft. 5 in.; gross tonnage, about 10,000; dead- 
weight capacity, approximately 10,000 tons on a draught 
of 29 ft. 6 in. Double-reduction geared turbines and 
two Foster Wheeler controlled superheat boilers, to 
develop 14,000 s.h.p. and a sea speed of 16 knots loaded. 
Trial trip, January 18. 


M.S. “ Kawaroa.”—Single-screw cargo liner built 
and engined by Messrs. Alexander Stephen and Sons, 
Limited, Glasgow, for the New Zealand /Australia service 
of the Union Steam Ship Company of New Zealand, 
Limited, Wellington, New Zealand. Fourth vessel of a 
series for these owners. Main dimensions: 325 ft. by 
50 ft. by 26 ft.; gross tonnage, 3,550; deadweight 
capacity, approximately 5,500 tons. Stephen-Sulzer 
six-cylinder Diesel engine to develop 3,000 b.h.p. at 150 
r.p.m. and a speed of about 12 knots in service, when 
fully loaded. Launch, January 18. 


M.S. “ Barox.”—Single-screw cargo liner, to carry 
five passengers, built by Messrs. Hall, Russell and 
Company, Limited, Aberdeen, for A/S Jelélinjen (mana- 
gers: Messrs. Fred. Olsen & Co.), Oslo, Norway. Second 
vessel of an order for two. Main dimensions: 258 ft. 
(overall) by 38 ft. by 25 ft. 3 in. to shelter deck; dead- 
weight capacity, approximately 1,500 tons on a draught 
of 16 ft. 4 in. summer freeboard. British Polar eight- 
cylinder Diesel engine to develop 1,310 b.h.p. at 250 
r.p.m., constructed by Messrs. British Polar Engines, 
Linited, Govan, Glasgow. Launch, January 19. 


S.S. “ Crry or Orrawa.”—Single-screw cargo liner, to 
carry twelve passengers, built and engined by Messrs. 
Vickers-Armstrongs Limited, High Walker, Newcastle- 
upon-Tyne, for Messrs. Ellerman Lines, Limited, London, 
E.C.3. Second vessel of an order for two. Main 
dimensions: 450 ‘ft. (between perpendiculars) by 
61 ft. 6 in. by 41 ft. 94 in. to shelter deck ; displacement, 
15,800 tons; deadweight capacity, 10,800 tons on a 
draught of 28 ft. 8f in. Single-reduction geared turbines 
- to develop 7,200 s.h.p. and a speed of 15 knots in service. 
Launch, January 19. 





LABOUR NOTES. 


- A MATTER of considerable importance is raised by the 
United Patternmakers’ Association in their Monthly 
Report for January. Briefly, the Association are 
concerned at the possibility of the differential rate, 
which their members enjoy, being the subject of 
negotiation by the Confederation of Shipbuilding and 
Engineering Unions, in the attempts of the Confedera- 
tion to obtain national agreements for maintenance 
men emplo by water undertakings and in similar 
concerns. e Association are affiliated to the Con- 
federation. This kind of difficulty is not altogether 
new, perhaps, but its importance to smaller unions who 
have affiliated to large amalgamations of unions, such 
as the Confederation, is undoubtedly great, especially 
so to those unions which serve a particular skilled craft, 
as the U.P.A. do. Their executive committee deny 
the right of the Confederation to deal with their rates, 
which have been the subject of separate negotiation 
over a long period of years. The Association state 
that they have always claimed the right to deal with 
their own wages as patternmakers. 


Mr. W. B. Beard, O.B.E., general secretary of the 
U.P.A., states in the January Report that the Associa- 
tion was, in fact, established in 1872 as the result of a 
strike being settled by the old Amalgamated Society 
of Engineers, who paid no regard to the differential for 
patternmakers, above the rate for fitters, which then 
existed. Discontent ensued and the patternmakers 
formed a separate union of their own, after which their 
differential rate was quickly re-established. Since 
then, the Association not only maintained their differ- 
entials, but increased them in one form or another, 
as the result of separate negotiations, strike action, and 
arbitration decisions. An arbitration decision con- 
firmed their right, not only to a differential payment 
on the base rate, but to another on the classified rates 
as well, as far as the Admiralty was concerned. In 
1937, the Association negotiated an agreement on a 
minimum base rate differential with the Engineering 
and Allied Employers’ National Federation. In fact, 
in 1918, the Federation offered to increase the pattern- 
makers’ existing base-rate differential to 8s. a week 
above that for fitters, provided the patternmakers 
accepted payment by results. The offer was not 
accepted, but, in 1939, after further negotiation, 
another offer, to increase this differential to 8s. over 
the fitters for time-employees was accepted, after the 
Association had taken a vote of their members. 





Eventually, Mr. Beard states, the differential took 
the form of a compensatory bonus for time-rate em- 
ployees, amounting to 5s. 9d. a week, additional to an 
existing minimum differential of 5s. over the base rate 
for fitters. In 1946, following the declaration of a 
national strike, this compensatory bonus was increased 
to 12s. 9d., giving total minimum differentials for 
patternmakers on time rates of 17s. 9d. in the provinces 
and more than 20s. in the London area, above the rates 
for fitters. Even patternmakers on payment-by-result 
work are now in receipt of at least 5s. on their base rate 
above the pay for fitters. Although the Association 
have always claimed their right to deal with their own 
wages and conditions of employment, they have consis- 
tently believed in trade-union unity. Mr. Beard recalls 
that the Association were foundation members of the 
former Engineering and Shipbuilding Federation. Later, 
the movement became inefficient and many unions, in- 
cluding the Association, withdrew. 





When, about 1936, the present Confederation of 
Shipbuilding and ineering Unions was formed on 
the basis of the former E. and S.F., the Association at 
first declined an invitation to affiliate, but reversed 
that decision in 1937, when a vote on the question 
disclosed a small majority of 493 in favour of affiliation. 
Mr. A. H. Findlay, the Association’s general secreta: 
at the time, indicated in his Monthly Report that the 
rules of the Confederation contained nothing which 
was in conflict with the rules of the Association. The 
Association, therefore, Mr. Beard points out, “ clearly 
joined the Confederation on the understanding that 
their right to negotiate their own rates was inviolate, 
as it always had been.” Two years ago, however, a 
national agreement for maintenance men in the gas 
industry was considered by the Confederation and, as 
a result of an agreement, the patternmakers’ differ- 
ential was lost, although the existing rates were main- 
tained. Only two or three members of the Association 
were involved, but now the matter has arisen in the 
water industry. Again very few patternmakers are 
involved, but the principle of the differential is being 
violated and it is clear, Mr. Beard states, that many 
unions take exception to the Association’s rights. 





While the Association’s executive committee con- 
tinue to believe firmly in unity within the engineering 





trade-union movement, they are not prepared to agree 
to such unity at too great a cost. In the circumstances, 
they desire to take a vote of their membership in the 
near future, to give them power to secede from the 
confederation, if they cannot resolve the position and 
there is a danger of the loss of the Association’s nego. 
tiating rights. Mr. Beard comments that no cue jg 
prepared to defend the patternmakers’ position except 
the United Patternmakers’ Association. “‘ The fact jg 
that we are the only purely craft union in engin°ering 
and we must be prepared, always, to safeguar’ our 
interests.” 

An answer to the demands of the Confederation of 
Shipbuilding and Engineering Unions for an all-round 
increase of 20s. a week to engineering employes js 
expected to be given by the Engineering and Allied 
Employers’ National Federation on Thursday uext. 
A statement issued by the Federation on Monday last 
denied a report that a compromise offer would be made 
to the Confederation. The Federation declared in their 
announcement that ‘“‘ a report has appeared to-day to 
the effect that it is understood that employers will 
make an offer of a wage increase of 5s. a week when 
the engineering trade unions’ claim is discussed on 
February 2. It is stated by the Federation that the 
suggestion is entirely unauthorised and without 
foundation.” 





Doubts regarding the economic advantages of 
devaluation to Great Britain were expressed by Mr. 
W. C. Stevens, general secretary of the Electrica] 
Trades Union, at a meeting of area delegates and other 
officials of the Union, held in London on January 23. 
Mr. Stevens said that it had been implied at the con. 
ference of Trades Union Congress delegates on January 
12 that the devaluation of the pound would make a 
substantial contribution to solving the economic 
crisis. Deflation had been held before the delegates 
as the only alternative. That view, Mr. Stevens said, 
contradicted a which had appeared in the 
official brochure of the Labour Party’s research depart- 
ment, about a month before the devaluation of sterling 
was announced, This had declared that if devaluation 
could close the gap created by our dollar shortage, 
and that was at least doubtful, it would do so only by 
lowering our standard of living. ‘‘ To suggest that 
devaluation is anything other than a mere temporary 
expedient in solving the present economic crisis,” 
Mr. Stevens stated, “is to mistake the shadow for 
the substance.” Devaluation was an alternative to 
wage cuts for securing lower prices at the expense of 
people generally. 





The conference had been called to enable delegates to 
study the Union’s policy on wages, profits and prices 
in detail, in order that they might be in a position to 
explain the Union’s views on these matters to their 
branch members. Mr. Stevens recalled that the 
opposition of the Union’s executive council to the wage- 
restraining policy of the T.U.C. general council had 
been firm and consistent. It had been fully supported 
by the rank and file. The executive council strongly 
contested the assertion of the T.U.C. general council 
that the stabilisation of wages was necessary to avoid 
price increases. They maintained, Mr. Stevens said, 
that wage claims could be met from ever-increasing 
profits, without in any way affecting prices. 





Output increased during November, 1949, according 
to the index-of-industrial-production figures released 
by the Government’s Central Statistical Office on 
January 25. The index figure for all industries com- 
bined was 138 for November, 1949, against 134 for 
October, 1949, and 129 for November, 1948. Mining 
and quarrying achieved a production figure of 123 in 
November, 1949, compared with 120 in October, 1949, 
and 118 in November, 1948. Manufacturing industries 
increased their production from 137 in October, 1949, 


Ty |to 142 in November, 1949, compared with an index 


figure of 131 in November, 1948. All the above figures 
are based on the average monthly production during 
1946, which is taken as 100. 





The case of the National Union of Railwaymen for a 
wage increase for the lower-paid employees in the rail- 
way service was submitted by N.U.R. officials to the 
Railway Executive on January 24. A further meeting 
will take place in about a fortnight’s time, when the 
Executive, having considered the evidence produced 
by the N.U.R., will make known their decision. A 
parallel claim was presented to the London Transport 
Executive on January 25, and, in this case also, the 
decision of the employers will be made known at an 
early date. It may be recalled that similar applica- 
tions which have been presented to the Hotels Executive 
and to the Docks and Inland Waterways Executive 
have been rejected by those bodies. It is, however, 
understood that negotiations on the subject between 
the N.U.R. and themselves are not terminated finally. 
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THE ‘* LOST-WAX’’ PROCESS OF 
PRECISION CASTING,* 


By J. 8S. TURNBULL. 


ALTHOUGH the “ lost-wax ”’ process of precision cast- 
ing has been introduced into industry comparatively 
recently, it was first practised at least 4,000 ago 
by the ancient Egyptians, and later the Chinese in the 
Shang Dynasty adopted it for making jewellery and 
objects of art. In the Sixteenth Century it was 
rediscovered by Benvenuto Cellini, who used it for 
casting bronze, silver, and gold. Before the 1939-45 
war, the process was used in the manufacture of 
jewellery, surgical appliances, surgical instruments, 
statues, and dentistry. 

The dentist could not solve the problem of fitting a 
gold tooth on to the stub of a broken one by methods 
which were prevalent in engineering, since it was not 
possible to make a drawing of the gold tooth and have 
it made in the machine shop. In order to supply his 
needs the dentist re-created the “ lost-wax ’’ process, 
A copper band is fitted around the broken tooth 
in the patient’s mouth, as shown in Fig. 4 (a), and 
preheated wax is pressed into the cavity so formed 
and held under pressure until it has solidified. The 
copper band is slit and removed ; the sides of the wax 
tooth are cagwed to resemble the shape of the original 
tooth, and a steel sprue is waxed on to the top of the 
wax tooth, as shown in Fig. 4 (6). The wax tooth is 
drawn away from the stub and mounted upside down 
on a conical crucible former; the sprue ‘s lightly 
coated with wax (Fig. 4 (c)) and the wax tooth is 
coated with a fine “‘ investment,” in stages to a depth 
of } in., as shown in Fig. 4 (d). (The term “ investment ” 
refers to the solids and liquids used in making a mould.) 

The investment container is waxed on to the bottom 
ef the conical former, and the wax tooth is invested, 
(Fig. 4 (e)); the conical former and the sprue pin are 
heated up and withdrawn (Fig. 4 (f)), and the invest- 
ment air-dried for 24 to 48 hours before casting. The 
investment is heated to 650 deg. C. (1,202 deg. F.) and 
maintained at this temperature for two hours to remove 
all traces of the wax, which first carbonises and then 
volatilises, forming. carbon monoxide and dioxide. 
The gold is melted in the mould, the surface tension 
of the metal preventing any leakage down the sprue 
gate (Fig. 4 (g)), and when the desired temperature has 
been reached, the mould is pressure cast by direct air 
pressure, as shown in Fig. 4 (h), or alternatively, by 
steam generated by the contact of a wet gasket on 
to the hot mould. When the metal solidifies, the 
mould is.knocked out, the sprue cut off, and the tooth 
suitably shaped and cemented on to the broken stub. 

The wax impression, which is taken in the patient’s 
mouth at a temperature of 35 d 
invested at 25 deg. C. (77 deg. F.), and the resultant 
contraction is of the order of 0-25 per cent. The 
investment has a setting expansion of 0-30 per cent., 
and a thermal expansion of 1-20 per cent. when heated 
to 650 deg. C. (1,202 deg. F.). Finally, the contraction 
of the gold in changing from the liquid to the solid state 





. * Industrial Administration and Engineering Produc- 
tion Group paper, presented at a meeting of the Institu- 
tion. of Mechanical Engineers on Friday, January 6, 
1950. Abridged. 
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at 35 deg. C. (95 deg. F.) amounts to 1-25 per cent. 
us, 
Total expansion = (0-30 + 1-20) per cent. = 
1-50 per cent. 
Total contraction = (0-25 + 1-25) per cent. = - 
1-50 per cent. 
so that the mating face of the gold tooth is an exact 
fit on the face of the broken stub. 
In America, during the 1939-45 war, small rotor 
blades for a turbo-supercharger were cast in Vitallium 
to an accuracy of + 09-0005 in., and an excellent surface 
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finish was obtained. The process was fundamentally 
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the same as that used in dentistry, although certain 
modifications were introduced; the wax patterns 
were made in a split die box instead of being carved 
by hand, and the Austenal moulds were made of high- 
grade refractories bonded by ethyl silicate. Towards 
the end of the war, the Austenal process was introduced 
into this country to provide a method oi manufacturing 
gas-turbine blades. At the present time, the “ lost- 
wax” foundries in this country are still mainly con- 
cerned with blade manufacture, although there are a 
few firms who are casting small miscellaneous com- 
ponents, such as sewing-machine parts. 

, The modern application is a modified version of the 
original Austenal process; it is used either for the 
mass production of components such as gas-turbine 
blades, or the production of single components such as 
the casting of a Bakelite die. Fig. 5 illustrates the 
sequence of events in the . The master pattern 
is first made in either hardwood or metal from the 
design drawing, which is given an allowance for con- 
traction. The soft-metal die is related to the master 
pattern by precision-casting technique, and the wax 
patterns are produced from it on injection machines. 
Finally, these patterns are invested in refractory 
moulds, the wax is melted out, the mould baked and 
the metal component is cast. The accuracy, finish, 
and speed of manufacture are of great economic 
importance ; it is possible to launch a new project 
in four weeks, allowing three weeks for the die manu- 
facture and’one week for the first-off casting. This 
speed of tool making can only be achieved by making 
the master pattern in wood, and relating its shape to a 
low melting-point bismuth-tin alloy die by a casting 
process ; the time taken to produce'a metal pattern is 
considerably longer. All wax pattern dies are not 
made of metal; where accuracy is relatively unimpor- 
tant they may be made of other materials, such as 
wood, rubber, or ethyl cellulose. 
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Fie. 6. Compirex Wax-Patrern Drs. 


The fusible pattern may be made of any material 
which is stable, substantially strong and easy to handle 
at room temperatures, and when subjected to a tempera- 
ture of 1,000 deg. C. (1,832 deg. F.) will disappear leav- 
ing the minimum amount of ash. Waxes are the most 
common materials that meet these requirements. 
Polystyrene, a plastic stronger than wax and having a 
melting point higher than most waxes, has been used 
to a great extent in America; injection dies, made 
from suitable steels, are operated by plastic injection 
machines. 

The various methods of the wax pattern 
depend on the working faces of the pattern. For a 
pattern in which the working face is the bottom, 
as in the label former shown in Fig. 1, page 107, where 
the top and side surfaces of the casting may be 
machined, the wax is — into a moulding box 
located on a master die plate, and subjected to pressure 
to obtain the definition. For a pattern in which the 
four sides are the ing faces, for example, the punch 
for a Bakelite die, the molten wax is poured into a 
bismuth-tin die box, as shown in Fig. 2, page 107, and 
pressure applied to obtain the definition. Where the 
bottom, top, and the four sides are working surfaces, 
such as in the switchgear trip-lever shown in Fig. 3, page 
107, the molten wax is injected into a bismuth-tin die 
box, the parting line of which is designed to permit the 
withdrawal of the pattern. The majority of wax injec- 
tion dies are of this type ; some more complex exam ples 
are shown in Fig. 6. 

Fig. 7 shows a wax-injection machine operated by a 
hydraulic ram, on which both the rate of flow of wax 
entering the die, and the ultimate wax pressure can be 
adjusted. The die is first coated with a parting medium, 
such as tallow or ethyl silicate; it is then closed, the 
two halves being located by conical locating pins, and 
clamped into the machine. A syringe, preheated to 
the same temperature as the wax, is filled with wax 
and placed in the machine, and the hydraulic ram 
injects the wax into the die. When the wax has set, 
the syringe is removed, the die is unclamped, and the 
wax patterns are removed. Fig. 7 also shows a 
finished product, a cluster of thirteen tapered strips, 
standing between the two halves of the die ; a duplicate 
die is elamped in the machine. The cycle time for 
small wax patterns is three minutes ; for larger patterns 
the time is five minutes. After the wax models have 
been inspected, they are built on to wax runners, which 
are usually made by pouring molten wax into plaster 
moulds. The assembly work is done in a wooden 
jig, using hot plates and dental spatulas to join the 
sub-assemblies. 

The number of wax patterns in one “set-up 
depends on the size of the mould box, the metal capacity 
of the furnace for casting the finished product, and the 
efficiency of the “set-up” with a view to ob 

_—or solidification. The capacity of the 12-kVA 
urnace shown in Fig. 9, opposite, is about 80 oz. of 
steel, and, as the weight conversion factor from wax to 
steel is 7, 114 oz. is the maximum weight for a wax- 
pattern “ set-up.” Progressive solidification is essential, 
the design of suitable ingates and feeding mechanism 
being of the greatest importance. 

Effective facing is ensured by either spraying or 
dipping the wax pattern; this process also removes 
any air trapped on the surface of the pattern. The 
exact procedure, i.e., whether the pattern is sprayed, 
dip-coated, or invested with a fine mixture of 
is "ime entirely dependent upon the type of finish 


” | catalyst that may be present. 





required on the casting. Spraying is done with a 
standard compressed-air gun, and the spray is usually 
a combination of a high refractory and a binder. 
Potter’s flint, powdered silica and zirconium silicate 
are some of the most common refractories; sodium 
silicate and ethyl silicate _ often used as binders. 
In normal practice the spra, is about 0-004 in. 
—_ Dipping is pangs a a suitable container filled 

particles and a binder liquid mixed 
hg . creamy consistency ; the wax pattern is immersed 
in the dip for one minute, the pattern being kept in 
motion continually to allow the complete removal of 
air from the working faces, drained in a suitable 
container, and finally stuccoed with silica sand to 
prevent quick drying and cracking of the dip coating. 
The sand also has a secondary purpose, in that it will 
key on to the mould which is subsequently placed 
around it. 

The mould box is a container into which the mould 
slurry is poured ; the base and extension are made of 
}-in. sheet steel, as they are removed six hours after 
the mould has set, but as the box itself has to withstand 
a furnace temperature of 1,832 deg. F. it is of welded 
construction and made of either }-in. black iron or a 
heat-resistant alloy such as H.R. Crown Max, Inconel 
or Hastalloy. The base-plate locates the wax pattern 
in relation to the mould box, as shown in Fig. 10, oppo- 
site, and provides a watertight seal. It is important to 
ensure that it is waxed all over so that it can be removed 
easily by melting the wax without damaging the mould. 
The wax runner is filleted where it joins the base to 
provide a strong radius on the mould gate. The 
mould box is waxed to the base-plate, using a brush 
and hot wax, and the extension is similarly jointed to 
the top of the mould box. This extension, which is 
removed from the mould box at the same time as the 
base-plate, is waxed on the inside surfaces, and is 
tapered to facilitate easy withdrawal. 

Moulds made from silica and plaster of Paris are 
satisfactory for casting gold and silver alloys having a 
melting point in the region of 900 deg. C. (1,652 deg. F.), 
but for steel “2 y with melting points between 1,300 
and 1,400 deg. C. (2,372 and 2,552 deg. F.), a more 

mould is required. Ethyl silicate, used as a 
liquid binder with silica, alumina, and other high- grade 
refractories graded in particle size, is suitable; the 
hydrolysis of ethyl silicate deposits colloidal silica 
between the mould particles to bind them together 
according to the reaction, 

8i (OCH), + 2H,0 = SiO, + 4C,H,OH. 
The of the reaction is governed by several factors 
including the time, temperature, the electrolyte and the 
In practice, a basic 
oxide is used as a catalyst, the electrolyte is hydro- 
chloric acid, and the binder liquid is ethyl silicate and 
water dissolved in methylated spirits. The mould 
solids are mixed with the binder liquid to form a slurry 
which is sufficiently fluid to allow efficient pouring and 


efficient lubrication between particles as they pack | ii 


around the wax pattern. The mould box is vibrated 
to remove air and to assist in efficient packing. The 
surplus fluid, together with a number of the finer 
particles, rises up into the mould-box extension, and 
when the mould has set the liquid is poured off, and 
the crumbling mould top scraped away. After the 
mould has set for six hours, it is ready to be stripped ; 
@ gas torch is applied to the base and extension to 
melt the wax skin between the meta! and the mould, and 
the base and extension can then be removed. 








Fie. 7. Hyprautic Wax-InsEcTION MACHINE. 


Moulds are usually dried for one or two days; 
24 hours is sufficient time for a small 6-in. cube, whereas 
a larger mould, say 6 in. by 8 in. by 10 in., would 
require at least 48 hours. To assist the speed of air. 
drying, the temperature should be between 30 and 
40 deg. C. (86 and 104 deg. F.). The wax can be 
recovered by heating the mould box and its contents 
in an electric oven thermostatically controlled between 
105 and 110 deg. C., with a specially-shaped oven 
floor to collect the wax, which then flows down a tube 
provided through the bottom of the oven and is collected 
in a receptacle. This wax can be filtered and used 
again. Only 85 per cent. of the wax is recovered by 
this process; some is retained on the mould surface 
by surface tension, and some soaks into the mould. 
To remove completely all traces of wax from the 
mould, it is to heat it to a tem ture of 
1,000 deg. C. (1,832 deg. F.) for two to four hours, 
depending on the size of the mould. 

e rate of change of temperature in the mould must 
necessarily be slow as the mould is a conductor of 
heat, otherwise it will crack owing to differential expan- 
sion. It is baked in a conveyor furnace, being placed 
in the cold end at a temperature of 250 deg. C. (482 deg. 
F.), and gradually heated up to 1,000 deg. C., which is 
the temperature in the baking zone. A mould 6 in. by 
8 in. by 10 in. might take five hours to reach a tempera- 
ture of 1,000 deg. C. The baking atmosphere should 
be oxidising so that any residual wax will first burn to 


leave the mould charged with carbon, and su tly 
the carbon will burn to form carbon mono and 
carbon dioxide. The mould after baking will be 


porous; it is the self-venting perties of a mould 
which enable so much successful gravity casting to be 
done in a “lost-wax” foundry. The residual ash 
from the wax will have little direct effect on the surface 
condition of the casting, but it will reduce the porosity 
of the mould, which will cause small dimples in the 
surface of the casting. 

The 12-kVA indirect furnace shown in Fig. 9 is the 
simplest from of melting unit ; it consists of a metal 
shel] containing a crucible and insulation. The capa- 
city of the furnace is between 2 and 5 Ib. ; the throat 
diameter is } in., and the metal charge is } in. diameter 
bar in 2 in. lengths. The metal temperature can be 
determined to within + 10 deg. C. by a platinum- 
rhodium couple encased in a silica sheath dipped into 
the molten metal. The furnace is designed so that the 
mould can be clamped to the top face of the furnace 
with the pouring hole in alignment with the mould 
gate, as shown in Fig. 9. When the mould has been 
poured, air between 2 and 10 Ib. per square inch 
may be applied to force the metal into the, mould 
cavities. 

The speed at which the metal enters the mould is 
controlled by the pouring angle of the furnace and by 
the speed at which the furnace is tipped. This pouring 
— is often very critical, since turbulence may occur 

the pouring is done tco quickly, or cold laps may run 
and the definition be lost if the speed be too slow. The 
crucible is designed to give the essentials of Durville 
pouring, the air displaced by the metal being free to 
rise back into the crucible. When the furnace has 
been tipped the mould is removed with tongs. A 
higher productivity can be obtained with an induction 
furnace, as the speed of melting is greater. This type 
of furnace also has additi 


ional advantages in that 
the observation is better, the slag and scum can be 
raked from the surface before pouring, and any raw 
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material, such as machine-shop bar ends or swarf, may 
be used. 

When the mould is cold, the casting is knocked out, 
shot-blasted, cut off on an abrasive saw, fettled, in- 
spected, and, if required, radiographed. Since all 
castings are processed through an abrasive saw it is 
essential that the wax set-up be designed so that the 
individual components can be cut off by the saw. 
For example, if four components are jointed symmetric- 
ally around the feeder bar, it may be impossible to 
find clearance for the saw blade ; a design which places 
three symmetrically and the fourth, say, 1 in. below the 
other three, would be advantageous. 

The surface finish obtainable on a “ lost-wax ” 
casting is one of its strongest selling points; such a 
casting can be polished directly without using an emery 
roughing wheel. The accuracy of the castings can, in 
most cases, be held to within + 0-003 in.; on small 
components tolerances of + 0-0005 in. are possible. 
If the set-up is designed for progressive solidification, 
a high degree of metallurgical soundness is obtainable, 
but a casting is not as metallurgically sound as a 
forging. Comparisons made between castings and 
forgings in a chrome-molybdenum steel show that the 
forging has a tensile strength of 60 tons per square inch 
with an elongation of 22 per cent., whereas the casting 
has a tensile strength of 52 tons per square inch with an 
elongation of 17 per cent. The discrepancy is due to 
the oxide films and micro-porosity in the cast structure. 
The metallurgical-soundness of the surface:of a casting 
can be checked with either magnetic or fluorescent 
crack-detection apparatus. 





MISCELLANEOUS CASTINGS. 

















Fig. 10. Wax PatrerRn anp MouLp Box. 


The “ lost-wax ” process is applicable in cases where 
(a) the metal is unmachinable, such as in Stellite taper 
strips and knife-edge bearings; (b) the shapes of the 
components are unmachinable ; (c) production by other 
methods is uneconomical ; and (d) the production of 
prototypes by other methods takes too long. The 
majority of “ lost-wax ”’ castings come under category 
(c); they would be expensive to make in the machine 
shop, either because the metal is too hard, as in the 
case of a Nimonic gas-turbine blade, or else because 
the job is multi-operational, as in the case of the miscel- 
laneous castings shown in Fig. 8. An example of 
category (d) is a gas-turbine compressor blade. Two 
methods were available for its manufacture: it could 
be made either as a pressing in precision steel dies, or 
as a “‘ lost-wax ” casting. By the first method, the time 
to produce the prototype would be four months ; by the 
“* lost-wax ” process the time was reduced to six weeks. 
The fastest completion of any order was for two switch- 
gear keys, which were dispatched five days after the 
order was placed. 

The tool cost in “‘ lost-wax ”’ casting is relatively low 
compared with the costs involved in alternative methods 
of manufacture. Ina machine shop it may be necessary 
to design tool fixtures when dealing with a mass- 
production project ; in a precision pressing it will be 
necessary to manufacture a number of steel dies, but 
in “ lost-wax ” casting the die cost is functional with 
the number of castings required. Recent developments 
have shown that wax-injection dies can be made in 
plaster of Paris for twenty castings or less. In this 
case the cost of the die is about 51. For the production 
of more than twenty castings a bismuth-tin die is 
required which might cost 50J. The author has no 
precise knowledge as to the maximum number of wax 
models which can be made in one bismuth-tin die, 
but it is known that 5,000. models have been made, and 
there-is reasom to suppose that, if a reasonable amount 
of care be taken by the operator, this figure’ might 
exceed 10,000. Among the alloys which have been 











chrome molybdenum, } per cent. molybdenum, F.C.B., 
aluminium alloys and brass. 

The accurate processing of “ lost-wax ” castings is of 
primary importance, since the production of cheap 
castings is necessarily dependent upon the reduction 
of the scrap percentage. On the production of gas-tur- 
bine blades it has been possible to mass-produce 
blades varying in size from $% in. to 4 in. with a scrap 
of less than 30 per cent.; this has been achieved by 
process development, largely based on the analysis of 
defective castings. It seems possible that the scrap 
percentage can be reduced further, and it would not 
be unreasonable to expect the scrap on blades to be 
below 10 per cent. in two years’ time. The casting of 
blades is more difficult than the average component 
which might be required by the commercial market, 
because they are not designed as castings, the ratio of 
volume to surface area is a minimum, they present a 
combination of thick and thin sections, and the metal- 
lurgical soundness required on radiograph and crack 
detection is very high. On castings other than blades, 
the scrap percentage approximates to 20. The present 
cost under development conditions amounts to 30s. per 
lb. for steel castings. 

It may be considered that the cost of “ lost-wax ” 
castings is high and that the future must necessarily be 
restricted on this account, but only when the process 
has become accurately stabilised can there be any 
effective solution to economical manufacture. This can 
be effected by process simplification ; at present there 
are 25 different stages in manufacture. The application 
of mechanisation and motion study, as in any multi- 
operational process, will have a great effect in reducing 
the costs. Thus, it is not inconceivable that the cost of 
*‘ lost-wax ”’ castings will have dropped to 10s. per Ib. 
within the next five years. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


Ir is intended to make th’s list a regular feature, 
which will appear in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of their forthcoming events. 








INTERNATIONAL TECHNICAL RADIO COMPONENTS, 
ACCESSORIES AND RADIO-ELECTRIC MEASURING INSTRU- 
MENTS EXHIBITION.—Friday, February 3, to Tuesday, 
February 7, at Porte de Versailles, Paris. Particulars 
from Syndicat National des Industries Radio-electriques, 
52, rue de la Pepiniére, Paris (8e). 

30TH INTERNATIONAL AGRICULTURAL MACHINERY 
EXHIBITION.—Sunday, February 12, to Sunday, Feb- 
ruary 19, at Grands Palais du Centenaire, Brussels. 
Organisers: Socié:é de Mécanique et d’Industrie Agri- 
cole, 29, rue de Spa, Brussels. 

BRITISH FURNITURE TRADES EXHIBITION.—Tuesday, 
February 14, to Friday, February 24, at Earl’s Court, 
London, W.14. Organisers: B.F.M. Exhibitions, 
Limited, 641, Grand Buildings, Trafalgar-square, Lordon, 
W.C.2. (Telephone : WHItehall 0568.) 

INTERNATIONAL AUTOMOBILE EXHIBITION.—Friday, 
February 24, to Sunday, March 5, at the Forum, Copen- 
hagen, Denmark. Details obtainable from the Danish 
Association-of Automobile Manufacturers and Importers, 
Amaliegade 22, Copenhagen K. 

INTERNATIONAL AGRICULTURAL MACHINERY EXHIBI- 
TION.—Tuesday, February 28, to Sunday, March 5, at 
Exhibition Park, Paris. Apply to Salon de la Machine 
Agricole, 38, rue de Chateaudun, Paris. 

LEIrzicg SPRING FaiR.—Sunday, March 5, to Sunday, 
March 12. Organisers: Leipziger Messeamt, Leipzig C.1. 

INTERNATIONAL SPRING Fatr.—Sunday, March 12, to 
Sunday, March 19, at Vienna. Agents: British Austrian 
Chamber of Commerce, Incorporated, 29, Dorset-square, 
London, N.W.1. (Telephone: PADdington 7646.) 

MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, April 18, to Saturday, April 29, at City Hall, Deans- 
gate, Manchester. Organisers: Provincial Exhibitions, 
Limited, City Hall, Deansgate, Manchester. 

—— aa 

BRITISH INDUSTRIES FatR.—Monday, May 8, to Friday, 
May 19, at Earl’s Court, W.14, and Olympia, W.14, 
London ; and Castle Bromwich, Birmirgham. Particu- 
lars from the Director, British Industries Fair, Board of 
Trade, Horseferry House, Thorney-street, London, S.W.1. 
(Telephone: VICtoria 6800); and general manager, 
British Industries Fair, 95,°New-street, Birmingham, 2. 
(Telephone : Midland 5021.) 

INTERNATIONAL TRADE Fair.—Saturday, May 13, 
to Monday, May 29, at Porte de Versailles, Paris. 
Organisers; Foire de Paris, 23 rue Notre Dame des 
Victoires, Paris. (Telephone : Gutenberg 39-20.) Agent: 
Mrs. M. Hyde, 14-15, Rugby Chambers, Rugby-street, 
London, W.C.1. (Telephone : CH Ancery 6794.) 
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EARLY ENGINEERING ON THE 
THAMES AND SEVERN CANAL.* 
By H. G. W. HovsrHotp. 


Tove the Thames and Severn Canal was not 
constructed until 1783-89, the desirability of joining 
those two rivers had been talked of for nearly 200 
years. The route finally adopted, between Thames 
Head and the valley of the Stroudwater or Frome, 
involved piercing the Cotswold Hills with what was 
at the time the longest tunnel in the country. It was 
only subsequently exceeded in Britain by one other 
canal tunnel and four railway tunnels. The junction 
of the rivers was advocated by Thomas Procter in 
1610, Hill in 1633, John Taylor in 1641, Francis 
Mathew between 1655 and 1670, Thomas Baskerville 
about the same time, and Andrew Yarranton in 1677. 
All but one of these indicated a definite route, and at 
least three of them appear to have been familiar with 
the problems involved. Study of these pro 
suggests that it was not lack of engineering skill that 
prevented the work from being carried out during that 
century, but the difficulty of financing the project. 

Dr. Thomas Congreve, in 1717, proposed the joining 
of Trent and Severn and Severn and Thames. He 
went fully into certain engineering features of the 
former, and proposed a route for the latter from the 
Avon near Malmesbury to the Thames at Cricklade. 
The first Baron Bathurst (later the first Earl), laying 
out the family’s estates at Cirencester, turned attention 
to the Stroud route. He lived to the great age of 91, 
long enough to know that the Duke of Bridgwater was 
reaping the financial reward of his bold venture in 
constructing the first of the English canals to leave a 
river valley, an enterprise engineered by that self- 
taught genius, James Brindley. The canal era had 
opened in earnest. Two months before Lord Bathurst’s 
death in 1775, the construction of the Stroudwater 
Canal had been begun, with the intention that it should 
form part of a waterway from the Severn to the Thames. 
It was opened throughout, from the Severn at Frami- 
lode to the town of Stroud, on July 24, 1779. 

In 1781, meetings were held to promote the extension 
of the canal to the Thames. The promoters evidently 
felt that the decision between the rival routes ought 
to be based upon the best professional advice obtain- 
able, and turned to Brindley’s able pupil, Robert 
Whitworth. His instructions were vague. He was 
given no indication of the type of vessel to be used 
and, consequently, of the minimum width for the 
canal. There were three possible types: vessels 15 ft. 
wide, suitable for the navigation of the Severn estuary, 
for which the Stroudwater Canal had been designed ; 
barges 12 ft. wide, such as were then navigating the 
Thames to Lechlade ; and the narrow boats, 7 ft. wide, 
of Brindley’s Midland canals. Whitworth assumed the 
use of Thames barges instead of Severn vessels, to 
cheapen the cost of construction, and because Severn 
vessels could not pass the existing locks on the Thames. 
It was necessary for him to take levels through the 
deep part of the summit, and, for the sake of com- 
parison, he prepared sections of the highest ground on 
two routes. The summit level of each, governed by 
the height at which a regular supply of water could 
be secured, had to be fixed so low that a considerable 
length of tunnel was unavoidable. Although the 
Coln valley line had certain advantages, including a 
better geological formation along the summit and a 
shorter tunnel, it involved a climb to a greater height, 
with 786 ft. 3 in. of lockage against 476 ft. 1 in. on 
the Cirencester line, and its supplies of water were 
only about one-third of the volume available from the 
River Churn at Cirencester. Moreover, the Cirencester 
route could count upon additional traffic from serving 
the populous Stroud valley, a saving of 20,0001. owing 
to the eight miles of canal already built, and a superior 
supply of water. The expense of the Coln valley line, 
36 miles 7 furlongs in length, he estimated at 
148,3161. 3s. 9d., and of the Cirencester line, just 
under 29} miles, at 127,916. 4s. Od. In the latter, 
the tunnel accounted for 28} per cent. and the locks 
for 23 per cent. 

The Stroud and Cirencester route was adopted at a 
meeting of the promoters on January 17, 1783. Once 
the decision had been made, the succeeding stages 
were pushed forward with remarkable energy, speed, 
and success. By February 3, nearly 80 per cent. of 
the capital had been promised. On February 5, 
Parliamentary proceedings were begun in the House 
of Commons. In the House of Lords, the Bill 
all its stages within a week. The Royal Assent was 
granted on April 17. Construction was pressed forward 
by James Perry, a merchant of Wolverhampton and 
one of the proprietors. Josiah Clowes, of Middlewich, 
Cheshire, was appointed “ Surveyor and Engineer and 
Head-Carpenter ” at a salary of 3001. a year. Robert 
Whitworth came to lay out at least part of the line, 





* Paper read at a meeting of the Newcomen Society, 
held in London on Wednesdav, January 11, 1950. 
Abridged. 





but the superintendence of construction was left in 
the hands of Perry and Clowes. Josiah Clowes later 
became engineer to the Lechlade Committee of the 
Thames Commissioners; engineer and surveyor of 
the Hereford and Gloucester Canal; one of several 
engineers engaged upon the Huddersfield Canal; and 
—e to the Shrewsbury Canal when he died, 
in : 

Construction was begun in June at the junction with 
the Stroudwater Canal at Walbridge. Through the 
Golden Valley above Stroud, the engineering was of the 
simplest, with few earthworks other than those neces- 
sary for a channel following a contour line, crossings of 
the River Frome and tributary streams, diversions of 
the river, bridges and locks. There are 28 locks, 
rising 240 ft. 11 in. in stages varying frem 8 ft. to 11 ft. 
This part of the canal was completed in the summer of 
1786, and immediately made use of. A wharf, ware- 
house and coal-yard were provided at Daneway Bridge. 
At Daneway, the summit level was reached, at a height 
of 362 ft. 6 in. above Ordnance Datum. 

The most formidable part of the undertaking was 
the construction of Sapperton Tunnel from the head of 
the Golden Valley to a point near the village of Coates, 
not far from the source of the Thames. Whitworth 
supposed it to begin where the level of the ground 
became 30 ft. above the bottom, giving a length of 
3,850 yards. It was eventually 3,817 yards long. The 
cost he estimated at 101. a yard for the western half, 
lying deepest below ground, and 91. a yard for the 
remainder, making a total of 36.5751. In September, 
1783, proposals were invited from miners capable of 
driving a headway 6 ft. high and 4 ft. wide through the 
hill. An opening was made to show the strata at the 
western end, and two shafts were sunk, one to the top 
of the tunnel near the shallow end, and another in the 
centre for a depth of 35 ft. where the line of the canal 
was 150 ft. below ground. It was a considerable under- 
taking for one man. The contract was given to Charles 
Jones, of Manchester, mason and miner, at 7 gns. a 
yard. He agreed to complete the tunnel in four years 
from January 1, 1784. Harecastle Tunnel, much 
smaller and 2,880 yards long, had taken eleven years, 
from 1766 to 1777. 

Charles Jones fell into debt and was imprisoned three 
times, once at the instance of a sub-contractor, one of 
the men who had tendered for the construction of the 
tunnel in the first place. The company objected to his 
sub-letting part of the work without their knowledge, 
on the ground that he could not then properly super- 
vise it, but it is difficult to see how he could have 
accomplished the work in the time allotted without the 
aid of sub-contractors. By June, 1785, the patience 
of the Committee of Proprietors was exhausted. They 
gave him notice to complete by October 3 so much of 
the tunnel as he had opened up, and informed him that 
they had ordered other workmen to proceed at Sapper- 
ton. Jones’s work was not completed by October 3; 
indeed, he was still on the works in the spring and 
summer of 1788, when he had another sojourn in 
Gloucester Gaol, this time for more than ten weeks. 
In 1792, he filed a Bill in Chancery, claiming 29,4001. 
for the construction of the whole of Sapperton Tunnel, 
which, he stated, he had completed within the four 
years agreed upon. He was, in fact, credited with 
making 1,487 yards of the 3,817. In March, 1795, 
Jones’s Bill was dismissed with costs. 

Five contractors undertook work on the tunnel after 
the company had served notice on Charles Jones. Some 
of them had held sub-contracts from him. One, Ralph 
Shepperd, a Derbyshire man, had constructed sections 
of the canal in the Golden Valley. Another, John 
Nock, was a mason who had built some of the locks on 
the canal, and later constructed others on the upper 
Thames. They had the hardest part to undertake, 
under Sapperton Hill, at more than twice the depth at 
which Jones had been working, yet they undertook it 
for the same price of seven guineas a yard. Altogether 
26 shafts, 8 ft. in diameter, were sunk. One was 
abandoned unfinished when water was struck at a 
depth of about 110 ft. The 16 shafts sunk by Jones 
in Hailey Wood were from 40 to 186 yards apart, 
according to the depth. The eight below Sapperton 
Hill were more widely spaced, from 166 to 311 yards. 
The two deepest, of which the Summit Pit went down 
244 ft., were the last to be sunk. Timber gins, one of 
which cost 201., were set up at the shaft heads to wind 
up the baskets or boxes of spoil and to lower the men. 
The headway driven from the bottoms of the shafts 
was often only 4 ft. high instead of the intended 6 ft. 
It was said that 3,000/. worth of gunpowder was used 
during the construction of the canal, most of which 
would have been used in the tunnel. The men worked 
in gangs of eight, made up of three miners, two to fill 
waggons, two drivers, and one to empty the waggons. 
Construction was carried on day and night, Sundays 
included. Bricks were burnt on the spot. Ventilation 
was provided by fires lit below the shafts. 

Much was made by the contractors in 
18 months. By January, 1787, 1,514 yards of tunnel 


had been opened to the full size of 14 ft. wide and 





15 ft. high, the greater of which had been walled 
and arched, and the headway had been carried forward 
until only‘about 30 yards remained to be completed, 
In October, 1788, the Proprietors ordered that the 
interior should be cleared, the shafts closed, the ging 
sold, and stops inserted at intervals in the finished 
sections so that they should begin to fill with water 
as the springs rose with the winter rains. No shafts 
were left open. Impatience of some members of the 
Committee overbore the advice of their engineer ; 
Josiah Clowes wanted a little longer to smooth the 
bottom, some parts of which were higher than he 
liked. They would have done better to listen to him ; 
but they had their way, and in April 20, 1789, the first 
vessel passed through, a boat of 30 tons. It was not 
all smooth going; the engineer later referred to a 
large boat being dragged through before he was ready, 
suggesting that they grounded several times. It was 
5} years since the preliminary openings had been made 
—very good time compared with that of tunnelling on 
other canals, and even early railways. 

The methods used to finish the various sections of 
tunnel were described in detail by John Hooke Taunton, 
M.I.C.E., the canal company’s engineer and manager 
from 1852 to 1886. Except where sound clay was 
found in the beds of fuller’s earth, the bottom had to 
be lined throughout with clay. Only about 400 yards 
passed through rock sound enough to hold water with- 
out clay side-lining and walls to support it; 1,390 yards 
were through rock that did not need arching to support 
the roof. The remaining 2,427 yards were walled and 
arched. Stone for the walling and brick for the arching 
seems to have been the usual construction. Where 
fissures in the rock were met with, oak stops or doors 
were fixed across the side walls into grooves cut in the 
rock at some little distance from the affected places 
and at either side of them, to prevent water passing 
to the fissures from behind and underneath the walls ; 
160 of these were noted in 1894. Wooden troughs were 
built to carry the waterway where springs entered the 
bottom of the tunnel, and in other bad places. These 
were made with planking having a thickness of 2} in. 
at the bottom and 2} in. at the sides ; Whitworth had 
specified that they must be “‘ well caulked and pitched 
like the sides of a ship ” and backed by brick or stone 
walls to steady them against the blows of passing 
barges. Taunton wrote: “ Every expedient was re- 
sorted to in order to prevent leakage, and the engineer- 
ing seems to have been of a perfect character.” 

Taunton studied the geological formation of the dis- 
trict very thoroughly. From the Sapperton entrance, 
fuller’s earth is the first formation pierced. At about 
580 yards this gives place to beds of Inferior Oolite for 
about 930 yards. It was here, Taunton continued, that 
the fissures in the rock caused, and were still causing, 
so much trouble. The oak doors probably answered 
their purpose at the time of their insertion, but later 
on the timber decayed, cavities formed, and the leakage 
which they were intended to prevent was aggravated 
by them. There is a geological fault below Cassey 
Well, where the “ Long Arching”’ begins and extends 
for 1,190 yards. A second fault lies below Hailey 
Wood, a little west of the point where the railway 
crosses the line of the tunnel, and from there the 
remaining distance of 1,120 yards is through the Great 
Oolite. Below Cassey Well, springs were struck which 
flow into the tunnel in considerable strength through 
the roof and northern side wall. Other springs flow in 
on both sides below the valley in Hailey Wood, and the 
Sapperton Spring enters close to the western entrance. 

Evidently, the transfer of the line of the tunnel from 
the surface underground was a matter of some difficulty. 
Charles Jones once went far enough out of the line for 
James Perry to imagine that there was “ something 
very deceitful ” about it, and there was “ an awkward 
bend ” in the part worked by Ralph Shepperd; yet 
neither divergence was sufficient to obstruct a clear 
view through the tunnel, which—before collapse of the 
roof in recent years—could be obtained by standing on 
one side, though not the other, of either entrance. 

(To be continued.) 





GENERATION OF ELECTRICITY IN 1949.—The amount 
of electricity generated in 1949 was 49,115 million kWh, 
of which 47,977 million kWh were produced by the 
British Electricity Authority and 1,138 million kWh by 
the North of Scotland Hydro Electric Board and the 
Lochaber Power Company. The total represents an 
increase in output of 5-5 per cent. over that of the 
previous year. The amount generated in steam stations 
was 47,740 million kWh, an increase of 6-1 per cent.. 
and that in hydro-electric stations 1,174 million kWh. 
a decrease of 12-8 per cent. owing to the dry weather. 
Some 88 million kWh were produced by oil engines. The 
‘coal consumption was 28-9 million tons, an increase of 
3-5 per cent., and that of of] 53,500 tons, an increase of 
29-2 per cent. The generating plant installed had 4 
capacity of 13,588 MW, an increase of 687 MW, or 
3 per cent., during the year. Some 300 MW of this was 
brought into service during December. 
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TELESCOPIC WORKING PLATFORM. 


MESSRS. WILLIAM MOSS AND SONS, LIMITED, LONDON. 

















Fig. 1. 


TELESCOPIC WORKING PLATFORM. 


In an attempt to reduce the use of scaffolding, par- 
ticularly inside buildings or where its cost is relatively 
high, the Mechanical Developments Division of Messrs. 
William Moss and Sons, Limited, North Circular Road, 
Cricklewood, London, N.W.2, have produced a novel 
form of working platform which can be folded to pass 
through doorways 6 ft. 6 in. high by 2 ft. 6 in. wide, 
and enables a man to raise and station himself at any 
height between 6 ft. 5} in. and 17 ft. above the ground 
for working at heights up to about 23 ft. The “ Bean- 
stalk,” as it is called, has a steel platform, 2 ft. 3 in. 
square, fixed to the top of a three-stage telescopic 
hydraulic-ram ; this is held vertically in a folding 
framework of tubular steel, normally resting on four 
screw-jacks. An operator standing on the platform 
can raise himself to the maximum height in about two 
minutes by working a lever which is slipped over the 
hinged actuating handle of a two-way hydraulic pump 
at the bottom of an oil reservoir under the platform. 
The platform is lowered by opening a spring-controlled 
valve in the side of the reservoir. The valve is deli- 
berately located in a position that obliges the user to 
kneel down to reach it, as a safeguard against uninten- 
tional operation. Full descent is made in about 45 
seconds, but can be stopped instantly by releasing the 
valve handle. 

A photograph of the “ Beanstalk,” with the platform 
at its maximum height of 17 ft., is reproduced in Fig. 1. 
The main cylinder of the ram and the three telescopic 
sections are each about 5 ft. long, with outside diameters 
of 3§ in., 3 in., 28 in., and 1} in., respectively. When 
the sections are fully extended, they overlap each other 
by one foot, thereby ensuring that the platform remains 
fairly free trom sway ; it is claimed that the sway is 
less than that of a cradle or bosun’s chair suspended 
from overhead scaffolding, especially as the screw-jacks 
at the base give four-point support from the corners 
of a 5 ft. 8 in. square. The folding frame consists of 
two independent triangles, supporting the total 
load on two brackets forming their apices; the body 
of the ram serves as a perpendicular median common 
to both frames and has a normal ground clearance of 
about 3 in. Relatively to each other, the frames can 
swivel approximately 60 deg. about the axis of the 

















Fia. 2. 


ram, to allow the frame to be folded, scissor-like, for 
passing through doorways; by this means it can be 
passed through an opening only 2 ft. 6 in. wide. Ball- 
bearing castors with 6 in. wheels and solid rubber tyres 
are fitted to the corners of the frames. Along the base 
of each frame are two horizontal tie rods which are 
joined at the centre by being screwed and welded into a 
bracket which encircles and can swivel round the lower 
part cf the ram cylinder. A mechanical stop on the 
lower of the two brackets limits the swivelling and so 
ensures a minimum width of wheelbase of 1 ft. 10} in. 

The sloping sides of the tubular frames are similarly 
screwed and welded into fittings at each end; at their 
upper ends, where they form the apex of each frame, 
they fit into two brackets which also encircle and can 
swivel about theram. The upper of these two brackets 
supports a flange at the top of the ram, and the lower 
supports a 3 in. deep cylindrical spacer, fitted between 
the two; vertical loads from the platform are thus 
transmitted through the flange and the spacer to the 
framework as a whole. Six rectangular pieces of steel 
about 12 in. long, serve as steps for climbing to the 
platform, and are welded to one of the sloping sides. 
The framework is locked open in the working position 
by two horizontal tie rods which are slipped into fit- 
tings at the base; when it has to be folded after 
the lowering of the platform, these rods are removed, 
one being replaced by a shorter rod for securing the two 
frames in the folded position. The shorter rod is 
normally carried by two spring slips attached to one of 
the longer horizontal ties, as can be seen in Fig. 1. 

An illustration showing the platform in its lowest 
position is reproduced in Fig. 2. The platform has 
toe guards 3-in. deep to prevent an operator from 
slipping; at opposite ends, two of these guards are 
hinged to swing back on to the platform to facilitate 
access. The main guard rails are of tubular steel in 
the form of two rectangles hinged from opposite sides 
of the platform ; they are 3 ft. high and are normally 
cross linked by two horizontal rails at the top. These 
cross links are readily removed by unscrewing a 
coupling in each, thus allowing the main guard rails to 
be swung outwards and down when the platform has 
to be lowered to pass under doorways. Fig. 3 shows 
the ‘ Beanstalk” fully folded. The detachable 
lever for operating the hydraulic pump can be inserted 
horizontally into holes in two brackets welded to 
the guard rails, thus providing more room for working 
when the platform has been brought to the required 
height. The platform can be turned horizontally about 
the axis of the ram, since the telescopic sections are not 
locked longitudinally ; in practice, however, there 
seems little tendency for the platform to turn. The 
overall weight of the appliance in its present form is 
about 5 cwt., but minor modifications can be made to 
suit individual requirements; for example, for siting 
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on rough ground, or for working alongside aircraft 
fuselages. A ‘‘ Beanstalk ” with a power-operated ram 
is being developed. 





MOBILE FUEL-TESTING UNIT. 


AsoutT a year ago, the Ministry of Fuel and Power 
established a mobile unit for the purpose of assisting 
works managements to improve the efficiency of fuel 
utilisation in their factories and plants. The unit 
formed part of the Fuel Advisory Service of the Ministry 
and consisted of a mobile van containing the necessary 
equipment, and operated by Ministry personnel; the 
van and its contents were fully described in Enet- 
NEERING, vol. 166, page 547 (1948). Since its formation, 
the unit has proved very successful, and as a result of 
investigations into the operation of a number of 
industrial undertakings with a total annual consump- 
tion of approximately 100,000 tons of coal and 5,000 
tons of oil, it has made possible savings averaging 
about 15 per cent. In certain instances, the investi- 
gations related to boiler plant only, so that the total 
saving, had the tests been applied to the whole range 
of operations, would certainly have been higher. It 
has now been decided, therefore, to extend the service, 
and three further similar vehicles have been ordered. 
At the same time, it was felt that the cost of the 
enlarged service should not be borne by public funds 
and in future, therefore, a charge will be made which 
is sufficient to cover the cost of operating the units. 
In order to ensure that a unit should be used only 
where it is likely to give real value for money, a pre- 
liminary survey will be made by one of the Ministry's 
fuel technologists whenever a request for a visit is 
received. Such a survey will be without = obligation 
to the firm concerned, and there appears little doubt 
that the financia] savings which, in so many cases, the 
unit can make possible, will far outweigh the cost of 
employing it. 





Rarmtway LInEs CLOsED.—The Railway Executive, 
Scottish Region, have announced that the following lines 
and stations have been closed, or will shortly be closed 
to passenger traffic and to freight-train traffic in less than 
truck loads: Kirkgunzeon station (Dumfries); the 
Alford branch line, including the stations Kemnay, 
Monymusk, Tillyfourie, Whitehouse and Alford; Ban- 
nockburn station; Kinfauns station on the Perth- 
Dundee line; and the Stranraer-Portpatrick branch 
line. The last-mentioned line will be closed to traffic 
on Monday, February 6, but the other lines and stations 
were closed on Monday, January 2. In general, a 
passenger service will be provided by road motor "bus, 
and freight service for small consignments by motor 
lorry. 
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NOTES ON NEW BOOKS. 


Taschenbuch fiir den Maschinenbau. Edited by 
Proressor HeEtnricHh Dvussex. Tenth edition, 
revised. Two vols. Springer-Verlag, Reichpiet- 
schufer, 20, Berlin W.35, Germany. [Price 28-50 
D.M.] 

Proressor DvusssEt’s mechanical engineering hand- 
book, which has been in use as reference book in most 
technical colleges on the Continent ‘where German is 
spoken, has just appeared in a 1949 edition, which is a 
corrected reprint of the 1943 edition. The first volume 
contains the fundamental engineering sciences grou 
into sections on mathematics, mecharics, hydraulics, 
thermodynamics, fuel technology, strength cf materials, 
welding design and machine elements. The second 
volume consists of the sections on steam generating 
plant ; reciprocating engines (with chapters on steam 
engines, internal-combustion engines, positive displace- 
ment compressors, and pumps); balancing and regu- 
lating, rotary engines (with chapters on water turbines, 
centri pumps; steam turbines and centrifugal 
compressors); hoisting and conveying, machine tools, 
automobile engi i and electrical engineering. 
While this handbook does not contain quite the same 
wealth of scientific information as the four volumes 
of the well-known Hittie, it is certainly better adapted 
to help the mechanical engineer in his every-day 
technical problems. The sections of the first volume 
consist of more than a mere collection of formule. 
The treatment of the subject matter is necessarily 
condensed, but the derivation of the formule used is 
given with clarity and, as there is a liberal provision of 
excellent diagrams, any of these sections could well 
serve for private study of these subjects. The more 
specialised sections of the second volume give an up-to- 
date exposition of present engineering construction and 
design. They are, of course, not meant to be consulted 
by the specialist, though he would find them of service 
for speedy reference. The aim is rather to supply con- 
cise and accurate facts and figures to a mechanical 
engineer who seeks information outside his own special- 
ised branch. The weakest section seems to be that on 
electrical engineering, but this fault is probably common 
to most handbooks on mechanical engineering. 


Mechanics. Statics and Dynamics. By Proressor 
Merit Scott. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 4-50 dols.] ; and McGraw-Hill Publish- 
ing Company, Limited, Aldwych House, Aldwych, 
London W.C.2. [Price 38s. 6d.] 

Tuts book, by the professor of physics at the Pennsyl- 
vania State College, is intended primarily as a text- 
book and a work of reference for undergraduate 
students of physics. A knowledge of the calculus, 
series expansions, Taylor’s theorem, and some analytical 
geometry is assumed. The treatment also mikes use 
of vector notation and analysis, and the introductory 
chapter is devoted to the principles of vector mathe- 
matics. The book is divided into two sections, cover- 
ing, respectively, statics and dynamics. The section 
on statics deals with work and virtual work, moments 
and products of inertia, friction, elasticity, the theory 
of beams and columns—in fact, the usual groundwork 
to be expected in such a book ; the second part includes 
kinematics, dynamics and energy motion in one and 
two dimensions, motion subject to resistance, the simple 
pendulum orbital motion, the equations of motion, the 
energy equation, oscillations, initial motion, impulses 
and collisions, and three-dimensional mechanics. The 
book is intended to pave the way for more advanced 
studies in applied mathematics, and requires a some- 
what higher level of mathem:tical ability in the reader 
than many British engineering students possess. 


The Airplane and Its Engine. By C. H. Cuatrtexp, 
Proressor C. Fayette Taytor, and Proressor 
SHaTswetL Oser. Fifth edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4-50 dols.]; and 
McGraw-Hill Publishing Company, Limited, Ald- 
wych House, Aldwych, London, W.€.2. [Price 
38s. 6d.) 

Easier editions of this book, which is designed to 

cover broadly the field of development of aircraft and 

their power plant, were kept completely free from 
mathematical treatment, but in this fifth edition simple 
algebraic relations have been introduced. It is 
questionable whether the addition of such formule 
does, in fact, constitute an improvement in a book of 
this general nature ; especially as the authors have not 
always taken sufficient care in defining all the symbols 
used. On page 167, for instance, it is said that, “‘ As 
already stated, the efficiency of an engine is the work 
done divided by J times the heat absorbed”; but, in 
fact, the symbol J has not been mentioned previously. 
The method cited on page 222 for calculating the take- 
off distance of an aeroplane appears to be based upon a 





flying technique which is no longer approved either by 
air-transport or military authorities, and makes no 
allowance for the attainment of a “ safety speed ” for 
satisfactory control of multi-engined aircraft under 
engine-failure conditions ; obviously, a full treatment 
cannot be attempted, and it would seem preferable to 
omit such formule entirely rather than to give an 
unrealistic representation. In general, however, the 
authors have presented a good general picture of 
present-day American aircraft and their engines, within 
the limitations of a book which attempts to cover such 
a wide field: the subjects considered include elemen- 
tary aerodynamics, with brief references to supersonic 
flight ; stability and control ; the theory and construc- 
tional details of the reciprocating engine, in some 
detail, and a rather briefer treatment of the gas turbine, 
jet-propulsion, and rocket-propulsion ; propellers ; air- 
craft performance and mancuvres; aeroplane struc- 
tures; seaplanes, commercial aircraft and military 
aircraft; and a section on aircraft instruments and 
ancillary equipment and services. The book is written 
from the American standpoint, using, almost entirely, 
American examples and illustrations; a fact which, 
in conjunction with its high price in British currency, 
is likely to limit its appeal in this country. 


The Channel Tunnel and Ferry. By J. L. HARRINGTON. 
The Oakwood Press, Tanglewood, South Godstone, 
Surrey. [Price 2s. 6d. net.] : 


Tuts pamphlet of 18 pages is the fourth in the series 
of the publishers’ “ Locomotion Papers,” the first of 
which, The Alford and Sutton Tramway, was reviewed 
on page 550 of our 164th volume (1947). Mr. Harring- 
ton, now Chief Officer (Administration) of the Railway 
Executive, was formerly Marine Manager in the Dover- 
Folkestone Division of the Southern Railway, and 
subsequently assistant to the General Manager, so that 
he had the opportunity to study, on the spot, what 
visible relics there are of the Channel Tunnel, and the 
present ferries, and to obtain access to official records. 
His paper, originally presented as a lecture to a British 
Railways lecture and debating society, appears to have 
been printed without much alteration, if any. About 
half of it is devoted to the history of the Channel 
Tunnel schemes and the rest to train ferries and a 
few comments on the economic aspects of a tunnel in 
present-day conditions. The amount of exploratory 
tunnelling that has been done amounts to about 
3} miles, of which rather more than half is on the 
English side. Practically no work has been done 
since 1882, except for a further advance of “‘ 8 inches, 
specially sanctioned in 1887 —though Mr. Harrington 
does not explain why this was done. He concludes 
that a tunnel could be constructed to-day for 60I. 
millions, but points out that its economic success 
would be seriously prejudiced by the growth of air 
traffic, the existence of the train ferry—the services of 
which could be greatly expanded at much less cost— 
and foreign-exchange restrictions on travel, which 
seem likely to persist. 


A Century of Engineering, 1850-1950. By Ronatp H. 
Cuark, A.M.I.Mech.E. Savages Limited, St. 
Nicholas’ Works, King’s Lynn, Norfolk. (Compli- 
mentary distribution.) 

Freperick Savace, founder of the firm of Messrs. 

Frederick Savage and Company, now Messrs. Savages 

Limited, was one of the numerous craftsmen who set 

up in business in East Anglia in the middle of the 

Nineteenth Century; willing to turn their hands to 

anything in the way of agricultural and general engi- 

neering, and, in many cases, notably fertile in invention. 

Savage was one of the earliest engine builders in 

Norfolk, being anticipated only by Charles Burrell, of 

Thetford. He built portable and semi-portable engines, 

traction and showmen’s engines, steam ploughing 

equipment, threshing machines, small machine tools, 
steam roundabouts, and that remarkable assemblage 
of mechanism, Darby’s broadside digger. All of these 
are described in more or less detail by Mr. Clark in 
this centenary brochure, and typical examples are 
illustrated. The illustrations, indeed, taken from the 
extensive collection of drawings and photographs still 
preserved by the firm, are a valuable supplement to 
the text, which amplifies in many ways the short 
reference to Savages in Mr. Clark’s article on “‘ Some 
Lesser-known Traction Engines,” which appeared in 
our 165th volume, in the issues of June 6 and 13, 1948, 





PACKAGING EXHTBITION.—The London Packaging 
Exhibition is to be held in the National Hall, Olympia, 
London, W.14, from Tuesday, January 30, until Friday, 
February 9, 1951. The exhibition is being organised by 
Provincial Exhibitions, Limited, City Hall, Deansgate, 
Manchester, in association with Messrs. F. W. Bridges 
and Sons, Limited, and in collaboration with the Institute 
of Packaging. The London office of the exhibition is at 
167, Oakhill-road, Putney, S.W.15. (Telephone : 
VANdyke 5635.) 








CATALOGUES. 


Universal Unit Conductivity Bridge.—A conductivity 
bridge built up of 12 universal units and designed for 
measuring the conductivity of electrolytes at varioug 
frequencies in the audio range is described in a leaflet 
received from Messr, Muirhead and Company, Limited, 
Beckenham, Kent. 


Fluorescent Lighting Fittings.—Messrs. Philips E!co- 
trical Limited, Century House, Shaftesbury-averue, 
London, W.C.2, have sent us an illustrated and ‘priced 
catalogue of fittings and reflectors for 4-ft. and 5-ft, 
fluorescent lamps, and which also gives details of the 
associated starters, ballasts and capacitors. 


Oil Purifier.—The Alfa-Laval Company, Limited, 
Great West-road, Brentford, Middlesex, have issued an 
illustrated brochure which gives details of their type 
VIB 1920 C centrifugal oil purifier for marine use. It 
is suitable for purifying lubricating oil or Diesel fue! oi] 
and has a maximum capacity of 8,000 litres per hour. 


Batteries for Train Lighting Circuits.—An illustrated 
catalogue describing some mechanical features and giving 
dimensions and performance figures of electric batteries 
designed for the lighting systems on railway trains has 
been issued by Messrs. Pritchett and Gold and the 
Electrical Power Storage Company, Limited, 50, Gros- 
venor Gardens, London, S.W.1. 


Phonic- Motor Timing Devices.—We have received from 
Messrs. Muirhead and Company, Limited, Beckenham, 
Kent, ‘an illustrated leafiet briefly describing timing 
mechanisms especially suitable for radio or astronomical 
instruments ; they are operated by special forms of small 
non self-starting synchronous machines known as phonic 
motors which are usually driven at 10 r.p.m. from a 
polarised supply of 1,000 cycles per second derived from 
crystal oscillators. 


Diesel Alternators.—A new range of Diesel alternator 
units is described in a leaflet issued recently by Messrs. 
Davey Paxman and Company, Limited, Colchester. 
They comprise standard Diesel engines of the RPL series, 
with four, five, six or eight cylinders, coupled directly 
to Metropolitan-Vickers three-phase four-wire alter- 
nators running at 600 r.p.m. and delivering 50-cycle 
alternating current at 400/440 volts or 380 volts. The 
electrical outputs range from 190 kVA to 385 kVA at 
the higher voltage, the corresponding power outputs 
from the enngines ranging from 224 to 448 b.h.p. 


Compounds for Pre-treatment of Metals.—Messrs. Despo 
Manufacturing Company, Limited, 125, Chatsworth-road, 
London, N.W.2, have sent us a series of leaflets describing 
their Negradizing salts for producing a paint-gripping 
and corrosion-inhibiting surface on ferrous metals ; D.P. 
cleaning and degreasing components ; ‘‘ Chalco ”’ Strippa 
liquid for removing paints from metals ; Proferoscal and 
Phosmelyte liquids, for removirg rust and scale from 
iron and steel articles; Prometizine solution, for giving 
a black finish to zinc die-castings; and the Promalin 
bath for electroplating aluminium and its alloys. 


Lifting Tackle.—The “‘ Pul-Lift ’’ hand-operated lifting 
and pullirg tackle, described in an illustrated leafiet 
received from the Yale and Towne Manufacturing Com- 
pany, Willenhall, Staffordshire, is made in three sizes, to 
lift loads up to }, 1} or 3 tons and to weigh 17, 30 and 
42 lb., respectively. Each unit consists of a roller chain, 
a lower hook and a lifting mechanism, the latter being 
attached to an upper hook and carrying a hand lever : 
the minimum distances between hooks are 12 in., 14 in., 
and 174 in., respectively, in the three sizes. The tackle 
is particularly suitable for “ inching ” heavy parts into 
position. 


Steel Lintels for Door Frames.—A leafiet issued by 
Messrs. Henry Hope and Sons, Limited, Smethwick, 
Birmingham, sets out the advantages of a design of steel 
lintel which they manufacture in various sizes to suit 
steel door frames. The lintel is a pressed-steel section 
of the required length, which is placed across the channel- 
section head of the door frame, projecting 4} in. at each 
end. By this means, an overload on the door frame, 
due to floor joists for example, is readily carried ; a test 
with a load of 750 lb. applied at the centre of the lintel 
produced a deflection of only * in. The lintels are light 
to handle, and they are recommended in place of heavy 
reinforced-concrete units. 


Aural Testing Appliances.—The Capac Company, 
Limited, 14, Finsbury-circus, London, E.C.2, have sent 
us illustrated leaflets describing aural apparatus for 
checking the condition of running machinery, as well as 
for comparing the finishes of smooth surfaces and locating 
leaks in buried water mains. These appliances are used 
like stethoscopes, and have probing rods or small mouth- 
pieces which are pressed lightly against or held close to 
the equipment or surface under test so that vibrations or 
local sound waves are picked up and transmitted to 
the earpieces ; smooth surfaces are compared by moving 
the probes over them, different forms of probe being used 
according to the nature of the surface. 
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FLOUR-MILLING 
MACHINERY. 
(Concluded from page 93.) 


THE two types of machines used for scalping the 
break stocks from the roller-mills (i.e., sifting out 
the endosperm from pieces of bran with adhering 
endosperm) and for flour dressing are described 
here, namely, the plansifter and the “ centrifugal.” 
The former is a machine in which a number of 
horizontal sieves are moved in a rotary manner in 
a horizontal plane ; every point in the sieve moves 
in a circle of the same diameter, i.e., the sieve is 
not rotated. The latest Simon machine of this 
type is the “‘ Flowmaster” plansifter, which is 
illustrated in Fig. 23, on this page. It consists of 








The Flowmaster plansifter contains 96 sieves. 
The silk or other materia] used for sifting is held 
in wooden frames which fit in a removable alu- 
minium-alloy tray. In Fig. 23, some of the end 
covers have been omitted to show the trays, and to 
illustrate how they are removed. Each box is 
normally divided into three sections, each of which 
has 16 sieves arranged like a nest of drawers. 
The stock enters the top of each section through 
a flexible-sleeve inlet. The path taken by the over- 
tailings and by the stock which passes through each 
sieve is arranged to suit the particular requirements 
of the mill diagram. The boxes incorporate, for 
this purpose, panzls and baffle boards which can be 
arranged to alter the flow accordingly. Eachsieveis 
kept clean by a simple mechanism actuated by the 
motion of the boxes. The plansifter is provided 




















Fie. 23. 


two boxes, containing the sieves and supported by 
a rigid steel frame which is suspended from the 
ceiling by four sets of flexible canes ; half of each 
box is above the frame, and half below. The 
sifting motion is imparted by a vertical shaft, 
rotating between the boxes and driven at its upper 
end by a gearbox containing a pair of bevel gears 
(not visible in Fig. 23). The lower end of the shaft 
is provided with a crank, the pin of which runs in 
a self-aligning roller bearing in the main frame, 
and with a counterweight opposite the crank. The 
rotation of the shaft thus imparts a rotary-sieving 
motion to the frame and boxes, the weight of the 
counterweight, in relation to the weight and dimen- 
sions of the rest of the machine, being such that, 
while the boxes move in a horizontal plane, the 
centre-line of the shaft is not displaced. 





« FLOWMASTER”’ PLANSIFTER. 


with an exhaust system, the object of which is to 
remove dust and moist air. 

Centrifugal dressing machines, commonly known 
simply as “ centrifugals,” are used for flour dressing 
and for scalping break stocks. A typical machine 
is shown in longitudinal section and cross section 
in Figs. 21 and 22, respectively. It incorporates a 
slowly-rotating polygonal reel or barrel, covered with 
silk or wire cloth, and enclosed in a wooden frame 
with a hopper bottom. A series of longitudinal 
beaters rotate at about 200 r.p.m. inside the reel. 
They are notched on their outer edges to form 
fingers which are slightly twisted so as to convey 
the stock along the machine. Stock is fed into the 
machine by a short worm conveyor on one end of the 
beater shaft, and is lifted and thrown obliquely 
against the silk. A worm conveyor is fitted at the 





bottom of the hopper to discharge the fine particles 
which are dressed through the meshes of the reel 
covering. The conveyor is not continuous, but 
consists of a number of crescent-shaped blades ; in 
Fig. 21 it is only shown diagrammatically. The reel 
is kept clean by a rotating brush (not shown in 
the drawings). The method of driving the beater 
and conveyor, and the general construction of the 
centrifugal are clearly shown in the illustrations. 
The purifier—used for removing bran particles 
from the endosperm before it is reduced to flour— 
is made in twin units, like the roller-mill. A number 
of purifiers are illustrated in Fig. 24, on page 114, 
and Fig. 25, on the same page, shows one unit 
diagrammatically in longitudinal section. The stock 
from the break roller-mills, which is fed, after 
scalping, to the purifiers, consists of a mixture of 


Fig.22. SECTION AA 
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pure endosperm, pure bran and composite particles 
of both, and the machine is designed to separate 
them. The stock is fed on to a long, slightly inclined 
sieve (shown as a dotted line in Fig. 25), which is 
oscillated longitudinally. The sieve, of silk bolting 
cloth, is in four sections which are progressively 
coarser from head to tail, and aspirating air is 
drawn up through it. A wooden hood encloses the 
upper part of the sieve, and is divided into four 
sections corresponding to the sections of the sieve, 
and surmounting the whole there is an air trunk 
which is connected to an external fan and to the four 
sections through individual slide valves. Thus the 
rate of flow of air through each section can be 
adjusted independently. 

The stock is fed in a uniform layer on to the head 
end of the sieve, and is moved slowly towards the 
tail end by the oscillation of the sieve and its slight 
gradient. The sieve is suspended on four vertical links, 
one at each corner, and is actuated by an eccentric 
drive. The arc of oscillation is, however, wholly 
on the tail-end side of the vertical positions of the 
links. The motion of the sieve keeps the stock 
continually agitated in a loose mass, so that particles 
which are alike in density but different in size 
segregate until the smaller particles sink below 
the larger. On the other hand, the effect on a 
mixture of light and heavy particles that are 
alike in size is to cause the heavy particles to sink. 
Simultaneously, the rising current of air has an 
additional effect, depending on the size, density and 
air resistance of each particle. The final result is 
that the purifier stratifies the stocks on the sieve 
into layers arranged in the following order, from the 
bottom to the top: the smaller pure endosperm 
particles, the larger pure endosperm particles, the 
smaller composite particles, the larger composite 
particles, the heavier bran particles, and the lighter 
bran and “ bees-wing ” particles, which are lifted by 
the air currents. 

This stratification is achieved gradually as the 
stock passes along the sieve but, of course, there 
is never a sharp dividing line between the layers. 
The “throughs ” from the head end are fine pure 
endosperm particles, but those from the tail end are 
coarser and tend to be mixed with some composite 
particles. A saddle is therefore usually placed 
in the collecting hopper to keep them separate. 
The “‘ throughs ” are conveyed to a delivery spout 





by a worm conveyor. The “liftings ” due to the 














114 


ENGINEERING. 


FEB. 








air currents are mainly small bran and dust, but as 
they rise from the sieve they enter a zone of lower 
air velocity (due to an increased cross-section of the 
hood) where bran particles, and possibly some fine 
endosperm, fall on to a series of lateral trays. 
These are constantly swept by brushes, which deliver 
the deposits into a side channel leading to a separate 
delivery spout. The liftings which are still air 
borne are carried through the air trunk to a dust 
collector. The overtails from the sieve, consisting 
of less pure stock, are subjected to a final aspiration 
to lift out any light fibrous material. 

As explained in the first article of this series (on 
page 30 of our issue of January 13), the purified 
endosperm is reduced to flour in reduction roller- 
mills, which have smooth rolls but are otherwise 
similar to break roller-mills. The flour is then 
dressed, i.e., the flour proper is sifted out in plan- 
sifters or centrifugals, which are of the same con- 
struction as those already described but have silk 
bolting cloth of 100 to 150 meshes per inch instead 
of the coarser woven wire employed on scalpers. 
The several grades of flour produced in the mill may 
subsequently be mixed, according to commercial 
requirements, and are often bleached; they may 
also be treated with chemical powder or a gas. 
With these processes, however, we are not concerned 
in these articles. The machines which have been 
described are indispensable for the actual production 
of flour; in addition, of course, a mill is equipped 
with weighing, packing and conveying machines. 

We are indebted to Messrs. Henry Simon, Limited, 
Cheadle Heath, Stockport, for their co-operation 
and assistance in the preparation of these articles. 





LITERATURE. 


Engineering Materials. By several contributors. Blackie 
and Son, Limited, 66, Chandos-place, London, W.C.2. 
[Price 17s. 6d. net.] 

THE title of this book, since it appears without 
qualification, is an ambitious one. The scope is 
defined to some extent by a note on the dust cover, 
stating that the aim is to serve as a text-book and 
work of reference for students and civil engineers. 
The materials dealt with include iron and steel, 
non-ferrous metals, plastics, timber, plywood, brick, 
cement and concrete, and, rather unexpectedly, 
there is a chapter on fuels and combustion, and 
another on water. It is not a book in which to find 
design data, although some figures representing 
typical mechanical properties, etc., are given; 
rather does it attempt to describe the fundamental 
properties of the materials concerned. 

Naturally, iron and steel occupy a very prominent 
place and they are dealt with at some length. 
Indeed, these chapters and the chapter on non- 
ferrous metals should cover all the metallurgy 
required of a non-specialist degree candidate. The 
treatment in this part is fundamental and it includes 
consideration of the metallography, crystal struc- 
ture, and hardening phenomena of carbon steels. 
Special chapters are devoted to cast iron and to the 
alloy steels, and another to mechanical testing ; 
it is unfortunate that this last, an excellent chapter, 
contains only a passing reference to fatigue pheno- 
mena. Iron and steel, with the non-ferrous metals, 
occupy approximately a third of the book. The 
wide variety of materials considered in the remain- 
ing two-thirds necessarily involves a more con- 
densed treatment, but it is never so condensed as 
to be misleading. The basic processes used in the 
manufacture of bricks and cement are described, 
and there is some information on the placing and 
curing of concrete. Timber, its seasoning and 
preservation, are briefly dealt with, as are the 
properties of plywood. A chapter on plastics deals 
with their nature, methods of moulding, charac- 
teristics and applications. There is a useful table 
of the mechanical properties of typical plastic 
materiais, but this is followed by a comparison with 
aluminium (alloy not specified), which could well 
have been omitted. Road materials, with notes on 
their placing, are followed by a chapter on fuels and 
combustion ; this describes the properties of the 
more important fuels, and, very briefly, discusses 
calorimetry, gas analysis, and combustion calcu- 
lations. The subjects with which the book ends 
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typify the end of all engineering products: the last 
two chapters deal with corrosion and disintegration. 

The formal study of strength of materials is an 
essential part of an engineer’s training, but, unavoid- 
ably, the materials themselves are all but lost in 
the mathematical treatment which must surround 
them ; indeed, the classical works on “‘ Strength” 
may contain only the briefest reference to real 
materials. The present book should be of value 
in providing a background for a student of engi- 
neering or of architecture, but he will still need 
more detailed specialist works as his studies proceed. 





Henry Maudslay, 1771-1831: and Maudslay, Sons and 
Field, Limited. Compiled by J. Foster PETREE, 
M.I.Me2ch.E. The Maudslay Society, Lynton Works, 
Bedford. [Price 5s. net; 58. 4d. including postage,] 

Tuer Maudslay Society was founded in 1942 by 

Mr. W. H. A. Robertson, a former pupil at the 

Lambeth works of Messrs. Maudslay, Sons and Field, 

as an association of apprentices and employees of 

the firm, which went out of business in 1900. Soon 
after its foundation, the members of the Society 
decided to establish a scholarship for the benefit of 
young mechanical engineers, in commemoration of 

Henry Maudslay, founder of the firm and inventor 

of the hydraulic cup-leather, the screw-cutting 

lathe and, by generally accepted repute, of the 
slide rest also. The first Maudslay Scholarship, 

of 1001., was awarded on December 16, 1949, 





to Mr. Jack Hope, of Leeds; and it was to 
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mark the establishment of the Scholarship that 
the Committee of the Society asked their historian 
to prepare this booklet. 

Most of the information about Henry Maudslay 
himself is to be found in the pages of Smiles’s 
Industrial Biography and in Nasmyth’s Auto- 
biography, but a certain amount of additiona] matter 
has been revealed by subsequent research and is 
here recorded, together with a more considerable 
amount of particulars of the firm and their work, 
some of which has not been printed before. With 
the aid of the Science Museum, and of the members 
of the Society and the Maudslay and Field families, 
a large number of portraits and other illustrations 
has been assembled, together with lists of contracts 
undertaken and ships engined ; so that the whole, 
though still far from complete, forms the most 
extensive history of Henry Maudslay, his associates, 
his successors, and their work that has yet appeared. 
As general engineers, they undertook a much 
greater variety of work than is commonly appre- 
ciated, but their fame rests chiefly on their marine 
engineering activities over some 85 years, during 
which they engined the first commissioned steam 
vessel in the Royal Navy, the first vessel to voyage 
under steam to India, the Atlantic pioneer steamer 
Great Western, and the early White Star liners 
Britannic and Germanic. The proceeds from the 
sale of the book will go to augment the funds of 
the Maudslay Scholarship, which it is hoped to 


award at least annually, and to increase in value. 
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PHASE ADVANCING BY 
THREE-PHASE MACHINES. 


By Dr. T. F. Wat, M.LE.E. 


Every three-phase synchronous or asynchronous 
machine can be operated as a phase-advancer 
when provided with a suitable exciter system. 
Such a machine can then be used to load a supply 
network with leading reactive current and so 
enable it to give the same advantageous effects, 
as regards the control of the network pressure, as 
those obtained by the use of static condensers ; the 
machine is then described as a ‘synchronous 
condenser.” 
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If an unloaded three-phase salient-pole synchro- | and therefore, 
nous generator is driven at normal speed, and t= 7, %% : ’ (3) 


excited so as to develop its rated phase pressure Ep, 
the condition will be defined by the diagram Fig. 1, 
in which O P is the open-circuit straight-line charac- 
teristic and i, amperes is the direct-current excita- 
tion of the rotor field coils. If it is now assumed 
that the stator terminals are short-circuited, a short- 
circuit current of If... amperes per phase will flow 
and, if the resistance of the stator windings is 
assumed to be negligibly small, this short-circuit 
current will have a purely demagnetising armature 
reaction. The magnetic flux due to the short-circuit 
current Ij... will then, to a certain extent, neutralise 
the flux due to the direct-current field excitation 
current i), 80 that the resultant effective excitation 
current will then be, 





“sf : 
LPs = 19 


je 
a 15> 
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<--------- 


as shown in Fig. 2 ; that | 


Since it has been seen in the foregoing, that the 
short-circuit current Ij... produces the same mutual 
flux across the air-gap as the excitation due to the 
field current of i} amperes, it is convenient, in 
many cases, toinsert on the abscissa axis, the equiva- 
lent wattless phase-current of the three-phase stator 
winding, and this has been done in Figs. 2 and 3, 
the required scale for this transformation being 
obtained at once from the equation 





(4) 


The following relationships will be used for the 
derivation of the performance of the synchronous 
condenser 
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Ig.c, = tp- ° ° 











From Fig. 3, 
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When such machines are used to supply simul- 
taneously active and reactive power, a very high 
degree of efficiency is obtained in the generation of 
the latter. If, however, the machine is used to 
develop reactive power only, then in so far as the 
smaller sizes are concerned, the comparatively large 
losses, which may be from about 3 per cent. to 
7 per cent. of the reactive power output, together 
with the service and supervision inseparable from 
rotating machines, may render it preferable, in 
some cases, to use static condensers. 

In what follows, a brief survey is given of the 
principles of operation as phase-advancers of the 
over-excited three-phase synchronous and induction 
machines, and it is to be observed that in those 
cases for which network-pressure regulation is the 
main purpose of the phase-advancers, and parti- 
cularly where very large supply systems are con- 





cerned, these ‘‘ rotary condensers ” are unrivalled. 
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is to say, a stator short-circuit current of Ij.¢, am- 
peres per phase will produce the same flux across 
the air gap, as a direct-current field excitation 
current of +} amperes, and, consequently, the re- 
sultant effective field current will then be i} am- 
peres, as shown in Fig. 2. 

This resultant field current i/ will then induce the 
e.m.f. E,, volts per phase in the stator winding, and 
this e.m.f. will be expended in driving the short- 
circuit current Ij... against the leakage reactance z,, 
ohms per phase of the stator winding, so that 


(1) 


Now it will be seen by reference to Fig. 2 that the 
field-current i will develop on open-circuit an 
e.m.f. E,, volts per phase, this e.m.f. being due to 
the flux which crosses the air-gap, and therefore is 


mutual to both stator and rotor windings. Hence, 


Eqx = Tic, 211 


Em = tmig = Ey — Ex; (2) 


where z,, ohms is the mutual reactance per phase. 
It then follows immediately from Fig. 2 that 
ip — 1) Ey — Em _ (m+ ti) — tm _ tu 
¢ Em Im Im 
where 7, is the leakage factor of the stator winding. 
Also 
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so that 
Og = 7 Ey. 


Further, the synchronous reactance 
Xsy = Im + 2 = (i + 71) Xm. 


If the machine is excited as in Fig. 3, so that the 
normal rated pressure E, is induced at no-load, and 
if the stator is then short-circuited at all three 
terminals, the steady short-circuit current per phase 
will be 

Ey 
Xsy 
and the stator leakage reactance per phase will be 


* 
sc 


Ty 
—1_. Xey, 
i+% sei 
The excitation current may be expressed by the 


relationship 


Ty = 12m = 


Tee = Ic, + TiTS.c, = (1 + Ti) Tiic.- 


and the fractional percentage synchronous reactance 
may be written 


eg. Se. & 
E, Ey. Tic. 
Xsy 


where I, is the normal rated full-load current of 
the machine. 
A useful quantity which links up the idea of a 
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synchronous condenser with that of a static con- 
denser is the “‘ fractional charging capacity,” viz., 
Fractional percentage ees 
harging capacit Tih Se 
charging capacity Ss In 

Suppose, now, that the synchronous condenser 
is running from the supply network and is excited 
so that the induced e.m.f., E, volts per phase, is 
equal to the phase pressure of the supply mains, 
so that the machine is just floating on the network. 
The condition will then be as shown in Fig. 1, in 
which no current is flowing in the stator winding. 
If the direct-current field excitation is now increased 
to such a value that the synchronous condenser 
draws a leading current from the line of magnitude 
I, amperes per phase, that is, the normal rated 
current of the machine, the armature reaction of 
this leading current will produce, to a certain extent, 
a@ magnetising effect on the machine and will thus 
strengthen the effective excitation so that there 
will be a sufficient rise of the induced e.m.f. to drive 
the stator current against thé leakage reactance 
Z,; Ohms per phase and the conditions will then 


Fig. yd 
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and consequently, 
bh Py) 
Ta _ He (1 - F*) 1, ne ee 
—. i Fy 


If, further, it be assumed that the fractional 
percentage capacity is (see expression 5) 
1 Re 


on 


=1 


then equation (8) reduces to the very simple form, 
ot ee 

The graph for this equation is shown in Fig. 5, 
page 115, by the straight line 2G2. This graph 
shows, for example, that, for constant excitation I,,, 
a rise of 10 per cent. in the network pressure will 
produce a fall of 10 per cent. in the magnitude of the 
leading current drawn from the network ; and, simi- 
larly, a drop in the network pressure will cause a rise 
in the leading current. These results imply, there- 
fore, that the performance of this synchronous con- 
denser is favourable to the stability of the machine. 

If the excitation is increased to the value 
I, = 1-51,,, then, by inserting this value in 
equation (7) and combining (6) and (7), the corre- 
sponding graph, as shown by the dotted line RT 


Fig. 8. 
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be defined by the diagram,* Fig. 4,on page 115. The 
over-excitation of the field current i,, is there shown 
bt, and of this current the amount tr will be 
neutralised by the armature reaction, thus leaving 
the effective current 6 r which is utilised in develop- 
ing the e.m.f. 1p to drive the leading reactive 
current I,, against the leakage reactance 2,, ohms 
per phase of the stator winding. It is to be noted 
that the Potier triangle / q p is similar to the Potier 
triangle bc h. 

The field excitation current will then be 

Tee = (1 + T) Sc, + (1 + 4) Iq 
that is, 
lee =(1 + 7) (Té.c. + Ty) . - (6) 

Suppose now that the network supply pressure 
changes from E, to E,, and the reactive current 
changes from I, to Ig, while the excitation changes 
from I,, to I’,,, then equation (6) must be re- 
written as follows : 


E 
Ibe = (1 + 7) (= Ie. + ta) a) 
Ey 


If, however, the excitation current remains con- 
stant, then the right-hand side of equation (6) 
becomes equal to the right-hand side of equation (7) 








* A. Mandl, Forschung u. Technik, 1931. 
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so that, 
Qn = 4°85 x 104 kg. m. 


If a sudden change of the supply frequency occurs, 
that is, a sudden change in the speed of the rot ting 
field in the air-gap of the synchronous condenser, 
the corresponding torque on the unloaded machine 
will be 


dw J 
ne x 9-81 = m., . - (10) 
where J is the moment of inertia in kg.m? wnits, 
and w = 2rn radians per second is the speed of 


the rotor.* 
. d 
In order to express the acceleration = in 
terms of the rate of change of frequency, the 
following relationships give the required resi:\ts, 
viz., 
speed ny r.p.sec. corresponds to a frequency of 50 cycles 
per sec, 
and 
No Y.p.sec. = 27 ny radians per sec., 


so that, since n, = 1C, 


50 
= ——. @ = 0-8 w cycles per sec. 
62-8 
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in Fig. 5, is obtained, and expression (9) now 
becomes 

Ie 3 Be 

In Ey 

An important aspect of the performance of the 
synchronous condenser is the question of its sta- 
bility when the network frequency suddenly changes. 
It is well known that a salient-pole synchronous 
machine which is running from a supply network 
can develop a torque when the rotor field-coils 
are unexcited, and in Fig. 6, page 115, the sine wave 
H gives the torque as a function of the rotor dis- 
placement angle ©, when the machine is running 
steadily under such conditions. This is an extreme 
case of operation for a synchronous motor, which is 
then said to be operating as a “ reaction ” machine. 

If the supply frequency changes suddenly, the 
speed of the rotating field in the air-gap will change 
correspondingly, and an impulse current will flow 
which will give rise to an accelerating torque or a 
retarding torque, according to whether the fre- 
quency change is an increase or a decrease, and the 
problem now to be considered is to find what rate 
of change of frequency will give rise to a torque of 
such a magnitude that it reaches the limit of 
stability. 

As a numerical example, we may take a machine 
with salient poles and rated as follows: output, 
30 MW; frequency, 50 cycles; and speed of 
rotation, 600 r.p.m., the moment of inertia being 
160 x 108 kg. m?. 

The normal torque of such a machine running at 
full load with a power-factor cos ¢ = 1, is given 
by the expression, 

30 x 10° 
"tas a 
where wo is the synchronous speed in radians per 
second, viz., 


Qn 


Wy = 27 ny = 62-8 radians per sec. 





! 


Hence, 


| 
so that, the expression (10) can be written, 
} 


, 1-25 160 x 10° df 
a 9-81. dt 
that is 
d 
Q* = 0-204 x 105 v 
dt 
or 
af 
— = 4-9 x 1075 Q*. . « @s) 
dt Q 


When the supply frequency suddenly changes, a 
very large impulse-torque may be developed by 
the damping-grids of the rotor and this effect is 
shown by the graphs of Fig. 6, in which (as already 
stated) the sine wave H gives the steady reaction 
torque expressed in terms of the angular displace- 
ment © of the rotor; that is, the angle between 
the vector of the supply pressure V, and the vector 
of the induced e.m.f. E,. 

When the supply frequency suddenly changes, 
the impulse-torque developed by the damping-grids 
will be as shown by the group of graphs in Fig. 6, 
where H is the steady reaction torque of the un- 
excited machine. 

Curve 1 is the additional torque due to the currents 
developed in the damping-grids by the sudden 
change of frequency, and this graph gives the 
initial instantaneous value of the impulse torque. 
It is to be observed that the peak-value of this 
curve 1 is three times the normal rated value of the 
torque of the synchronous macbine. 

As the impulse torque dies away, it reaches the 
value shown by curve 2 for the moment ¢, = the 
time-constant of the rotor field coils, and curve 3 


* T. F. Wall, “‘ Principles of Electrical Engineering.” 
page 287. 
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shows the torque after-a time interval t, second 
subsequent to the initiation of the impulse where 
t, — 2 X time-constant of the rotor winding. 

The answer to the question whether the machine 
can remain in step when subjected to these torque 
values depends upon the rate of change of the supply 
frequency. A reasonable average estimate will be 
obtained if the value of the torque Q* is taken to be 
1-5 times the normal full-load torque. That is 
to say, for the given numerical data, Q* = 1-5Q = 
1-5 x 4°85 x 10* = 7-3 x 10*km.? 

If, therefore, the pull-out torque of the synchron- 
ous condenser is not to be exceeded, then, from 
expression (11) 


3 >> (4:9 x 10-5) x 7-3 x 104 cycles per sec. per sec. 


that is, 
at >> 3-6 cycles per sec. per sec, 


If a three-phase induction motor is provided with 
a suitable exciter system, a leading e.m.f. can be 
injected into the rotor windings through the slip- 
rings, and, by appropriate adjustment of the magni- 
tude of this injected e.m.f., the leading current taken 
from the network by the stator windings can be 
given such a value that the required control of the 
network pressure can be obtained. That is to say, 
the normal rated value of the network can be kept 
constant within the prescribed limits. 

A common form of such an exciter system for this 
purpose is shown diagrammatically in Fig. 7, opposite, 
in which A is the induction motor and Bis the starting 
arrangement. The motor is started by connecting 
the rotor slip-rings to the adjustable liquid resistance 
C, and when the rotor has run up to speed, the slip- 
ring leads are switched over to the commutator D 
of the frequency converter by means of the three- 
pole switch S. The transformer E provides the 
means for adjusting the magnitude of the e.m.f. 
supplied to the slip-rings of the frequency converter. 
By suitably adjusting the setting of the brushes of 
the commutator D, the e.m.f. which is injected 
into the rotor through the slip-rings K can be given 
the required lead of 90 deg. 

From some points of view, the asynchronous type 
of rotary condenser behaves in a different way from 
the synchronous condenser, and the characteristic 
features of the performance of the asynchronous 
machine can best be brought out by a numerical 
example. For this purpose, the machine chosen* 
is defined by the following characteristic data: 
50 h.p., 289 volts per phase, frequency 50 cycles. 

Primary winding : 

ry; = 9-605 ohm per phase 
ry = 21-19 ohms per phase. 
X, = 2 + 2, 21-8 ohms per phase. 


Secondary winding : 


Ty, = 0-06 ohm per phase. 
Tg = 2-36 ohms per phase. 
X, = 2-4 ohms per phase. 
Tr. = 0-018 ohm per phase. 
Im = 7:06 ohms per phase. 


= 0-055. 


The circle diagram for a three-phase induction 
motor which is provided with an exciter system 
such as that of Fig. 7, can be obtained by means 
of the following simple formule under the assump- 
tions that the stator winding resistance is negligibly 
small, and that the injected e.m-f. is 90 deg. out of 
phase with the supply-pressure vector V,.t 

Co-ordinates of centre of circle : 

Vv; at. eae 
f Xo 3 x, [ “= k =| amperes, 


a 0. 


The negative sign is to be taken when the injected 
e.m.f. lags on the supply-pressure vector V, by 
90 deg. 

The factor 


where E; volts per phase is the injected e.m.f. 
The centre of the circle diagram is ii by the 





. See T. F. Wall, The Pietdrteten, March 5 
19. 


t loc, cié. 


, 1937, page 
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expression 
Kj 2m 
XX 

The positive sign in this formula is to be taken 
when the injected e.m.f. lags by 90 deg. on the applied 
pressure V,. 

A more comprehensive treatment was given in 
ENGINEERING, vo]. 134, page 636 (1932), in which 
account is taken of the effect of the resistance of the 
stator windings ; it also covers the case in which the 
injected e.m.f. has any given phase and magnitude. 

Example 1.—Injected e.m.f. = —j E;= —j 10 
volts per phase. 


amperes. (13) 


10 


k = — = — = 0-0346. 
Vv; 289 
Co-ordinates of centre : 
289° 7:06 
fx = 19-A— 0-034 x ——— 
43-6 0-018 
(YU = 9. 
Radius of circle : 
0-945 289 10 7-06 
P= 4\ 0-055 * o1-8 * O-o18 * 2-2 


These expressions 
values : 


then reduce to the following 


Zq = 37-4 amperes. 
Yo = 0. 
p = 207 amperes. 


and this circle diagram is marked I in Fig. 8, oppo- 
site, with the centre M,. 


Example 2.—Injected e.m.f. = +75 volts. 
Kj 5 
k= = = 0-0173 
Vv, 289 
Co-ordinates of the centre : 
( 289 [1-055 > 7-06 
Io me — + 0-0173 x —— 
2 43-6 | 0-055 0-018 
(Yo = 9. 
Radius of circle : 
-945 289 5 7-06 
=4 x —— — — x —— 
0: 055 21-8 0-018 21-8 


These expressions then reduce to : 


[* 

pe 

\P 
and this circle diagram is shown marked II in Fig. 8, 
with the centre M,. 

Example 3.—Injected e.m.f. is zero ; that is tosay, 
the circle diagram becomes the simple Heyland 
circle. The factor k is now zero so that, 

Co-ordinates of the centre : 


( 289 1-055 
z, 


ee KH ee 
0 43-6 ~ 0-055 
Vy = 0. 
Radius of the circle : 
0-945 289 
ef 2 


0-055 43-6 
and these expressions reduce to 


172 amperes. 
= 0. 


71-5 amperes. 


amperes. 


amperes. 


Zq = 127 amperes. 
Y = 0. 
p = 114 amperes. 


This circle diagram is marked III in Fig. 8 with the 
centre M3. 

It is to be noted that the short-circuit current 
has the same value for all three of the conditions 
shown in Fig. 8. If, for example, the short-circuit 
current is 4-5 times the normal rated current of the 
induction motor, then the point A on the Heyland 
circle III will define the normal operation of the 
motor. It will be seen, therefore, that there will 
be a large pull-out (ie., stalling) torque for all 
three of the circles shown in Fig. 8. 

It is also to be noted that when this asynchronous 
condenser is running on a supply network and a 
three-phase short-circuit takes place on all three 
phases the circles of Fig. 8 will collapse into the 
point O, i.e., the origin of the co-ordinates, and the 
current becomes zero. This result is, therefore, 
quite different from that of the synchronous con- 
denser, in which the current becomes a maximum 





when a three-phase short-circuit takes place on the 
network, as shown in Fig. 5. 
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THE ENGINEERING 
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V.—CoaL MacuiInery, STEAM BoILERS AND 
Heavy ELecrricaL PLant. 


Success in achieving high productivity and low 
costs in the British economy depends largely on the 
capital investment industries and, perhaps more 
than on any other, upon those sections of the 
engineering industry which produce the plant, 
machinery and equipment required to modernise 
the coal-mining industry and to expand electrical 
generating capacity. In 1947 and, to a lesser 
extent, in 1948, the engineering industries concerned, 
though accorded priority in the supply of scarce 
materials, had considerable difficulty in achieving 
sufficient output to meet urgent home requirements ; 
in 1949, however, output improved considerably 
and manufacturers were again able to give their 
attention to export markets which, perforce, had 
been neglected since the war. Home demand, 
moreover, has not proved to be as high as was 
expected ; physical difficulties in the mines have 
set a limit to the rate of mechanisation and, because 
of difficulties in keeping power-house construction 
up to schedule, it has not been possible to increase 
generating capacity as rapidly as had been hoped. 
Nevertheless, because of the high volume of export 
orders, manufacturers are working at pressure to 
meet their commitments and there will be no easing 
of the pressure for the next two years or so. The 
rate at which capital investment at home can 
proceed is governed by financial as well as physical 
difficulties ; the long-term prospects are dependent 
upon Britain’s ability to achieve a balance in foreign 
payments by 1952. Even if home capital invest- 
ment goes according to plan, much will depend upon 
the ability of the industries concerned to sell over- 
seas at competitive prices. 

The coal-mining machinery industry made an 
important contribution in 1949 towards increasing 
productivity in coal mining. Overall output per 
man-shift is now 1-17 tons, or 4-5 per cent. above 
last year’s figure, while at the coal face it is now 
3 tons, which is 3 per cent. above the 1948 level. 
Unfortunately, the greater productivity has not been 
matched by a comparable rise in total output. Until 
the labour problems that beset the industry are 
solved, the full benefits of mechanisation cannot be 
reaped. Physical conditions such as the depth of 
British mines, the irregularity of coal seams and 
the difficulty of haulage in the many long and 
tortuous underground roadways already retard 
the pace at which mechanisation can be carried out, 
but there is little point in extending mechanising 
if progress is paralleled by an increase in voluntary 
absenteeism. A paper presented to the Fourth 
Empire Mining and Metallurgical Congress at Oxford 
in July by the late Professor Douglas Hay, Mr. 
W. F. Richardson and Mr. H. H. Wilson.drew atten- 
tion to the fact that, between 1927 and 1947, output 
from mechanised faces more than trebled without 
any corresponding increase in output per man-shift. 
In 1927, when 22 per cent. of the coal was cut by 
machine, the figure was 1-03 tons ; in 1947, when 
47 per cent. was mechanically cut, it was 1-07 tons. 

The use of the high-speed machine on long-wall 
faces makes roof control more difficult and adds to 
the number of non-productive workers. It also 
results in the introduction of large gangs of men 
working in a cyclic system, which, in turn, leads to 
a loss of team spirit and, consequently, reduced 
individual effort. The coal is cut by one team, it 
is loaded by another, and a third prepares the face 
for cutting. These teams never meet, so that miners 
in one team do not feel responsible to miners in the 
team which follows them; nor do they feel that 
their absence is going to let down their workmates, 
and thus voluntary absenteeism is no longer checked 
by the spirit of comradeship. To a large extent, 
therefore, absenteeism is a by-product of the type 
of mechanisation most universally applicable to 
British mines.’ The only effective answer to this 
problem is the introduction of cutter-loaders, which 
allow the working of mines by small self-contained 
shifts ; but few mines are suitable for their intro- 
duction, as they require deep and level seams. The 
problem of increasing output, therefore, is not only 





problem, to which no answer has yet been found. 
It raises the question whether or not further exten- 
sion of mechanisation is worth while. 

Deliveries of coal cutters to British mines in the 
first eleven months of 1949 (Table I) were averaging 
65 a month in the first nine months of 1949, as com- 
pared with 76 a month in the corresponding period 
of 1948. Most of the cutting machinery installed 
continues to be of the conventional pattern, since 
cutter-loaders can be used only in the most favour- 
able conditions. The latter, however, continue to 
be installed wherever suitable. According to the 
Report and Accounts of the National Coal Board, 
1948, published in June, 1949, the amount of coal 
cut by Meco-Moore cutter-loaders in 1948 was 
3 million tons, an increase of 800,000 tons as com- 
pared with 1947. By the end of the year, prepara- 
tions involving the adaptation of underground layout 
had been completed for the installation of a further 
35 of these machines, and 25 more schemes were on 
hand. Other types of cutters and loaders were 
tried out during 1948. The coal plough, which has 
been used with success in the softer coals of Ger- 
many, was given a trial and several more machines 
are to be installed for experimental purposes. 

One of the “‘ continuous miners ’’ which appeared 
in the United States at the beginning of 1949 was 
bought by the National Coal Board and presumably 
has also been given a trial. The machines were 
greeted in American coal-mining circles as a revolu- 
tionary development which, if successful, would bring 
about a new era in coal production. A machine of 
the type manufactured by the Joy Manufacturing 
Company of Pittsburgh is said to be able to cut 
and load coal into waiting cars at the rate of 1,500 
tons aday. These machines, however, are designed 
for the American “‘ pillar and stall ” style of mining 
and, since only 12 per cent. of the total output of 
coal in the United Kingdom is got by this method, 
possible applications are limited. 

Since the pace at which mechanisation at the face 
can be carried out has slackened, it has been possible 
to increase exports of coal cutters. Export de- 
liveries in 1948 accounted for 25 per cent. of total 
deliveries ; in the first nine months of 1949, export 
deliveries accounted for nearly 40 per cent. of the 
total. Table II, herewith, shows that exports of 
power-operated coal cutters (1,697 tons) in the first 
eleven months of 1949 were nearly 60 per cent. 
higher than in the corresponding period of 1948. 

In their Report and Accounts for 1948, the National 
Coal Board pointed out that ‘‘ Underground trans- 
port offers the greatest scope for improving mining 
technique in this country and for economising in 
manpower. Quick changes were made at many 
collieries during the year, principally by replacing 
Tope haulages by conveyors and here and there by 
locomotive haulage,’’ but here again physical condi- 
tions in the mines retard progress. At present, in 
Britain, ope haulage worker is employed for every 
fivetons of coal produced a day ; in Western Europe, 
one for every 20 to 25 tons, and, in the United 
States, one for every 50 tons a day. The rate at 
which underground conveyors are being installed 
appears to have slackened appreciably in 1949, 
when, from January to September, deliveries to the 
National Coal Board averaged 246 a month as com- 
pared with 299 a month in 1948. In consequence, 
manufacturers were able to export more of their 
output of these appliances, also. Exports of con- 
veyors, at 4,584 tons in the first eleven months of 

1949, were nearly twice as high asin the correspond- 
ing period of 1948. The rate at which locomotives 
have been introduced into British mines was main- 
tained in 1949, though deliveries for export—four a 
month—were also approximately twice as high as 
in 1948. The National Coal Board had 185 loco- 
motives at work at the end of 1948, of which 170 
were Diesels and the remainder were battery loco- 
motives. The number of Diesel locomotives in use 
at the end of 1949 is estimated at about 270. 

On the surface, coal preparation plant is steadily 
becoming more adequate to deal with the high propor- 
tion of dirt which is produced through the increased 
use of underground machinery. In 1948, 23 addi- 
tional working plants, with a capacity of 5} million 
tons per annum, were put into operation and, as a 
result, two million more tons of dirt were removed 


from the coal in 1948 than in 1947. The proportion 
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of “‘large coal,” graded coal and cleaned smalls 
accounted for 65-4 per cent. of the total output in 
1948, as compared with 62 per cent. in 1947. In 
1949, several more cleaning-plant projects were in 
hand. The Board have prepared a standard design 
of Baum washery which can be produced in about 
half the time needed for washeries specially built for 
the individual collieries. It is hoped that, by 1952, 
cleaning plants will be able to deal with 70 per cent. 
of the total coal] output. 
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a large number of small markets. According to 
the Trade and Navigation Returns, exports to 
‘*Other Foreign Countries’’ in the first eleven 
months of 1949 (4,960 tons) were 2,200 tons higher 
than in the corresponding period of 1948. The 
largest single market was the Union of South Africa 
which, in the first eleven months of 1949, ‘ook 
4,140 tons of mining machinery, compared with 
3,450 tons in the first eleven months of 148, 
Exports to France, at 1,050 tons, were 25 per cent, 
higher than in 1948, but exports to other We: tern 


TABLE I.—-Unrrep KINGDOM: DELIVERIES OF COAL-MINING MACHINERY. 



































ae Diesel | Tubs and 
| | Underground oe Conveyor 
Coal Cutters. | Power Loaders.* et. Underground mine Ah 
Conveyors. Locomotives. | Cars.t Belting.t 
| 
Total. | Export. | Total. | Export.! Total. | Export.| Total. | Export.| Total. | Toil. 
Number. } Tons. 
Bee tak, Gao soot = } wo} } 25 | 3 | — - —. | 
a 9 | 2 | 9 1 —_ | mt 4 - 4,699 | 1,915 
1948 .. = 104 26 13 | 3 | 337 | 38 | 8 2 5,060 } 2,198 
| | | | 
1948—July .. ..  ..| 197 39 | 14 2 313 | 49 s | 3 4,520 2.139 
August 77 eal 53 16 | 19 1 245 | 22 7 | -_ 5,470 2,029 
September .. val 77 | 20 | 11 2 377 22 11 | os 5,300 2,232 
October "3 wot oo (Ct 40 | 19 14 | 318 47 10 5 5,560 2,079 
November ae tt 2 | 25 | 11 2 377 45 10 6 5,020 1,908 
December .. ..| 122 46 | 13 4 409 6 | 6 4 6,130 1,891 
1949— January as ea 110 | 59 | i) | 2 299 39 15 6 5,000 1,956 
February er ee: ee 9 | 2 324 44 10 6 5,063 1,911 
March .. ef wie i. 10 =| 3 362 59 10 4 5,297 1,923 
April .. “ --| 126 | 54 | 9 — 242 28 7 2 4,895 1,605 
May .. <d “ 93 | 25 | 16 5 301 56 10 5 4,885 1,596 
June .. aa an 85 26 | 5 3 240 31 5 1 4,954 1,630 
July .. a i i a “ 385 127 s 2 4,966 1,237 
August Ps ofl 75 18 | 8 oo 266 47 7 2 4,367 1,071 
September... --| 104 | 26 5 338 58 == _— 5,580 1,368 
! 1 ! 
* Including A.B. Meco-Moore cutter-loaders. ; 
+ Excluding those produced at collieries. All deliveries are for home use. Figures refer to carrying capacity. 


t Production. Output is mainly for the National Coal Board 


TABLE II.—Unrrep KiInapomM: EXPORTS OF MINING 





MACHINERY (OTHER THAN PORTABLE POWER TOOLS). 


1938 .* 1947.+ 1948.t | 1949.t 
Tons. £1,000. Tons. £1,000. Tons. £1,000, | Tons. £1,000, 

_ ea a = a — — —_ ! _ —. 
Coal cutters .. 4 he . 525 114 858 367 1,060 460 1,697 | 768 
Winders, power-operated .. : 3,270 266 2,020 348 2,234 377 2,785 | 481 
Conveyors, underground aS mas err aS | 2,321 331 4,588 | 753 
Other. . ¢ 19,065 1,732 10,375 1,663) | 11003 2,030 | 10,760 | 2,120 
Total s 2” eee ede 13,253 2,378 16,618 | 19,830 | 4,122 


* Eleven-twelfths of year. 


TABLE 





| 
Hydraulic Turbines. 


Total. Export. 


Thousand B.H.P. 











1947 10-7 10-7 
1948 6-4 4-2 
1948—July 0-6 0-6 
August _ —- 
September 34-4 9-0 
October 0-7 -- 
November 0-4 — 
December — — 
1949—January .. pS “ 158-5 67-5 
February ee a 82-6 37-1 
March... ae as --- - 
April ne ‘a —_ ~- 
May 59-1 2-1 
June 5 ba wel _- _- 
July ss ay aa 64-7 2-2 
August .. Sa sa —- ae 
September si a 12-0 12-0 


"3,198 | 
sas La 


+ January to November. 


IlI.—Unitrep KINGDOM: DELIVERIES OF ELECTRICITY GENERATING PLANT. 


Steam Turbo- Alternators, 
10,000 kW and over. 
| 


Steam Turbines, less than 
10,000 kW. 





: : 
Total. | Export. | Total. Export. 


Thousand kW. 


13- 











67-5 23-0 16-7 4 
86-3 38-6 13-6 8-6 
112-0 39-0 24-8 18-1 
165-0 40-0) 

132-3 18-8 16-4 12-4 
198-4 73-4 J 

160-0 27-5) 

135-0 55-0 16-1 8-4 
116-5 55-0 J 

120-0 22-5 

80-0 — } 28-9 19-9 
160-0 50-0 

322-5 130-0 

353-5 117-5 } 16-6 9.2 
194-5 70-0 

190-5 63-0 * 

105-0 A } 23-8 10-1 
62-0 30-0 

| 








As the largest single buyer of mining equipment, 
the Coal Board are in a position to insist on the 
standardisation of many items, and this should 
result in a substantial saving in costs, both to the 
coal-mining industry and manufacturers of mining 
machinery. A few types of shunting locomotives, 
for example, have been selected and, during 1949, 
the Board were discussing with the Locomotive 
Manufacturers Association a common design for each 
type. Other equipment selected for standardisation 
includes large air compressors and colliery winders. 

The 19,830 tons of mining machinery exported in 
the first eleven months of 1949 represent a 19 per 
cent. increase over the corresponding period in 1948. 
This increase is not due to the exploitation of any 
particular market ; manufacturers appear to have 
scored their success by spreading their exports over 





Europe countries, such as the Netherlands and 
Belgium, declined substantially. This is disap- 
pointing in view of the fact that 220 million dollars 
worth of machinery was estimated to be required by 
Europe for the years 1948 and 1951 under the 
European Recovery Programme. It would appear 
that the bulk of European requirements are being 
met by United States manufacturers. Elsewhere, 
however, the competitive position of British manu- 
facturers is good. The dollar ‘“‘shortage”’ and 
devaluation put American products out of reach of 
the majority of overseas markets, while the Com- 
monwealth and Colonial markets should maintain, 
and, in some instances, increase, their imports of 
British mining machinery. Exceptions are Africa 
and Australia, where domestic mining-machinery 
industries are being developed. 





oe 
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The situation confronting the heavy electrical 
industvy is similar to that facing the makers of coal- 
mining machinery. Requirements of generating 

Jant on the home market are large, but the pace at 
which it can be installed is limited. The Hconomic 
Survey for 1949 points out that the rate of invest- 
ment in electrical plant was based on too optimistic 
an assessment of the speed at which it could be car- 
ried out ; it was not realised that delays would result 
from the lack of co-ordination, in ordering and con- 
struction work, existing before the electricity supply 


TABLE IV.—UnNITED KINGDOM : 





10 MW are given in Table III, opposite, taken from 
the Monthly Digest of Statistics. From January to 
September, 1949, deliveries to the British Elec- 
tricity Authority were at a monthly rate of 123 MW, 
as compared with 73 MW in the corresponding period 
of 1948. In view of this remarkable achievement, 
there can be no doubt about the ability of the 
heavy electrical industry to meet whatever demands 
the British Electrical Authority may make on it in 
future. Export deliveries also increased substan- 
tially, averaging 53 MW a month in the first nine 


EXPORTS OF ELECTRICAL MACHINERY. 





| 1938.* | 





























| 
1947.T 1948.f 1949.f 
Tons. £1,000. | Tons. | £1,000. | Tons | £1,000 Tons. | £1,000. 
<i anes siti | ' | 
Generators complete :— | | | 
Not exceeding 200 kW .. 1,980 419 4,361 1,452 | 7,031 3,147 15,684 7,252 
peeing = 200 kW 7,453 i,340 11,135 3,770 | 5,660 2,019 7,309 3,146 
Parts ies = 5194 1,836 | 5,163 1,920 3,610 1/242 
Total 9,433 | 1,729 20,690 | 7,058 17,854 | 7,086 26,603 | 11,640 
Transformers for lighting :— | | | | } 
Heating and power = 4 saq 1,114 15,894 8,120 15,310 | 3,533 20,246 | 5,463 
Rectifiers for power-house use .. 207 38 430 | 195 | 462 | 242 649 319 
Switchgear and switchboards | 
(other than tele phone and | | | 
telegraph) | 8,929 | 2030 | 10,672 | 4,084 | 12,151 | 6,158 16,130 8,480 
Total 18,755 3182 | 26,096 | 7,300 | 27,923 | 9,983 37,025 | 14,262 
Steam turbines 1,256 420 2352 | 1,89 | 3,272 | 1,547 | 4,524 | 2,176 
Total of above types 20,444 5,331 | 50,038 15,791 | 49,049 18,566 | 68,152 | 28,078 
| 1 








* Eleven-twelfths of year. 


TABLE V.—UNITED KINGDOM : 


t+ January to November. 


DELIVERIES OF BOILERS. VALUE, £1,000.* 












































| | 
» | — | Fuel-Oil Other Fuel-Oil Other 
SS, | Burners. |Accessories| Burners. |Accessories 
Ee Sie Sl a ie | 
Total. Export. | Total. | Export. | Total. | Export. 
~ anaes a sae | l | 
1935 -- 104¢ | a | 19t a | 60t 
1946 1,409 564 | 380 | 112 | 410 80 
1947 1,557 573 ] 414 147 | 183 | 403 j 45 | 83 
1948 1,944 722 | 554 200 | 205 | 561° | 45 | 129 
| | 
1948—October = | 2,182 831 | 616 188 | 154 | 534 | 23 | 102 
November . Gs ea 1,962 604 | 554 191 136 569 26 116 
December |. 2'782 831 631 | 207 | 192 | 849 | 49 173 
1949—January es m at 1,498 417 520 151 | 112 501 16 102 
February a : 2,097 795 486 154 99 | 638 17 135 
March Rr me xa 2,292 847 | 614 192 | 118 614 33 151 
April .. 1,974 632 547 | 195 131 497 31 119 
May .. = — 580 | 194 | 127 | ~ 695 37 148 
June ~ - 706 234 | 152 889 37 161 
July .. —- 673 224 126 575 | 34 105 
August + 563 | 187 137 510 81 86 
September = 682 190 | 159 642 33 126 
October a 668 168 175 } 706 43 149 
November . ia a = _- = — | —- — -- -— 
December .. uf ‘a — —_ “= oo | —_ | — os _- 
* Monthly averages or calendar months. t Value of exports. 
TABLE VI.—UNITED KINGDOM: EXPORTS OF BOILERS AND BOILER-HOUSE PLANT. 
1938,* | 1947.t | 1948.* 1949.t 
jidens 
} 
| Tons | £1,000. | Tons | £1,000. | Tons. | £1,000. Tons. | £1,000. 
omer. eta } | | 
Water-tube boilers . e 30,142 2,134 | 20,339 2,792 25,648 | 3,650 32,949 | 4,657 
Locomotive- -type boilers for sta- | | | | 
tionary purposes 759 =| 53 | 319 | 48 400 54 444 | 67 
Lancashire and Cornish boilers 1,273 | 57 | 2,585 206 2,433 247 2,037 215 
Vertical boilers ‘ ee 819 195 f 1,576 201 2,269 334 2,087 331 
Other boilers F ye lia VU 6,484 883 6,095 922 6,349 775 
Economisers, feed- water heaters 
and steam “superheate rs . . 6,207 342 9,486 | 1,298 6,831 813 6,268 853 
Other boiler-house plant 10.106 760 | 31,505 | 4,992 16,561 3,101 15,620 2,669 
Total 51,306 3,541 | 72,294 | 10,420 | 60,246 9,121 | 65,754 | 9,567 
' 








* Eleven-twelfths of year. 


industry was nationalised. The amount of new 
plant commissioned in 1948 was 566 MW, compared 
with a forecast of 1,100 MW. From December, 
1948, to November, 1949, installed capacity in- 
creased by only 411 MW. Assuming that the 
amount of plant going out of commission was 15 per 
cent. (compared with 11 per cent. in 1948), new 
plant installed was probably about 611 MW. For 
1949 it appears, therefore, that new plant commis- 
sioned fell far short of the forecast of 1,000 MW. 
It is not expected that electricity supply will be 
able to meet the full demand in peak periods until 
1953. Even this, however, is dependent upon the 
industry’s ability to install 1,500 MW in 1951 and 
1952. At the present rate, it seems hardly likely 
that this ambitious programme will be fulfilled. 
Deliveries of steam turbo-alternators of over 





+ January to November. 


months of 1949, compared with 37 MW in the 
corresponding period of 1948. Table IV, on this 
page, shows that exports of the types of heavy 
electrical plant listed increased in the first eleven 
months of 1949 to 58,152 tons, 39 per cent. above 
the level in the corresponding period of 1948. 

The expansion in exports has been fairly evenly 
distributed throughout the markets. Exports of 
generators to all the Dominion markets, with the 
exception of India, increased in 1949. The largest 
single market for generators was the Soviet Union, 
which, in the first eleven months of 1949, took equip- 
ment to the value of 4-2/. millions, as compared 
with 953,000/. in the corresponding period of 1948. 
This increase, however, is mainly accounted for by 
the large number of Diesel generating sets ordered 
by the Russian trade delegation from the Brush 


Electrical Engineering Company. The factory of 
Messrs. J. and H. McLaren, Limited, at Leeds is at 
present substantially devoted to the production of 
Diesel engines for these sets. 

In an industry such as heavy electrical engineer- 
ing, where the manufacturing cycle may be two 
years or more, the trend of orders is a more reliable 
guide to prosperity than the trend of current de- 
liveries. Without exception, manufacturers re- 
ported that their order books were full in 1949. 
Sir Ronald W. Mathews, chairman of the Brush 
Company, reported in May that the total order 
book of this group amounted to 201. millions, equiva- 
lent to 18 months’ work. In the first few months 
of 1949, moreover, orders were coming in at a faster 
rate than the company was delivering, even though 
output was 30 per cent. above the level of 1949. 
This also was the experience of the other large 
manufacturers of heavy electrical plant, but later 
reports indicate that there has been an appreciable 
slowing down in the rate of ordering. Like Britain, 
many Overseas countries, such as India and Argen- 
tina, have found that some retrenchment in their 
capital investment programmes has been necessary ; 
in others, less embarrassed by balance of payment 
difficulties, the work of post-war reconstruction is 
already well advanced and competition from United 
States and Swiss manufacturers is keen. British 
manufacturers, moreover, who have been out of 
overseas markets since the war, have had no easy 
task in re-establishing themselves. 

The British competitive position is, of course, 
strongest in the British Commonwealth. The bulk 
of the orders for turbo-alternators, totalling 700 MW, 
received during 1949 by Messrs. C. A. Parsons and 
Company were on Commonwealth account and 
included a number of 30-MW and 50-MW sets for 
Australia, two 45-MW machines for South Africa, 
a 30-MW set for Southern Rhodesia and a 16-MW 
set for Lebanon. The British Thomson-Houston 
Company’s most notable export order for turbo- 
alternators was for two 30-MW machines for the 
Electricity Supply Commission of South Africa. 
The General Electric Company received an order 
from Johannesburg for five 30-MW sets, valued at 
1-51. millions. In spite of sustained demand from 
the Dominions, the trend of overseas orders appears 
to be downward. Exports in 1950 will probably 
be as high as, or even higher, than in 1949, but 
thereafter they may be expected to fall. By 1951, 
however, the British Electrical Authority expects 
to be commissioning new plant at double the pre-war 
rate and three times the rate achieved in 1948. 
Boiler deliveries are shown in Table V, herewith. 
Monthly average deliveries for water-tube boilers, 
at 873.0001. in the first four months of 1949, were 
only slightly higher than deliveries in the correspond- 
ing period of 1949, which were about 831,000I. 
Export deliveries, at a monthly average of 300,0001., 
were below the 1948 average. Deliveries of shell 
boilers in the first three-quarters of 1949 were sub- 
stantially above the level of the corresponding 
period of 1948, averaging 672,000]. a month as 
compared with 538,000/. Most of the increase in 
deliveries, moreover, went to the home market ; 
export deliveries averaged 210,000/. a month in the 
first three-quarters of 1949, compared with 201,000/. 
in the corresponding period of 1948. As far as 
boiler-house equipment is concerned, therefore, the 
home market was able to absorb whatever supplies 
could be made available. Home demand may be 
expected to continue on a high level over the next 
three or four years and exports (shown in Table VI) 
will also probably continue the upward trend. 

In 1950 and 1951, the problem facing manufac- 
turers is how to increase output. Sir John Greenly, 
chairman of Babcock and Wilcox, Limited, reported 
in June that his company had great difficulty in 
finding enough skilled labour. It was only possible 
to operate their plant at Renfrew for the equivalent 
of 57 hours a week, as compared with the 120 hours 
which is normal in the United States. Given 
adequate labour, the company could reduce costs 
considerably and meet their delivery requirements 
more quickly. The shortages of most materials 
have now disappeared, though some sizes of tubes 
are reported to be still scarce. There seems little 





prospect, therefore, that output can increase greatly, 
unless more labour can be recruited. 
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EARLY ENGINEERING ON THE 
THAMES AND SEVERN CANAL,* 


By H. G. W. HovusEHotp. 
(Concluded from page 110.) 


A year after the completion of the tunnel, the 
Proprietors recorded that parts of it had proved to be 
‘* very imperfect and leaky.” From April 19 to July 2 
it was dry and a maximum of 200 men were at work 
in it, gravelling cracks and hollows in the bottom, 
opening the side walls for examination, removing rubble 
from behind them, caulking cracks and hollows in the 
rock with hay and then facing them with solid masonry, 
and re-lining the backs of the side walls where it was 
found that insufficient clay had been used in the first 
place. The bottom was a source of frequent trouble, 
due to the inverted arch giving way soon after it was 
built ; at various dates between 1797 and 1879, rises 
of from 5 in. to 9 in. were recorded. The removal of 
these shoals was regarded as a troublesome and expen- 
sive task, and, meanwhile, the lading of vessels had to 
be diminished, sometimes by as much as 25 per cent. 
Taunton’s cross-sections show the arch to have been 
constructed with three rings of brick, but in 1797 
James Black, an engineer and member of the Com- 
mittee, remarked upon a part of the “ Long Arching ” 
where there was a thickness of only one brick. At 
that point there was a surrounding cavity, and the clay 
above, crumbling and falling and rolling down from the 
crown, had exerted unequal pressure on the sides and 
caused the arch to spring up. There were falls of the 
roof from time to time. In 1806, when a defective 
piece of arching was examined, the intention was to 
take down and rebuild about 2 ft. at a time, but “ it 
came down almost of itself for seven yards together,” 
Twenty-five years later there was a fracture about 
11 ft. long and 7 ft. wide. 

Construction of the remainder of the summit level 
was before the date scheduled for completion 
of the tunnel. 
in the summer of 1785, and some work had been done 
by June. There was little of engineering interest ; 
a causeway carrying the Fosse Way over the canal 
and the infant river at Thames Head, and an aqueduct 
across the valley and road at Smerrill, both of which 
entailed a great deal of dry stone walling. These were 
built by William Mytton, a careful man. By January, 
1787, more than a mile and a half of the summit level 
had been cut, the basin at Cirencester was finished, 
and the feeder from the Churn to that basin was ready, 
though a dispute with Earl Bathurst and the millers 
delayed the taking of water until May. This section 
of canal was probably completed by the end of 1787. 
The entire Summit Level, including the tunnel, ex- 
tended 9 miles 3 furlongs from Daneway to Cirencester. 
Siddington was the point of junction with the line to 
the Thames, and the beginning of the descent. 

If the tunnel had been completed by January 1, 1788, 
according to schedule, the waterway would have been 
available as intended for the carriage of materials for 
the construction of the canal in the Churn and Thames 
valleys. Instead, the company had to make use of 
transport by land, at t expense. It seems that 
they adhered to their schedule for the commencement, 
as the line was being surveyed and marked on the 
ground near both ends in December, 1787. The only 
engineering feaures of importance were the aqueduct 
over the River Churn and the deep cuttings at South 
Cerney and beyond Kempsford. Construction was 
completed in November, 1789. Between Siddington 
and the Thames, there were 15 locks, falling 128 ft. 
in 13} miles, with an average of 8 ft. per lock, but there 
was a serious lack of uniformity. The first seven were 
9 ft. 9 in. or 9.ft. 4 in.; then, after an intake from 
springs, two of 11 ft. should have followed, but it was 
found that in the dry season the springs would not 
supply the canal at the level intended, .and the intro- 
duction of a shallow lock to lower the reach led to succes- 
sive falls of 9 ft. 4 in., 3 ft. 6 in., 7 ft. 6 in., 11 ft., 6 ft., 
the last four of which occurred in less than 1} miles. 
The single lock with a fall of 11 ft. became a source of 
exhaustion to the pound above and waste from the 
pound below. The inequality of even the original falls 
was adversely commented upon in 1789 by John 
Smeaton. The first vessel passed into the Thames on 
November 19, 1789. 

Whitworth, as has been pointed out, considered the 
rival: claims of Severn vessels, 15 ft. wide, which could 
already pass along the Stroudwater Canal, and Thames 
barges, 12 ft. wide; but the choice between them was 
not a simple one. Severn vessels were too large to 
pass the locks on the Thames, Thames barges were not 
suitable for use on the Severn estuary, and the company 
desired trade to flow both ways. They therefore con- 
structed their line from Stroud to Brimscombe, 2} miles, 
with locks 68 ft. long and 16 ft. wide to admit Severn 








* Paper read at a meeting of the Newcomen Society, 
held in London on 
Abridged. 


Wednesday, January 11, 1950. 


The line was laid out by Whitworth | ing 
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vessels, and beyond that point with locks 91 ft. long 
and 13 ft. wide for Thames barges. Brimscombe Port 
grew up as a busy centre where traffic was interchanged 
between the two types. There were extensive quays, 
transit shed, salt store, an island where the stores of 
coal were least accessible to pilfering, and a large 
building, bearing the date 1789, housing the three- 
storeyed warehouse, office, and house for the agent and 
clerks. There were also repair facilities, a saw-pit and 
forge, and, a short distance above the Port, a boat- 
building yard with two dry docks. In time, a type of 
vessel was evolved which could navigate throughout, 
and eventually even the narrow boats of the Midlands 
used the canal. This multiplicity of vessels made the 
business of checking the lading and exacting the correct 
tonnage charges a difficult one, for masters of vessels 
had their ways of concealing the true weight carried. 
At the end of 1843, therefore, an enterprising agent 
suggested the installation of a machine for weighing 
loaded boats, and showed a model of one to the Com- 
mittee. The suggestion was adopted, and the machine 
installed at a cost of 1,0621. 15s. lld. In form, it was 
a small dry dock with gates at each end. The agent 
was empowered to put any suspected vessel into the 
dock. The water was run off by gravity, the vessel 
coming to rest on the iron base which was slung by 
five radial rods at each corner from a masive iron frame 
resting on the superstructure. The results fully 
justified the expense, for in the first year the amount of 
extra toll received on overweight detected by means 
of the machine amounted to nearly 1,1541.* 

The question of water supplies caused concern soon 
after the opening of the canal. The principal supply to 
the summit level, and the only large supply available 
all the year round, was that from the River Churn at 
Cirencester, and through the summer and autumn this 
involved much expense in compensation to millers, 
amounting in one year to 5351. The company soon 
turned their attention to the springs at Thames Head, 
but water could only be obtained from those by pump- 
i A “Wind Engine” had been installed by the 
summer of 1790. It had six sails, worked a pump in a 
well 8 ft. 8 in. in diameter and 54 ft. 6 in. deep, and was 
said to be capable of throwing up “several tons of 
water every minute.” It soon proved inadequate, for, 
in October, 1790, the proprietors decided to employ 
engineers to advise upon the question of supplying the 
canal with water during the summer months. James 
Black and the firm of Boulton and Watt seem to have 
been chosen. Until then only one navigation had used 
steam pumping engines, namely, the Birmingham Canal, 
which had ordered five between 1777 and 1790, so that 
the success and economy of the method had been proved 
in their case; yet the decision of the Thames and 
Severn Canal to follow suit was a bold one. situated, as 
they were, considerably farther from supplies of coal. 

Details had been worked out by January 1, 1791, the 
date of Boulton and Watt’s indenture. The company 
were to pay 1201. a year to the firm for the remaining 
nine years of the patent rights. The installation took 
a considerable time. The engine was set to work on 
June 14, 1794. It was of the single-acting type, with 
a cylinder 50 in. in diameter and a stroke of 8 ft. The 
beam was 24 ft. long. The pump was of the bucket 
type, working in a barrel 26 in. in diameter, and the 
average lift from the well was 43 ft. At the designed 
speed of ten strokes a minute, the supply was about 
one lock-full of water per hour. The total cost of the 
installation was put at about 4,000/., and the expense 
of working during the first year was reckoned as 6261., 
including the premium to Boulton and Watt, but not 
interest on capital. The engine was worked only when 
the natural flow from the various springs was insufficient 
to fill the canal, roughly from June to December or 
January. Its duty, in terms of pounds lifted 1 ft. high 
per bushel of 94 lb. of coal, was calculated (by J. H. 
Taunton in 1853) as being 15,716,000 in 1794, decreasing 
to 9,721,446 in 1832. An extensive overhaul and some 
improvement made by a local engineer, John Ferrabee 
of Thrupp Mill, in 1832-33, resulted in an increase of 
71 per cent. in the duty to 16,650,000, 6 per cent. better 
than its original performance; but, as it aged, its 
efficiency decreased until, by 1853, the duty was 
11,746,000. It was then replaced by a Cornish engine. 

Even the addition of this powerful source of supply 
proved insufficient to meet the needs, and the position 
became serious as traffic increased. The “ bad Rocky 
Ground,” remarked upon by Whitworth, over which the 
summit level passed for several miles, was a great source 
of loss. It was found in some places, notably to the 
east of the tunnel, that springs underground in the rock 
forced their way into the canal in very wet seasons, 
making holes in the clay through which serious leaks 
developed later. Forty or fifty of these holes were dis- 
covered in the bottom in January, 1817, and several 
yards of side lining had been blown in. The action of 
the springs in the tunnel was not wholly beneficial, 
and in July, 1822, it was proved that, in a dry season, 
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these actually took a considerable amount of water from 
the canal. Only unremitting attention to maintenance, 
mostly at the annual Whitsun overhaul, could keep 
the canal watertight until the last phase of its existence 
when, between 1900 and 1905, the worst lengths were 
lined and bottomed with concrete. 

The search for additional supplies of water was con. 
tinued until 1831, some very expensive methods heing 
examined, including the installation of another Watt 
engine, and the construction of a new section of the 
line; but all these were abandoned in favour of a 
tunnel driven out from the side of the well. A series of 
galleries had been driven by a miner in 1793 and 1794, 
and the Little Tunnel begun then, but the work could 
only be carried on during the dry season and then only 
if the level of water in the well was exceptionally low, 
A little was done in 1810, and more in 1827 when a 
most promising supply of water was revealed. It was 
found possible to continue by open cutting, and good 
progress was made in 1832 and the two succeeding years, 
The results gave great satisfaction, so increasing the 
supply to the well that much more use could be made 
of the engine than hitherto; but the source cost the 
company a compensatory payment of 1,000. Many 
other improvements were carried out or experimented 
with between 1835 and 1847 in an endeavour to put 
the canal into as perfect a condition as possible to meet 
the threat of the developing railway system. The last 
heroic, but very expensive, attempt to make the canal 
a useful waterway was carried out by the Gloucester. 
shire County Council in the Twentieth Century. 





RESEARCH WORK UNDER THE 
DIRECTION OF THE MINISTRY 
OF FUEL. 


At a recent Press conference, with the Minister of 
Fuel and Power, the Rt. Hon. Hugh Gaitskell, in the 
chair, the Ministry’s Chief Scientist, Dr. H. Roxbee Cox, 
issued a statement on the work of his Division, and 
answered questions arising therefrom. The following is 
a summary of the information afforded. 

Under the Ministry of Fuel and Power Act of 1945, 
the Minister is responsible for securing the effective 
and co-ordinated development of coal and other 
sources of fuel and power, and for promoting economy 
and efficiency in the supply, distribution, use and 
consumption of fuel and power. Under the nationalisa- 
tion Acts, the National Coal Board, the British Electri- 
city Authority and the Gas Boards are responsible, 
in general, for the production and supply of their 
respective products. While the Minister’s responsi- 
bility for the development of coal and other sources of 
fuel and power has thus been delegated to a great 
extent to the nationalised industries, he remains 
directly responsible for promoting the economical and 
efficient use and consumption of fuel and power. 

The nationalised fuel industries are responsible for 
research in their own fields, after settling their pro- 
grammes in consultation with the Minister, a procedure 
which permits the co-ordination of their researches and 
their dovetailing with investigations undertaken 
by Government establishments (such as the Ministry’s 
Safety in Mines Research and ‘Testing Branch, the 
Department of Scientific and Industrial Research’s 
Fuel Research Station and the Ministry of Supply’s 
National Gas Turbine Establishment), and by industrial 
research associations (such as the British Coal Utilisa- 
tion Research Association, the British Electrical and 
Allied Industries Research Association, the Gas 
Research Board and the British Coke Research 
Association). 

Provision having thus been made under the nationali- 
sation Acts for research generally into the production 
and supply of coal, electricity and gas and its by- 
products, it was necessary to provide for research on 
the more efficient use and consumption of fuel and 
power, and in other fields that are not clearly the con- 
cern of one of the nationalised industries. The Minister, 
therefore, set up in June, 1948, the Scientific Advisory 
Council with Sir Alfred Egerton as chairman, to advise 
him on the scientific aspect of his statutory responsi- 
bilities. This Council, which includes among its mem- 
bers the representatives of the nationalised fuel 
industries as well as independent scientists, helps in 
advising on the co-ordination of research. The 
Minister also appointed as his Chief Scientist, Dr. H. 
Roxbee Cox, who took up his duties on September |, 
1948. It is the aim of the Chief Scientist’s Division not 
only to encourage, support and co-ordinate research 
and development throughout the whole of the fuel and 
power field, but to direct research in those parts of the 
field not otherwise provided for. Some examples 
of this work are indicated briefly below. The Chief 
Scientist’s Division includes the Fuel Efficiency Branch 
of the Ministry, which dates from 1940 and which has, 
in conjunction with the Fuel: Efficiency Committee, 
done so much to increase the efficiency with which fuel 
and power are used both in industry, non-industrial 


premises and homes. 
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i:xperiments on the underground gasification of coal 
have begun on an opencast site near Chesterfield. 
These experiments, which are being. undertaken by 
the Ministry with the help of the N.C.B., will be on a 
small scale as a preliminary to full-scale work, and are 
designed to discover how the more obvious difficulties 
may be overcome. If the difficulties can be overcome 
and means discovered to operate the process under the 
wide variety of conditions found underground, it 
would become possible to make use of some at least 
of the vast masses of coal which, owing to the thinness 
of seams, the dirt or other causes, cannot be mined 
economically. Even a limited success in underground 
gasification would be a real help to the national fuel 
situation by extracting energy from otherwise inaccess- 
ible coal and so releasing for other purposes, including 
export, more of the coal brought to the surface. While 
it is expected that some gas will be produced under- 
ground on an experimental scale early this year, it is 
too early to forecast the outcome of the experiments. 
There are many technical difficulties to be overcome, 
and development is bound to be slow. 

The heat pump is a device which promises important 
advantages where there is a good source of low-grade 
heat readily available, and where amenity considera- 
tions, such as require the elimination of solid fuel, are 
important. While it is not by any means new as an 
idea, and has from time to time received consideration, 
it has, so far, found few applications in this country. 
It appeared to the Ministry very desirable that the 
possibilities should be more fully investigated and 
arrangements have, therefore, been made to develop a 
heat pump incorporating new features suitable for the 
heating and cooling of a large building. Calculations 
made in the Chief Scientist’s Division showed that there 
would be economic advantages in driving the heat pump 
by gas engines. Surplus Merlin aircraft engines, 
converted to running on town gas, are being tested for 
this purpose, the superchargers being modified to 
provide the compression required in the heat-pump 
circuit. By this means it is hoped to demonstrate not 
only that this country can design and construct a 
heat pump of large capacity, but that the methods of 
light engineering, such as are used in the aircraft 
industry, can be applied with economy and technical 
advantage to this class of engineering problem. 
Development work is well advanced and it is proposed, 
with the collaboration of the London County Council, 
to use this heat pump to provide part of the heating 
for the new Concert Hall now being built on the South 
Bank, where it will be on view during the 1951 Festival 
of Britain. 

The gas turbine, being independent of the boilers 
and large quantities of cooling water required by the 
steam turbine, is likely to have a distinct advantage 
in capital cost. Moreover, even at this early stage in 
its development, the gas turbine has a good thermal 
efficiency, and the rate of technical progress demon- 
strated so far suggests that very much higher efficiencies 
will be attainable later. So long, however, as the gas 
turbine is restricted to running on distillate fuels, its 
application in the field of power generation and trans- 
port must necessarily be restricted, and it is evident that 
the advantages it offers are only likely to be realised 
on any considerable scale if it can be developed to burn 
cheaper fuels. If it can be made to use such fuels as 
coal and residual oil, however, the ible economic 
advantages appear very great indeed. In the interests 
of this country the use of coal, the indigenous fuel, is 
particularly important. Work on residual-oil burning 
is mainly under the guidance of the Admiralty, which 
is interested in the use of residual oil in marine gas 
turbines and which collaborates in this field with the 
National Gas Turbine Establishment. The basic 
problems in the industrial and marine fields are the 
same, however, and this work will be generally applicable 
to land gas turbine problems. Work on the use of solid 
fuel in gas turbines is the responsibility of the Ministry 
of Fuel and Power, whose plans visualise as twin targets 
the electric power-generating station and the gas- 
turbine locomotive. The initial steps towards these 
two objectives can be taken together, though at a later 
stage the paths towards them will diverge. 

There are, broadly, three methods of consuming coal 
in the gas turbine. First, there is the direct internal 
combustion of coal in pulverised, or finely-divided, 
form. Arrangements have been completed with the 
English Electric Company, Limited, London, for the 
construction of a 2,000-h.p. unit on this principle, 
which could be developed into a prototype for a loco- 
motive or the model of a plant for a power station. 
In association with this work will be the research work 
already in hand at the Fuel Research Station and the 
British Coal Utilisation Research Association. At the 
former, experiments are in progress on two forms of 
combustion chamber, and at the latter experiments 
are in hand on another form. This work will also be 
integrated with other researches into the internal 
combustion of coal on an existing 500-h.p. gas turbine, 
which is the responsibility of Messrs. C. A. Parsons and 
Company, Limited, Newcastle-on-Tyne. The second 
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method is the external combustion of coal. This can 
be applied either to the closed- or open-cycle type of 
gas turbine. So far, however, the Ministry’s plans 
include only the former, and arrangements have been 
made for the development of an external combustion 
system to be used in conjunction with an existing 
500-h.p. gas turbine set of Messrs. John Brown and 
Company, Limited, Clydebank. The third method is 
two-stage internal combustion, i.e., producer gas is 





made from coal at or above the pressure required by 
the gas turbine and is then burned; a 2,000-h.p. set 
is being developed on this basis. The Metropolitan- 
Vickers Electrical Company, Limited, Manchester, are 
responsible for the gas turbine, and the gas producer 
is being developed by the Incandescent Heat Company, 
Limited, Smethwick, and Messrs. Joseph Lucas, 
Limited, Birmingham. 

The gas turbine, which has such striking possibilities 
as a coal-consuming engine, has also most interesting 
and important applications in other directions. Two 
of these can be mentioned: the peat gas turbine and 
the firedamp gas turbine. The former is of the greatest 
interest to Scotland, and the work on it is being done 
in collaboration with the Scottish'Home Department. 
The survey of peat bogs is in the hands of the Scottish 
Department of Agriculture, and the consumption of 
peat in the closed-cycle engine of Messrs. John Brown 
and Company, is being supervised by the Scottish 
Home Department in conjunction with the North of 
Scotland Hydro-Electric Board. The development of 
the peat-burning open-cycle gas turbine by Messrs. 
Ruston and Hornsby, Limited, Lincoln, is being 
organised by the Ministry of Fuel and Power. In the 
case of the open-cycle turbine, the steam generated by 
the drying of the wet peat fed into the engine can be 
used to enhance its power, and the fact that this can 
be done makes the open-cycle peat gas turbine a most 
interesting possibility. Arrangements have been made 
for close collaboration between the Scottish and English 
parts of the programme. 

The second interesting application of the gas turbine 
is to the consumption of firedamp in the upcasts from 
mines. Preliminary work has shown that such weak 
concentrations of methane in air as are found at most 
collieries will, with preheating, be a satisfactory gas- 
turbine fuel. The most attractive form of engine is 
one which at the same time burns firedamp and coal 
fines or other cheap fuel available at the same site. 
The power generated would be available to replace that 
obtained from colliery boilers, and so might release 
important quantities of coal for other purposes. Plans 
in this direction are now being worked out in collabora- 
tion with the National Coal Board. 

During the last few years renewed attention has been 
devoted to the particularly favourable conditions in 
many parts of Great Britain for the large-scale genera- 
tion of electricity by wind-power. Since January, 1948, 
a committee of the Electrical Research Association (on 
which the Ministry is represented) has studied the 
possibilities from both the technical and economic 
points of view, and has worked out a development 
programme. The North of Scotland Hydro-Electric 
Board are arranging for the installation of a 100-kW 
unit in the Orkneys, and the B.E.A. are considering 
the erection of an experimental unit elsewhere. The 
Ministry is co-operating with the E.R.A. in its develop- 
ment programme, particularly in arranging for design 
and costing studies of novel types of aero-generators 
and the development and testing of small experimental 
units. The ultimate objective is the construction of 
generators large enough to play a part in meeting the 
national demand for electric power. 

Two separate investigations are being conducted 
into the use of fuel in a number of industries. The 
first investigation is called the “ Industrial Survey,” 
and aims at establishing an “ efficiency index figure ” 
in terms of coal per unit product in each separate 
industry. Twelve major industries are at present 
being examined and a detailed study is proceeding of 
the use of heat, power and steam, process by process, 
at a number of plants in each of the selected industries. 
The results will give index figures of fuel consumption 
which will enable manufacturers to determine whether 
their costs of production could be reduced by more 
efficient fuel utilisation. Similar surveys already 
made have resulted in indices of efficiency for fully- 
integrated breweries and laundries. The second 
investigation is called the “ Drying Survey.” Its 
objective is the achievement of drying with the maxi- 
mum fuel economy. Drying processes in 25 major 
industries are being investigated, compared, and 
assessed with the advice of specialists in industrial 
drying. The n plant surveys are being con- 
ducted by the Ministry’s fuel engineers, but full use is 
being made of the experience of regional fuel efficiency 
committees, trade associations and plant manu- 
facturers. 

The statement concluded with a note on the mobile 
testing unit, to which reference has already been made 
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TWIN-SCREW TROOPSHIP ‘‘ EMPIRE 
ORWELL.”’ 


The steamship Empire Orwell, which has been fitted 
out at Southampton as a troopship for the Ministry of 
Transport, sailed with a full complement for the Middle 
East on January 17. Formerly the German passenger 
liner Pretoria, she was built for the German East Africa 
Company by Blohm and Voss, and launched from their 
Hamburg yard in July, 1936. She ran on the Germany- 
South Africa route for two years before the war, and, 
during the war, was used as a troopship, but apparently 
never left the Baltic, eventually being captured at 
Hamburg after suffering considerable damage by Allied 
bombing. In 1945 she was assigned to the United 
Kingdom by the Tripartite Commission, fitted out as 
a troopship and re-named the Empire Doon. On her 
first voyage as a British troopship a year later, trouble 
occurred in her propelling machinery, and she was 
withdrawn from service. It was found that the Benson 
high-pressure boilers could not be satisfactorily main- 
tained in service, and it was decided to instal new 
boilers, to adapt the main machinery, and to fit new 
auxiliaries. It was arranged that Messrs. John I. 
Thornycroft and Company, Limited, should undertake 
the work at Southampton, the opportunity being taken, 
at the same time, to bring the ship into line with the 
new post-war standards for troopships. The ship, now 
re-named Empire Orwell, offers standards of accommo- 
dation greatly superior to those of pre-war days, and 
more space has been allocated for wives and children. 
Cabin space has also been allotted for members of the 
Women’s Services, who are now liable for service 
abroad. There is accommodation for 171 first-class, 
84 second-class, and 102 third-class cabin passengers, 
30 boys in a separate dormitory, 96 sergeants, and 
1,008 other ranks, the total being 1,491 passengers. 

From Fig. 1, on page 122, it will be seen that the 
Empire Orwell is built on modern lines with a raked 
and rounded stem and cruiser stern, two masts and 
two funnels, the rear funnel being a dummy. She has 
an pacseget — of 577 ft., a beam of 72 ft., and a 
mou epth of 44 ft. 6 in. Her gross tonnage is 
18,035 tons and her net tonnage 9,947 tons, the corre- 
sponding figures before the conversion being 17,362 and 
9,790 tons ; the load draught, moulded, is 24 ft. The 
engines, which formerly developed 14,200 h.p., now 
develop 11,000 h.p. at 123 r.p.m., and give the ship a 
service speed of about 15 knots. Originally built to 
the requirements of the Germanischer Lloyd, the Em- 
pire Orwell has been reclassed, with Lloyds Register 
of Shipping, 100 Al with freeboard. The Ministry of 
Transport determined the internal subdivision and 
carried out the tonnage re-measurement. The ship 
has eight decks: a sun deck, A and B decks which 
extend over about half the length amidships, C, D and 
E decks which extend continuously from stem to 
stern, and F and G decks, which are confined to the 
ends of the ship outside the machinery spaces. The 
hull is subdivided into eight main watertight compart- 
ments, E deck being the bulkhead deck. Stores and 
baggage compartments are situated below G deck. 

Several major structural alterations have been made, 
perhaps the most noticeable being the extension for- 
ward of B deck, which provides extra free and enclosed 
deck space. The former has been used for troops’ 
recreation, and the latter for orderly rooms and offices. 
A new deckhouse has been built on the extended deck, 
and gives access to it from the troops’ recreation room 
on D deck, the mess hall on E deck, and the dormitories 
on F and G decks. The bulkheads enclosing the first- 
class smokeroom on B deck have been extended on 
each side, forming the second-class smokeroom, lounge 
and children’s playroom. A new isolation hospital has 
been constructed on the poop deck, and replaces the 
old hospital on the aft end of C deck, the latter accom- 
modation having been extended and converted to crew 
accommodation ; this is in accordance with the general 
principle adopted, of accommodating troops and crew 
at opposite ends of the ship. Seven new deckhouses 
have been built on the upper decks to house fans and 
Thermotank heating units; two, situated forward of 
Nos. 1 and 5 hatches, are of steel and the remainder 
of Birmabright light alloy. 

Other structural alterations, in the *tween-deck 
spaces, include new deep fresh-water tanks in the 
after end of No. 1 hold. The first-class dining saloon, 
originally on E deck, has been moved to a similar 
position on D deck, and now extends across the full 
width of the vessel. Cabins on D deck were removed 
to make way for the new saloon, and a dome above the 
old saloon was removed and the well filled in. The 
swimming bath, formerly between the engine and 
boiler casings on A deck, has been plated over to 
firm an officers’ smokeroom. To provide adequate 
natural lighting and fresh air, a considerable number 
of sidelights have been re-positioned and 162 new ones 
inserted. 

Several alterations have been made to the ship’s 





; D tank, port, has been converted into an 
engineer’s store; the original C and E anti-rolling 
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tanks have been separated by a centre-line bulkhead, 
and now contain water ballast instead of fuel; auxi- | 
liary boilers have replaced the lower halves of H tanks, 

while the upper halves have been used as water-filtering | 
and oil-separating compartments. 

The Empire Orwell has been almost completely re- | 
equipped with lifeboats. On arrival she had eight 
28-ft. clinker-built boats in Columbus-type davits 
on A deck and two 25-ft. boats on B deck aft. The 
eight boats and davits on A deck have been removed, 
and the two on B deck have been transferred to A 
deck. In place of the boats removed, 24 have been 
fitted, all being carried in Welin-Maclachlan davits. 
Two of them are motor-driven. The 24 new lifeboats 
have been designed by Messrs. Thornycroft and are 
constructed of zinc-sprayed mild steel. The two motor 
lifeboats are equipped with wireless and fitted with 
Thornycroft Diesel engines. 

Considerable modifications have been made to the 
ship’s machinery during the process of reconversion. 
The vessel is propelled by twin screws, each of which 
is driven by a set of triple-expansion geared turbines of 
German manufacture. The turbines were designed 
originally to develop 14,000 h.p. for ahead working, 
using steam at a pressure of about 1,150 Ib. per square 
inch and a temperature of about 900 deg. F. from the 
Benson boilers, but they have now been modified to 
deliver 11,000 h.p. at 123 r.p.m. for ahead working, 
using steam at 500 lb. per square inch and 800 deg. F., 
as delivered by the Foster Wheeler boilers now installed. 
The single-reduction gearing has not been altered. 
Each set of turbines consists of one. high-pressure 
ahead and one high-pressure astern turbine, one inter- 
mediate-pressure ahead turbine, and one combined 
ahead-and-astern low-pressure turbine. The high- 
pressure ahead turbines are of the impulse type, each 








having a single two-row impulse wheel. The original 
second-stage wheels were machined off the rotors and 
the second-stage stator blades removed from the 
casing. New nozzle boxes have also been fitted. The 
high-pressure astern turbines were originally of the 
single-stage two-row impulse type and have been fitted 
with new nozzles, nozzle boxes and upper-half casings, 
complete with impulse blading. The nozzles were 
made to Pametrada design and machined out of a solid 
block. The intermediate-pressure turbines are of the 
reaction type with radial-clearance blading, the 
original single-row impulse wheels and nozzles having 
been removed. Each low-pressure ahead-and-astern 
turbine consists of two sets of radial-clearance reaction 
blading mounted on the same rotor, and in this case no 
modifications have been made, although both turbines 
have been reconditioned. The single-reduction gearing 
is arranged so that the high-pressure and intermediate- 
pressure turbines operate at a speed of 2,741 r.p.m., 




















Fic. 2. Troops’ SLEEPING QUARTERS. 


while the low-pressure turbines operate at 2,575 r.p.m. | retained, as well as the Michell-type thrust blocks, 


The boiler room and engine room are illustrated in 
Figs. 3 and 4, on page 126, and the control platform 
for the port set of turbines is shown in Fig. 5. The 
turbines, reduction gearing, thrust blocks, etc., are 
gravity-lubricated from a tank fed by one of two 
vertical gearwheel-type pumps, both of which have been 
converted from turbo drive and are now driven by 
Laurence Scott motors. The pumps deliver lubricating 
oil through the original German oil coolers and two 
Auto-Klean discharge filters. Two Philips magnetic 
oil filters have been fitted on the suction side of the 
pumps. Three Hopkinson motor-driven centrifugal 
purifiers and two steam heaters have been installed. 
The original solid-forged propeller shafting has been 





which are attached to the aft side of the main gearcases 
All the intermediate-shaft roller bearings, of German 
manufacture, with the exception of those in the 
refrigerating and engine rooms, have been replaced by 
Michell self-lubricating plummer blocks. The original 
pair of whitemetal bearings nearest to the stern glands. 
have, however, been retained, and the lignum-vitae 
stern-tube bearings have been renewed where necessary. 
The propellers are as originally fitted, each having four 
adjustable-pitch bronze blades secured to the boss by 
studs passing through slots. 

Steam for the turbines is supplied by two water-tube 
boilers of Messrs. Foster Wheeler’s controlled-superheat 
design, incorporating economisers and air heaters, 
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and built under licence by Messrs. Thornycroft. Each 
boiler has a total steam-generating surface of 13,950 
sq. ft. and a superheater surface of 1,590 sq. ft., giving 
an evaporation per boiler of 55,000 lb. per hour when 
the turbines are developing 11,000 brake horse-power. 
The normal maximum evaporation is 70,000 lb. per 
hour and the overload evaporation is 78,000 Ib. per 
hour, the boilers being sufficiently large to provide 
steam for more powerful propelling machinery, should 
this be required. The new boilers burn oil fuel under 
a system of forced and induced draught. The original 
turbine-driven forced-draught fans were replaced by 
four motor-driven fans supplied by Messrs. James 
Howden and Company, Limited. Two are of the 
forced-draught type, arranged to draw air from the 
boiler room and discharge it to the boilers through 
suitable trunking, while the other two are of the 
induced-draught type and fitted in the boiler uptakes. 
The forced-draught fans will each deliver up to 26,000 
cu. ft. of air per minute against a differential pressure 
of 4 in. of water, and the induced-draught fans will each 
handle up to 41,000 cu. ft. of air per minute against a 
differential pressure of 5-1 in. of water. Oil fuel is 
heated and delivered to the furnaces by a Thornycroft 
duplex pumping and heating unit which incorporates 
two horizontal motor-driven Drysdale pumps and two 
horizontal Thornycroft steam heaters. Each pump 
can deliver up to 6 tons of oil fuel per hour. A small 
horizontal Drysdale oil-fuel pump and a Heatrae 
electric heater are fitted for lighting up the furnaces. 

The original closed-feed system has been replaced 
by a Weir closed-feed system for the main condensers, 
and a separate closed-feed system for the auxiliary 
condenser. Feed water is delivered to the boilers by 
two Weir turbo pumps, each capable of passing the full 
quantity of water required by both boilers when working 
at maximum capacity. The main closed-feed system 
also incorporates two vertical motor-driven extraction 
pumps, each capable of handling the full evaporation 
from both boilers, two three-stage steam-jet air ejec- 
tors, and two closed-feed control valves. The auxiliary 
closed-feed system incorporates two motor-driven 
horizontal feed pumps, two vertical motor-driven 
extraction pumps, one two-stage steam-jet air ejector 
and one closed-feed control valve. 

The original condensers, two main and one auxiliary, 
have been retained and modified to suit the new Weir 
closed-feed system. The main condensers each have 
a cooling surface of 6,034 sq. ft., and the auxiliary 
condenser, which takes exhaust from the turbine-driven 
auxiliaries, has a cooling surface of 1,737 sq. ft. All 
the condenser tubes are of aluminium brass. Steam 
from the turbine glands is led to two Weir condensers. 

The reduction in steam pressure and temperature 
caused by the change of main boilers, has made neces- 
sary a certain amount of modification to some of the 


auxiliary plant, and, except for the feed pumps, main 
circulating pumps and main generators, all the auxi- 
liaries which were originally turbine-driven, have been 
converted to motor drive. The generating equipment 
is largely as originally fitted and is all constructed 
to deliver direct current at 220 volts. The two main 
Siemens-Schuckert turbo-generators each have an out- 
put of 550 kW,and are being used without modification. 
Each comprises a four-stage impulse turbine running at 
8,000 r.p.m. and geared to a generator running at 1,200 
r.p.m. Two smaller Siemens generators are driven by 
six-cylinder Diesel engines built by Blohm and Voss, 
and each has an output of 375 kW. In addition, an 
emergency Diesel generating set has been installed, 
supplied by Messrs. Davey Paxman and Company, 
Limited, and having an output of 50 kW. The two 
550-kW sets feed a switchboard in the engine room 
and the two 375-kW sets feed a switchboard in the 
Diesel-generating room, both switchboards being 
interconnected. The original earth-return wiring sys- 
tem has been retained. A 24-volt emergency lighting 
system comes into operation in the machinery spaces, 
should the main supply fail. 

Auxiliary machinery now installed includes two main 
turbo circulating pumps made by Bruckner Kanis, 
Dresden. These have been overhauled and modified 
to give full power at the new reduced steam pressure. 
The original auxiliary vertical motor-driven circulating 
pump has also been retained. Two Weir make-up 
feed evaporators have been installed, taking bled or 
saturated steam, and each giving 30 tons of vapour 
in 24 hours. Two salt-water evaporators each provide 
55 tons of fresh water every 24 hours, and two distiller 
condensers are fitted which are capable of producing 
45 tons of distilled water in 24 hours. Ammonia refri- 
gerating plant, with three originaily-installed com- 
pressors, is located in the refrigerating-machinery room. 
It is illustrated in Fig. 6, on page 126. The original 
vertical gearwheel-type oil-fuel transfer pump has been 
retained ; it has a capacity of 75 tons of fuel per hour. 
One Drysdale vertical motor-driven ballast pump, to 
deliver 175 tons per hour, is fitted, and three similar 
emergency bilge or fire and bilge pumps are installed in 
the three machinery spaces; each of these has a 
maximum capacity of 140 tons per hour, and that in 
the boiler room can be used as an emergency oil-fuel 
transfer pump. Other pumps include two Drysdale 
horizontal motor-driven sanitary pumps, one original 
fire and washdeck pump in the boiler room, and two 
Weir horizontal electro-feed pumps supplying the 
heating boilers. The latter are of the single-ended 
return-tube type, designed and built by Messrs. Thorny- 
croft to supply steam at 100 lb. per square inch for the 
ship’s services. The maximum evaporation per boiler 
is 8,500 Ib. per hour. 





One of the major innovations in the accommodation 








facilities is the introduction of the “ standee ” system of 
berthing for sergeants and other ranks. This system 
replaces the use of hammocks, and will be standard in 
all ships built or converted for trooping in the future. 
A “ standee ” consists of a rectangular strip of canvas, 
lashed to a metal framework which is hinged to vertical 
stanchions in the dormitory, thus forming a bed which 
can be flapped up to give a large clear floor space. 
A three-tier set of these berths is illustrated in Fig. 2, 
opposite. When this system is used, separate spaces 
must be used for messing and recreation, and troops do 
not eat, sleep and live all in the same space. Male ser- 
geants are accommodated in a standee dormitory on 
F deck, which is equipped with small individual lockers, 
kit-bag racks, seats, and its own toilet facilities ; 
together with their families, they use the second-class 
public rooms. Male other ranks are accommodated in 
standee dormitories on E, F and G decks, each equipped 
with lockers, kitbag racks and seats. Married men 
travelling with their families can mess with them in the 
third-class dining saloon, while the others use the troops’ 
mess hall on E deck. A main recreation room and 
canteen is provided on D deck, and there is a quiet 
room on C deck. The dormitory washbasins are sup- 
plied with hot and cold fresh water. 

Other facilities provided on the ship include a 
hospital on D deck, a tuberculosis ward on the sun 
deck and an isolation ward on B deck. There is a 
fully-equipped laundry on E deck, and provision is 
made for troops to wash and iron their own clothes when 
they wish. Films can be shown in the troops’ mess 
hall, in the various lounges or, in fine weather, on 
B deck aft. A public address system permits orders, 
radio programmes or gramophone records to be broad- 
cast from the bridge, the circuits being arranged to 
serve cabin and troop areas separately or collectively. 
Cooled drinking water may be obtained at a number of 
points throughout the ship. In addition to various 
other fire-prevention and detection devices, there is a 
complete installation of Grinnell sprinklers throughout 
the passenger and crew accommodation. The venti- 
lating system has been redesigned and about 12,000 ft. 
of trunking added. The Thermotank system now 
employed enables the air to be warmed and controlled 
in humidity. 

The navigational equipment has been brought up 
to date, and includes Marconi wireless and radar equip- 
ment. Visual and recording echo-sounding equipment 
is provided, and a new Sperry gyro-compass has been 
installed. Successful sea trials were carried out on 
January 2, 3 and 4, 1950, and a speed of 17-65 knots 
was attained over a measured mile with the engines 
delivering 11,000 h.p. Fuel consumption over a 
12-hour period during a 36-hour run at the full service 
speed was 3-5 tons per hour, this figure excluding the 
oil fuel used for the galley and for ship’s heating. At 
maximum power, the engines developed rather more 
than 12,600 h.p., giving a speed of about 18} knots. 





PHOTO-ELECTRIC PRESS GUARD. 


Ir is a stringent requirement of the Factory Acts 
that all moving machinery must be fitted with efficient 
guards to protect the operators from injury due to 
thoughtlessness. One of the most difficult machines 
to guard is the press brake, the difficulty being par- 
ticularly great when the work projects or overhangs 
for a considerable distance, such as when operations 
have to be performed on the edge of a panel or sheet. 
Any mechanical means of protection mast allow the 
work to pass through or around it, and also prevent the 
operator from approaching too closely to the machine. 
In consequence, it is sometimes necessary to have 
two or even three operators for the work which 
otherwise could be done by one man, one of the opera- 
tors holding the work, another raising the guard clear 
at the appropriate moment, and possibly a third 
helping to support the guard, or operating the machine. 
In other cases the size and shape of the work may neces- 
sitate the complete removal of the mechanical guard. 

In order to overcome the difficulties inherent in the 
use of mechanical guards, Messrs. Radiovisor Parent, 
Limited, 1, Stanhope-street, London, N.W.1, have 
developed a guard working on the photo-electric 
principle and not incorporating a mechanical barrier. 
It is suitable for use with many different kinds of 
machine, and, in the accompanying illustration is 
shown fitted to a Clearing press brake installed in the 
Hendon works of Messrs. Duple Motor Bodies, Limited, 
Edgware-road, The Hyde, Hendon, London, N.W.9. 
The guard is simple in design and employs a beam of 
light emitted by a projector on one side of the machine 
and falling on a receiver on the other side ;_ inter- 
ruption of the light beam renders the machine inopera- 
tive. The projector, which is mounted on a pillar on 
the right-hand side of the machine, incorporates several 
light sources and an equal number of lenses, and 
throws a continuous curtain of light across the front 
of the machine. There is thus a complete absence of 
blind spots through which the operator could inadver- 
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tently insert his hands, although the work, which 
interrupts very little of the light, can be offered up 
to the machine without stopping it. In a similar 
position on the left-hand side of the machine is the 
receiver, which contains condensing lenses and a num- 
ber of photo-electric cells. These are arranged so 
that only light emitted by the projector can fall on the 
cells, and the sensitivity of the system is therefore not 
affected by changes in the lighting conditions in the 
shop. The receiver is connected to a control unit 
incorporating one or more relays which are energised 
when the light beam is uninterrupted, and allow the 
machine to be operated in the normal manner by a 
foot lever. Should the beam be interrupted, however, 
the relays are de-energised and the clutch mechanism 
of the machine is disengaged, so that it is impossible to 
operate the machine. In a similar manner, the 
machine is instantly rendered inoperative should the 
light beam be broken while it is in operation; this, 
however, does not apply to those presses which are 
designed so that the clutch cannot be disengaged once 
the operating cycle has commenced. Since the machine 
will work only when the relays in the control box are 
energised, any failure in the current supply, the pro- 
jector or the receiver will make it impossible to operate 
the machine. A further safeguard is provided by a 
red warning lamp which remains lighted as long as the 
power supply to the machine is switched on. When 
the machine is not in use the guard system is dis- 
connected by the main switch controlling the press 
motor and the red light is simultaneously extinguished. 

The photo-electric guard can be used for protecting 
guillotines and other types of machines and presses, 
either mechanically or hydraulically operated, and 
employing air- or hydraulically-operated clutches. It 
can also be used with any of the standard types of 
motor-driven press, provided that electrically-operated 
clutch-trip mechanisms are fitted. 





CONTRACTS. 


Messrs. EDWARD Woop AND Sons, LIMITED, 70, 
Park-street, Derby, have obtained a contract for the 
renewal of the roof, re-paving and other works at 
Northampton motive-power depot, and for the con- 
struction of Toton centre signalbox, British Railways, 
London Midland Region. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL CoM- 
PANY, LIMITED, Trafford Park, Manchester, 17, have 
received an order for a gas turbo-alternator set of 
1,750 kW continuous rating from the Shell Petroleum 
Company, Limited. The plant will be installed on an 
oilfield in the Maracaibo area of Venezuela and will 
operate on natural gas. Further particulars of the 
installation are to be found on page 132 of the present 
issue. 


MEssRS. CROMPTON PARKINSON LIMITED, Derby, have 
completed and dispatched an order for 1,000 yards of 
0-25 sq. in., three-core 11-kV H-type submarine cable 
for under-river installation by the Brisbane City Council. 
Two layers of galvanised-steel armour wire, waterproof 
compounds and tapes, impregnated hessian tapes, and a 
brass tape are applied over the 2 -2-in. lead-covered cable, 
making it 3-5-in. overall. To meet the requirements of 
installation, the cable was manufactured in two 500-yard 
lengths, each weighing 12 tons, and for which extra large 
timber drums were needed. 


MESSRS. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LIMITED, Marconi House, Chelmsford, Essex, have 
received an order from the British Broadcasting Cor- 
poration for five Image Orthicon television cameras. 
Each of these consists of two parts, a camera and an 
electronic view finder which clip together when set up 
for operation. In the lower unit are the pick-up tube, 
the vision pre-amplifier circuit and the focusing controls. 
The smaller upper unit or viewfinder contains a miniature 
television receiver showing the picture which is being 
transmitted from the control desk, thus enabling the 
operator to adjust the camera controls. 


MESSRS. ASSOCIATED BRITISH OIL ENGINES. LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s, London, 
S.W.1, have received an order through Messrs. G. Bercke- 
meyer and Company, Lima, Peru, for three alternator 
sets incorporating Mirrlees ‘‘ HF 7 ” engines of 740 b.h.p., 
at 360 r.p.m., directly-coupled to 450-kW 0-8-power- 
factor, 270-volt, 60-cycle Brush alternators for the 
rayon factory of Rayon Peruana. The switchgear for 
controlling the sets for parallel operation is also being 
supplied by Messrs. The Brush Company. Another 
order, worth over 100,0001., is for six sets incorporating 
Mirrlees ‘‘ HFS 8 ” engines, each developing 1,320 b.h.p., 
at 375 r.p.m., de-rated to 1,188 b.h.p. for continuous 
running, directly-coupled to Brush 830-kW, 0-8-power 
factor, 6,600-volt, 50-cycle alternators. These sets are 
for the State Electricity Commission, Victoria, Australia, 
and constitute a repeat of an order given by the Com- 
mission in September, 1949. 


BRITISH STANDARD 


SPECIFICATIONS. 

The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of each paragraph. 

Conversion Factors and Tables.—During the four to 
five years that the publication, B.S. No. 350-1944, 
“Conversion Factors and Tables,” has been in use, 
suggestions have been made, from time to time, for the 
inclusion of some additional tables ; and further uses to 
which the existing tables can be put have come to light. 
To meet these developments Addendum No. 1, refer- 
ence No. P.D. 957, has been prepared and issued. It 
contains additional definitions, conversion factors and 
tables relating to cubic measure, weights, pressures, 
force, concentration, thermal conductivity and con- 
ductance, heat flow and viscosity. At the request of 
users of B.S. No. 350, the addendum contains an index 
of the definitions, factors and conversion tables covered 
by the original publication and the addendum. The 
price of the addendum is 2s., postage included, and that 
of the original B.S. No. 350-1944, 5s., postage included. 

Brickwork Settings for Cylindrical Boilers—A new 
specification, B.S. No. 1614, covering brickwork settings 
for cylindrical boilers, and based on a boiler 8 ft. 6 in. 
in diameter by 30 ft. in length, has been issued as the 
result of a request received from the Ministry of Fuel 
and Power. It renders available, to purchasers and 
constructors of boiler settings, the work carried out 
by the Shell-Type Boiler and Firing Equipment Com- 
mittee of the British Coal Utilisation Research Associa- 
tion. This committee, through a panel representing 
the Shell Boilermakers’ Association and the Association 
of Boiler Setters, Chimney and Furnace Constructors, 
have provided the material which forms the basis of 
the new specification. The subject matter is divided 
into five main parts, the first of which deals with the 
basic materials such as firebricks, common bricks, con- 
crete and jointing materials. Part two refers briefly 
to excavation and drainage and part three to the 
construction of the concrete raft. Part four deals with 
boiler brickwork, specifying the method of construction 
and the thicknesses of the brickwork of the seating beds 
and blocks and the flues, while part five deals with the 
economiser brickwork in a similar manner. In an 
appendix are set out the ratings for Lancashire boilers 
of the Shell Boilermakers’ Association. [Price 3s., 
postage included.] 





BOOKS RECEIVED. 


Town and Country Planning Act, 1947. The Town and 
Country Planning (Grants) Regulations, 1950. Explana- 
tory Memorandum. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 6d. net.] 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 15. Soil Survey 
Procedure. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. net.] 

Annuaire pour l’An 1950. Published by the Bureau des 
Longitudes. With a Supplement for the Year 1951. 
Librairie Gauthier-Villars, 55, Quai des Grands- 
Augustins, Paris (6e), France. 

Electricity (Supply) Acts, 1882 to 1936. Twenty-Third 
and Final Report of the Electricity Commissioners. 
ist April, 1947, to 31st July, 1948. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 3s. net.] 

Prestwick Airport. Prepared by the Ministry of Civil 
Aviation and the Central Office of Information. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
1s. net.] 

National Smoke Abatement Society. Proceedings of the 
Harrogate Conference, 1949. Offices of the Society, 
Chandos House, Buckingham-gate, London, S.W.1. 
[Price 4s. 6d.] 

The Oil Engine Manual. Fifth edition. Temple Press, 
Limited, Bowling Green-lane, London, E.C.1. [Price 
15s. net.) 

Mémento d’ Electrotechnique. By A. CURCHOD. Second 
edition, revised by L. VELLARD. Volume II. Machines 
et Appareils Electriques. Dunod, 92, Rue Bonaparte, 
Paris (6e), France. [Price 2100 francs.] 

Elementary Engineering Design. By H. A. MORGAN. 
Macdonald and Company (Publishers), Limited), 19, 
Ludgate-hill, London, E.C.4. [Price 15s. net.] 

Der Ausbau grosser Raéume unter Tage. By Dr.-ING. 
FRANZ DOHMEN. Verlag Gluckauf, Bismarckstrasse 41, 
Essen, Germany. [Price 38 D.M.] 

Welding Dictionary. French-German-Spanish-English. 
Compiled and edited by R. N. THompson and G. Ham. 
lliffe and Sons, Limited, Dorset House, Stamford- 
street, London, 8.E.1. [Price 21s. net.] 

Geology for Engineers. By PRoFEssOR JOSEPH M. 

TREFETHEN. D. Van Nostrand Company, Incor- 

porated, 250, Fourth-avenue, New York 3, U.S.A. 





{Price 5.75 dols.] Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 43s. 6d.] 
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PERSONAL. 

Mr. RICHARD MILES, managing director of Hea, 
Wrightson and Company, Limited, has been electe:) 
chairman of the company, in succession to the late Sir 
Guy WRIGHTSON, Bt. Sm JOHN WRIGHTSON, Bt., hus 
been elected vice-chairman. 


Mr. J. F. Ronoa, O.B.E., A.R.C.Sc., A.R.I1.C., 
A.M.1I.Mech.E., Hon.M.Inst.Gas.E., is to succeed Dr. 
D. T. A. Townend as President of the Institute of Fuel, 
18, Devonshire-street, Portland-place, London, W.1. 
The award of the Melchett Medal for 1950 has ben 
made to PROFESSOR R. J. SARJANT, O.B.E., D.Sc. 

LigvuT.-CoL. THE Hon. R. M. PRESTON, D.S.O., his 
been elected chairman of Council of the British Non- 
Ferrous Metals Research Association, Euston-street, 
London, N.W.1, in succession to LrEutT.-CoL. Sir JOHN 
GREENLY, K.C.M.G. Mr. F.C. BRABY, M.C.,M.1.Mech.F., 
has been elected vice-chairman and honorary treasurer, 
and Dr. MAURICE CooK, F.1I.M., chairman of the Researc | 
Board. 


Dr. J. PEARSON, head of the Chemistry Section of the 
Bisra Laboratories, at Sketty Hall, Swansea, since 1946, 
has been appointed head of the Chemistry Department 
of the British Iron and Steel Research Association, 11, 
Park-lane, London, W.1, in succession to Dr. F. I. 
RICHARDSON. 

Mr. A. D. YounG, M.A. (Cantab.), A.F.R.Ae.S., has 
been appointed to the Chair of Aerodynamics in the 
College of Aeronautics, Cranfield, which will become 
vacant on October 1 when PROFESSOR W. J. DUNCAN, 
D.Se., M.I.Mech.E., F.R.Ae.S., leaves to take up his 
appointment as Mechan Professor of Aerodynamics and 
Fluid Mechanics in the University of Glasgow. 


Mr. J. U. Vass, M.B.E., J.P., M.I.Mech.E., who has 
been works manager of the Fraserburgh Factory of the 
Consolidated Pneumatic Tool Company Limited, for 
the past 28 years, has retired from that position but 
remains a director of the company. His place at Fraser- 
burgh is to be taken by Mr. A. M. Vass. 

Mr. W. J. MANCLARK has been appointed fuel pur- 
chasing officer under the Chief Officer (Stores), Railway 
Executive headquarters. Mr. J. W. TERRY, M.C., has 
been promoted to acting stores superintendent, Southern 
Region, British Railways. 


Mr. R. A. STAVERT, M.A. (Oxon.), A.M.I.Mech.E., has 
been appointed resident representative for Messrs. 
John I. Thornycroft and Company, Limited, Thornycroft 
House, Smith-square, London, S.W.1, in India and 
Ceylon. 

Mr. W. B. WriuiaMs, A.M.I.Mech.E., is relinquishing 
his appointment with the Ministry of Supply to rejoin 
his firm, Messrs. Danckaerts Woodworking Machinery 
Limited, 2, East-road, London N.1. 


Mr. C. R. Dunn, formerly European representative of 
British Timken Limited, has been appointed sales 
manager, Fischer Bearings Company, Limited, Upper 
Villiers-street, Wolverhampton, a subsidiary company of 
British Timken, Limited, as from January 16. 


Mr. A. C. BROWNING has retired, after 30 years of service, 
from the position of secretary, Mechanical Division, 
Association of American Railroads, Transportation 
Building, Washington, 6. His successor is Mr. F. 
PERONTO, hitherto assistant secretary. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
announce that their Chester office has been removed to 
1, Stanley-street, Watergate-street, Chester (Telephone 
(unaltered): Chester 396). The Cambridge office has 
been removed to 614, Regent-street, Cambridge (Tele- 
phone (also unaltered): Cambridge 56318). 


Messrs. I. T. D. Limirep, Stacatruc House, 142, 
Sloane-street, London, S.W.1, now a subsidiary company 
of AUSTIN CROMPTON PARKINSON ELECTRIC VEHICLES, 
LIMITED, have taken over, from Crompton Parkinson 
Limited, the sales of “ Electricar’’ industrial trucks. 
Spares and service for “ Electricars ” and “‘ Stacatrucs ” 
will now be dealt with by Austin Crompton Parkinson 
Electric Vehicles, Limited (Service Department), Webb- 
lane, Hall Green, Birmingham, 28. 


Messrs. MARSHALL, SONS AND COMPANY, LIMITED, 
Britannia Works, Gainsborough, Lincolnshire, have 
formed a new company, Marshalls (Pakistan), Limited, 
with head office at Sir Ganga Ram Trust Mansions, 
P.O. Box 68, The Mall, Lahore, to represent their interests 
and those of other leading manufacturers, in Pakistan. 
Mr. N. M. Harrison, director, will be in charge in 
Pakistan, assisted by Mr. H. K. Ames, and Mr. FRANK 
BAILEY, export manager, will be in charge of the home 
office of the new company, at Britannia Works. 


Messrs. RICE AND COMPANY (NORTHAMPTON) 
LiirepD, Eagle Foundry, Northampton, announce that 
the address of their new London office is 6, Broad Street- 
place, E.C.2. (Telephone: ROYal 1461.) 


THE REAY GEARWORKS, LIMITED, Lamport-street 
Hebburn-on-Tyne, have opened a new London office, 





at 44-45, Tower-hill, E.C.3. (Telephone: ROYal 1461.) 
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THE NORTH. 
GLasGcow, Wednesday. 
Scottish Steel.—Symptomatic of the excellent condition 

of the industry was an output of 41,000 ingot tons of 

steel! in the week before last from the units comprising 

the Colville group. The annual equivalent of 2,050,000 

tons (allowing for holidays) compares with the firm’s 

record Of 1,855,000 tons last year. In the week in 
question the company’s Clydebridge Steel Works estab- 
lished a record performance of 9,690 ingot tons. Pig-iron 
production is running at reduced levels after the blowing 
out of a furnace at Clyde Iron Works. Other units are 
operating steadily, with a good supply of iron ore and 
coke available. Despite the smaller output of pig iron, 
raw materials for steelmakers are plentiful. The industry 
continues to suffer from unbalanced market conditions. 

Sheets and plates meet a strong demand, whereas orders 

for sections and bars are scarce. Boiler and hull plates 

move steadily into consumption at the shipyards, while 
locomotive- and wagon-building requirements are heavy. 

The long-term position in this category has been con- 

solidated as a result of the receipt, by the North British 

Locomotive Company, of orders for 20 additional engines 

for Victoria, Australia, and 18 for East Africa. Order 

books for sheets are filled for the first quarter. The 

Government restrictions on building keeps the demand 

for sections quiet. Home orders for small bars and light 

sections are also short of re-rolling requirements, while 
the low Belgian offers, f.0.b. Antwerp, make the expansion 
of export business difficult. 


NOTES FROM 


Scottish Coal.—Slight unrest in parts of the coalfield, 
particularly in Lanarkshire and Ayrshire, have been 
reflected in a reduction in divisional coal productivity 
since the turn of the year. Stoppages, generally, have 
been shortlived, restricting production losses corres- 
pondingly, but the overall reduction, at a time of maxi- 
mum consumer requirements, has aggravated the supply 
position. A number of consumers who accumulated 
some reserves in previous months are now benefiting in 
the seasonal tightness now apparent. Consumption has 
gone up sharply, noticeably for space-heating. Insuffici- 
ent fuel prevents the marketing authorities from providing 
full scheduled tonnages for all categories. Some indus- 
trial users were taken unawares by the colder weather, 
and a number find they require better burning grades to 
maintain pressures, thus further increasing the demand 
for sized fuels. Electricity works are having to face 
heavier calls for current, but coal reserves at the generat- 
ing plant remain fairly comfortable. Gasworks’ margins, 
however, are less extensive than operators would like to 
see. The house coal merchants normally dependent on 
the collieries affected by the strikes have received cur- 
tailed deliveries, although some help in the form of open- 
cast fuel has been provided. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—A big development in the 
anthracite area of the coalfield, in the Gwendraeth 
Valley, near Llanelly, has been forecast by Mr. T. S. 
Chariton, production director of the South Western 
Divisional Coal Board. The Board hoped that, as a 
result of borings now going on, he said, they would be 
well on the way to having a new colliery in the valley 
which, in due course, would replace all the existing 
collieries there. As that proceeded the Board would 
come east sinking more collieries. A cargo of about 
7,000 tons of Welsh anthracite has been arranged during 
the past week for delivery to the United States. It is now 
hoped that further export business will follow and that 
this dollar-earning trade will return to its pre-war level. 
Cold weather in the past week has resulted in a consider- 
able increase in the volume of the demand from inland 
consumers on the steamgoal market. Precautions are 
being taken to ensure that the public-utility undertakings 
are well placed in case of a continuance of the hard 
weather, while large quantities are going to industrial 
users. Asa result of this, export business has been made 
more difficult and it is feared that some deliveries abroad 
may be delayed. Nevertheless, a good trade has been 
maintained with the Argentine, following the recently 
concluded contracts, while regular deliveries are going 
out to French clients. There is a fairly good Italian 
trade passing but deliveries to Spain have becbme quieter 
after recent activity in that market. There is no news 
of any developments in the Portuguese trade which has 
remained idle. Bunker descriptions continue firmly 
booked, cokes are busy and patent fuel quietly engaged. 


Swansea Steel Sheet Industry——The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was a steady demand from home 
consumers and some satisfactory orders were placed for 
The 
The demand for 


delivery during the current period, and later. 
export market, however, was quieter. 


steel sheets shows no signs of diminishing, while suppliers 
ot heavy iron and steel scrap are being pressed for 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Foreign competition in steel is becom- 
ing more pronounced and there is accumulating evidence 
that the price factor is responsible for some decline in 
export business. French steelmakers are making growing 
inroads into markets abroad ; they are quoting several 
pounds cheaper than the British in the Far Eastern 
market and have supplanted some Sheffield steelmakers 
in Australia, where it is understood that a Sydney house 
has arranged for the import of 200,000 tons of French 
steel, the first shipments to arrive in March. It is also 
reported that Australia is now taking supplies of imported 
steel from Germany and Japan. Steel production in 
Sheffield is maintained at a high level and there are still 
considerable reserves of orders. The Master Cutler, Mr. 
W. R. S. Stephenson, says that though there is now no 
shortage of steel, allocation systems are still limiting 
exports and costing the country a great deal of money 
because they are based on out-of-date statistics. The 
factories making engineers’ small tools are actively 
employed and will be busy for a fairly long time on old 
orders. They are also, however, booking new business 
on home and export account. Makers of edge tools and 
cutlery are well booked, but labour shortage is hampering 
production. 


South Yorkshire Coal Trade.—Coal production has 
tapered off after the good start made in the New Year. 
Coal Board officials are concerned about the high rate 
of absenteeism in Yorkshire and seek to effect improve- 
ment by a system of fines, beginning with a small fine, to 
be remitted if conduct improves, and extending to a 
fine of £5 if absenteeism persists. gthe delinquents would 
be dealt with by a sub-committee drawn from area pits 
and comprising members of the management and colliers. 
Inland demands for coal are heavy and it is not possible 
to deal adequately with the exceptionally heavy export 
orders. Hard coke is in fair supply, and gas coke is 
plentiful. House coal stocks are insufficient to permit 
the delivery of full sanctioned quantities. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.— Buyers of iron and steel expect to 
have to make extensive purchases to deal with their 
requirements over periods ahead but a feeling of uncer- 
tainty regarding the conditions in commercial and 
political situations in the near future contributes con- 
siderably to the present market inactivity. Meanwhile, 
however, makers of nearly all Tees-side products are 
occupied on substantial contracts that keep them very 
actively engaged and the output of most commodities 
meet the demand for home purposes. Obstacles .to 
export trade are still formidable, but overseas customers 
are in the market with good orders and the release of 
considerably increased tonnages of finished materials, 
for shipment overseas, is confidently expected. The 
raw materials obtainable are on a scale that deals satis- 
factorily with the actual needs of users and the pig 
deliveries are maintained at a level that meets the 
current requirements of consumers. Distributable ton- 
nages of iron and steel scrap continue heavy but the 
demand is still greater than the supply. Nearly all 
descriptions of semi-finished and finished products are 
well sold. 


Foundry and Basic Iron.—The blast-furnace outputs 
on Tees-side are virtually absorbed by the requirements 
of local steel plants and they make no contribution to 
the needs of foundries in the form of high-phosphorus 
iron. 


needs of North-East Coast consumers. 
Hematite, Low Phosphorus and Refined Iron.—East- 


sale for the small parcels offered. Outputs of low- and 
medium-phosphorus qualities of iron are steadily taken 


come on the market are in eager demand. 


commodities for reasonably early delivery. 


clients. 


of sale. 


strong request. 





increased deliveries. 


The steady delivery of ordinary foundry pig 
from the Midlands, however, covers the current pressing 


Coast hematite is far from plentiful and there is a ready 


up by regular customers. Refined-iron makers have 
good bookings and the occasional saleable parcels that 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are fairly well placed as 
regards orders but would welcome purchases of certain 
In several 
branches of the steel industry the large and well-main- 
tained outputs are insufficient for the urgent needs of 
Most types of steel semies continue in ample 
supply but billets are offered freely and are rather slow 
A substantial cut has been made in the intake 
of foreign billets, the stocks of which at the re-rolling 
mills are about as large as consumers care to carry. On 
the other hand, sheet bars and slabs are in unabatedly 
Sheet mills are operating under intense 
pressure and have large contracts to carry out. Plate 
mills are running at full pressure and are turning out 
extremely large tonnages, but the supplies have not yet 


NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





SocreTy OF ENGINEERS.—Monday, February 6, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. Presidential Address by Mr. C. L. Boucher, 
INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, February 6, 6 p.m., James 
Watt Memorial Institute. Birmingham. “ Television 
Radio Relay Links,” by Mr. A. H. Mumford and Mr. C. F. 
Booth. Western Centre: Monday, February 6, 6 p.m., 
Electricity House, Bristol. ‘‘ Magnetic Amplifiers,” by 
Mr. A. G. Milnes. Mersey Centre: Monday, February 
6, 6.30 p.m., Royal Institution, Colquitt-street, Liverpool. 
** British Grid System in Thunderstorms,” by Dr. J. 8. 
Forrest. Measurements Section: Tuesday, February 7, 
5.30 p.m., Victoria-embankment, W.C.2. Short papers. 
North-Western Centre: Tuesday, February 7, 6.15 p.m., 
Engineers’ Club, Manchester. ‘‘ The Motor Uniselector 
and Its Application in Tel ti >” by Mr. 
W. H. Grinsted. North Midland Centre: Tuesday, 
February 7, 6.30 p.m., 1, Whitehall-road, Leeds. “ Surge 
Diverters,’’ by Mr. H. F. Jones and Mr. C. J. O. Garrard. 
Utilization Section: Thursday, February 9, 5.30 p.m., 
Victoria-embankment, W.C.2. Short papers. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Moriday, February 6, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Standardisation,” by Mr. L. 
H.A. Carr. Institution: Friday, February 10, 6.30 p.m., 
39, Victoria-street, S.W.1. “ Plaster of Paris in Engi- 
neering,’ by Mr. Stanley L. Lyons. 

INSTITUTION OF PRODUCTION ENGINEERS.— Yorkshire 
Section: Monday, February 6, 7 p.m., Hotel Metropole, 
Leeds. “ Industrial Finishes,’”’ by Mr. C. F. Hennessey 
and Mr. C. C. Gladwell. Western Section: Friday, 
February 10, 7.30 p.m., Wheatstone Hall, Brunswick- 
road, Gloucester. ‘“ Electronics in Industry,’’ by Mr. 
L. G. Ward. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Feb- 
ruary 7, 5.30 p.m., Great George-street, S.W.1. “‘ Ocean 
Waves and Swell,” by Mr. N. F. Barber. Midlands 
Association : Thursday, February 9, 6 p.m., James Watt 
Memorial Institute, Birmirgham. ‘ Walsall Generating 
Station,’”’ by Mr. L. F. Jeffrey. 

INSTITUTE OF FUEL.—Tuesday, February 7, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. “ Scientific Control in the Coal 
Industry,” by Mr. D. Hicks. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScorTrLanp.—Tuesday, February 7, 6.30 pim., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Problems in Farm Mechanisa- 
tion,”’” by Mr. W. J. West. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, February 8, 2.30 p.m., Institution 
of Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. Annual Meeting. Presidential Address. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
February 8, 3 p.m., Whitehall, S.W.1. ‘‘ Developments 
in Cables and Wireless Technique for Service Communica- 
tions,”’ by Sir A. Stanley Angwin. 

NEWCOMEN SocreTy.—Wednesday, February 8, 5.30 
p.m., Science Museum, South Kensington, S.W.7. 
(i) “Isaac Wilkinson, Inventor and Ironfounder,” by 
Mr. A. Stanley Davies. (ii) “A Brief Account of 
Draughtsmen’s Instruments,” by Dr. H. W. Dickinson, 

WoMEN’s ENGINEERING SocreTy.—Wednesday, Feb- 
ruary 8, 7 p.m., 35, Grosvenor-place, 8.W.1. Discussion 
on “* Women and Transport.” 


RoyaL AERONAUTICAL Socrety.—Thursday, Feb- 
ruary 9, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘“‘ The Producing of a Prototype 
Aircraft,’ by Mr. C. T. Wilkins. 

ENGINEERS’ GUILD.— Metropolitan Branch : Thursday, 
February 9, 6 p.m., 2, Savoy-hill, W.C.2. “‘ Organisation 
of the Architectural Profession,” by Mr. D. Braddell. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Western Branch: Thursday, February 9, 6.45 p.m., 
Engineers’ Club, Manchester. ‘‘ Marine Diesel Engines,” 
by Mr. C. C. Pounder. AUTOMOBILE DIVISION.— 
Coventry Centre: Tuesday, February 7, 7 p.m., Geisha 
Café, Hertford-street, Coventry. “‘ Internal Expanding 
Shoe Brakes,”? by Mr. Ivan Waller. 

INSTITUTE OF METALS.—London Section: Thursday, 
February 9, 7 p.m., 4, Grosvenor-gardens, S.W.1. 
“Modern Techniques in Metallurgical Analysis.”’ by Mr. 
E. J. Vaughan. 

Nort East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 10, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘ Diesel-Engine Crank- 
case Safety Precautions,” by Mr. C. C. Pounder. 

MANCHESTER ASSOCIATION OF ‘ENGINEERS.—Friday, 
February 10, 6.45 p.m., Engineers’ Club, Manchester. 
“Boiler Feed-Water Treatment for Low or High 








overtaken the demand. 





Pressures,” by Mr. P. Hamer. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“,ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the . The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headi of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE ELECTRICITY 
COMMISSIONERS, 1920-1948. 


On January 19, 1950, the first report of the 
British Electricity Authority, for the period August 
13, 1947, to March 31, 1949, was published by H.M. 
Stationery Office. It was duly commented upon 
in these columns. On January 26, 1950, the 
23rd and final report of the Electricity Commis- 
sioners was issued, also by H.M. Stationery Office. 
This close juxtaposition of dates and reversal of 
chronological order will probably cause little sur- 
prise to those familiar with the methods of the 
Government’s publishers. It may be remarked, 
however, that it does appear to indicate a regrettable 
lack of imagination and gives rise to the question 
why it was impossible to publish the Commissioners’ 
report earlier. Public departments and their depen- 
dencies are not subject to the same stringency as 
are private undertakings where printing is concerned 
and, although these reports are mainly documents 
of record, they have a not inconsiderable current 
interest, which tends to diminish as the interval 
widens between the date of their publication and 
that of the period to which they refer. It may be, 
of course, that in some cases a waning interest may 
not be unwelcome, though there is no reason to 
suppose that this applies in the present instance. 
The delay that has occurred between the preparation 
and publication of the report has not detracted at 
all from its interest. 

In making their valedictory bow to the public, 
the Electricity Commissioners have wisely taken 
the opportunity of reviewing a stewardship of 
28 years, a period during which the electricity 
supply industry in this country developed from 
an infancy which was at once precocious and 
unhealthy, to a manhood, the full strength of which 


* Twenty-Third and Final Report of the Electricity 
Commissioners. April 1, 1947 to July 31,1948. H.M. 
Stationery Office, York House, Kingsway, London, 
W.C.2. [Price 3s. net.] 





Sir George Thurston, K.B.E. (with 
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has still to be exhibited. In so doing, the Commis- 
sioners made use of a growing corpus of technical 
knowledge, the application of which, in combination 
with suitable administrative and organisational 
methods, enabled the country to withstand the bur- 
dens of a World War, and has done much to lighten 
the task of national recovery: It will be generally 
aggreed that a large share of the credit for this 
state of affairs is due to the Commissioners them- 


20| selves, although in the report generous recognition 


is rightly given to the work of the electricity supply 
industry as a whole and to the efforts of such bodies 
as the Electrical Development Association and the 
Electrical Association of Women to educate the 
minds of the uninformed public. A further im- 
portant factor, the quantitative assessment of which 
is impossible, was the accelerating growth of the 
public demand ; it would be interesting to speculate 
on how much of this was stimulated and how much 
was due to natural evolution. 

However that may be, the progress made during 
the Commission’s existence was impressive. The 
number of electricity consumers increased from 
about 1,000,000 in 1921-22 to nearly 12,000,000 in 
1947-48, and during the same period the annual 
output rose from 3,890 million to 42,698 million 
kWh. As a result of technical advances and the 
concentration of generation (to which reference is 
made below), this phenomenal increase was accom- 
panied by economies in production, as is shown by 
the fact that the average fuel consumption per 
kilowatt-hour generated fell from 3-24 Ib. in 1921-22 
to 1-41 lb. in 1947-48. At the most economical 
station in the latter year, the figure was only 1-0 Ib. 
and the even lower figure of 0-9 lb. per kilowatt-hour 
was attained in 1938. The same trend is noticeable 
when thermal efficiencies are compared. In 1920-21, 
the most economical station had an efficiency of 
17-75 per cent., while the corresponding figure in 
1947 was 26-32 per cent. In the latter year, 
however, 47 stations had thermal efficiencies ex- 
ceeding 20 per cent. and in seven of these 25 per 
cent. was attained or surpassed. The optimum 
figure attained during the period was 27-85 per 
cent., also in 1938. It is probable that even better 
figures, for both coal consumption and thermal 
efficiency, would have been attained, but for the 
intervention of the war. 

On the financial side, progress was also highly 
satisfactory, though subject to some unusual fluc- 
tuations. For instance, though the average cost 
of coal fell from 35s. per ton in 1921-22 to 15s. 9d. 
per ton in 1931-32, and rose to over three times 
the latter figure in 1947-48, the works cost per 
kilowatt-hour generated only increased from 0- 233d. 
in 1931-32 to 0-434d. in 1947-48. The total working 
expenses per kilowatt-hour sold were actually 
lower in 1947-48 than in 1921-22—0-903d. in 
comparison with 1 -726d.—while the average revenue 
per kilowatt-hour sold was 1-123d. and 2-482d. 
in the two years. Electricity, in fact, must be 
unique, or nearly unique, among British commer- 
cial commodities in being priced to-day at a figure 
less than half what it was 30 years ago. Even if 
nothing else had been achieved, this would establish 
a record of which all concerned might well be proud. 

Pride is the more justifiable since these results 
were only attained in face of considerable obstacles, 
particularly at the beginning of the period. It is a 
story that has frequently been told, but it may once 
again be recalled that the Electricity Commissioners 
were established by the Electricity (Supply) Act, 
1919, a measure which had been passed to co-ordin- 
ate generation and transmission on the most efficient 
lines, in accordance with the lessons learnt during 
the 1914-18 war. The powers provided by this 
Act for dealing with recalcitrancy were, however, 
so inadequate that the attainment of this object 
became impossible ; and it was only by exercising 
control over the establishment of new, and the 
extension of existing, generating stations that the 
Commissioners were able to achieve any co-ordina- 
tion at all. The position was further complicated 
by local patriotism, which made many electricity 
supply undertakings regard the continued possession 
of a generating station as matter of prestige ; and 
feel that they were “losing face’ by adopting the 
alternative of taking a bulk supply from another 
local authority or company. 
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In the event, a virtual deadlock was reached and, 
to paraphrase the report of a Committee under Lord 
Weir, which was appointed in 1925 to consider the 
situation, five years of patient and capable effort 
were shown to be unavailing. Delay and procrasti- 
nation were widespread, and the policy of suasion 
could be written down as a failure. Clearly, some 
form of compulsion was required if essential re- 
organisation was to be effected ; for, though some 
progress had been made towards the substitution 
of bulk supply for local generation, in the case of 
the smaller undertakings, the policy could really 
only be implemented by a fundamental change in 
method. This change was effected by the Electricity 
(Supply) Act, 1926, under which a Central Electricity 
Board was established to co-ordinate generation and 
control primary transmission, using the velvet glove 
and the iron hand as might be required in the 
process. As a result, it was possible to develop 
electricity supply throughout the country on 
national lines, without regard to parish boundaries 
and local politics, but in accordance with a technical 
policy in which the immense future potentialities of 
electricity were fully recognised. That this policy 
has been justified is proved by the figures which 
we have quoted above. 

A further effect is that it has enabled larger and 
more efficient generating plant’ to be used, as is 
shown by the fact that while, in 1922-23, only one 
station in the country had an installed capacity of 
over 100 MW, in 1947-48 there were 21 stations in 
which a capacity of 150 MW was exceeded and 
one which contained no less than 541 MW of plant. 
Moreover, while in the former year there was only 
one generating set with a capacity of over 25 MW, in 
1947-48 there were 49 sets, each with a capacity of 
over 50 MW, that of the largest unit being 105 MW. 
It is a striking feature of this development of the 
electricity supply industry, and of the profound 
technical and administrative changes which have 
produced and accompanied it, that it has been 
accompanied by so little friction between those 
concerned. It is true that, during the latter part 
of the period under review, the ruling bodies 
possessed considerable powers of compulsion, the 
psychological effect of which was undoubtedly to 
substitute compliance for obstruction after the 
appropriate gestures of defiance had been made. 
Nevertheless, it is no small tribute to the skill and 
diplomacy of the Commissioners that, during their 
existence, legal proceedings were only instituted 
against them on eight occasions ; and in only three 
of these did the Courts rule against them. They 
themselves only found it necessary to institute pro- 
ceedings against an authorised undertaking on one 
occasion. This is surely a state of affairs upon which 
all concerned deserve some congratulation, especially 
when the wide range of matters over which they 
were called upon to exercise jurisdiction is 
considered. 

In addition to their major responsibilities, the 
Electricity Commissioners also dealt with a number 
of technical and other matters, of which meters, 
overhead-line regulations, and the acquisition of land 
for electricity undertakings may be cited asexamples. 
The staff initially appointed for all these purposes 
numbered 42, which increased to 97 in the course 
of 17 years. Subsequently, there was a rapid rise 
to 137, mainly owing to the coming into force of 
the Electricity Supply (Meters) Act of 1936, and at 
the end of the Commissioners’ tenure there were 
about 150 on the nominal roll. The total cost of 
this body from 1920 to 1948 amounted to the 
incredibly modest sum of 1,544,7201., which, inci- 
dentally, was paid for by levies on the industry 
and not by the taxpayer. It is, indeed, difficult 
to make adequate comment on this situation, except 
to say that this judicious parsimony is only one of 
the reasons why we part with the Electricity Com- 
missioners with regret. Another is that, editorially 
and personally, we shall miss the friendly co-opera- 
tion which we have always received from them on 
matters electrical, a co-operation which, we are glad 
to learn from a graceful sentence in the report, they 
felt was reciprocated by ourselves, as indeed it was. 
The Commissioners have handed over a going, in 
fact, a flourishing concern. to their successors, and 
have set them an example of ordered progress of 
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which, we hope, full advantage will be taken. 





NOTES. 


Tue NationaL PuysicaL LaBoRaToRY. 


To mark the jubilee of the National Physical 
Laboratory, an exhibition illustrating the develop- 
ment of its work during the past 50 years was 
arranged in the rooms of the Royal Society, at 
Burlington House, London, in connection with a 
reception, given jointly by the Government and the 
Royal Society, on Monday, January 30. The guests 
were received by Mr. Herbert Morrison, Lord 
President of the Council, and Sir Robert Robinson, 
O.M., President of the Royal Society. The work of 
each of the ten divisions of the Laboratory, of which 
Dr. E. C. Bullard has recently succeeded Sir Charles 
Darwin as Director, was illustrated by models, 
photographs, drawings, and, in some cases, by the 
actual apparatus employed in the early days or at 
the present time. The Physics Division, for instance, 
showed that many refrigeration problems had been 
dealt with, largely in connection with the transport 
and storage of meat. The development of tempera- 
ture-measuring instruments was also illustrated, a 
recent development being a pyrometer of the dis- 
appearing-filament type capable of measuring 
temperatures as low as 370 deg. C. In general, the 
work of the Division, of which the present Superin- 
tendent is Dr. B. W. Robinson, is concerned with 
heat, temperature measurement, radiology, sound 
and ultrasonics. The work of the Engineering 
Division, under Dr. D. G. Sopwith, is concerned 
largely with strength of materials, creep, stress 
analysis and the stability of thin sheet-metal struc- 
tures, but most of its work, and some of that of the 
Metrology Division, is to be transferred to the new 
mechanical-engineering research organisation at 
East Kilbride, near Glasgow. The exhibits of the 
Engineering Division included photographs of shells 
taken in the supersonic wind tunnel at Mach numbers 
up to 2-5; photographs and diagrams illustrating 
30 years of creep testing; and drawings and dia- 
grams of the secular movements of the Tower of 
London. It appears that one of the quay walls of 
this structure has moved outwards about } in. 
during the past 30 years. In 1906, the chemical 
and metallurgical work of the Physics Division was 
transferred to a new Metallurgy Division, of which 
the late Dr. W. Rosenhain was the first Superin- 
tendent. The present work, under Dr. N. P. Allen, 
covers methods of analysis, X-ray analysis, electron 
diffraction, the application of the electron micro- 
scope to metallurgical work, plastic deformation 
and creep of metals, the influence of alloying 
elements in steel, and the properties of aluminium 
alloys. The exhibits of the Aerodynamics Division, 
the Superintendent of which is Mr. A. Fage, F.R.S., 
illustrated the development of wind tunnels and 
ancillary apparatus, mainly, of course, by means of 
photographs and drawings. The items ranged from 
a 2-ft. wind tunnel of 1902 to the low-turbulence 
tunnel, built last year, having a circular working 
section 7 ft. in diameter. Drawings were also shown 
of a high-speed wind tunnel, now under construction, 
which will have a working section of 18 in. by 14 in. 
It will be possible to maintain air pressures up to 
three atmospheres in the tunnel, at velocities corre- 
sponding to Mach numbers of about 1-6. A small 
whirling arm used for calibrating hot-wire appa- 
ratus for measuring low air velocities was being 
demonstrated on the stand of the Aerodynamics 
Division. It can be used for velocities down to 
3 in. per second ; Pitot tubes, it may be noted, are 
not suitable for air-velocity measurements at less 
than about 5 ft. per second. The Light Division, 
of which Dr. L. A. Sayce is Superintendent, staged 
an interesting historical exhibit to illustrate the 
evolution of standard light sources. At the opening 
of the Laboratory the standard in use was the 
Vernon Harcourt 10-candle pentane lamp, and the 
Fleming-Ediswan carbon-filament lamp was used 
as asubstandard. At present, the primary standard 
is a full radiator operated at the freezing point of 
platinum, the unit of light intensity, as defined by 
the primary standard, being known as the “ can- 
dela.”” Vacuum or gas-filled lamps with tungsten 
filaments are used as modern substandards. The 
Electricity Division, Superintendent, Mr. R. S. J. 
Spilsbury, exhibited early and modern electrical 
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standards and instruments. The frequency stan- 
dards ranged from steel rods and valve-maintained 
tuning forks, for audio frequencies, to quartz crystals 
and cavity resonators, the latter used for frequencies. 
of 1,000 megacycles per second and upwards. 
Mr. F. H. Rolt is Superintendent of the Metrolovy 
Division, and the exhibit illustrated improvements 
in standards of length, the method of making 
precision block gauges, the accurate measurement 
of angles and the continuous gauging of materiils 
in the form of wire. The Ship Division was not 
established until 1910, when a gift by Sir Alfred 
Yarrow enabled the ship-model testing tank to he 
constructed. The late Dr. G. S. Baker, who retired 
in 1942, was Superintendent for many years and 
was succeeded by Mr. J. L. Kent; the present 
Superintendent is Dr. J. F. Allan. The exhibit of 
the Division enables a comparison to be made 
between the Froude method and the modern method 
of screw-propulsion testing. In the former, the 
propeller and the hull were kept separate, but in 
modern work the propeller is driven by an electric 
motor in the hull, and tests are made with the 
rudder and other appendages in position. Some 
excellent photographs, taken of models in the 
Lithgow propeller tunnel showing the development 
of cavitation, formed part of the exhibit. There 
are, of course, many other aspects of the work of 
the Laboratory which we are unable to refer to 
here, but we may just mention the high-speed 
calculating machine which is being developed and 
constructed by the Mathematics Division in con- 
junction with the Electronics Section. The machine 
is known as the Automatic Computing Engine 
(A.C.E.) and an exhibit illustrating its development 
was shown by the Electronics Section. Of general 
historical interest was an original photograph of 
the opening ceremony by H.R.H. the Prince of 
Wales, afterwards King George V, on March 19, 
1902, together with the actual agenda paper used 
by him on the occasion. We dealt with the circum- 
stances leading to the foundation of the Labora- 
tory on page 16, ante. 


ScIENCE AND TECHNOLOGY IN THE FESTIVAL 
OF BRITAIN. 


The parts which will be taken by science and 
technology in the Festival of Britain, to be held 
from May till September, 1951, were outlined at a 
recent Press conference addressed by Sir Edward 
Appleton, K.C.B., F.R.S. Some of the plans for 
the Festival have already been outlined in these 
columns. The theme of the main exhibition on the 
south bank of the Thames, is that British contribu- 
tions to civilisation have been the result of two 
factors—the natural resources of the country, and 
the spirit of enterprise and initiative of the British 
people. The scientific and technological exhibits 
will be selected, therefore, to illustrate the unfolding 
of this story. The exhibition will comprise two 
‘‘sequences,” upstream and downstream of the 
Hungerford railway bridge. The upstream sequence, 
“The Land,” will show how the natural resources of 
the land have been developed. The main sections 
represent the country, showing wild life, agriculture, 
and forestry ; natural resources—coal, iron, lime- 
stone, salt, etc. ; power and production ; the sea and 
ships; transport and telecommunications. The 
downstream sequence centres around “ The People 
and will illustrate British character and tradition, 
homes and gardens, television, new schools, health, 
sports, etc. The South Bank exhibition will also 
contain the Dome of Discovery, which will illus- 
trate British initiative in exploration and discovery, 
not only in the physical fields of geographical 
discovery and underground mining, but also in 
the scientific fields, such as the exploration of outer 
space, the investigation of the structure of matter, 
and biological discoveries. Many interesting scien- 
tific exhibits will be seen here, including the radar 
telescope, with which it is intended to demonstrate 
echoes from the moon. As illustrating the way 
in which scientific subjects will be portrayed in the 
South Bank exhibition, civil engineering will be 
represented in the Dome of Discovery by working 
models of mining installations and bridges ; in the 
“ Transport ” section, there will be exhibits showing 
docks, harbours, roads, railways, and airfields ; 
and water supplies and drainage will be a feature 
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of the ‘* Health ’’ section. Most engineers, however, 
will probably find the Exhibition of Industrial 
Power, to be held in the Kelvin Hall, Glasgow, of 
greater interest than the South Bank exhibition. 
Here again there are two main themes—the ‘‘ Power 
of Coal”? sequence, in which will be illustrated the 
development of British mining, iron and steel, 
machine tools, power units from James Watt to the 
present day, the generation and transmission of 
electric power, railways, and shipbuilding. The 
other sequence covers the ‘“‘ Power of Water ’’—the 
North of Scotland hydro-electric scheme, civil- 
engineering work in docks and harbours, and over- 
seas irrigation schemes. Finally, there will be a 
section devoted to the source of power of the 
future—nuclear energy. The growth of knowledge 
of the nature and structure of matter will be the 
subject of the Science Exhibition at South Ken- 
sington. The visitor will enter this exhibition 
through a series of rooms in which ordinary objects 
are magnified successively, until eventually a repre- 
sentation of the inner structure of the nucleus i§ 
displayed. In the final section, the latest results 
of current research work will be shown—the applica- 
tion of nuclear-fission products to medicine, the 
study of cosmic rays from outer space, the chemical 
synthesis of new dyes, drugs and plastics, etc. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 


A paper entitled ‘‘Some Factors in the Use of 
High Temperatures in Gas Turbines ” was presented 
by Dr. T. W. F. Brown, M.I.Mech.E., at a meeting 
of the Institution of Mechanical Engineers on 
Friday, January 27, with Dr. S. F. Dorey, F.R.S., 
vice-president, in the chair. An old proverb 
condemns the counting of eggs before they are 
hatched, but in long-term engineering research, as 
Dr. Brown indicated in his short reply to the 
discussion, an estimation is not only justified but 
necessary. When that estimation is debated in 
open forum, as it was on Friday, with speakers from 
several research establishments, development on the 
right lines is fostered. Dr. A. T. Bowden, 
M.I.Mech.E., opening the discussion, suggested that 
false hopes might be raised if the paper and the 
discussion were not taken together ; having repeated 
that warning, we can proceed to indicate the scope of 
the paper. The author stated that, with existing 
materials for turbine blades, the inlet temperature 
for long-life marine and power-station gas turbines 
was limited to about 1,200 to 1,250 deg. F., but by 
increasing the temperature to, say, 2,200 deg. F., 
the efficiency would be improved. Cooling could 
be by water, air or other fluid ; air cooling could be 
by either boundary-layer cooling with the air 
admitted through thin slots, or sweat cooling, which 
required the use of porous materials through which 
air could percolate. The author’s examination 
was confined to open-cycle turbines. Considering 
the effects of high temperatures, he said that, for a 
given turbine, the size of the air compressor would be 
reduced. Among the effects on combustion chambers 
was a reduction in the amount of dilution air 
required ; and, if cooling was not used, the only suit- 
able materials for turbine parts were ceramics, part 
ceramics, ‘‘ceramals” (which were a combination 
of ceramics and metals that were pressed and sin- 
tered or hot-pressed), or ceramic-coated metals. Dr. 
Brown derived a cooling-loss factor which gave the 
turbine efficiency obtainable with various degrees 
of cooling. Assuming an inlet temperature of 2,200 
deg. F., he examined the effect of air and water 
cooling ; with water, the steam generated was used 
tither to pre-cool the inlet air, or to provide an 
increase in useful power, this alternative giving the 
greater efficiency. He concluded that the use of 
high temperatures, in conjunction with cooling, 
would give a worth-while increase of efficiency ; 
that for simplicity, and in sets of smaller outputs, 
sweat cooling had much to recommend it; and, 
for the highest efficiency, water cooling must be used. 


TELEVISION DEVELOPMENTS. 


A number of developments, which should lead 
to an improvement in the technical quality of the 
British Broadcasting Corporation’s television ser- 
vices, were recently demonstrated at Alexandra 
Palace, London, N.22. These included apparatus 
Whereby events, such as the Olympic Games and 





the Boat Race, can be televised, recorded on cine- 
matograph film and subsequently broadcast in the 
evening programme. Up to the present, about six 
hours has been required for processing the necessary 
sound-and-vision film, but this should be greatly 
reduced by recording the sound on magnetic tape 
and subsequently reproducing it in synchronism 
with the film carrying the vision programme. The 
cameras employed to make the pictures for this 
purpose do not incorporate the usual shutter 
mechanisms ; the film is drawn through them at 
a constant speed, while the image of the picture is 
maintained stationary relatively to it by a system 
of rocking and rotating mirrors. It is claimed that 
this arrangement obviates the use of the high 
accelerations which are necessary when the film is 
moved intermittently. The normal line structure 
of the picture has also been practically eliminated 
by applying a very high frequency sine wave 
displacement to the cathode-ray beam and thus 
causing the scanning spot to oscillate during its 
passage across the viewing screen. The final 
definition and tonal gradation of the televised 
film have also been improved by running it con- 
tinuously through a projector with a rotating 
shutter. Each half of a scanning pattern, which is 
produced on the fluorescent screen of a cathode-ray 
tube, is thus focused on to a photo-multiplier tube, 
the alternate scanning images being interlaced to 
give the picture signals. 


THE INSTITUTION OF MINING ENGINEERS. 


Some years ago it was realised that the present 
offices of the Institution of Mining Engineers, at 
Salisbury House, Finsbury-circus, London, E.C.2, 
were unsuitable as a permanent headquarters for the 
Institution. Since then, from time to time, various 
proposals for a change of habitat have been exam- 
ined, without, however, resulting in the finding of 
suitable accommodation. It is stated in the 55th 
annual report of the Council that the Council of the 
Institution of Mining and Metallurgy have been 
consulted during the year covered by the report, 
namely, that ended July 31, 1949, and it has been 
agreed to be preferable to purchase rather than 
to rent a building to house the two institutions. 
It is added that active steps are being taken to 
achieve this important object. The membership 
of the Institution is increasing steadily ; on July 31, 
1949, it totalled 3,202, compared with 2,966 on 
July 31, 1948, 2,841 on July 31, 1947, and 2,243 in 
1939. The report records the death of 24 mem- 
bers, these including Dr. William Cullen, Professor 
Douglas Hay, Sir Frank R. Simpson, and Mr. 
W. I. Wrightson. To perpetuate the memory of 
Professor Hay, a medal has been established and 
will be awarded annually to the member of the 
Institution who, in the opinion of the Council, 
has made the most valuable contribution to the 
science of mining during the past year or previous 
years, through the medium of the Transactions. 
Various successful meetings were held during the 
year under review and the officers, members of Coun- 
cil and staff played a prominent part in the organisa- 
tion of the Fourth Empire Mining and Metal- 
lurgical Congress, held in London and Oxford from 
July 9 to 23, 1949. As recorded in the previous 
annual report, the rules and syllabus of the examina- 
tions for associate-membership were reviewed in 
1948; the revised rules applied for the first time 
to the examinations held in July, 1949. Under these 
amended rules, candidates can take the first examina- 
tion in two parts. That the financial position of 
the Institution is sound is indicated by the fact 
thar the income for the year under review was 
12,5761., and that the excess of income over expen- 
diture for the year was 1,2561. 


Lioyp’s REGISTER WRECK RETURNS. 


Statistics issued by Lloyd’s Register of Shipping, 
71, Fenchurch-street, London, E.C.3, indicate that, 
during the quarter ended June 30, 1949, 40 steamers 
and motorships, aggregating 59,571 tons gross, 
were totally lost or condemned in consequence of 
casualty or stress of weather. Of these, six, making 
together 29,605 tons, were owned in Great Britain 
and Northern Ireland,.the most important being 
the steamers Magdalena (17,547 tons), James Clunies 
(7,850 tons) and the Corcrest (2,373 tons). The 


Magdalena, it will be recalled, became stranded on 
a reef half a mile south of Tijucas Island, off the 
coast of Brazil, on April 25. She was refloated on 
the following day and taken in tow, but broke in 
two outside the harbour of Rio de Janeiro. The 
James Clunies, which carried a cargo of grain, 
was wrecked on April 21, 2 km. from Punta Mogotes, 
Argentina, and the Corcrest became a total loss, 
after striking a wreck on June 21, while on a 
voyage in ballast from Rochester to Sunderland. 
Three vessels became total losses during the quarter 
under review as a result of striking mines, namely, 
the 2,950-ton Belgian steamer Prinses Astrid, on 
June 21; the 1,301-ton Norwegian steamer Henrik, 
on May 25; and the 428-ton Swedish steamship 
Bidia, on May 5. The statistics show that the ships 
broken up or condemned for causes other than those 
consequent upon casualty or stress of weather 
totalled 38, making together 122,759tons. Of these, 
13, comprising 51,224 tons, were steamers and motor- 
ships under British ownership. The two largest were 
the 10,000-ton steamers Cornwall and Talma, the 
former built in 1920 and the latter in 1923. Both 
were broken up. Another British vessel, the 1,354- 
ton steamer Empire Conyngham, built in 1899, was 
scuttled, with a cargo of unwanted ammunition, by 
the Government. The gross reduction in the mer- 
chant fleets of the world, from all causes, reported 
during the quarter thus comprised 78 ships aggre- 
gating 182,330 tons, of which the United Kingdom 
proportion was 19 vessels, making together 80,829 
tons. It should be stated that the returns are 
confined to ships of 100 tons gross and upwards. 


ELectric GENERATING PLANT DEVELOPMENTS. 
It is announced by the British Electricity Author- 
ity that, during 1949, 826-25 MW of electric 
generating plant was put into operation in this 
country, bringing the total installed capacity up to 
13,604 MW. This addition, it is stated, constitutes a 
record for any one year and compares with the 
503-25 MW installed during 1948, and the average of 
298-5 MW for the four years 1944 to 1947. The 
highest pre-war installation, in 1938, was 761-5 MW. 
The additional load sustained by the 826-25 MW was 
703 MW, the difference being accounted for by 
limitations of boiler capacity and other causes. 
Altogether, 22 turbo-alternators and 37 boilers were 
brought into operation. The largest set was the 
61-5 MW unit, with two 400,000 Ib. boilers, which 
was installed at Stuart-street, Manchester; this 
was followed by a 60-MW set and two 265,000 Ib. 
boilers at Littlebrook B, in Kent. Sets with capaci- 
ties of 50 MW were started at Hams Hall B, Birming- 
ham, and at Nottingham, three 320,000 lb. boilers 
being also placed in service at the former station. 
Two 52-MW sets and seven 173,000-Ib. boilers were 
installed at Kearsley, Lancashire. A 50-MW eet 
was added at Dunston B station, Newcastle-on- 
Tyne, and one of the same capacity, with two 
200,000-lb. boilers, at Rotherham. Three 45-MW 
sets, with five 365,000-lb. boilers, were commissioned 
at Cliff Quay, Ipswich ; and other stations to which 
additions were made included Bradford, Deptford 
East, Stalybridge, Kingston, Leicester, Walsall and ' 
West Ham. Certain other units were also com- 
pleted and made ready for service, though these 
could not actually be set to work, since the asso- 
ciated equipmert was not fimshed. These items 
comprised a 50-MW set at Dunstan B station, 
a 60-MW set at Staythorpe, two 180,0C0-Ib. boilers 
at Ferrybridge and one 265,000-Ib boiler at Little- 
brook If it had been possible to complete this 
nlant, the figure of installed capacity given above 
would have been raised to 936-25 MW and the out- 
put capacity to about 900 MW. 





Sare HANDLING OF RADIOACTIVE IsOTOPES.—A book- 
let entitled “‘ Safe Handling of Radio-active Isotopes ”’ 
has been published by the United States Department of 
Commerce and can be obtained from the Superintendent 
of Documents, Washington, 25, at the price of 15 cents. 
It contains detailed recommendations regarding the 
precautions, which should be taken to protect the users 
of these substances and the public. It also embodies a 
good deal of useful information about the design of 
laboratories and their equipment regarding the various 
hazards that may have to be faced and about the ways in 
which they can be qualitatively and quantitatively 





assessed . 
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OBITUARY. 
COLONEL SIR THOMAS F. PURVES, 


-E. 


ELECTRICAL engineers, especially those con- 
nected with telecommunication in all its forms, will 
learn with great regret of the death of Sir Thomas 
Purves, which occurred in London on Sunday, 
January 29. He was 78 years of age. The whole 
of Purves’ professional life was spent in the service 
of the British Post Office; and it was a fortunate 
chance that a man of his ability and experience 
should have been holding the post of engineer-in- 
chief at a time when “the state of the art” made 
the establishment of national and European tele- 
phone networks possible ; and when, for the same 
reason, it became practicable to inaugurate a world- 
wide radio communication service. The problems 
that had to be solved in these fields were, however, 
frequently as much political as technical. It 
was therefore also fortunate that the British 
representative at the inevitable international con- 
ferences should have been a man whose charm of 
manner, wit and geniality overcame all barriers, 
and whose command of the French language greatly 
facilitated the conduct of the negotiations. 

Thomas Fortune Purves was born at Blackadder 
Mount, Berwickshire, on December 31, 1871, and 
was educated at Duns Academy. He entered the 
Civil Service by open competition in 1889 and was 
appointed to the Telegraph Department of the Post 
Office in Edinburgh, where he studied at the 
Heriot-Watt College, and gained a medal for pro- 
ficiency in electricity and technica] telegraphy. He 
was transferred to the Engineering Department in 
1892 and became successively technical officer on 
the headquarters staff, assistant superintending 
engineer and staff engineer in 1907. During his 
tenure of the latter post he was in charge of the 
Designs Section, which was responsible for the deve- 
lopment of all the telegraph, telephone and other 
electrical equipment used by the Post Office. 
During the 1914-18 war, he served in the Royal 
Engineers ; and acted as liaison officer between the 
British Expeditionary Force and the Post Office. 
In particular, he was entrusted with the adaptation 
of existing communication apparatus to the needs 
of warfare. For these services he was appointed 
an Officer of the Order of the British Empire. 
He also became Honorary Colonel of the 44th 
(London and Home Counties) Division of the Royal 
Corps of Signals, a position he held until 1928. 

On demobilisation Purves returned to the Post 
Office, being promoted to Assistant Engineer-in- 
Chief in 1919 and to Engineer-in-Chief in 1922. In 
the same year, Mr. (now Sir) Frank Gill, in his 
presidential address to the Institution of Electrical 
Engineers pointed out that ‘‘ through-telephony in 
Europe under present conditions can never be worth 
the name of a service ” and suggested an early con- 
ference of all telephone authorities and Government 
departments so that means of bringing about an 
improvement might be studied. This suggestion 
was taken up with unusual enthusiasm, the imme- 
diate result being the assembly of a conference by 
M. Paul Laffont, Under Secretary of State of the 
French Posts and Telegraphs, to discuss the unifica- 
tion of methods of constructing, maintaining, and 
operating a European telephone system. This con- 
ference led in turn to the. formation of the Comité 
Consultatif Téléphonique 4 Grande Distance (C.C.T.) 
which was largely instrumental in establishing, 
first, European and subsequently world-wide 
telephone communication. In this work Purves 
played a leading part in dealing with the many 
difficult technical problems involved. The solution 
of these in a semi-political atmosphere frequently 
required the exercise of those qualities of geniality 
and tact which he possessed in full measure. 

His connection with telephone development at 
home was equally close. He was responsible for 
the laying of a network of trunk cables linking all 
the important towns in Great Britain, and for design- 
ing and introducing a system of automatic telephony 
in London, which was rapidly extended throughout 
the country. In fact, in 1929 he gave a characteris- 
tic demonstration of what had been done, by arrang- 








ing for his presidential address to the Institution of 
Electrical Engineers, which was a masterly survey 
of the position of telephony at that time, to be 
heard not only in London, but simultaneously in 
Glasgow, Cardiff, Liverpool, Manchester and other 
provincial centres over the trunk networks. A vote 
of thanks to the President for his address was 
proposed and seconded from Manchester and 
Glasgow, respectively, this being possibly the first 
time that such a ‘‘ conference” transmission had 
been arranged. 

While he was Engineer-in-Chief, a combined wire 
and radio telephone service was also established 
between this country, the United States and all the 
British Dominions and India, while radio telegraph 
services were inaugurated with Canada, South Africa, 
Australia and India. The establishment of these 
radio-telephone links rendered communication poss- 
ible between the telephone system of most European 
countries, on the one hand, and practically the whole 
of the American continent on the other, and inci- 





Tae Late Sim T. F. Purves. 


dentally made London the switching centre for 
a widespread international service. In 1922, Purves 
had made what then seemed the almost fantastic 
prophesy that full intercommunication between 
the telephone system of Great Britain and the 
United States would be established within ten years. 
Events, however, showed that this prognostication 
was not only justified but outstripped, for in 
1929 he was able to claim that it was possible for 
a telephone subscriber in this country to establish 
communication with 90 per cent. of the stations in 
the world. 

To achieve these results it was, of course, neces- 
sary to introduce and perfect many technical 
improvements among which the repeater, the light 
gauge “‘star quad ” trunk cable (the weight of which 
was only 10 Ib. per mile), the ‘‘ double-phantom ”’: 
method of loading and the application of the 
** superposed ” and “‘ carrier channel ” systems were 
perhaps the most outstanding examples. In addi- 
tion, mention may be made of the invention of 
directive aerial arrays and of the maintenance of 
accurate wave lengths by tuning fork control, while 
the construction of an automatic railway for carry- 
ing parcels and mail and the increasing use of 
electrically-operated conveyors for the same purpose 
were other developments which occurred during his 
term of office. Mention may also be made of the 
expansion of a well-equipped department of engin- 
eering research in which much has been done to 
improve both telegraph and telephone communica- 
tion. Finally, he organised a system of training 





new entrants into the service as well as refresher 
courses for existing employees. 

Purves received the honour of knighthood in 1929, 
He was elected an Associate of the Institution of 
Electrical Engineers in 1902, being transferred to 
the class of associate member in 1909 and to that of 
member in 1912. After serving on the Counci! and 
as vice-president he was elected President in 1929, 
He became an Honorary Member in 1948. On his 
retirement from the position of engineer-in-chief to 
the Post Office in 1933, he became managing director 
of United Telephones, Limited, and three years later 
was appointed Director of the Cable Makers Asso. 
ciation, a post from which he retired in 1946. 


SIR J. ARTHUR AITON, C.B.E. 


THE value of a marine-engineering training as a 
preparation for more general engineering activities 
is well exemplified by the long and active career of 
Sir J. Arthur Aiton, founder and chairman of the 
firm of Aiton and Company, Limited, of Derby, 
whose death, we regret to learn, occurred on 
January 24. He was 85 years of age. 

John Arthur Aiton was born in 1864 at Nagpur, 
in the Central Provinces of India, where his father, 
John Aiton, was engaged as a civil engineer, but 
he was sent at an early age to Scotland, where he 
received his general education at Stanley House 
school, Bridge of Allan. On leaving school in 
1881, he attended classes at Glasgow University 
for a few months before entering upon an engineering 
apprenticeship, first with Messrs. J. and G. Thomson, 
Clydebank (now Messrs. John Brown and Company) 
for three years, and afterwards, for two years, with 
Messrs. Hutton and Corbett, of Glasgow. He then 
joined the Irrawaddy Flotilla Company, serving for 
rather more than three years in their steamers as 
third, second and, finally, as chief engineer. Return- 
ing to the Clyde in 1890, he was engaged as draughts- 
man by Messrs. William Denny and Brothers, 
Dumbarton, who sent him to Peru in 1892, to erect 
and put into service the 400-h.p. engines of a twin- 
screw steamer supplied by them to the Peruvian 
Corporation, Limited, to operate on Lake Titicaca, 
12,500 ft. above sea level. This task completed, 
he spent a further few months in Messrs. Denny's 
drawing office, leaving them in 1894 to take up a 
similar appointment on the Thames with Messrs. 
Siemens Brothers and Company. 

In January, 1895, Mr. Aiton set up in practice 
with Mr. J. L. Clark as Clark and Aiton, acting as 
consulting engineers and naval architects, mainly in 
connection with the construction of channel steamers 
and river craft, but acting also as surveyors for the 
Salvage Association. Later, they developed a 
business as engineering contractors. In 1900, 
however, Mr. Aiton decided to start on his own 
account, and established in Willesden the firm of 
Aiton and Company, general engineers. Seven 
years later, he transferred the works to Derby, being 
the first to respond to the efforts of the Derby 
Development Committee to attract new manufac- 
turers to the borough. In due course, he began 
to specialise in pipework, especially for high pres- 
sures, and, with the rapid extension of electric 
power supply, soon developed a wide connection 
in this field, which was further strengthened by his 
invention of the circumferentially corrugated pipe, 
designed to meet the stresses resulting from the use 
of increasingly high steam temperatures. 

Sir Arthur received his knighthood in 1937, in 
recognition of his many services to the town and 
county of his adoption. He was President of the 
Chamber of Commerce for four years, 1918-21, and 
again in 1932, 1933 and 1940, and was also a 
vice-president of the Association of British Chambers 
of Commerce, a Justice of the Peace, and a former 
President of the Derby Society of Engineers. The 
C.B.E. was conferred upon him in 1918 for his 
services as chairman of the Derbyshire Munitions 
Committee, which established and operated a shell 
factory’ in Derby in the 1914-18 war. Among 
numerous other activities, he was chairman, from 
1932 until his death, of the board of directors of the 
Derby Evening Telegraph. He was a member of 
50 years’ standing in the Institution of Mechanical 
Engineers and 54 years in the Institution of Engi- 
neers and Shipbuilders in Scotland, and was also a 
member of the Institute of Marine Engineers. 
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MR, W. L. SCOTT. 


Ir is a regrettable coincidence that, only a few 
days after Mr. Guthlac Wilson, M.I.C.E., contributed 
to the Institution of Civil Engineers the paper on 
“Screw Piles,” to which we referred on page 73, 
ante, we should have to record the death of his 
partner, Mr. William Leslie Scott, at the relatively 
early age of 60. Mr. Scott, who died on January 23, 
at his home in Cheam, Surrey, was well known as a 
specialist on the design of reinforced-concrete 
structures, a branch of engineering with which he 
had been associated for some 40 years, and in 
which he had the advantage of a long and varied 
experience on the contracting side, as a prepara- 
ation for his work as a consultant. 

Mr. Scott, who was born on November 17, 1889, 
was educated at St. Mary’s and Mile End House 
schools, Portsmouth, and studied engineering at 
the Portsmouth Municipal College. He served part 
of his pupilage at the Thames Ironworks and received 
most of his practical training under Mr. A. M. 
Alexander, M.I.C.E., and Mr. H. E. Steinberg, 
M.LC.E., of Messrs. Considére Constructions, 
Limited, between 1911 and 1915. He had previously 
been awarded a bronze medal by the City and Guilds 
Institute in the structural engineering examination 
and, on completing his training, went out to the Gold 
Coast as assistant engineer, and afterwards acting 
district engineer, in the Public Works Department. 
In 1917, however, when the use of reinforced 
concrete wae being considered as a material for ship 
construction, he returned to England to take up an 
Admiralty appointment as technical assistant to 
the Director of Auxiliary Shipbuilding. In the 
following year, he was transferred to Lloyd’s Register 
of Shipping as a senior surveyor for concrete ship 
construction, in which capacity he made a tour of 
the United States in order to study American 
practice in this field, subsequently presenting a 
paper on the subject to the Institution of Naval 
Architects. It was delivered at the Spring Meeting 
in 1919, and formed a useful supplement to the 
paper on British concrete-ship practice which was 
delivered in the previous year by Sir George Thurs- 
ton—whose obituary. by another coincidence, also 
appears on this page. Mr. Scott returned to Messrs. 
Considére Constructions in 1919 as chief engineer 
and continued to hold that position until, in 1936, 
he commenced practice as a consulting civil en- 
gineer. 

Among the large reinforced-concrete structures 
which he designed for the Considére company with 
extensions to the Dalmarnock power station, the 
George V Bridge at the Kelvin Hall, at Glasgow, the 
bridges over the Thames at Chiswick and Twicken- 
ham, the Dorchester Hotel, London, the Memorial 
Hall at Sheffield, and Messrs. Carrera’s tobacco fac- 
tory at Mornington-crescent, London. He was also 
consultant to the Department of Scientific and 
Industrial Research. 

In the course of his private practice, Mr. Scott 
designed the structures of Berkeley-square House 
and other large buildings in London, and a number 
of bridges for the Ministry of Transport. In 1945, 
he took Mr. Guthlac Wilson into partnership, 
the practice being then continued under the style 
of Scott and Wilson. Subsequent work with which 
he was concerned included other bridges for the 
Ministry of Transport, a factory at Pontypool for 
Messrs. British Nylon Spinners, Limited, the 
Pimlico housing estate for the Westminster City 
Council, roads and airfields in Nyasaland for the 
Crown Agents for the Colonies, and the reinforced- 
concrete work for the concert hall now under con- 
struction on the south bank of the Thames at 
Waterloo. Mr. Scott was the author of an excellent 
text-book on Reinforced Concrete Bridges, the 
second edition of which was reviewed on page 514 
of our 127th volume (1928) ; and, in association with 
Dr. W. H. Glanville, C.B.E., Director of the Road 
Research Laboratory, of a Handbook on the Code of 
Practice for Reinforced Concrete, which was published 
in 1934 and reprinted in 1939, and is generally 
accepted as the authoritative interpretation of that 
Code. He was a member of the Institution of Civil 
Engineers, to which he was elected as an associate 
member in 1919, being transferred to the grade of 
member in 1927; and of the Institution of Struc- 
tural Engineers, to which he was elected in 1934. 


SIR GEORGE THURSTON, K.B.E. 


By the death on January 22, at the age of 82, of 
Sir George Thurston, British shipbuilding has lost a 
link with an era which now seems very remote 
indeed—that period, lasting from the first applica- 
tion of steam to the propulsion of ships of war until 
1914, during which Britain supplied warships to 
more than half of the navies of the world. To the 
younger naval architects of to-day, he had been 
only a name for a decade or more, but the older 
generation will recall him as a warship designer of 
outstanding ability, as befitted one who had learned 
his craft under the tutelage of Sir Edward Reed and 
Sir Philip Watts. 

Thomas George Owens—he changed his name to 
T. G. Owens Thurston in 1915, by deed poll—was 
born on April 12, 1867, and received his general 
education in Liverpool at private schools. In 1883, 
he began an apprenticeship of five years at Milford 
Haven in the Castle Steel and Iron Works and the 
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neighbouring Milford Haven Shipbuilding Works, 
serving for three years in the shipyard and shops 
and two years in the office; it was there that he 
made his first contact with Sir Edward Reed. On 
completion of his apprenticeship, he went to the 
Elswick shipyard of Sir W. G. Armstrong, Whitworth 
and Company, remaining there for ten years and 
being engaged mainly on warship designs, for both 
British and foreign fleets, under Sir Philip Watts and, 
less directly, Sir William White. In 1898, he left the 
Tyne to go to Barrow as constructor and warship 
designer for Messrs. Vickers, Sons and Maxim, 
who had taken over the shipyard of the Naval 
Construction and Armaments Company in the pre- 
vious year. He served first as assistant to Mr. 
James Dunn, a former Assistant Director of Naval 
Construction at the Admiralty, who, like a number 
of eminent Admiralty specialists in warship design, 
had been led by the better prospects in private 
yards to forsake the Government service. When, 
shortly afterwards, Dunn retired, Owens was 
appointed to succeed him as the firm’s chief naval 
architect and shipbuilding director. He continued 
in that capacity until his own retirement in 1929; 
but it was a retirement that was by no means 
absolute, for he practised as a consultant for a 
number of years subsequently, with an office in 
Westminster. 

Sir George, who received the K.B.E. in 1920 in 
recognition of his services to warship design and 
construction, had been responsible for many notable 
ships. Among them were the Japanese battleships 
Mikasa and Katori, and the battle-cruiser Kongo ; 





the Russian cruiser Rurik, and the battleship 
Ekaterina II; the Turkish battleship Reshadieh, 
taken into the Royal Navy in 1914 as H.M.S. Erin ; 
the shallow-draft monitors Javary, Solimoes and 
Madeira, which became H.M. ships Severn, Humber 
and Mersey; and other war vessels for Peru, 
Mexico, China and elsewhere. He was a member 
of the advisory committee of British shipbuilders 
who, in the days when Spain was still a monarchy, 
advised that Government on the reconstruction of 
the Spanish Navy and, for his share in this work, 
received the Order of Naval Merit from King 
Alfons. XIII. He also received the Japanese Order 
of the Rising Sun. Sir George was a member of the 
Institution of Naval Architects, to which he was 
elected in 1900, and contributed to the Transactions 
an informative paper on battleship design, and 
another on concrete ship construction. He was also 
a member of the Institution of Civil Engineers. He 
was, incidentally, a close friend of the late Sir 
Alexander Richardson, a former Editor of Enat- 
NEERING, to whom he communicated many of the 
details of his early career which have been embodied 
in this memoir. 
















































































STANDARDISATION IN THE 
ENGLISH ELECTRIC COMPANY. 


Tue Committee for Standardisation of Engineering 
Products, which was appointed by the Minister of 
Supply under the chairmanship of Sir Ernest Lemon 
in November, 1948, and recently presented its report 
(see page 481 of our 168th volume), gave a long list 
of reasons for the excessive variety which existed in 
British products, suggesting that it militated against 
efficiency. It would seem at first sight that the range 
and complexity of the products of such a manufactur- 
ing organisation as the English Electric Company 
would cause great difficulties in the way of standardisa- 
tion. Paradoxically, however, the very size of the 
organisation enables more to be done towards achieving 
this object than would be the case in a firm with a 
narrower sphere of activity. 

The achievement of some measure of standardisation 
has been the aim of the design staff for many years, 
and, in 1947, a Standards and Specifications Section 
was set up ; responsible to the Chief Engineer, and with 
an office at each of the company’s works. This office is 
in charge of the Works Standards Engineer, who is 
responsible for all standardisation activities at that 
works and receives genera] direction and guidance from 
the head office of the section. A similar organisation 
is being set up in each of the subsidiary companies of 
the English Electric Company—Messrs. D. Napier and 
Son, Limited, Marconi’s Wireless Telegraph Company, 
Limited, and Marconi Instruments, Limited—so as to 
ensure co-operation on common problems. 

The principal function of the Standards and Speci- 
fication Section is to encourage the standardisation of 
materials, components, processes and procedures, and 
thus to maintain effective control of shop processes, 
raw materials received from outside suppliers, and 
components, whether made in the company’s works or 
not. In carrying out this work, process specifications 
are used to express the requirements of the design or 
planning departments and to give instructions to the 
production departments on methods of manufacture. 
National standards, such as the British Standard 
Specifications, are used to specify materials in common 
use throughout the country; where these are not 
applicable, purchase specifications set out the design 
requirements and lay down the tolerances required. In 
a materials catalogue, all the raw material stocked by 
the company is listed. Finally, all the standard 
components for every product are listed in Standard 
Part Volumes. This enables unnecessary repetition 
work on drawings to be prevented, and larger stocks of 
fewer varieties to be carried. The preparation, publica- 
tion and amendment of the process and purchase 
specifications and of the various guidance manuals are 
the responsibility of the Standards and Specifications 
Section, which also maintains a complete library of 
British standard specifications and a comprehensive 
selection of international specifications. A further duty 
is to maintain liaison between the various works depart- 
ments on all matters relating to standardisation; to 
do this, an information bulletin is issued, containing all 
new specifications and other matters of general interest 
to those concerned with standardisation. The close 
liaison thus obtained ensures that the specifications 
will be generally acceptable, and that the articles can 
be produced with optimism, efficiency and economy. 
Great emphasis is laid on the fact that a standard 
is only useful so long as it cannot be superseded by a 
better standard and that it must never be regarded or 
allowed to become an obstacle to development. 











132 


ENGINEERING. 











A LARGE VACUUM VALVE AND 
ITS APPLICATION TO AN ELECTRIC 
FURNACE.,* 

By W. F. Arxtns, A.M.I.P.E., and G. C. H. Jenxrns- 


A PROCESS has been developed for the production 
of high purity iron by the Metallurgy Division of the 
National Physical Laboratory on a 25-lb. scale, the 
last operation consisting of the deoxidation of molten 
iron by hydrogen in a high-frequency furnace, which 
is installed in a large vacuum-tight tank. The equip- 
ment is evacuated by two large rotary pumps through 
an 8-in. (20-3-cm.) diameter pipe. In order to check 
that there are no leaks in the tank, and to enable 
hydrogen to be introduced, there must be provision 
for isolating the tank from the pumps. It was neces- 

, therefore, to fit a valve in the pipe which would 
fulfil the following requirements: it had to be com- 
pletely vacuum-tight in order to test for very small 
leaks in the tank, and it was not to restrict the full 
pumping speed at low pressures. A further require- 
ment was that the valve was to be capable of being 
opened gradually so as to give a controlled rate of 
pumping over the whole range from fully opened to 
fully closed. This was essential because, during 
certain stages of the process, removal of hydrogen 
from the tank had to be adjusted so that the evolution 
of gas from the molten metal did not become violent 
and cause the loss by splashing of substantial quantities 
of metal from the crucible. ; 

It was desirable that the valve should be introduced 
with the minimum alteration to existing equipment, 
and the most convenient position was in a right-angle 
elbow in the piping which allowed a range of movement 
of 12 in. (30-5 cm.) during the actions of opening and 
closing the valve. A plug-type valve would have 
suffered from the disadvantage of being easily scored 
by particles of refractory material which might inadver- 
tently be carried over from the furnace lining; such 
particles are trapped between the valve and the pumps. 
The valve as constructed is easy to operate, requires 
little or no attention, and has given excellent service. 
No appreciable diminution of pumping speed at low 
pressures has been observed since its installation. 
The overall dimensions of the valve, including the 
flange and operating handle, are 24 in. (61 cm.) long 
and 12 in. (30-5 cm.) in diameter. The major part of 
the 12-in. travel during opening and closing is achieved 
by a straight-line pull, the final pressure to seat the 
valve being by means of a screw. 

Altogether, three vacuum seals are incorporated in 
the valve. Referring to the accompanying illustration, 
the first seal is at a, between the end plate 6 and the 
valve head c; the second is between the cover plate d 
and the housing e; and the third is at f, between the 
housing e and the valve spindle g. These three, when 
the valve is closed, effectively seal the furnace from the 
pumps and from the atmosphere. It will be observed 
that the cover plate d is recessed to locate the housing e, 
the base of whichis grooved to accommodate a rubber 
ring. This provides the vacuum seal between the 
housing and the cover plate. The vacuum seal between 
the housing e and the valve spindle g is of the Wilson 
type, consisting of a rubber ring f held on a 30-deg. 
conical seating by the ring A and clamped by the 
threaded plug i. A rubber ring 1} in. (3-8-cm.) in 
diameter, $ in. (1-6-cm.) bore, and 4-in. (0-16-cm.) 
thick proved satisfactory for the valve spindle, which 
has a diameter of } in. (1-9 cm.). Pressure exerted on 
the valve spindle by the inner edge of the rubber ring 
effects the vacuum seal. This pressure is reinforced by 
atmospheric pressure exerted on the ring through the 
holes j and k, and by the vacuum acting through the 
holes / and the bore m. For the seal to function satis- 
factorily, the bore must be concentric with the valve 
spindle, and the clearance between the two is of 
importance. A diametral clearance of 0-02 in. (0-5 mm.) 
proved satisfactory, and concentricity of the spindle 
and the bore is maintained by mounting the spindle 
in bearings » and o, of the sintered-bronze oil-filled 
type, one on each side of the seal. 

The cap p is free to rotate on the valve spindle 
between the thrust race q and the collar r, and, when 
serewed on to the housing e, exerts a thrust on the 
valve spindle through the collar s. When opening the 
valve, the pressure of the cap p against the collar r 
is relieved to a certain extent by the forces exerted 
by the rubber ring ¢ and the springs u; a thrust race 
between p and r is therefore unnecessary. As soon 
as the cap becomes disengaged from the screw thread 
on the housing, it is possible to open the valve com- 
pletely by a direct pull on the handle v. 

The valve ¢ has two pressure rings a to ensure a 
good vacuum seal, and is positioned concentrically 
with respect to the furnace inlet pipe by three wheels 





* Communication from the National Physical Labora- 
tory. The work described forms part of the research 
programme of the N.P.L., and the communication is 
published by permission of the Director. Abridged, 
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running on rails. These rails are disposed symmetric- 
ally with respect to the vertical axis of the pipe 
leading to the pump. The wheel w running on the 
uppermost rail, which is on the vertical axis of the 
pipe, is flanged to prevent rotation of the valve. The 
shape of the valve is such that the connection of the 
spindle with the pressure pad z is made at its centre of 
gravity, thus eliminating any undesirable couple 
between the guide rails and the wheels. The spigots 
on plates d and 6 locate these plates concentrically 
with the turned surfaces of the rails. It is important 
that the bore of plate 6 should not be less than the 
area of the pipe to the pumps, otherwise a reduction 
in pumping speed will result. The pad x is attached 
to the valve by six spring-loaded shouldered screws. 

After the required vacuum in the furnace has been 
obtained, the valve is partly closed by pushing the 
spindle forward by the handle until the screwed cap p 
just contacts the external thread on the housing ; this 
brings the pressure rings on the valve in close proximity 
to the rubber ring ¢. The valve is then finally closed 
by rotating the screwed cap with the handles pro- 
vided. At this stage the pumps are shut down and 
vented. A pressure difference is thus created by the 
high vacuum on the furnace side of the valve and 
atmospheric pressure on the pump side. If the atmo- 
spheric pressure on the valve is greater than that 
applied by the screwed cap, the valve is free to move 
forward against the rubber seating, and away from the 
pressure plate x, rendering any further adjustment of 
the screwed cap unnecessary. 





GAS TURBINE USING OILFIELD 
NATURAL GAS. 


At many oilfields there are available supplies of 
natural gas. The gas turbine appears to offer a 
suitable means for utilising this cheap fuel, as such an 
installation allows a light, compact arrangement, with 
no boilers or boiler-houses, low auxiliary-power require- 
ments and low maintenance costs ; little cooling water 
is necessary—none, if an air-blast oil cooler is used. 
A gas turbo-alternator set of this type has been ordered 
by the Shell Petroleum Company, Limited, St. Helen’s 
Court, Great St. Helen’s, London, E.C.3, which is to be 
installed in one of the oilfields in the Maracaibo area, 
Venezuela, for long periods of continuous operation, 
burning natural gas, of which the approximate com- 
position, by volume, is methane, 84 per cent ; ethane, 
12 per cent.; and propane, 4 per cent. The turbo- 
alternator is being supplied by the Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester. The gas turbine is of the straight-through 
flow type; there is no heat exchanger. The axial-flow 
compressor has a compression ratio of 5 to 1. The tur- 
bine is coupled directly to the compressor, and runs at 
7,000 r.p.m., driving the alternator, through single 
reduction gearing, at 1,200 r.p.m. Flame-tube com- 
bustion chambers are arranged symmetrically about the 
compressor-turbine shaft. Assuming an ambient air 
temperature of 95 deg. F. and a pressure of 14-7 Ib. per 
square inch, the maximum continuous rating of the 
unit is 1,750 kW, with a turbine-inlet temperature of 
1,185 deg. F. The thermal efficiency at the generator 
terminals is 15 per cent. A 60-h.p. electric motor is 
provided for starting, and it is hoped to run the set up 
to full load, starting from cold, within 15 minutes. 
About 150 gallons per minute of cooling water will be 


required for the alternator air cooler and the oil cooler. 











MEASUREMENT OF DISCOMFORT 
GLARE IN BUILDINGS. 


In the course of a paper on “‘ Discomfort Glare and 
the Lighting of Buildings,” read before the Illuminating 
Engineering Society on January 10, the authors, 
Mr. P. Petherbridge and Mr. R. G. Hopkinson, 
pointed out that a recent trend in the lighting of 
buildings had been towards the provision of much 
higher levels of illumination. The benefit obtainable 
in this way might, however, be offset to a considerable 
degree by the glare created by the bright light sources, 
Glare had several effects on vision, which could be 
differentiated under the broad headings of disability 
and discomfort. So far, investigation of the latter 
effect had been restricted to limited fields; and, in 
particular, information regarding discomfort glare 
due to large light sources was lacking. 

In investigating this problem a method which had 
become known as the “ multiple criterion ” technique 
was employed. With this technique the discomfort 
from a glare source was assessed in terms of four recog- 
nisable criteria, a ‘‘ control experiment ”’ being used to 
determine the reliability of the observer and to measure 
the scatter of his observations. The apparatus com- 
prised a model room into which the observer looked 
and in which it was possible to control the brightness 
of the glare sources and their surroundings indepen- 
dently. By means of this apparatus, the influence of 
the brightness, intensity and apparent area of a glare 
source and of the general brightness of the surroundings 
on discomfort had been investigated and a single 
empirical formula had been derived, relating the 
brightness of the source and its background with the 
apparent area of the source and the degree of glare. 
It was found that a slightly less than proportional 
increase in the brightness of the surroundings was 
necessary to compensate for a given increase in source 
area, if a constant degree of glare was to be maintained. 
A considerably more than proportional increase in the 
surrounding brightness was necessary, however, to 
maintain this constancy when the brightness of the 
source was increased. Installations in which high 
values of illumination were obtained solely by the use 
of bright light sources were therefore unsuccessful. 

The effect of the shape of a source on discomfort 
glare had been examined, and it had been found that, 
under the same conditions of source and surround 
brightness, a long source, such as a fluorescent lamp, 
mounted horizontally, produced no more glare than a 
square source of equal area. A long source mounted 
vertically could, however, cause considerable glare. 
The effect on glare of the position of a source relative 
to the line of sight had been studied. It was found that, 
for displacements up to about 20 deg., there was only a 
slight variation in glare and no significant difference 
in the effect of equal horizontal and vertical angular 
displacements of the source. Considerable reductions 
in discomfort could be effected, however, by removing 
the source more than 45 deg. from the line of sight. 

The effect on discomfort glare of a number of sources 
in the field of view was found to be equivalent to that 
of a single source of the same total apparent area. To 
this extent, therefore, glare effects were additive. 
The variation of the brightness of the immediate 
surround to a glare source had also been studied. 
It was found that the glare was influenced both by the 
brightness and the width of this surround and that 
it was possible to reduce the glare from a source by 
selecting the brightness of the immediate surround. 
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ANNUALS AND REFERENCE BOOKS. 


Journal of the Institute of Metals.—The 74th volume, 
that for 1948, of the Journal of the Institute of Metals 
has recently appeared. It contains the minutes of 
the proceedings of the annual general meeting of the 
Institute, held in London on March 16, 17 and 18, 1948, 
the May Lecture meeting held on May 13, 1948, and 
the annual autumn meeting, held in Cambridge from 
September 14 to 17, 1948. In addition, the volume 
contains 31 technical papers, many of which were 
presented at the meetings held in 1948, together 
with verbatim reports of the discussions and cor- 
respondence on them. As our readers will recall, 
some of the papers have been reprinted in our columns 
in abridged form, while abstracts of others, with a 
shortened versions of the subsequent oral discussion, 
have been included in our reports of the various 
meetings of the Institute. The volume, which runs to 
over 800 pages, closes with obituary notices of leading 
members of the Institute who died in 1948, and with 
a name index. The published price of the book is 31., 
and copies may be obtained on application to the 
Institute, 4, Grosvenor-gardens, London, 8.W.1. 


Metallurgical Abstracts.—Issued as a companion 
volume to the Journal of the Institute for 1948, the 
15th volume of Metallurgical Abstracts (General and 
Non-Ferrous), also covering the year 1948, has been 
published by the Institute of Metals, 4, Grosvenor- 
gardens, London, 8.W.1. As is the case with the 
Journal, the present volume has been edited by Lieut.- 
Colonel S. C. Guillan, with Major W. G. Askew as 
assistant editor. It contains, in bound form, the 
abstracts of the metallurgical literature of the world 
prepared and issued, month by month, by the Institute 
between September, 1947, and August, 1948. The 
abstracts are set out under various sections dealing 
with such subjects as the properties of metals and 
alloys, structure, powder metallurgy, corrosion pro- 
tection, electro-deposition and electro-metallurgy, re- 
fining, analysis, laboratory apparatus, testing, tem- 
perature measurement, foundry practice, scrap metals 
and residues, furnaces, heat-treatment, working, 
cleaning and finishing, joining, and industrial appli- 
cations. The abstractors of periodicals and the re- 
viewers of books are members of the Institute, and 
most of them are well known in the metallurgical world. 
A name and a subject index are provided. The pub- 
lished price of the book is 3/. 


Standard Methods for Testing Petroleum and Its 
Products.—The tenth edition of this well-known work, 
describing the apparatus and procedure for determining 
physical and chemical properties of crude petroleum 
and its products, includes three new methods: an 
engine method of testing heavy-duty lubricants in 
relation to ring-sticking, wear, and accumulation of 
deposits ; an Institute of Petroleum research method 
for determining the knock rating (octane number) of 
motor fuels; and a method of assessing the corrosive 
tendencies of cutting oils in contact with cast iron. 
The main revisions are in the measurement of specific 
gravity; of asphaltenes in oil; of calorific value 
(re-named “heat of combustion”); sulphur deter- 
mination, now extended to include gas and Diesel oil ; 
temperatures at which viscosity tests by the Redwood 
apparatus are to be carried out ; thermometer specifi- 
cations ; salt content of crude oil; and determination 
of saponifiable matter. The Caterpillar L.1 test for 
Diesel-engine lubricating oils and a method for assessing 
corrosive tendencies of soluble lubricating and cutting 
oils are included. Several methods of distillation 
testing have been combined under one heading. 
Editorial revision of a few sections has been carried out 
to bring these into line with the standard format, 
and a start has been made with a policy of replacing 
tables with nomograms or graphical representation. 
Co-operation is maintained with the British Standards 
Institution and with the American Society for Testing 
Materials. A joint publication, with the latter society, 
of a Manual of Oil Measurement Tables is notified. 
Changes proposed for the 1950 edition are outlined and 
representations are invited. Work in hand by the 
Standardisation Committee, which is summarised, 
includes a programme of exposure tests on steel panels. 
An appendix gives the heating value of petroleum gases. 
The book is published by the Institute of Petroleum, 26, 
Portland-place, London, W.1, at 31s. 6d. post free. 





ANNUAL DINNER OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS.—Although polling day for the forthcoming 
General Election has been fixed for Thursday, Feb- 
ruary 23, members of the Institution of Electrical Engi- 
neers will be interested to learn that it has not been 
thought necessary to alter the date of the annual dinner. 
This function will, therefore, take place, as already 
announced, at the Connaught Rooms, Great Queen- 
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PORTABLE HARDNESS-TESTER. 


A DIRECT-READING hardness tester for rapid inspec- 
tion or production work, weighing only 14 lb., has 
been produced by Messrs. Snow, Deakin and Company, 
Limited, Bideford, North Devon; it is illustrated in 
Fig. 1, and a transverse section is shown in Fig. 2. 
The instrument has a spring-loaded hardened-steel 
conical indenter and a 2-in. diameter scale, which is 
normally marked from 100 to 440 Brinell, correspond- 
ing Rockwell or diamond pyramid scales being fitted 
if required. In use, handgrips on the side of the instru- 
ment are pressed downwards to lower the indenter so 
that its point penetrates into the surface of the material 
being tested under the action of a carefully-calibrated 
helical-spring exerting a constant load of 154 lb. The 
movement of the indenter into the material is magnified 
about 3,000 times by the well-established method of 
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displacing liquid from a container into a capillary 
tube ; the tube is supported in a recess and encircles 
the scale so that the final position of the liquid indicates 
the hardness value directly. 

The instrument has three main sections ; a cylindric- 
ally shaped base, a, serrated to rest on the material 
being examined, an indenter housing }, and a top 
section ¢ containing a liquid-filled chamber d leading 
to the capillary tube. The indenter housing is screwed 
into the top section, and is arranged to slide bodily 
in the bore of the supporting base; a helical spring 
e serves to lift the housing and to protect the indenter 
point when not in use, and another helical spring f 
is incorporated for bringing the housing hard i 
the surface of the material under test. At its top, 
the indenter column presses against a disc i 
on a nickel-silver diaphragm forming the base of the 
liquid-filled chamber; any axial movement of the 





street, London, W.C.2, at 7 for 7.30 p.m., on that day. 
s 





and magnified by the movement of the liquid in the 
capillary tube. 

A constant load of 15} Ib. is applied to the indenter 
by the calibrated helical spring g; this presses against 
a ring on the upper shoulder of the indenter column, 
so that the indenter point normally protrudes about 
0-005 in. through a 0-032-in. diameter hole in the 
base of a hardened-steel bush h, which forms an inter- 
ference fit in the lower part of the indenter housing. 
A screw i, is threaded in this bush and bears against the 
bottom shoulder of the indenter column to oppose the 
action of the loading spring to enable the protrusion of 
the indenter to be set; the setting is done by the 
manufacturer, and subsequently should not be altered. 
The base of the bush is slightly conical so that only 
the rim of the small hole makes contact with the 
surface under test. The instrument can be used on 
curved as well as on flat surfaces, provided the radius 
of the curve is not less than ¥ in. 

To take a hardness measurement, the handgrips j 
are lowered to compress the spring e until the spigot 
face of the outer casing is brought against the upper 
edge of the cylindrical base, that is, until the distance M 
is reduced to zero. This action lowers the spring f and 
the indenter housing to bring the hardened bush h 
against the surface of the material to be tested, after 
which, further lowering of the handgrips compresses 
the spring f to ensure a maximum pressure of about 
19 lb. between the surface and the bush. The point 
of the indenter then penetrates the surface under the 
action of the loading spring, though relative to the 
housing it is forced upwards against the 154-lb. load 
by an amount depending upon the hardness of the 
material. The movement of the indenter as it pene- 
trates the material, slightly compresses the diaphragm 
base of the liquid-filled chamber, thereby forcing liquid 
further into the capillary tube to indicate the hardness 
number. 

The circular scale can be moved to allow for changes 
in the position of the liquid due to normal variations 
in atmospheric temperature and pressure, and before 
taking a reading a zero mark on the scale is brought 
level with the end of the liquid. There is also a fixed 
datum line on the recess supporting the capillary, and 
if the end of the liquid is more than a } in. from this 
datum, it can be brought back by adjusting a small 
screw k underneath a removable cap in the centre of 
the scale ; this action moves a close fitting plunger | 
either upwards or downwards in the neck of the cham- 
ber, thereby forcing liquid from or into the capillary. 
This adjustment is needed only for abnormal atmo- 
spheric variations. The liquid is coloured green to 
facilitate reading and contains anti-freezing salts in 
solution. The indenter point cannot be subjected to 
a loading greater than 15} Ib. for, if the material is 
exceptionally hard and beyond the range of the instru- 
ment, the point is merely pushed upwards to the 
maximum extent of 0-005 in., and becomes flush with 
the hole in the indenter bush. 

The point of the indenter has a microscopic flat at its 
apex, the approximate shape of the conical section being 
shown by the enlarged view at the bottom of Fig. 2. On 
very soft surfaces, the maximum diameter of the inden- 
tation is approximately 0-006 in. and the maximum 
depth of penetration about 0-0032 in. It is claimed that 
the use of small indentations of this order is an advan- 
tage when testing small components as there is less 
danger of damaging their surfaces so seriously as occurs 
with the standard Brinell ball. The use of small inden- 
tations coupled with the low loading of 154 Ib. also helps 
to detect hardness differences over very small areas. 
Calibration is carried out by using master test pieces 
checked by the National Physical Laboratory, and 
having tolerances of + 3 per cent. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘‘ ANKING.”—Single-screw cargo vessel, to carry 
32 first-class and 1,000 steerage (96 berthed and 904 
unberthed) passengers, built and engined by Messrs. 
Scotts’ Shipbuilding and Engineering Company, Limited, 
Greenock, for The China Navigation Company, Limited, 
London, E.C.3. Main dimensions: 390 ft. (between 
perpendiculars) by 56 ft. 6 in. by 33 ft. to upper deck ; 
deadweight capacity, 4,705 tons on a draught of 21 ft. ; 
gross tonnage, 6,127. Scott-Doxford four-cylinder 
opposed-piston oil engine to develop 4,500 b.h.p. at 
115 r.p.m. and a speed of 15 knots in loaded condition. 
Trial trip, December 20. 


M.S. “‘ TURKIS.”—Single-screw cargo vessel, built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for Messrs. Edvin Endresen, Stavanger, Norway. 
Main dimensions: 205 ft. (between perpendiculars) by 
32 ft. 6 in. by 13 ft. 11 in.; deadweight capacity, 1,250 
tons on a mean draught of 13 ft. 7in. Mirrlees six-cylinder 
Diesel engine, to develop 730 b.h.p. at 300 r.p.m., supplied 
by Messrs. Mirrlees, Bickerton and Day, Limited, Stock- 
port, Cheshire. Speed on trial exceeded 10} knots. Trial 





column relatively to the housing is therefore indicated 


trip, January 12. 
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LABOUR NOTES. 


Tue probability that unemployment in British ship- 
building yards would increase during the latter part 
of this year or, at the latest, at the beginning of next, 
was referred to by Mr. James Gardner, general secretary 
of the Amalgamated Union of Foundry Workers, at a 
meeting, in Glasgow, of foundry operatives and other 
engineering employees from the Clydeside area, on 
January 29. He stated that it was already becoming a 
factor in the industry. The position regarding new 
orders was now a serious one and, unless the situa- 
tion improved, the volume of repairs in hand would 
decline to the normal pre-war level within the next few 
months. The result would be a very considerable 
reduction in the labour force employed in the repair 
section of the shipbuilding industry, and the remainder 
of the industry could not absorb all the employees who 
would become redundant. Everything depended upon 
new orders being obtained. Although the market was 
shrinking, the United States, Germany, Japan and 
other European countries were increasing their ship- 
building output. 


Some 3,000 operatives present at the meeting ap- 
proved the claims of the Confederation of Shipbuilding 
and Engineering Unions for an all-round increase of 
20s. a week for adult employees in the engineering 
industry, and passed a resolution pledging themselves 
to support any future action which the Confederation 
might decide to take to enforce their demands. It was 
stated that the unions concerned intended that the 
cost of the increase should come out of the enhanced 
profits which the engineering industry was alleged to 
be making. A member of the executive committee of 
the Amalgamated Engineering Union, Mr. David 
Forsyth, said that between 1946 and 1948 the gross 
profits in that industry had risen by 50 per cent. and 
claimed that that result was due to the improved pro- 
ductivity of the employees. Mr. Gardner stated that 
the purpose of wage restraint was to guard against 
inflation, but the issue of bonus shares by some con- 
cerns created an inflationary pressure which should 
receive attention from the proper quarters. 


A hint of the possibility of some measure of Govern- 
ment control over trade-unions, and a plea for internal 
discipline, are contained in the current issue of the 
Journal of the National Union of General and Municipal 
Workers. Mr. Tom Williamson, the Union’s general 
secretary, writes in his editorial that independent 
‘* grabbing ” by sections of the trade-union movement 
would inevitably result in the imposition of a wage 
policy by the State. If each section within the move- 
ment were to force its own independent claims irrespec- 
tive of the justifiable claim of other sections, and 
regardless of the general economic situation of the 
nation, a us ition would arise. It was in 
such a situation that interference by the State would 
take place. The alternative to a co-ordinated policy 
on wages, exercised by a free trade-union movement, 
was independent “‘ grabbing,” and that was to be con- 
demned. ‘A real democratic industrial movement,” 
Mr. Williamson writes, “ must exercise discipline and 
responsibility from within. Otherwise, it invites 
decrees and direction from without.” 


Wages showed a definite trend towards restraint 
during 1949, despite the claims for substantial increases 
sponsored by some of the leading trade unions. The 
average weekly net increase in full-time wages was less 
in that year than in any other since 1939. It was also 
a good man-power year in that the number of indus- 
trial disputes in progress during the twelve months 
was the smallest for any year since 1943. During 
1949, full-time rates of wages increased by an average 
of 1,073,7001. net weekly, and this was shared by 
5,198,500 workpeople, giving an average weekly 
increase of slightly over 4s. net each throughout the 
year. The net average weekly increase for 1948 was 
1,898,400/., divided between 7,757,000 persons, an 
average of nearly 5s. net each throughout the year. 


For previous years back to 1940, the average weekly 
net increase varied between 1,628,000/. in 1943, which 
was shared by 7,237,000 persons, and 2,901,300. in 
1946, which was shared by 7,980,000 persons. The 
Ministry of Labour Gazette for January, from which 
these figures are taken, gives the average weekly net 
increase for 1939 as 972,400/. and states that that sum 
was shared among 6,150,000 workpeople. It may be 
mentioned, however, that the figures for 1948 and 1949 
are not strictly comparable with those for earlier years, 
as particulars relating to Government employees and 
shop assistants were introduced into these statistics 
for the first time in 1948. 


About three-fifths of the average weekly increase in 
wages of 1,073,700/. in 1949, was accounted for by 
increases to workpeople employed in agriculture, 








textile manufacture, building and contracting, trans- 
port and communications, and the distributive trades. 
The engineering, shipbuilding and electrical-goods 
group of industries together received increases averag- 
ing 5,6001. weekly, which was shared between 57,000 
persons. In the metal-manufacturing industry, in- 
creases averaging 23,7001. weekly were distributed 
between 176,500 operatives. About 118,000 persons 
engaged in the production of metal goods, other than 
the foregoing, received increases amounting to 23,6001. 
weekly. Increases to 103,000 employees in the gas, 
electricity and water services averaged 37,1001. weekly, 
and those to 341,500 operatives in the transport and 
communications services ave 90,2001. weekly. 
Some 172,500 workpeople in the chemical and allied 
trades shared increases amounting to 38,3001. weekly. 
All the figures quoted in this paragraph are the esti- 
mated net increases in weekly wages in the industries 
and services mentioned. 


Some 353,000/., or 32-9 per cent., of the total weekly 
increases in wage rates received during 1949 were the 
result of awards by Wages Councils and statutory 
Wages Boards. Direct negotiations between em- 
ployers and employed, or their accredited representa- 
tives, accounted for another 280,100/., or 26-1 per 
cent., of the total. Arbitration and mediation resulted 
in increases aggregating 135,600/., or 12-6 per cent., 
while increases of 116,200/., or 10-8 per cent., arose 
under sliding-scale agreements based on the index-of- 
retail-prices figures. Increases amounting to 163,9001., 
or 15-3 per cent., were the result of decisions of Joint 
Industrial Councils. The remaining 24,900/., or 2-3 per 
cent. of the total, arose from the decisions of other 
voluntary bodies. 


The index number of weekly rates of wages for all 
employees, which was taken as 100 on June 30, 1947, 
when the index was commenced, stood at 107 on 
December 31, 1948, increased to 108 on January 31, 
1949, and to 109 on June 30, 1949, at which level it has 
since remained. For men only, the index figure stood 
at 107 on December 31, 1948, increased to 108 on 
March 31, 1949, and to 109 on October 31, 1949. For 
women only, the figure moved from 109 on December 31, 
1948, to 110 on March 31, 1949, to 111 on May 31, 1949, 
and to 112 on October 31, 1949. For juveniles, the 
index figure increased to 112 on July 31, 1949, at which 
evel it has since remained. 


More than one million workpeople had their normal 
weekly hours of work reduced, by an average o 
approximately 1} hours each, during 1949. The de- 
crease in normal working hours in that year was thus 
at a reduced rate compared with decreases in other 
recent years. Whereas during 1949 the normal 
weekly hours worked by 1,017,000 persons were 
decreased by a net total of 1,471,000 hours, the net 
reduction of hours during 1948 was 1,834,000, but 
only 616,000 persons were affected. During 1947, 
the reduction of normal weekly hours reached a weekly 
total of 18,429,000 net and 5,223,000 workpeople 
benefited, while, during 1946, the net reduction totalled 
5,719,000 hours weekly and 2,128,000 persons were 
affected. The reduction of normal weekly hours 
throughout industry generally, from 47 or 48 hours a 
head to a level of about 44 hours a head, which began 
at the end of 1945, now appears to be reaching its 
completion. 


Industrial disputes in the United Kingdom, during 
1949, resulted in the loss of some 1,808,000 working 
days at the establishments where the stoppages 
occurred, according to statistics compiled by the 
Ministry of Labour. The number of disputes which 
commenced during 1949 was 1,423, and some which 
commenced during the previous year were still in 
progress. Some 434,000 workpeople, or rather less 
than 2 per cent. of the total population engaged in civil 
employment, were involved in strikes in progress 
during the year, and these employees lost an average 
of five working days each during the twelve months. 
The total number of stoppages which commenced 
during 1948 was 1,759 and the number of working 
days lost, in all strikes in progress in that year, was 
1,944,000. Some 426,000 employees were affected by 
the year’s strikes. 


Strikes in the engineering, shipbuilding and ship- 
repairing, and iron and steel and other metals industries 
accounted for nearly one-sixth of all the time lost by 
industry in 1949. The Ministry report that there were 
no stoppages involving very large numbers of em- 
ployees in this group of industries, but more than 
50,000 working days were lost by some 3,000 operatives 
in a demarcation dispute in a shipyard during November 
and December. Nearly 30,000 working days were lost 
in January and February by some 2,000 aircraft- 
engine personnel iu connection with the discharge of an 
employee who refused to work while a job was being 
timed for rate-fixing. 
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CONSIDERATIONS IN THE 
OPERATION OF AN OVERSEAS 
MAIL SERVICE,* 


By James Gray, C.B.E., B.Sc. 


Tue ships of an established mail service are the 
offspring of separate traditions of shipowner and 
shipbuilder. As in other fields of human endeavour, 
tradition prevents egregious error, but its controi is 
deadening in the absence of constant review and 
refreshment. The shipbuilder is the leader in technical 
advancement. The shipowner has to assess the effect 
of that technical advancement upon the economy of 
his service. A ship designed for all purposes is 
economical in none. Nature of cargo reacts upon 
hatch dimensions, and upon the number and capacity 
of winches and derricks. The hatch dimensions, in 
turn, react upon the space available for passengers. 
Improvement of accommodation for the crew has, 
in recent years, involved heavy impingement upon 
passenger space with consequent reduction in earning 
capacity. During the past decade, the average space 
for each member of the crew has, in some cases, 
increased by over 50 per cent. The proportion of 
gross tonnage allocated to the crew may approach 
10 per cent. of the whole. In contrast with the 
passenger liner, the cost of the extra provision in a 
cargo vessel is confined to that of construction: it 
has little effect upon earning capacity. 

Particular — directs to overall capacity of 
the ship and to dimensions of beam, depth, and draft 
in relation to length. These react upon stability and 
its changes in the course of the voyage, as fuel and 
fresh water are spent each day at the rate of some 
hundreds of tons from the lower parts of the ship, thus 
lifting the centre of gravity of the whole, and reducing 
the stability. Minimum change in metacentric height 
is desired in order that the ship shall not be too stiff on 
departure, and to ensure that statutory requirements 
are maintained in the “spent” condition on arrival. 
Statutory control of buoyancy after damage developed 
after the loss of the Titanic in 1912. Development 
has been national and international. At each stage, 
development conflicts with short-term economy. 
Compromise is essential in progress. The aim of 
statutory control has been more definite than the inter- 
preting rule, and than the framing of these rules in 
such form that they may be effectually implemented 
by shipowner, and shipmaster, from day to day. 
The purpose is that the effect of consequent flooding 


f | shall not result in submersion of the bulkhead deck, 


and that, in the damaged condition, the ship shall 
retain sufficient stability to permit the lifeboats to 
be launched. The calculations are complex, extensive, 
and only approximate in the early stages of design. 
Final calculations are available only when the ship 
is completed. 

Requirements for this major feature of safety 
reached a further stage in the outcome of the Inter- 
national Safety Convention, held in London in 1948 
under the chairmanship of Sir John Anderson. Main- 
tenance of stability requires sea-water ballast to com- 
pensate the effect of spent fuel and fresh water. 
Separate provision of ballast capacity involves corre- 
— increase in the capital cost of the ship. 

he alternative is to fill the spent bunker or fresh-water 
tanks with sea water. Bunkers, especially if in the 
double bottom, cannot be completely emptied prior 
to use for ballast. Removal of sludge emulsification 
involves delay, and heavy and sordid labour in port, 
before the bunkers are fit to be refilled with fuel for the 
ensuing voyage. Failure to remove residual salt reacts 
adversely upon fuel burners and boiler brickwork of 
steamers, or upon the oil purifiers and fuel pumps and 
valves of Diesel engines. The price is heavy. The 
cost is augmented by increase of oil residue, the 
discharge of which is controlled by stringent regulation. 

It is preferable to confine alternative e to 
the ship’s fresh-water tanks and to allocate these tanks 
appropriately for trim, and for access for cleaning in 
port. Cement wash, easily and quickly renewed, 
provides a suitable coating for a tank, the purpose 
of which is solely to carry fresh water. It provides 
poor protection against the corrosive action of salt 
water. For the dual purpose, bitumen protection is 
more durable. Application of spirit solution is less 
costly than that of hot bitumen, but the solvent 
must be completely evaporated before the tank is 
filled, otherwise bitumen and spirit will contaminate 
the water. With proper care, the water is clearer and 
purer than that from a cement-coated tank. At the 
end of the voyage, all traces of salt water can easily be 
removed by hose and pump. 

The shipbuilder conceives speed in relation to trial 
performance in fair weather, the shipowner as schedule 
performance on the particular route. Relating the 





* The 22nd Thomas Lowe Gray Lecture, delivered at 
the Institution of Mechanical Engineers, London, 8.W.1, 
on Friday, January 20,1950. Abridged. 





33 1950. : 





FEB. 


trial result to the working schedule involves several 
factors. Considerations of cost and time direct that 
trials are almost invariably run with deadweight 
limited to fuel, fresh water, and ballast. Resistance, 
count of difference between load draft and trial 


on at 

draft only, may for the same speed be greater by 25 to 
30 per cent., with consequent effect upon the relation 
of engine torque and power, and in its reaction upon 
propeller efficiency. Effects of adverse weather, 
marine growth, and machinery deterioration require 
further allowance if service speed is to be maintained. 


Coal has no place in the passenger liner to-day. 
Adverse features in its use are delay and inconvenience 
of bunkering ; transport of coal from bunkers to boilers, 
through watertight doors and other openings, with 
its influence against effective subdivision; radical 
increase in the number of stokehold crew; and the 
passing art of hand firing. Pulverised coal and 
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stations. Low standby losses and prompt mancuvre 
with full torque have caused Diesel machinery to find 
favour in place of turbines in certain cross-channel 
services. Development of the Diesel engine has been 
primarily in reduction of weight and in space occupied, 
consequent upon change from four-cycle to two-cycle 
and from single- to double-acting engines, thus extend- 
ing the field to relatively fast and aah 8a ships. 
Since their introduction, there has been little improve- 
ment in specific fuel consumption. Revolutions 
appropriate to the Diesel engine over a wide range are 
appropriate to a propeller with a ratio of pitch to 
diameter high in the propeller efficiency range. Except 
where the speed of the vessel is low and the power is 
high, as in tugs, there is no need for indirect drive. 
The efficiency of turbines of practical design requires 
revolutions twenty times, or more, higher than those 
appropriate for an efficient propeller. Single-reduction 


mechanical firing have earned little favour in ships, | gearing provided great improvement, and further 
in spite of wide application in power stations. Variation | advance was made by the introduction of double- 


in quality of coal, and in the efficiency of combustion, | reduction gearing. 


Serious secondary faults appeared 


are greater than corresponding variations in the quality | and double-reduction gearing lost favour without 
and in the combustion of oil. Much has yet to be done | proper inquiry into the cause of the faults, until its 


before the necessary reliability is proved to justify gas 
turbines in a passenger liner, and before the gas turbine 
can equal the Diesel engine in fuel economy. Both re- 
liability and efficiency offer high promise for the future. 


| 
| 


successful revival during the past few years. Increase 
of steam pressure and temperature, regenerative feed 
heating and other thermal improvements have com- 
bined with improvement in propeller and turbine effi- 


The choice of propulsion for the passenger liner | ciencies to reduce propelling fuel consumption to-day 
to-day lies between the steam turbine with mechanical | to about one-half of that of earlier turbine vessels. 
gearing, turbo-electric, and direct Diesel propulsion. | 
The Diesel-electric alternative is omitted because it | turbine installation exceeds that of the Diesel by 50 to 
promises little peculiar benefit in other than special 60 per cent. For the present, the relation appears to 


types. 


Features which influence the choice of machi- | be relatively stable. 


The fuel consumption of a modern marine steam- 


The extra cost of Diesel fuel on 


nery are reliability and continuity in service ; economy | many routes, and the additional lubricating-oil consump- 
in the cost of fuel; space occupied by, and weight of, | tion, cancel the benefit of the higher thermal efficiency 


bunker fuel; capital cost; and cost of maintenance. | of Diesel machinery. 
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As the features have no common denominator, they | the advantages of Diesel propulsion in place of steam 
cannot be accurately measured in order of importance. | turbines will depend primarily upon lower cost of 


They call for different assessment, respectively, in 
naval and mercantile design. There is no measure of 
financial profit in naval economy, but the merchant 
service, planned for peace, operates for profit. 

Speed is the prime object in warship design. Relia- 
bility has great import, but continuity in service is 
not the prime consideration. Withdrawal for refit, even 
in war time, is normal. A passenger liner is required 
to operate to a schedule fixed for long periods ahead. 
Economy in capital investment demands uninterrupted 
service as the first consideration, and that periods in 
port are controlled only by the time required for 
discharge, dry-docking, and loading. The need for 
uninterrupted service involves conservative approach 
to technical advance. Economy in weight lags 
behind that of the warship and economy in fuel behind 
that of the generating station. A spare machine 
provides against breakdown in the latter; capital 
charges prevent provision of a spare ship. 

In the first decade of the present century, the steam 
turbine was established. Some few years later, the 
Diesel engine followed. Each brought radical change 
after a long period in which the greatest disturbance 
had been development successively in compound, triple- 
expansion and quadruple-expansion reciprocating 
machinery, with appropriate increase in boiler pressures. 
The turbine increased power in relation to space and 
weight, with consequent remarkable increase of speed. 
The effect upon naval design was urgent and prompt. 
Benefit in the merchant service was limited to routes 
where speed was more important than fuel consumption. 

The Diesel engine provided a radical reduction in 
fuel consumption. The weight of oil fuel required 
was about one-fifth that of the coal required for the 
normal steam engine of the time. Its application 
was, and still is, particularly appropriate to lower 
powers, and relatively long distances between bunkering 





bunkers. Absolute and relative costs of Diesel and 
boiler fuels have varied greatly in recent years, and 
between one area and another. The dotted line in 
Fig. 1, herewith, shows the ratio in prices per ton of 
Diesel and boiler fuels in United Kingdom ports since 
1925. Parity in total cost of bunker fuel and lubricat- 
ing oil as between Diesel machinery and a modern 
high-efficiency steam installation is assumed at the 
price ratio of 1-6:1-0. The full line shows the 
corresponding saving in the cost of Diesel bunkers for a 
round voyage of 12,000 miles at 20,000 h.p. Seven 
such voyages may be made in the course of a year. The 
benefit in service is augmented by the lower standby 
losses and lower consumption in port. Further sub- 
stantial benefit is promised by the use of boiler fuel in 
Diesel machinery. 

Coincidently with the reduction in fuel consumption, 
the modern water-tube boiler has reduced the space 
required for steam to the extent that, in the compe- 
titive range in powers from 5,000 to 25,000 shaft horse- 
power and speeds of 15 to 20 knots, the space occupied 
is approximately equivalent. The steam plant is of 
less weight, but that saving is generally more than 
offset by the extra weight of, and additional space 
occupied by, bunkers on the longer routes. Conversion 
loss in mechanical gearing may be taken as about 
2 per cent. Loss in electric transmission may be an 
additional 5 per cent. A valuable offset against the 
additional loss is the elimination of astern turbines. 
Electric transmission favours a more efficient turbine 
on account of higher revolutions. It offers more 
favourable conditions for reheating the steam in the 
cycle, an economy proved in power stations, but so far 
not widely used in marine engineering. Electric trans- 
mission provides full astern power, or rather, equivalent 
astern and ahead power. The need for constant adjust- 
ment of evaporation and superheat in water-tube 





boilers during manwuvre makes it possible to provide 
only a fraction of full power in response to the varying, 

oreseen, and brief requirements from the bridge. 
Electric transmission provides better economy at 
fractional speeds, but the importance of this particular 
benefit is generally small in overall economy. Factors 
against turbo-electric machinery are greater space, 
weight, and cost. 

Reheat in conjunction with astern turbines, which 
are essential with normal mechanical gearing, has little 
favour. It may be accepted that, without reheat, the 
overall fuel consumption for turbo-electric machinery 
will be slightly higher than that for geared turbines 
without reheat, and that, with electric transmission 
and reheat, consumption will be slightly lower. The 
difference is small, perhaps 2 per cent. each way, on 
a fuel cost which, before devaluation in September, 
1949, might lie between 15 and 20 per cent. of the whole 
cost of the service. Since devaluation, adjustment of 
fuel oil prices has increased that percentage so that 
to-day it may be over 25 per cent. There appears to 
be small return for the additional cost and space. 

Diesel machinery, if operated with proper care, 
provides high reliability in maintenance of service. 
Proneness to fatigue from mechanical and heat stresses 
demands continued vigilance from designer, con- 
structor, and operator. Wear is a direct consequence 
of operation, and occasional failures are still unavoid- 
able. If proper provision has been made for spare 
parts, there is little difficulty in making the necessary 
renewals at the home port without incurring delay. 
The cost is confined to that of renewals and repairs. 
If design, construction, and operation of water-tube 
boilers and turbines are of highest grade, wear and 
tear, and failure, are not inevitable consequences of 
operation. In contrast with Diesel machinery, upkeep 
cost of boilers and turbines may under skilled operation 
be confined to that of periodic examination, renewal 
of brickwork, and regular cleaning of boilers on fireside 
and water-side. Yet failures from one cause or another 
do occur, and repair of water-tube boilers and turbines, 
if faults are serious, is apt to take longer than the 
simple replacement of parts in a Diesel engine. 

Given equivalent and competent skill in design, con- 
struction, and operation, the routine upkeep cost of 
internal-combustion machinery will exceed that of 
steam turbines and boilers. Wear and tear in internal- 
combustion machinery, though controllable and widely 
variable, is inevitable; each revolution makes its 
contribution to wear, and each start with cold air 
provides rapid change in heat gradient with conse- 
quent change in thermal stress and eventual tear. 
Fault in operation of a modern steam plant leads to 
prompt and obvious consequences. The effect of 
inexpert overhaul and operation of Diesel machinery 
is less obvious in the early stages, but deterioration 
proceeds with acceleration. Maximum power output 
diminishes at a greater rate with the internal-com- 
bustion engine. The engine must be kept sharp in 
its action by efficient fuel pumps correctly timed, and 
by efficient piston rings to ensure full compression, 
otherwise exhaust and cooling-water temperatures rise. 

The need for efficient piston rings is shown by the 
numerous variations of the original Ramsbottom ring 
and of the number required. It may be suggested 
that if, in a series of piston rings, each is to share the 
load, each must permit some leakage. Alternatively, 
if one ring of a series is a seal, that ring will take the 
whole load. It may be questioned whether rings of 
more fragile construction, designed to prevent leak- 
age completely at the butting ends, are justified. 
Personal experience favours a robust ring of simple 
construction and limited leakage at the butt, with 
consequent distribution of pressure over the series of 
rings. Ineffective piston rings constitute one of the 
major causes of fires in scavenge air belts and manifolds 
of two-cycle engines. Cylinder lubrication should be 
generous, but oil leakage to the blower from the rotor 
bearings must be avoided. Cleanliness is essential in 
prevention of fires. 

(To be continued.) 





CANADIAN JET-PROPELLED FIGHTER AIRCRAFT.— 
The first jet-propelled fighter aircraft to be designed and 
built in Canada successfully completed its taxying trials 
on December 30, 1949, and made its first flight, of 20 
minutes, on January 19. This aeroplane, the CF 100, is 
built by Messrs. A. V. Roe (Canada), Limited, Malton, 
Toronto, Ontario, and is propelled by two Rolls-Royce 
“ Avon ” jet engines, each developing 6,000 Ib. static 
thrust. Later aircraft will be fitted with Avro (Canada) 
* Orenda ” jet engines. The CF 100 is a low-wing mono- 
plane designed for all-weather long-range duties; the 
jet engines are installed in conventional wing nacelles, 
the thrust line being higher than the wing. A retractable 
tricycle undercarriage is fitted, all units being of the 
twin-wheel type. The tailplane is set about midway 
up the tail fin, to clear the jet exhausts. No details of 
the construction or performance of the aeroplane have 
been released for publication, 
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MODERN METALLURGY OF CAST 
IRON,* 


By H. Morroas. 


As INDICATED by its name, cast iron is a material 
used for the most part in the as-cast condition. The 
properties of cast iron are largely dependent upon those 
changes which occur during the solidification process. 
The way the solidification process proceeds is respon- 
sible for determining the mechanical properties of the 
resultant material. The solidification process in cast 
iron is very complex and still very incompletely under- 
stood, and can proceed in a variety of ways, all of 
practical and theoretical interest. This paper is 
confined to the theoretical side in an attempt to show 
how recent research and recent ideas influence our views 
on the metallurgy of the solidification process in cast 
irons. 

Cast irons are essentially iron-carbon-silicon alloys. 
Some cast irons may contain as much as 1 per cent. of 
phosphorus, in which case they should at least be 
termed iron-carbon-silicon-phosphorus alloys. To some 
extent the changes occurring during the solidification 
of cast irons may be referred to the iron-carbon-silicon 
or the iron-carbon-phosphorus ternary equilibrium 

i Both of these diagrams, however, are imper- 
fectly understood and many of the solidification pheno- 
mena in cast irons take place under non-equilibrium 
conditions, and so the possibility of defining the solidi- 
fication process in cast irons by reference to the frame- 
work of equilibrium or constitutional diagrams is 


In much of the literature, cast irons are described by 
reference to the iron-carbon equilibrium di m. 
Sometimes this diagram is portrayed as the so-called 
stable diagram involving only liquid metal, graphite 
and solid solutions of carbon in iron as the principal 
phases. In other cases, the iron-carbon equilibrium 
diagram is set out as the so-called ‘‘ metastable ” dia- 
gram in which the principal phases are liquid metal, 
iron carbide and solid solutions of carbon in iron. 
Now, obviously, either of these methods of representa- 
tion are unsatisfactory because usually both free 
carbon and iron carbide occur side by side in the same 
sample. In the cooling of an iron casting some of the 
phase changes take place according to the so-called 
metastable system. In a normal engineering cast iron, 
for instance, the solidification process takes place with 
the formation of graphite flakes, that is, according to 
the stable system, whereas the austenite matrix usually 
transforms to pearlite and so this latter transformation 
takes place according to the metastable system. All 
this goes to show how extremely difficult it is to set a 
rational background for the consideration of the solidi- 
fication processes in cast iron. 

Cast irons are frequently described as “‘ eutectiferous 
alloys.” In white cast irons the eutectic consists of 
iron carbide and austenite. In grey cast irons the 
eutectic may consist of graphite and austenite. The 
binary equilibrium diagram for iron-carbon alloys shows 
that the eutectic occurs at approximately 4-23 per cent. 
of carbon. Now cast irons are never true binary alloys 
and, as noted previously, they are essentially iron- 
carbon-silicon-phosphorus alloys. The elements silicon 
and phosphorus cause the carbon content of the 
“eutectic” to decrease. As a very rough guide, the 
carbon content of the eutectic is given by the formula 
Per cent. carbon = 4-3 — 4 (per cent. S + per cent. P). 


Alloys containing less carbon than that indicated by this 
formula are said to be hypo-eutectic, and alloys con- 
taining more carbon than indicated by this formula are 
said to be hyper-eutectic. It is supposed that hypo- 
eutectic alloys begin their solidificatiou process by the 
deposition of primary austenite dendrites from the 
liquid, and that this process continues until the eutectic 
point is reached when we have a simultaneous deposition 
of austenite and iron carbide in the case of white cast 
irons, and austenite and graphite in the case of grey 
cast irons. Similarly, for hyper-eutectic alloys it is 
generally assumed that we have a deposition of iron 
carbide at the beginning of solidification in the case of 
white cast irons, and a deposition of graphite in the case 
of grey cast irons. This deposition continues until the 
eutectic concentration is reached when again we should 
have austenite and iron carbide formed simultaneously 
in the case of white cast irons, and graphite and austen- 
ite formed simultaneously in the case of grey cast irons. 
This would appear at first sight to be a nice tidy picture 
ot the way cast irons solidify. Tidy as it may be, it is 
far from complete and accurate. 

In this representation of the way cast irons solidify 
we have been dealing with the complicated alloy cast 
iron which usually contains at least four elements in 
major proportions and may contain many more, and 
we have been referring it to a binary equilibrium or 


* Contribution from the British Cast Iron Research 
Association, read before the West of Scotland Iron and 
Steel Institute, Glasgow, on Friday, December 16, 1949. 
Abridged. 
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constitutional diagram. It is probably here that we 
first begin to go wrong in our assessment of the way 
cast irons solidify. Even before we get this far it 
should be pointed out that the hyper-eutectic phase 
shown in the metastable system, that is, iron carbide, 
is rarely, if ever, obtained in iron-carbon-silicon alloys 
except when the alloy is either very rapidly cooled or 
contains in addition an appreciable portion of some 
carbide-stabilising element such as chromium or man- 
ganese. 

It appears that all hypo-eutectic iron-carbon-silicon 
alloys and hyper-eutectic iron-carbon-silicon-phos- 
phorus alloys containing up to at least 3 per cent. of 
phosphorus deposit graphite as the first phase directly 
from the liquid, whether the eutectic consists of graphite 
and austenite or of iron carbide and austenite. It 
is usual in elementary text-books to indicate the 
structure of white cast irons with reference to the 
binary equilibrium diagram and to show a hyper- 
eutectic alloy, as seen in Fig. 1, above. (As is the 
case with all the other microphotographs reproduced 
in this paper, the specimen has been etched with 
picric acid.) The structure shown in Fig. 1, however, 
cannot be obtained in pure iron-carbon, iron-carbon- 
silicon alloys or cast irons, except by very rapid 
cooling or by adding a suitable carbide-stabilising 
element. 

The concept of cast irons as eutectiferous alloys 
presupposes that they contain a eutectic. As far as 
hypo-eutectic white cast irons are concerned, this con- 
cept is. reasonably accurate provided the phosphorus 
content of the alloy is very low, say below 0-1 per cent. 








Fie. 4. UNDERCOOLED GRAPHITE IN A 
Grey Iron. x 60. 


Under these conditions we obtain a primary deposition 
of austenite in the form of dendrites occurring over a 
range of temperature, followed by an apparently 
simultaneous and isothermal deposition of iron carbide 
and austenite. This agrees very well with the binary 
equilibrium diagram concept of solidification, and the 
microstructure of such a hypo-eutectic white cast iron 
is in agreement with this concept. In general, the 
simultaneously deposited austenite and iron carbide 
have a typical eutectic-like appearance and are fre- 
quently referred to as ledeburite. This structure is well 
known and so it is not necessary to illustrate it here. 
When, however, the phosphorus content of a white 
cast iron is raised to something over about 0-1 per 
cent., the eutectic-like appearance of the structure 
disappears and, instead, we obtain primary austenite 
dispersed through it, as is shown in Fig. 2. Here we 
have a structure not predicted by the binary equili- 
brium diagram. The eutectic structure may be said 
to be degenerated. 

Degeneration of eutectic structures is quite a conmon 
occurrence. Generally speaking a eutectic structure is 
characterised by having a continuous phase, and a dis- 
persed phase distributed through the continuous phase. 
The dispersed phase may be globular or lamellar or of 
some other form according to the particular eutectic. 
Usually the continuous and dispersed phases of a 
eutectic remain as such, regardless of the primary 
phase co-existing with the eutectic. Normal degenera- 
tion of a eutectic can occur, particularly at compositions 
near those of the primary phases, and then the corre- 
sponding phase of the eutectic crystallises on the 
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primary phases leaving an excessive amount of the 
second phase in the eutectic. Degeneration of a 
eutectic can take place on both sides of the eutectic 
point but it seems to occur more readily when the dis- 
persed phase corresponds to the primary phase. As 
an example of a degenerate eutectic we may take 
that shown in Fig. 3, opposite, which illustrates 
the structure of a pure iron-phosphorus alloy con- 
taining 8-5 per cent. of phosphorus. The _ iron- 
phosphorus system shows a eutectic occurring at 
10-5 per cent. of phosphorus and 1,050 deg. C. With 
phosphorus contents below 10-5 per cent. the primary 
phase consists of alpha iron containing dissolved 
phosphorus, and with alloys containing more than 10-5 
per cent. the primary phase consists of iron phosphide. 
The autectic consists of alpha iron and iron phosphide, 
and the iron phosphide is the continuous phase and 
the alpha iron is the dispersed phase. In Fig. 3, areas 
can be seen where there is no alpha iron dispersed 
through the Fe,P. 

This represents a normal case of degeneration of the 
eutectic and it occurs, presumably, because the alpha 
iron of the eutectic is deposited on the primarily formed 
alpha dendrites. Degeneration of this type can occur 
in varying degrees of completeness in pure binary 
alloys. However, in the case of the hypo-eutectic 
white cast iron containing a small amount of phos- 
phorus, illustrated in Fig. 2, the degeneration appears 
to be due to the presence of phosphorus and to the 
fact that phosphorus has an important effect on the 
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gated this subject in the laboratories of the British 
Cast Iron Research Association and Williams, of the 
same Association, has shown that sulphur can have an 
effect somewhat similar to that of phosphorus. Com- 
plete accounts of the work of these two investigators 
will shortly appear. At the moment, it is sufficient 
to point out that iron-carbon-silicon alloys with 
small amounts of phosphorus and sulphur depart 
considerably from the ideal represented in the binary 
iron-carbon equilibrium diagram even as far as eutectic 
crystallisation is concerned in white cast irons. 

When we turn to grey cast irons, the eutectic struc- 
ture becomes far more complex. In grey cast irons 
the graphite present is frequently in the form of fairly 
large flakes or lamella. Even when the iron is hypo- 
eutectic in composition, the graphite may still be in the 
characteristic flake-like form. This flake form of 
graphite will, in hypo-eutectic irons, originate from the 
so-called “‘ eutectic,” yet it has a quite “ uneutectic- 
like ” appearance. The problem of how flake-graphite 
forms in cast irons is at the root of the whole problem of 
the solidification of cast irons. One of the difficulties 
in understanding the flake graphite structure in cast 
irons is the general tendency to try to interpret the 
structure in terms of the binary iron-carbon equilibrium 
diagram. The flake graphite structure in hypo-eutectic 
grey cast irons originates from a so-called “ eutectic ” 
but it is a “‘ eutectic ’ in at least a ternary system. It 
is not a binary eutectic but, more accurately perhaps, 
a binary complex in a ternary or more complex system. 
Such binary complexes are frequently referred to as 


= 


binary “ eutectics,” and since that terminology is most 
likely to be understood it is used here. 

Little is known about the general way in which 
binary eutectics solidify in ternary s - In the 
general ideal case of a ternary system bounded by three 
simple binary eutectiferous systems, it is assumed that 
a primary phase is first deposited directly from the 
liquid, and that this crystallisation is followed by a 
crystallisation of a binary eutectic which involves the 
simultaneous deposition of two phases over a range of 
temperature until -the ternary eutectic is reached. 
Little is known, also, about the way the so-called binary 
eutectic solidifies in such a ternary system and it 
appears that the two phases of the binary eutectic may 
not be deposited simultaneously in alternating lamelle 
or globules as is usual in the true binary eutectics in 
binary systems. 

Thus, it appears that one of the difficulties in under- 
standing the formation of flake graphite in grey cast 
iron is that it is usual to consider the alloy in terms of a 
binary equilibrium diagram. Without expanding the 
point further for the moment, let it suffice to say that 
if solidification is considered in terms of a ternary 
diagram it may not be unexpected or strange that the 
binary complex or binary eutectic has an uneutectic-like 
appearance in grey cast iron. 

The position with regard to grey cast iron is, how- 
ever, even more complicated than this preliminary con- 
sideration indicates. For the last 15 years it has been 
recognised that the graphite in grey cast irons can exist 
in one of two forms or structural arrangements. In 
the one form we have the familiar normal flake-graphite 
structure, and in the other form we have a finely-divided 
graphite structure frequently referred to as supercooled 
or undercooled graphite. This undercooled graphite 
has a eutectic-like appearance as is shown in Fig. 4, 
opposite. As a result of considerable experimental 
work carried out by many different investigators, it has 
been established that the following factors contribute 
to the occurrence of undercooled graphite in cast iron : 
rapid cooling; superheating of the molten metal 
before casting ; the presence of titanium or zirconium 
in the metal ; and bubbling carbon dioxide or nitrogen 
through the metal, particularly if the metal contains 
titanium or zirconium. 

The following factors are known to assist in the 
formation of the normal flake-graphite structure : 
|the presence of sulphur in iron-carbon-silicon alloys ; 
|inoculation of the molten metal before casting with 
|earbon or a silicon-containing material such as ferro- 
| silicon or calcium silicide; treatment of the molten 
|metal with aluminium; treatment of the molten 
| metal with hydrogen ; and avoidance of superheating 
| Other factors may be added to these lists but at any 

rate they cover the principal points. None of the 
| factors in either case is always positive in its effect, but 
| it is true to say that there is a tendency for them to 
jhave the effects indicated. Undercooled and flake- 
| graphite structures can be obtained in irons of the same 
| nominal composition. In fact, they can be obtained in 
the same sample if its rate of cooling varies from spot 
to spot. Flake-graphite grey cast irons are much less 
susceptible to chill than are undercooled-graphite grey 
cast irons. It is known that in irons of similar com- 
positions the “eutectic” arrest is higher for flake- 
graphite cast irons than for the undercooled-graphite 
cast irons. It is for this reason that the terms “‘ under- 
cooled ” and “ super-cooled ” have been applied to the 
latter type of graphite formation. 

The fact that the graphite in grey cast irons and iron- 
carbon-silicon alloys can occur in these two forms is 
not at first particularly surprising, since it is known 
that undercooling can occur quite readily in metallic 
alloys and that undercooling is exhibited in many 
eutectiferous systems. The real point of interest is 
how the various influences decide whether the graphite 
shall be of the normal flake variety or of the under- 
cooled variety. Close investigation of the solidification 
process for these two types of graphite structure has 
revealed that the situation is not quite so simple as was 
originally thought. For instance, by cooling-curve 
and quenching experiments it appears that in normal 
flake-graphite cast irons the graphite forms directly 
from the liquid. Some would say that these irons 
solidify according to the stable system. On the other 
hand. it has been found that undercooled-graphite irons 
solidify as white cast irons, and that shortly after 
solidification the iron carbide formed during solidifica- 
tion decomposes to give undercooled graphite. Fig. 5. 
above, shows the structure of an ingot quenched 
immediately after solidification ; it would have given 
an undercooled graphite structure if it had been allowed 
to cool normally. This sample has the structure of a 
white cast iron. Here we have a seemingly unique 
case of undercooling. Probably this type of under- 
cooling is made possible only by the metastability of 
iron carbide. 

It is now generally agreed that, for the production of 
flake-graphite cast irons, certain nuclei must be present 
in the melt to initiate the crystallisation of the graphite, 
and conversely that these nuclei must be removed 
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or rendered ineffective for the production of under- 
cooled graphite. Now nuclei may be of two types, 
indigenous and exogenous. In general, the indigenous 
nuclei will be lattice residues of ‘‘ imperfectly ” dissolved 
solid phases which are only finally destroyed by super- 
heating of the molten metal or by holding the metal 
molten for a prolonged period. It is possible, for 
instance, when a piece of grey pig iron is re-melted, 
that very small particles of graphite, each representing 
perhaps only a relatively few atoms of carbon, remain 
linked together as graphite and do not dissolve in the 
molten metal except on superheating. These indigen- 
ous particles can function as nuclei for crystallisation 
of graphite flakes. It is possible that similar graphite 
nuclei could originate in molten cast iron by melting 
in contact with coke. 

There seems to be some very indirect evidence that 
certain exogenous nuclei have an effect on the solidifi- 
cation of cast iron, and much of the literature on this 
subject is coloured by reference to non-metallic inclu- 
sions and the like, which would be exogenous nuclei. 
So far we have no definite proof of the existence of these 
non-metallic exogenous nuclei. It is generally assumed 
that these foreign nuclei are oxides or silicates and that 
certain treatments which can be applied to the molten 
metal produce these foreign nuclei or increase their 
number and so give coarse flake graphite, and that other 
treatments which can be applied to the molten metal 
decrease their number or cause them to dissolve or 
change them chemically and so produce undercooled 
graphite. Except on the supposition that foreign 
nuclei are present in molten cast iron, it is difficult to 
picture the precise effect of titanium and zirconium, for 
instance, to produce undercooled graphite and sulphur 
and aluminium in promoting the tendency to give 
flake graphite. However, the relation between these 
hypothetical exogenous nuclei and the formation of 
graphite is not yet a proven fact. The only nuclei 
which can be expected with any degree of probability 
are the indigenous nuclei, of which graphite is likely 
to be the most important. 

In connection with the graphite-refining effects of 
titanium and zirconium, it is important to note that 
they only have this effect when they are present in the 
microstructure as the carbides TiC and ZrC. Only 
when there is sufficient manganese to balance the 
sulphur can these elements occur as carbides. With 
insufficient manganese to balance the sulphur their 
respective sulphides are formed and coarse flake graphite 
tends to be obtained. 

Graphite itself is known to have a strong nucleating 
effect on the eutectic crystallisation process in iron- 
carbon, iron-carbon-silicon alloys and cast irons. 
For instance, if we have a hypo-eutectic iron which will, 
of course, deposit graphite directly from the melt in 
the first stage in the solidification process, then this 
graphite present in the melt tends to nucleate the 
* eutectic ” solidification process and hence to give 
flake-graphite structures. It is known that the addition 
of graphite to molten grey cast iron has an inoculating 
and chill-removing effect. It may, therefore, be 
assumed that when a grey cast iron is melted little 
lattice residues of graphite remain undissolved as 
indigenous nuclei and function as nuclei on subsequent 
solidification. It would be expected that such nuclei 
would be destroyed by prolonging superheating. The 
effects of silicon-containing inoculants in producing 
flake-graphite structures can also be explained on this 
basis. Silicon is known to reduce the solubility of 
carbon in molten cast iron. When, therefore, silicon 
is added to molten cast iron there will be in certain spots 
very high concentrations of silicon and, as a result, local 
depositions of graphite, which will not completely 
redissolve and which will function as nuclei on subse- 
quent solidification. These graphite nuclei or lattice 
residues must be i ined as sub-microscopic. The 
microscopic observation that graphite dissolves rapidly 
in molten iron is no proof that these lattice residues 
do not exist. 

The concept of cast irons as eutectiferous alloys would 
lead one to suppose that with a certain composition, 
the so-called eutectic composition, we should have a 
completely eutectic structure. Examination of the 
microstructure of cast irons reveals that the completely 
eutectic structure is never obtained. The so-called 
hypo-eutectic grey cast irons always have primary 
dendrites, together with either flake graphite or under- 
cooled graphite, and hyper-eutectic grey cast irons also 
always show primary dendrites in addition to the 
primary separation of graphite. It can be argued that 
the presence of the primary dendrites in the hyper- 
eutectic irons is due to undercooling from the hyper- 
eutectic side, with equilibrium being restored by a 
deposition of austenite dendrites to bring the compo- 
sition back to that of the eutectic. This explanation, 

however, cannot be extended to cover cases when we 
have an apparently eutectic composition, and it would 
appear that the austenite of the so-called eutectic is 
actually deposited in a dendritic form, that is, in a form 
analogous to primary austenite. Similarly, when we 
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iron, the graphite part of the eutectic is deposited in a 
manner similar to that of the hyper-eutectic graphite 
in a hyper-eutectic cast iron. This implies that, in 
the ternary iron-carbon-silicon alloys and the more 
complex cast irons, the binary eutectic crystallises in a 
manner somewhat different from that of a true binary 
eutectic. 

Cast irons appear to differ from iron-carbon-silicon 
alloys due, in the main, to the presence of sulphur. 
This has been confirmed in a variety of ways by the 
present writer and his co-workers. Information on this 
point has been obtained directly by the study of cast 
irons with very low sulphur contents and also by a 
study of the analogous nickel-carbon and cobalt-carbon 
alloys. 

A discussion has already appeared in the literature 
on the deductions which can be made about cast irons 
by a study of nickel-carbon alloys. Iron, nickel and 
cobalt are congeners in the first long period. They 
have closely similar atomic weights, and, with carbon, 
these elements yield equilibrium diagrams of great 
similarity. The systems are eutectiferous and appear 
to involve a eutectic of graphite and a solid solution 
of carbon in the metal. All these elements form 
carbides Fe,C, Co,C and Ni,C. The crystal structures 
of these carbides are all of the same type. Pure nickel- 
carbon alloys slowly cooled give undercooled graphite 
structures, as is shown in Fig. 6, on 137. When 
sulphur is added to otherwise pure nickel-carbon alloys 
(and cobalt-carbon alloys) coarse flake graphite struc- 
tures result. Here we have an immediate analogy 
between cast irons and nickel-carbon alloys. Cast 
irons also tend to give coarse flake structures due to the 
presence of sulphur. When the sulphur content of cast 
iron is reduced to a very low limit, say less than 0-01 
per cent., they tend to give undercooled graphite 
structures. Furthermore, it has been shown that pure 
nickel alloys which give undercooled graphite structures 
do so by the solidification of a eutectic containing nickel 
carbide which decomposes shortly after solidification. 
Again, therefore, the mechanism by which undercooled 
graphite structures are produced in nickel-carbon alloys 
is similar to that obtaining in cast irons. In both cases 
a carbide containing eutectic is formed which decom- 
poses after solidification. 

When hyper-eutectic nickel-carbon alloys are rapidly 
cooled, a nodular graphite structure is produced, as is 
shown in Fig. 7, on 137, which illustrates the 
structure of a hyper-eutectic nickel-iron-carbon alloy 
air-cooled from the liquid state. Viewed at a high mag- 
nification, these nodules are seen to have a spherulitic 
structure, as is shown in Fig. 8. This structure has 
been described at some length in published literature. 
Now, if the analogy between nickel-carbon alloys and 
cast irons is complete, it should be possible to produce 
nodular structures in cast irons by appropriately 
reducing the sulphur content and then rapid cooling. 
It has recently been found possible to confirm this, 
and rapidly-cooled, low-sulphur hyper-eutectic cast 
irons have given nodular graphite structures. The 
production of nodular graphite structures by this 
method is much more difficult in cast irons than in 
nickel-carbon alloys. 


(To be continued.) 





SCIENTIFIC FILMS AT THE SCIENCE MvuseEUM.—A 
series of scientific-film shows is being held on the third 
Saturday of every month in the Lecture Theatre of 
the Science Museum at South Kensington, London, 
S.W.7. They are arranged by the Scientific Film 
Association and take place at 10.45 a.m. Admission 
is free. The aim is to indicate the increasing use of 
scientific films, both as a means of research and as a 
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THE ROLLS-ROYCE *“ AVON”’’ JET 
ENGINE. 


Tue “Avon” R.A. Mark 2 jet engine, built by 
Messrs. Rolls-Royce Limited, Derby, made its first 
public flight in September, 1949, at the Farnborough 
flying display organised by the Society of British Air. 
craft Constructors. As described on pages 288 and 316 
of our 168th volume (1949), these engines are fitted in 
the English Electric “Canberra” high-performance 
bomber aircraft, and as an experimental installation, 
by Messrs. Rolls-Royce Limited, in a Gloster “‘ Meteor ” 
aircraft. Two Avons are also fitted to the CF 100, a 
prototype fighter aircraft built by Messrs. A. V. Roe 
(Canada), Limited. At the time of the Farnborough 
display, it was not permissible to say anything about 
the performance of the Avon, beyond the fact that it 
was the most powerful British jet engine flying. 
It can now be stated that the Avon has a sea-level 
static thrust of 6,000 Ib. and a specific fuel consumption 
of 1-0 Ib. per lb.-thrust per hour. The Avon has been 
designed particularly for operation at high speed and 
high altitude, and, in order to keep the drag of the 
engine installation as low as possible, an axial com- 
pressor has been used, giving a higher compression 
ratio and greater power per unit of frontal area than 
is possible with the centrifugal type of compressor. 
The dimensions of the Avon are as follows : the overall 
length of the engine, to the flange of the exhaust cone, 
is 125 in.; the maximum diameter is 41-5 in.—one 
inch less than the diameter of the centrifugal-type 
Derwent 5 jet engine, which has a static thrust rating 
of 3,600 Ib. The Avon engine weighs 2,450 lb., com- 
plete with engine auxiliaries and starter motor. The 
multi-stage axial compressor supplies air to eight 
combustion chambers of the straight-through flow type. 
The illustration shows the extraordinary compactness 
of the design; four of the combustion chambers are 
visible, the compressor is to the left, and the propelling 
nozzle to the right. 


” 





THE ROYAL SANITARY INsTITUTE.—The Health Con- 
gress of the Royal Sanitary Institute will be held in 
Southport in 1951, from April 23 to 27. 


THE CARRON COMPANY’S MAGAZINE.—We have 
received a copy of the first issue of Carron Cupola, the 
magazine of the Carron Company, Carron, Falkirk. In 
its 16 well-printed and illustrated pages are to be found 
articles on the firm’s heavy foundry, notes on employees 
and apprentices, and other items of interest. 





GUIDED-MISSILES RANGE FOR THE UNITED STATES.— 
It is reported in the December, 1949, issue of Mechanical 
Engineering that the United States National Military 
Establishment is establishing a long-range proving 
ground for guided missiles ; the launching point will be 
in Florida and the range will extend south-east through 
the Bahama Islands. Initially the range will cover 
500 miles, but the situation has been chosen so that it 
could be extended to a length of several thousand miles. 
Permission has been obtained from the British Govern* 
ment for observation stations to be built on several of 
the Bahama Islands. The range will be used jointly by 
the United States Air Force, Army and Navy, and should 
be ready for extensive use by July, 1951, although limited 
tests may be made earlier. . The entire length of the range 
will be under radar and visual observation, to avoid the 
possibility of collision with aircraft, or the landing of 
missiles in the vicinity of surface craft. There will be 
devices to control the missile continuously; if these 
should fail, the missile will be exploded in the air or 
diverted to fall in the sea. 
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- WHEELED VEHICLES FOR THE 
FORCES,* 


As a result of experience gained during the 1939-45 
war, a general specification has been drawn up defining 
the performance and other desirable characteristics 
which should be incorporated in wheeled vehicles 
designed ab initio to meet all Service requirements. 
The main difference from civilian t lies in their 
ability to operate off the roads with and without a 
towed load, which calls for an exceptionally high power- 
to-weight ratio for the towing vehicle. There are 
indications that in future this ability will be required 
in a greater measure than ever before, irrespective of 
size and type. Service vehicles must also be easily 
waterproofed for wading and be able to operate in 
climatic extremes from extreme cold to intense heat. 
Not only must the mechanical problems be overcome, 
but the crew, and passengers, if any, must be protected 
from extremes of temperature. In medium and light 
vehicles, air portability is likely to be an important 
consideration. In order to enter, and be flown in, 
military aircraft, both the external dimensions and the 
gross weight of vehicles must be rigidly restricted. 

In the first part of this paper the characteristics of 
such ab initio Service wheeled vehicles are considered, 
with the emphasis on those features which are lacking 
or inadequate in civilian vehicles. In the second part, 
an attempt is made to reduce these requirements to 
those likely to be attainable by modifying civilian 
production chassis. The object of this paper is to 
explain to the vehicle manufacturer the peculiar 
requirements of the Services. To provide the back- 
ground, the ideal vehicle for military purposes is 
described at length. It is appreciated that commercial 
vehicles, adopted for military use, must fall short of 
perfection in many respects, but it will be of great 
benefit to the pe A of the country if new designs 
of commercial vehicles could incorporate as far as 
possible features which are essential to military vehicles. 
This review has been written in broad terms and deals 
with the chassis and cab only; body requirements, 
other than for pure load carriers, differ so widely from 
commercial requirements that they can only be treated 
individually. Fortunately, the body-building industry 
is so flexible that this is not a serious problem. 

The primary requirement for military vehicles, and 
the one which is chiefly responsible for the divergence 
of military and civilian vehicle design, is good per- 
formance off the road. This can be achieved only by 
a combination of qualities, some of them mutually 
conflicting. The vehicle should be able to travel fast 
over heavy ground and accelerate extremely rapidly 
whenever opportunity affords. The high power-to- 
weight ratio thus demanded is accentuated by the 
requirement for all vehicles to be capable of towing a 
trailer at all times. Easy and quick gear changing is 
a material help in meeting both these demands. To 
be able to use this high torque, the highest possible 
adhesion should be maintained between the tyres and 
ground under all conditions. There is therefore a 
preference for large wheel movements, large tyres, 
independent suspension, and, where weight permits, 
rigid frames. Ability to cross rough ground at speed 
without jarring the crew, or damaging the vehicle, 
point to the same design features, as does the need 
to avoid excessive distortion and load transfer between 
the wheels on uneven ground. As many wheels as 
possible must be driven. Finally, to provide the 
necessary tractive effort to make use of this great 
adhesion, a much lower bottom gear should be pro- 
vided. It should be noted that several of these features, 
particularly large tyre sections, help in reducing sinkage 
and rolling resistance and making more use of the 
adhesion available. To obtain good cross-country per- 
formance, ground clearance should be adequate. (Clear- 
ance here refers to height from the ground anywhere 
under the vehicle, and also to approach and departure 
angles of the order of 60 deg. and 50 deg., respectively.) 

When an attempt is made to evaluate the effect of 
these features in broad terms, it becomes clear that 
while a power-to-weight ratio of the order of 20 brake 
horse-power per ton (gross) is required, nearly all the 
other factors tend to increase the weight. Independent 
suspension, a much more rigid frame, all wheels driven, 
larger tyres and lower ratio bottom gear, together with 
the robustness which is a first essential, all increase 
the weight of the unladen vehicle. A much larger 
engine than usual is therefore unavoidable, thus itself 
adding to the vicious circle, as not only will it weigh 
more, but due to its greater torque a heavier trans- 
mission will be required. As a result, a 3-ton lorry 
built to full military specification may be expected to 
weigh about 6 tons unladen and to require an engine 
developing 180 brake horse-power. It may be argued 
that the majority of military vehicles operate in rear 





* Statement of Service requirements for wheeled 
vehicles issued by the Ministry of Supply to the motor 
industry, through the Society of Motor Manufacturers 
and Traders. Abridged. 





areas where they will not require any cross-country 

rformance, and that the complications, expense and 
added weight resulting from this requirement should 
be restricted to combat vehicles in forward areas. To 
some extent this was true in the last war, but even 
then the vital need to park off roads and under cover 
from air observation, together with the use of rough 
diversions around obstructions, resulted in a firm 
requirement for 4 x 4 (i.e., a four-wheeled vehicle, 
driven on all four wheels) and 6 x 6 chassis in forward 
and rear areas. In the future, new forms of attack, 
directed principally at rear areas, are likely to put 
much greater lengths of road out of use for considerable 
periods of time. It is unwise, therefore, to frame a 
specification for a lower standard of cross-country 
performance for rear areas. 

The requirement for Service vehicles to tow trailers 
across rough country has already been mentioned. It 
has a considerable effect on chassis design, the frame 
requiring greater strength and stiffness, while an 
important detail is that a standard system of operation 
of power brakes on vehicles and trailers must be 
adopted. It is essential that trailers be towable by 
as many types of vehicles as possible. Service vehicles 
should also be supplied with power take-offs from the 
engine to operate winches, built-in equipment and 
cranes and jibs mounted on the superstructure. The 
fitting of the equipment may interfere with the body 
space and the frame rigidity may have to be increased, 
but the cost must be faced. A Service vehicle which 
cannot be fitted with a winch is without a vital acces- 
sory for many roles, while the spare-parts and main- 
tenance problems make it imperative that no special 
is| chassis should be introduced for cranes,. breakdown 
tractors or other specialised vehicles. 

Service vehicles must be able to operate everywhere 
in the world. Except in extreme Arctic conditions, it 
is undesirable that any modifications should be neces- 
sary. They should, therefore, be provided with built-in 
heating and demisting/de-icing equipment, heat insu- 
lation for the cab and personnel-carrying compart- 
ments, air-conditioning for some roles, excellent engine 
cooling and special starting devices on the engine and 
battery. Up to the present, the lubrication problem 
at very low temperatures has not been completely | n 
solved. Related to climatic requirements is one 
for wading and deep fording. In’ order to land their 
vehicles in amphibious operations, the Services resort 
to deep fording. The depth of water to be traversed 
may exceed 6 ft., and the water will usually be salt, 
but the duration of immersion is likely to be short. 
To meet this formidable problem, temporary water- 
proofing is permissible, provided it can be done by the 
crew of the vehicle, and that it is kept to an absolute 
minimum. Once the vehicles are ashore, different 
conditions arise. Shallow water up to 2 ft. or 3 ft. in 
depth must be negotiable without delay. Modifications 
are therefore inacceptable ; such built-in waterproofing 
should be capable of resisting prolonged immersion. 

Military vehicles must be suitable for carriage by 
air and sea. Air portability is restricted at tn. | 
to 3-ton vehicles and less, and to some 10-ton vehicles 
due to gross weight considerations, but it would be 
unwise to regard this as final. All new vehicles should 
be provided with built-in lashing points. These lashing 
points take the form of eyes arranged around the 
chassis frame, usually eight in number, each capable 
of withstanding a strain greater than the all-up vehicle 
weight. Such points cannot be improvised readily. 
As far as weights and dimensions are concerned, there 
are three main categories of aircraft to be considered. 
Jeep and jeep-type vehicles should be able to enter 
the fuselage and be light enough to travel in very small 
assault gliders ; 1-ton vehicles should be able to travel 
in larger gliders, while 3-ton and 10-ton vehicles are 
usually carried in large freighter aircraft. Dimensional 
and weight limits for each category may be obtained 
from the Director General of Fighting Vehicles, Ministry 
of Supply, Adelphi, London, W.C.2. When a vehicle 
and its trailer represent a “ tactical” load, they must 
be carried in the same aircraft. Difficulty is often 
experienced in loading vehicles into aircraft due to the 
sharp change in angle occurring at each end of the 
aircraft approach ramp. Attention should therefore 
be paid to ground clearance, particularly on long-wheel- 
base vehicles and trailers. In addition, there must be 
some means of blocking the suspension (i.e., making 
the springs solid) on vehicles carried in aircraft. This 
may entail built-in devices. 

The requirements for carriage by sea are fewer and 
simpler than those for air travel, but are applicable 
to all vehicles, without weight limit. Lashing points 
are still required, but they need not be so strong. 
Overall height must not exceed that normally required 
for passing under low bridges, while for carriage in mer- 
chant vessels all vehicles and trailers should a 
“ knocked-down ” height of less than 7 ft. 9 in. Failure 
to keep to this will entail travelling long sea voyages 
on deck, which is only possible for a small percentage 
of vehicles and leads to rapid deterioration of the 
vehicles. For all sea transport, but particularly for 





travelling in landing craft, it is important to avoid 
materials liable to rapid corrosion by seawater. Some 
light alloys come within this definition. 

In addition to these requirements, military vehicles 
require to be as economical as ible in operation 
and at least as reliable as civilian vehicles of equal 
gross weight. There is, in fact, an important require- 
ment for reduced maintenance and longer life between 
overhauls. While none of the points which the civilian 
operator demands can be neglected, the specialised 
military characteristics must be superimposed. The 
cost of such a vehicle must always be greater than 
that of its civilian counterpart, if judged on equal 
load capacity, but excessive cost will mean limited 
output in war and must be avoided. As in all engi- 
neering problems, the solution lies in compromise. 

What the Ministry hope to attain by modifying 
civilian production chassis is stated below. It is 
clearly most important to start with a commercial 
chassis incorporating as many of the above-mentioned 
features as possible. For example, a 4 x 4 chassis is 
preferable to a 4 x 2 chassis from the military point 
of view, except as re cost. However, in view of 
the extreme difficulty in adding such features as front- 
wheel drive or independent suspension to a chassis which 
lacks them, the Ministry do not consider it reasonable 
to hope for such modifications. It is also appreciated 
that, while some of the features can be incorporated 
without great difficulty, apart from possible increase 
in cost, others may entail considerable design impli- - 
cations and consequent difficulties in not interfering 
with the production line. Modifications to civilian 
chassis are in two classes. First, there are essential 
modifications which cannot be omitted without such 
a serious effect on the military efficiency of the vehicle 
that it is doubtful whether the vehicle is of any use 
to the Services. In the second category, are modifica- 
tions which are likely to be possible to a civilian 
chassis, which are eminently desirable, but cannot be 
classed as essential for military use. 

The first essential modification is to make possible 
the use of chains on all driving wheels (overall chains 
if the vehicle has a rear bogie), to improve performance 
on soft ground. tyre clearance is usually 

ecessary. Next in importance is the exclusion 
of dirt. This will usually involve fitting a War De-_ 
par‘ment type of air cleaner, a dust-proof carburettor 
and the exclusion of dust from the engine generally. 
Common points of entry are dipstick apertures and 
rear main bearings. Dust exclusion is of much greater 
importance in military vehicles than in civilian vehicles 
owing to their frequent use in convoy under dusty 
conditions. Adhesion can usually be increased on soft 
going by i ay the tyre size, but wheels and tyres 
selected from the standardised range only should be 
used. Axle ratios may have to be altered to suit the 
new tyre sizes. 

Service vehicles are liable to be used in any climate. 
Tropical conditions will usually cause two troubles. 
Full load on low gears, which is likely to occur when 
towing, usually calls for improved engine-cooling 
arrangements. Secondly, deterioration of many of the 
materials in the vehicle will be caused by mould growth 
and insect attack. Comparatively little prominence 
has been given to this by civilian interests, since the 
process is accelerated under tropical conditions of 
storage while the vehicle is not being run. These 
conditions are far more often met in the Services. 
Proofing of all material which can sustain mould growth 
is a comparatively cheap and simple matter if carried 
out during the manufacture of the material. The 
wiring harness is probably the most important part 
to be tropic-proofed, but it is most necessary that all 
timber be treated with copper naphthanate before 
painting. The Ministry like to see all electrical contacts, 
springs and other brass surfaces silver or cadmium 
coated, but this is expensive and can only be done for 
a really large order. Phosphate-coating of any steel 
during manufacture will be helpful. The subject of 
tropic-proofing is wide, but details of treatment for 
any material are available from the Ministry 

Another important subject is the suppression of 
electrical equipment to prevent interference with wire- 
less reception. Two standards are necessary. For 
vehicles not themselves carrying wireless sets, the aim 
is to prevent interference in nearby sets, and to do 
this the normal civilian suppression for cars 4 
broadcasting receivers is probably adequate. For 
vehicles themselves equipped with military receivers, 
all ignition equipment must normally be screened, a 
feedback filter placed in the battery-charging circuit 
and such components as windscreen wipers and voltage 
regulators must be suppressed. For such vehicles the 
difficulties of achieving interference-free conditions 
must be faced, as the vehicles will be useless with 
anything less. 

As well as the above, there is a number of well- 
defined essential modifications. W.D.-type drawbar 
gear should be provided at the rear within the correct 
height limits, and towing loops are required at the 
front of the vehicle. For certain classes of specialised 
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vehicles, such as tippers and breakdown lorries, a 

wer take-off must be provided ; the torque required, 

owever, is seldom more than a small percentage of 
the maximum engine torque. To permit trailers to 
be towed, a suitable method of operating the trailer 
brakes should be provided. For vehicles above 3 tons 
capacity the trailer brakes must be power-controlled 
from the vehicle. Two line air brakes are being stan- 
dardised for future military vehicles of over 1-ton load, 
but existing trailers vary. Additional electric-lighting 
switches and connections should be provided at the 
rear of the vehicle for electric lighting of the trailer. 
All electric-lighting and brake connections should be 
of the standard military type. Fitments and carriers 
should be provided for items carried on military but 
not on civilian vehicles, i.e., carriers for spare water, 
oil and petrol, shovels, picks, chains, tools, etc. Where 
air portability is called for, reduction of the vehicle 
weight and of its external dimensions to the necessary 
limits, together with the provision of lashing points 
and a means of blocking any independent suspensions, 
will be essential. In all cases, vehicles must conform 
to requirements for sea transport, both in landing craft 
and merchant vessels, but there will probably be little 
difficulty over this. 

What the Ministry hope to achieve, in addition to 
the above, is given below. The first and most important | 
desirable feature is that the engine should be one of 
a standard range adopted for use by the Services. 
The number of different items which have to be held 
in stock as spares for one standard range of engines 
is about 300. The corresponding number during the 
last war, when standardisation was impossible, was 
30,000, at a conservative estimate. As large an engine 
as the chassis can accommodate, and the transmission 
can withstand for torque, should be fitted. These 
standard engines should be ad ipted to operate and start 
satisfactorily at extremely low temperatures. It is 
also desirable that they should be equipped with water- 
proofed and suppressed electrical equipment. The 
whole vehicle should have waterproofed components 
wherever possible so that deep fording can be effected 
with the minimum of appliqué work. If special electrical 
equipment has to be fitted, it will probably be possible, 
and certainly desirable, to fit the standardised post-war 
24-volt equipment. This will cover batteries, instru- 
ment boards and all electric lighting and ignition 
components. 

Slinging flanges to all wheel hubs are most desirable. 
This means of attaching crane slings has been stan- 
dardised for the Services ; besides saving time during 
loading and unloading into ships, much damage to 
the vehicle is prevented by a standard and efficient 
method of slinging. The cab should be modified to 
make it more suitable for Service use. It should have 
an insulated roof to give protection against tropical 
sun. Insulated sides are less important, but desirable 
in the tropics. For low-temperature operation, insula- 
tion all round the cab will be required, with double 
windows and windscreen. Built-in heaters and 
demister/de-icing ducts to the windscreen are essential 
for these conditions. Research also shows that with 
the present batteries it is essential that they be kept 
warm, or a really cold start will not be possible. 

Although major chassis modifications, however 
desirable, are outside the scope of this part of the 
study, one such change will be mentioned. It is often 
possible to add a four-wheeled rear bogie in place of a 
conventional two-wheeled rear axle. The bogie must, 
of course, have a drive to all four wheels and will 
normally have leaf springs. Provided it is articulated 
and can take over-all chains, the adhesion for reasonably 
flat, soft going will be increased until it is in the same 
class (although inferior to) a 4 x 4 vehicle. At the 
same time, ground clearance can be increased by 
fitting larger wheels and tyres. It must be borne in 
mind, however, that such a conversion will impose 
heavier stresses and strains on the chassis, especially 
the front end, due to the greater speed with which the 
vehicle can be driven across country. A particularly 
robust chassis and front end are necessary before the 
operation can be attempted. Suitable rear bogies are 
in production in this country for certain 4 x 2 chassis. 
While considering major chassis modifications it is 
worth mentioning “ conversion kits” as a means of 
obtaining major departures from the normal without 
upsetting production. The Marmon-Harrington kits 
for converting standard Ford products are examples. 
The kits can be designed and produced in another 
works, if necessary, while the price of the standard 
product is not increased except by the cost of the kit 
and its installation. 

For a vehicle manufacturer to co-operate fully with 
the Ministry, he must be kept informed of all standard- 
isation agreements to which the Services are party. 
The following aze some of the components affected up 
to November, 1949, with brief notes on the scope of 
the arrangement. It is difficult to overstress the 
importance of standardisation in general, and in 
particular of using common parts in as many compo- 


and permits interchange with the equipment of the 
Services, both achievements of major importance. 

The “ B” series engines in 4, 6 and 8-cylinder form 
cover from 80 to 160 brake horse-power. The Meteorite 
and Meteor in V-8 and V-12 form cover from 250 to 
810 brake horse-power. Electrical equipment will 
work on 24 volts. A range of waterproofed and inter- 
ference-free components (including instruments) is 
being produced, which it is hoped will cover all post-war 
vehicle requirements. Batteries are reduced to three 
sizes, all of 12 volts. Tyres and rims are restricted to 
certain sizes with the object of providing a range to 
cover all load requirements without any overlapping. 
Hubs, wheel studs and stud pitch circles are to S.M.M.T. 
standards. The sizes of towing hooks and eyes are 
standardised, together with heights of towing hooks. 
A standard range of fan belts and pulleys is being 
selected. The details of semi-trailer couplings are 
being standardised. Unified screw threads are being 
adopted, whenever practicable, in all new designs. 
Details of the finalised ranges, sizes, etc., referred to 
above, will be available on application. 

Some notes on the design implications of the Service 
requirements which were given in the first part of the 
paper are then added. As regards engines, the fuel 
must be petrol at present. Petrol injection is probably 
only justified in large sizes. Air cooling offers excellent 
advantages for cold-weather operation, but requires 
much development in this country. A standardised 
range or ranges of engines using as many common 
components as possible should be used in all vehicles. 
The engines should be easy to produce and a flat 
torque curve is desirable. Extremely long life between 
overhauls ‘is essential, with complete reliability in the 
intervals. Complete sealing against entry of dust, 
sand or water is necessary ; waterproofed and sup- 
pressed ignition equipment is desirable. Starting aids 
are required to permit starting at Arctic temperatures 
or, if this is not feasible, from as low a temperature as 
possible. Fuel consumption should be good. Military 
vehicles must be able to cover 300 miles fully laden 
on roads under normal driving conditions, and the 
tankage becomes excessive with an uneconomical 


engine. 

A good synchro-mesh gearbox, which is easy to 
produce, should suffice. The wide overall torque 
range must be met by auxiliary gearing. If this can 
be in the main box, it should be possible to 
provide a single gear control and a number of close 
ratios, instead of wide ratios in two boxes controlled 
by two gear levers. This will permit the use of synchro- 
mesh for all ratios, a most desirable feature on military 
vehicles. In heavier vehicles the gearbox should be 
designed to allow at least two power take-offs to 
operate at once. This permits a winch to be fitted to 
those specialised vehicles, such as breakdown tractors, 
tippers and fire engines, which require one power take- 
off to perform their special roles. 

The main requirement in the frame is for rigidity in 
both bending and torsion, without too much weight. 
Where rigidity entails too great a weight, bodies are 
better mounted on 3-point supports, and the frame 
should be reinforced locally to allow this. Adequate 
ground clearance and steering lock must be provided. 
If the frame has tank-like pockets, provision will be 
required for draining them after wading. Fully- 
stressed skin (‘‘ chassisless”) constructions are not 
suitable owing to the complicated maintenance pro- 
cedure which results A stressed platform, properly 
designed for accessibility, is probably as far as stressed- 
skin technique should go. 

On wireless-carrying vehicles electrical equipment 
must be screened. 


conventional transmission will be considered. Limited. 
slip differentials are theoretically desirable, but are 
complicated, and up to the present have not been 
sufficiently reliable. Provision against “ wind-up,” 
due to the front wheels overrunning the rear wheels 
while cornering, can be covered by a free wheel, or 
by a manual control to engage the front drive only off 
roads. The latter is preferable. The use of a walking. 
beam type of rear bogie enables one differential to be 
used for both rear axles. This type of bogie can also 
provide more ground clearance than a beam axle, 
since the bevel casing can be raised a few inches above 
the wheel axle. Hub reduction gears offer the same 
advantage and reduce the bevel-casing diameter and 
transmission torque. 

For crossing rough ground at speed, unsprung weight 
should be low, spring rate slow and wheel movement 
large. Heavy damping is essential. All this indicates 
independent s msion and probably an articulated 
bogie for a six-wheeler, since springs along will not give 
sufficient wheel movement. Independent suspension 
gains, in addition, by more equal wheel loadings, due 
to the torque reaction of the propeller shaft being 
contained within the sprung chassis. Beam axles are 
also a disadvantage as regards ground clearance, 
Where independent suspension cannot be adopted, as 
for instance for very large vehicles on account of 
weight and cost, a transverse suspension for the front 
offers large wheel movements, cheapness and lightness, 
at the cost of the loss of some vehicle stability and the 
use of radius rods. Six-wheeled vehicle bogie systems 
can be divided into three categories. The conventional 
type, with or without torque reaction members, employs 
leaf springs and incurs the penalties of beam axles: 
heavy unsprung weight and small spring movement. 
The conventional walking-beam has already been 
considered. Drive within the beam may be by gear 
or chain, the latter for preference, but unsprung weight 
is still high and leaf springs must be used with conse- 
quent small movement. These disadvantages can be 
partly overcome by making the walking-beam hinge. 
Finally, full independent suspension can be provided 
for each wheel, with free articulation for each pair. 
Such a system has advantages in all directions except 
cost, complexity and the fact that the design is un- 
developed, while wheel centres will be variable so that 
overall chains may be difficult to keep in place. Any 
system of bogie which does not offer full articulation 
is not promising. Such a system is that in which 
the rear axles are on independent semi-elliptic springs. 
Other things being equal, speed across rough country 
is proportional to wheel movements, which in this 
case is limited to spring deflections. Both comfort 
and adhesion tend to be inadequate on really rough 
going. 

Assuming that all wheels are driven, it is impossible 
to be dogmatic about the relative merits of six-wheel 
and four-wheel vehicles. The cost and weight of a 
6 x 6 is much greater, but the smaller wheel and tyre 
size give lower loading height and wheel-arches and 
better steering lock with a wider frame. For fairly 
small vehicles, the adhesion of a 4 x 4 may be better 
than that of six smaller tyres and the ground clearance 
will be greater. However, a6 x 6 has lower unsprung 
weight per wheel, and the ability to fit overall chains is 
a@ major asset. In general, the 6 x 6 arrangement is 
better for vehicles over 3 tons and 4 x 4 for those under 
1-ton capacity. A large area of tyre contact is required 
for military vehicles, and large-section single tyres at 
relatively high deflection are normally used. Tyres 
should be underrated whenever possible, so that their 
imposed load is not more than two-thirds of their rated 





standard equipment is difficult to suppress sufficiently. 
The degree of suppression required for a vehicle in 
which a set is receiving on a military net is much 
greater than for the reception of broadcasting. This 
difference will be even greater with future sets. It 
follows that on wireless vehicles electrical equipment 
chosen for its lack of interference is required, and in 
the interests of standardisation the same equipment 
should be fitted to all Service vehicles. As, in addition, 
there is the requirement for waterproofing, the case for 
developing waterproofed and interference-free electrical 
equipment is complete, provided that the quantities 
requ are sufficient to secure economic production. 
Such electrical equipment is being developed. It offers 
advantages in two other directions. It not only reduces 
the number of spares required, by forcing all military 
vehicles to use the same range of equipment, but it 
allows 24-volt systems to be adopted for all military 
vehicles. Such systems are most desirable from the 
points of view of starting at Arctic temperatures and of 
wireless 0 tion, as well as offering substantial gains 
in other directions, but the dearth of developed com- 
mercial 24-volt equipment would be a serious deterrent 
were it not for the military range of equipment now 
nearing production. : 

For load-carrying vehicles such as are being con- 


sidered here, the central-differential ‘‘ diagonal-drive ” 





nents as possible. It eases the spares-holding situation 


vype of transmission is rather complicated, and only 


Experience has shown that some | load. 





CATALOGUES. 


Rebuilt Machine Tools.—Messrs. Soag Machine Tools, 
Limited, Juxon-street, Lambeth, London, 8.E.11, have 
recently issued a list of rebuilt and guaranteed machine 
tools which they have in stock. 


Motor-driven Land Grader.—aAn illustrated leaflet 
dealing with their Diesel-driven land grader has come to 
hand from Messrs. Blaw Knox, Limited, Clifton House, 
Euston-road, London, N.W.1. A number of photo- 
graphs are reproduced which show the machine set for 
different operations, and technical details are given. 
The land grader was fully described in ENGINEERING, 
vol. 168, page 484 (1949). 


Roller-Chain Drives.—The Renold and Coventry Chain 
Company, Limited, Renold Works, Didsbury, Man- 
chester, have recently produced a revised and enlarged 
issue of their catalogue “‘ Renold Stock Chain Drives up 
to 140 h.p.” This catalogue contains 91 pages of 
technical data, illustrations and dimensioned diagrams 
which fully describe the range of chains, wheels, pinions, 
and associated items made by the firm. Also included 
is a new type of coloured chart which facilitates selection 
of the most economical drive for any given horse-power 
and speed. Current prices are tabulated in a separate 
supplement. 
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STRESS CORROSION IN 
RADIAL-FLOW STEAM 
TURBINES. 


By G. H. Wray, M.I.Mecz.E., 
M.I.Chem.E., F.I.M. 


Tuts article presents a summary of metallurgical 
investigation and research on the cold-work effects 
of rolling the dovetail blade fixture, during manu- 
facture of blade rings for the Brush Ljungstrom 
double-rotation turbine. A former feature of the 
Ljungstrom, blade-ring construction was that some 
turbine blades were secured in the rings in a manner 
which required cold deformation of the high-tensile 











alloy blade-ring steel. Cold-working the steel in 
this manner increased the susceptibility of the steel 
to selective attack and tended to produce metal- 
lurgical conditions favourable to the development 
of stress corrosion. This method of construction, 
in which a ring dovetail was closed on to individual 
blades, has been superseded by a design of blade 
fixture which does not involve cold rolling. This 
summary describes investigations on blade rings 
manufactured previous to this change in design, 
carried out by the author and his assistants, Mr. E. 
Bidgood, A.R.L.C., A.I.M., and Mrs. E. C. Roulston, 
L.I.M., in the Central Laboratories of the Brush 
Group. 

In England, the Ljungstrom turbine is manu- 
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Fig. 2. Brave System BEFORE ASSEMBLY. 





Fic. 3. BrapE System ASSEMBLED. 
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factured by the Brush Electrical Engineering 
Company, Limited. The first 3,000-kW sets in 
this country were installed in 1917, followed by 
the 5,000-kW sets in 1922, and the larger sizes of 
12,500-kW output in 1927. In the late 1920’s, the 
S.T.A.L. Company in Sweden had developed a 
50,000-kW Lijungstrom turbine, and this set was 
installed at Vasteris. Following upon the success 
of this machine, two turbines of similar frame size, 
but rated for 37,500-kW output, were constructed 
by the Brush Company for one of the British 
grid power stations, and the first of these large- 
output sets was installed in 1937. ‘Two of the 
three Ljungstrom turbines installed in this power 
station are illustrated in Fig. 1, herewith. The set 








TURBINES. 


in the foreground is rated at 37,500 kW, and that 
in the background, 50,000 kW. 

The blade system of the Brush Ljungstrom 
turbine consists of a number of rings fixed concen- 
trically to two blade discs and arranged so that the 
blade rings of one disc interleave with the blade 
rings of the other disc. This method of construction 
and assembly is illustrated in Figs. 2 and 3, here- 
| with. In practice, the steam is admitted to the 
jcentre of the blade system and expands radially 
| outwards. 

During a period of years previous to 1945, some 
failures were encountered in the blade systems of 
several turbines in service. Since commencing 
manufacture of the double-rotation radial-flow 
turbine in 1913, the Brush Company have con- 
structed more than 300 Ljungstrom machines of 
various sizes up to 50,000-kW output. A large 
proportion of the sets which have been built have 
given long and satisfactory service, and, conse- 
quently, blade-ring failures in other sets, from about 
1937 onwards, which in many cases bore no relation 
to length of period in service, were difficult to explain. 

In certain instances, however, evidence was 
obtained. which suggested that radial-flow blading 
failures could be attributed to the formation of a 
minute crack in the blade-ring dovetail of rings of 
individually-bladed construction, followed by the 
development of this crack round part of the circum- 
ference of the strengthening ring until a portion of 
the dovetail rolled edge was allowed to lift and so 
to release one end of a number of blades. This 
will be clear if reference is made to Fig. 4, which 
shows a part of the dovetail edge discovered in the 
process of lifting. Fig. 5 shows another ring in 
which a portion of the dovetail edge has lifted and 
broken away, leaving the blade ends free. 

The original Ljungstrom machines were fitted 
with blade rings having welded blade construction 
throughout the radial-flow system, and satisfactory 
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@ Blade disc. 

b Seating ring. 

e Caulking strip. 

d Expansion ring. 

e Expansion-ring 
rolling edges. 


performance was obtained over long periods of 
service with machines up to 5,000-kW output, 
which was the largest size manufactured at that 
time. Subsequently, a new type of blade ring was 
introduced, in which the rings were built up of 
individua] blades of nickel-chromium-molybdenum 
steel. This change in design and blade material 
was necessitated by the increased stresses to which 
the blade roots were subjected in the larger-diameter 
blade rings required for machines of higher output. 
The difference between welded and individually- 
bladed construction is illustrated in Figs. 6 and 7, 
on this page, which show the actual form of a 
typical radial-flow ring having individual blades 
(Fig. 6), with the dovetail profile, k, formed in the 
root of each*blade ; and that of a ring with welded- 
blade construction (Fig. 7), in which the dovetail 
profile is machined from the ring into which the 
blade ends have been welded. The several portions 
of the rings shown in the illustrations are connected 
together by the Ljungstrom method of cold rolling, 
the principle of which is illustrated in Figs. 8 and 9, 
on this page. The general alloy composition of the 
forgings for the principal component parts of the 
blade-ring sections shown in Figs. 6 and 7 for items 
a, 6, d and i (as shown in the key above) is, per 
cent., as follows: C, 0-28; Cr, 0-73; Mo, 0-54; 
Ni, 3-2; and Mn, 0-63. The turbine blades 
(item J in Figs. 6 and 7) for rings with individual 
blades are of Ni-Cr-Mo steel, and those used in 
rings with welded blade construction are of 5 per 
cent. nickel steel. 


f Dovetail-rolling edges. 
g Packing strips. 

h Caulking strips. 

i Strengthening rings. 

k Dovetail profile. 

l Turbine blade. 
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The use of welded blading has been continued in 
the manufacture of the smaller-diameter blade 
rings, because of the satisfactory performance which 
this method of construction has always given under 
the relatively low service stresses to which the 
rings are subjected in this zone of the turbine. A 
feature of the welded blading is that the blades 
form an integral ring, and, in the event of a failure 
of a portion of the strengthening-ring dovetail edge, 
the blades in the affected area are unlikely to free 
themselves and become detached from the blade 
ring. In the case of the individually-bladed rings, 
the blades do not contribute to the stability of the 
ring as a whole, and they rely upon the continued 
strength of the rolled dovetail fixture to provide 
for their secure anchorage in the blade ring. 

The possibility that the development of dovetail 
corner-cracking might be due to fatigue received 
careful attention, and much work of investigation 
has been carried out for some years with the object 
of detecting the existence of any ring vibration. 
No evidence was obtained, however, to indicate 
that ring failures had their origin in ring vibration. 
An interesting and significant point in this con- 
nection is that, in laboratory fatigue tests in air, 
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carried Out on numerous blade-ring dovetail sec- 
tious, fatigue cracking resulting from unidirectional 
repeated stress invariably follows a direction lying 
at 90 deg. to the direction of the dovetail rolling 
path, a8 shown in Fig. 10, on page 142. In the case of 
service failures of the blade-ring dovetail, cracking 
almost invariably followed a 45-deg. direction as 
illustrated in Fig. 11. The possibility that turbine 
ring failures had arisen through the effects of stress 
corrosion was also envisaged, but no positive 
evidence of the existence of these effects was 
obtained until, following upon the examination of 
a 37,500-kW set, a surface deposit was found to be 
lightly encrusted on the blade system after it was 
dismantled. After separating the deposit from 
oxide corrosion products which accompanied it, 
chemical analysis of the deposit showed it to have 
the following composition, per cent.; sodium 
hydroxide, 2-33 ; sodium carbonate, 26-16 ; sodium 
chloride, 55-49; sodium sulphate, 8-78; sodium 
silicate, 0-23; tri-sodium phosphate, 0-18; silica 
(insoluble), 6-53 ; calcium oxide, 0-08; and mag- 
nesium oxide, 0-22. 

The composition of the deposit indicated that it 
was derived from boiler carry-over, of pronounced 
alkalinity. It will be observed, from the analysis, 
that 2-33 per cent. consisted of sodium hydroxide 
(caustic scda) and 26-16 per cent. sodium carbonate. 
The carbonate would doubtless exist originally also 
as sodium hydroxide, but during exposure to the 
atmosphere for some days, after removal of the 
blade system from the turbine, carbon dioxide 
would be absorbed, with the formation of sodium 
carbonate. It is standard practice to maintain a 
degree of caustic alkalinity of the order of 10 to 
15 per cent. of the total dissolved solids in boiler 
water, and sodium hydroxide is present in varying 
concentration in nearly all boiler waters. Certain 
chemical compounds, which, under boiler conditions 
of temperature and pressure, will decompose to form 
sodium hydroxide, are in general use for boiler water 
treatment. In the lime-soda process of water 
softening, permanent hardness, which is caused by 
calcium salts, is removed by the addition of sodium 
carbonate, which combines with calcium to form 
calcium carbonate. Any excess sodium carbonate 
remaining in the water decomposes in the boiler, to 
form caustic soda and carbon dioxide in accordance 
with the following equation :- 


H20 + Na,CO, = 2NaOH + COe2 
Water Sodium Sodium Carbon 
carbonate hydroxide dioxide 


Tri-sodium phosphate, also, has a wide use in 
water treatment and may lead to pronounced 
alkalinity in the boiler water, by conversion to 
sodium hydroxide. It is added as a final softening 
treatment, and to obviate the formation of hard 
scale if any calcium salts remain in the feed water. 

During the metallurgical investigations which 
followed, microscopical examination was made of a 
large number of ring sections cut from damaged 
blade rings, and, in several instances, the presence 
of hair-line cracks was detected. These cracks were 
situated at the dovetail corners and followed ap- 
proximately a 45 deg. path. The cracks found were 
of a branching type and their general character sug- 
gested the effects of stress corrosion. Typical 
cracking is shown in Fig. 12, opposite. Although 
equally precise investigations had been carried out 
on other turbine rings, this was the first occasion 
when hair-line cracking of this character was 
revealed, and the information gained indicated a 
further angle of approach. A careful study was 
made of all the information gained, together with 
the results of microscopical work on a large number 
of blade-ring specimens from other turbine rings, 
taken out of service. The conclusions reached as a 
result of this survey were that 45-deg. cracks sug- 
gested the existence of some influence outside the 
scope of normal service stresses, probably orginating 
im a combination of the effects of steam causticity 
and internal stress. 

Laboratory experiments were then commenced 
with a view to producing similar cracks in cold- 
worked nickel-chromium-molybdenum steel. These 
tests were instituted on specimens cold-worked in a 
manner which, it was thought, would provide some 
te semblance to the somewhat complex stresses which 


result from the dovetail-rolling operation. These 
residual stresses, principally of a compression and 
tension character, are located in the general areas 
indicated in Fig. 13, opposite, where an internal 
stress system exists, exerting different strains in 
different directions. The tension stresses, which 
might on first consideration be difficult to visualise, 
may be induced partly through pressure of the 
steel on the corner of the blade root during the 
rolling operation, and partly as a result of the 
“spring back” effect which occurs in the imper- 
ceptible elastic recovery of the steel, when the rolling 
pressure is released as the blade ring leaves the 
rollers during the dovetail-rolling operation. 


(Z'o be continued.) 
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Research and Development in Applied Optics and Optical 
Glass at the National Bureau of Standards: A Review 
and Billiography. By IrvINE C. GARDNER and C. H. 
HAHNER. National Bureau of Standards Miscellaneous 
Publication 194. The Superintendent of Documents, 
United States Government Printing Office, Washington 
25, D.C., U.S.A. [Price 15 cents.] 

EVER since its foundation in 1901, the National 
Bureau of Standards has carried out a broad pro- 
gramme of optical research and development. This 
has included the actual manufacture of optical glass 
together with astudy of the materials and processes 
involved, the maintenance of optical standards, 
the design of optical components, the production and 
testing of prototype optical instruments and the 
provision of an advisory service that has been 
extensively called upon by industrial firms and 
Government departments. The Bureau, in fact, 
claims to be the only scientific institution in the 
world having facilities within its own organisation 
for producing a complete optical instrument, starting 
from the raw materials. Between 1938 and 1943, 
its output of optical glass increased nearly thirty- 
fold, while the number of types of glass produced 
rose from six to 28. Moreover, under the guidance 
of its technical experts, firms with little or no 
previous experience in optical-glass manufacture 
were enabled to go rapidly and smoothly into full- 
scale production. 

The complexity of present-day optical com- 
ponents is strikingly shown in the illustration of the 
coincidence prism incorporated in a modern range 
finder. A temperature-controlled test chamber 
enables a complete analysis of range-finder perform- 
ance to be made under conditions corresponding to 
a wide range of climate. Other recent outstanding 
achievements are the f./6-3 aeroplane camera lens 
of 50-in. focal length—on photographs taken with 
it at an altitude of 10,000 ft., individual railroad ties 
can be distinguished ; and the 70-in. optical disc for 
the telescope installed at Ohio Wesleyan University. 
Large optical components of extreme precision have 
been supplied to meet the demands of work with 
supersonic wind tunnels. An interferometer with a 
4-in. aperture has been built for testing optical com- 
ponents and the homogeneity of optical materials, 
and a considérably larger one is nearing completion. 
Large fused-quartz optical flats have been finished, 
having a departure from planeness of less than two 
one-hundredths of a wave length, i.e., less than half 
of a millionth of an inch over a circular area of 
103 in. diameter. Other instruments have also been 
developed for special purposes, while increased 
attention has been devoted to methods of high- 
precision refractometry. A slip-casting process, 
successfully developed in the Bureau’s Refractories 
Laboratory for making glass melting pots, has been 
widely adopted throughout the glass industry. 
Work on the manufacture of new glasses, having a 
ratio of index of refraction to dispersion different 
from that for standard types, has been continued. 
Extended investigations have been carried out on 
the physical properties of glass, its chemical analysis, 
resistance to chemical action and its protection 
against fungus growth as well as on the vital anneal- 
ing process. Transmission measurements on a 
number of glasses used for protecting the eyes 
against injurious radiation have been undertaken. 





This impressive record of contributions to the 





advancement of technological optics made or in 
progress at the Bureau is completed by a list of 
195 publications by members of its staff ; though it 
does not include a number of reports circulated as 
“* classified material ” during the war years. 

Technische Hydraulik. By Dr. CHARLES JAEGER. Verlag 

Birkh&user, Elisabethenstrasse 15, Basle, Switzerland. 

[Price, in paper covers, 44.50 Swiss fr.; bound in 

cloth, 48.50 Swiss fr., net.] 

Tue title of this work might be translated as 
“ Applied Fluid Mechanics.” In his preface, the 
author quotes the opinion, held by prominent 
hydraulic engineers as recently as ten years ago, 
that hydraulic design requires a natural talent or 
flair, and he suggests that this intuitive faculty can 
now be replaced by a system of calculation and 
analysis which is part of, or an extension to, the 
sciences of mechanics and physics, in the same way 
as the theory of structures and of the strength of 
materials. To pass from the stage of intuitive 
creation based on natural talent and accumulated 
experience, however, to the stage where he uses 
strictly scientific and analytical methods, the engi- 
neer must acquire a mathematical equipment of a 
higher order than has been general. Where, in earlier 
days, therefore, practical experience and knowledge 
of empirical formule were the main foundations of 
the work done by engineers dealing with the flow 
of fluids, it has become necessary to-day to extend 
a formal engineering education to include the new 
scientific and mathematical foundations. 

In recent years, scientists of many countries have 
devoted much energy to the study of the behaviour 
of liquids and gases, and, in addition to making his 
own original contributions, the author gives evidence 
of having studied an impressive range of publi- 
cations. In spite of Dr. Jaeger’s modest claim 
that he would confine himself to the material] neces- 
sary to the designer of hydro-electric power projects, 
the book should be of great value also to designers 
of river-control, navigation, land-drainage, irriga- 
tion and water-supply works. After summarising 
the physics fundamental to fluid mechanics the 
author deals with the basic hydraulic equations ; 
but it might have been of assistance here if more 
applications could have been illustrated, of those 
equations which are not discussed in detail in later 
chapters. Forexample, the analysis of the behaviour 
of a mixture of air and water might have been 
extended to the case of a sheet of water entraining 
air as it flows over the downstream face of a tall 
spill weir. Next to be discussed are steady flows 
in open channels as a function of discharge, energy 
and momentum, the hydraulic jump, curved flow, 
and sudden changes in cross-section. Outstanding 
chapters follow, dealing with flow in surge-tank 
systems and with water hammer. After an analysis 
of unsteady flow in open channels and of the pro- 
blems associated with underground power stations, 
Dr. Jaeger devotes a chapter to ground-water flow, 
and adds two appendices, one on experimental 
hydraulic coefficients, and the other on the flow in 
channels with movable bed material. 

Extensive footnotes and a name index facilitate 
reference to other sources and provide a guide to 
the historical background of hydraulic development, 
from the observations of Leonardo da Vinci to the 
most recent works. The book is well produced 
and illustrated, and is, perhaps, one of the most 
noteworthy publications of the past 20 years on 
applied fluid mechanics for civil and mechanical 
engineers. In his formule, Dr. Jaeger favours the 
use of neutral symbols rather than letters which 
would be current only in particular countries. For 
such an effort to be successful, however, the support 
of international organisations is essential; the 
International Association of Navigation Congresses, 
the International Congress for Applied Mechanics, 
the International Association for Hydraulic Struc- 
tures Research, and possibly UNESCO, might give 
this matter their joint attention, though unanimity 
is not likely to be achieved without argument. 





MEMORIAL SERVICE FOR SiR T. F. PurRvVES.—A 
memorial service for the late Colonel Sir Thomas Fortune 
Purves, 0.B.E., will be held at the King’s Chapel of the 
Savoy, London, W.C.2, on Wednesday, February 15, at 
2.30 p.m. 
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VI.—Tue Moror-VEHICLE INDUSTRY. 


ANOTHER chapter in the post-war success story 
of the motor-vehicle industry was written in 1949. 
During the first eleven months of the year, 371,000 
cars and 194,600 vans, lorries and ‘buses were 
produced, of which 243,600 and 94,900 were for 
export. All these figures represent a substantial 
increase on the corresponding period in 1948, of 
21 per cent. for cars and 25 per cent. for commercial 
vehicles. A comparison of the figures for 1949 
with those of previous years is shown in Tables I 
and II, herewith, compiled from the Monthly Digest 
of Statistics. Table I relates to passenger cars and 
Table IIT to commercial vehicles. There is still, 
however, considerable scope for expansion of 
output, and it is probable that 1950 will see a further 
large increase, though the industry is unlikely to 
reach its ‘‘ tooled-up ’’ capacity, estimated at about 
600,000 cars and 200,000 commercial vehicles. 
This is approximately twice the highest output 
achieved before the war, but, as Mr. R. Gresham 
Cooke, the Director of the Association of Motor 
Manufacturers and Traders, explained in an article 
published in the Board of Trade Journal on October 1, 
1949, the expansion took place after the end of the 
war, when most of the large manufacturers had 
acquired for vehicle production several large 
** shadow ”’ factories, which had been built immedi- 
ately before the war and used for the production of 
aircraft components and engines. It has been argued 
that so great an expansion of capacity was too 
ambitious, but post-war demand in overseas markets 
has fully justified the manufacturers’ policy. It is 
probable, in any case, that the increase represents 
no more than the industry’s normal rate of expansion 
over a period of ten years. It is only to be deplored 
that the shortage of materials, particularly of sheet 
steel, prevented the output from rising more rapidly 
at the time when overseas demand was at its most 
clamorous. 

The shortage of sheet steel remains, and it is 
unlikely to disappear until the Margam rolling mill 
comes into production in 1951. There should, 
however, be a continued improvement in supplies 
throughout the current year. The industry has 
_how obtained the Ministry of Supply’s agreement 
to import sheet from the United States and manu- 
facturers have been promised increased quotas, on 
the understanding that most of it will go into vehicles 
for export to hard-currency countries. Whether or 
not sales to these countries can expand further is 
open to doubt, but the industry will get more steel 
and thus will be in a better position to reduce costs, 
or, at any rate, to hold them down. Price reductions 
must be made if sales to countries with hard 
currencies, which are most likely to have dollars to 
spare for the purchase of vehicles, are to increase. 

There have been signs that the industry is prepar- 
ing for a sharpening of competition between British 
manufacturers. The Standard Motor Company 
are to begin the production of a small car, the new 
Triumph Mayflower, next summer, and thus have 
joined Nuffield, Ford and Rootes as large-scale 
producers of cars of less than 12 h.p. It has also 
been hinted that, if the Austin Motor Company 
bring out a new model, it will be a car smaller than 
the A.40, probably of 7 or 8 h.p. These moves 
suggest that the price of the 12 to 20 h.p. car, for the 
benefit of which the change in motor taxation to the 
101. flat rate was asked for by manufacturers, is 
considered to be too high to allow an expansion of 
car ownership. 

Before the war, the cheapest car cost about 125l. 
The corresponding price to-day is 2571., to which 
must be added just over 721. purchase tax. This 
means that car prices are now two-and-a-half times 
greater than they were and it is justifiably questioned 
in several quarters whether the potential market 
for new cars in the United Kingdom is as much as 
it was in 1948. In answer to a correspondent’s 
letter published on October 29, 1949, the editor of 
The Economist argued that, ‘if the number of 
people who could afford 125. (or the corresponding 
secondhand price) in 1938 was 2 million, then the 








number of people who will now be able to afford| At present, demand in the United Kingdom is 
3251., even after the secondhand prices fall back | considerably in excess of the numbers of cars remain- 
into their proper relationship, must be only a fraction | ing when export requirements have been met. In 
of 2 million.”” Against this it should be stated that | 1949, home deliveries are unlikely to have excevded 
the number of cars bought by commercial and indus- | 140,000, compared with over 300,000 immedia icly 


TABLE I.—UnN ITED KINGDOM: PRODUCTION OF PASSENGER CARS AND CHASSIS.* 





Total Production. | | Value of Deliveries 








For Export. (£1,000).4 
| 1,600 c.c. | — Over | 1,600 c.c. ~~ Over | 
— | Total. | and , 2,200 | Total nd ao 2,200 | Total. | Export, 


| Under. |, “ne ° i 


Monthly Averages 


Monthly Averages, or Totals for Four or Five Weeks Period (Numbers). or Calendar Months, 














1985 .. is ..| 28,192 _ . _ 4,522¢ _ - _ 
1988 .. re -+| 28,417§ | _— — 5,684f - — 
1946... a .-| 18,264 — — - 8,302 — — — 
1947... - ..| 23,917 —_ _ - 12,914 _— — — 7,796 
1948 .. we ..| 27,876 19,832 5,528 2,016 19,350 15,567 2,628 1,155 9,385 
1948—January .-| 25,185 18,906 5,509 770 16,792 13,506 2,893 393 8,534 
February .-| 23,379 17,271 5,257 851 15,630 12,544 2,605 481 8,339 
March --| 32,349 24,912 6,070 1,367 23,928 20,413 2,777 738 9,580 
April .. .-| 26,811 19,955 5,346 1,010 20,406 17,584 2,253 560 10,020 6,136 
May... --| 26,573 20,157 5,316 1,000 20,349 17,422 2,266 661 9,148 5,550 
June™ .. ..| 36,159 26,857 7,768 | 1,534 25,131 20,312 3,865 954 9,757 5,019 
July .. .-| 27,071 20,676 6,063 1,232 18,491 15,436 | 2,577 478 9,668 5,504 
August -«| 21,947 15,489 4,220 2,238 16,034 | 12,854 1,949 1,231 7,077 4,130 
September§ ..| 34,629 24,727 6,366 3,536 25,229 20,025 3,166 2,038 10,883 6,392 
October ..| 26,156 18,165 4,659 3,332 18,086 14,059 2,078 1,949 10,121 5,516 
November --| 25,723 16,875 5,472 3,376 17,485 12,898 2,559 2,028 9,827 5,310 
December§ ..| 28,433 18,575 5,552 4,306 19,101 13,347 3,151 2,603 9,671 5,156 
1949—January ..| 28,597 19,045 5,803 3,749 18,401 12,654 3,239 2,508 9,788 4,709 
February .-| 29,910 20,137 5,799 3,974 19,037 13,165 3,470 2,402 10,244 5,319 
March ..| 37,676 26,029 6,742 4,905 26,442 19,549 3,923 2,970 12,105 6,313 
April .. .-| 28,547 19,338 5,665 3,544 | 18,149 12,071 3,937 2,141 10,851 
May .. ..| 31,609 21,040 6,430 4,139 21,376 13,898 5,004 2,474 12,257 { 
June™ .. ..| 40,370 28,004 7,305 5,061 25,802 18,399 4,396 3,007 12,714 6,632 
July .. .-| 25,515 17,492 4,960 3,063 15,925 11,419 3,007 1,499 10,557 5,125 
August .-| 30,822 19,827 6,032 4,463 20,105 13,566 3,763 2,776 11,400 5,893 
September ..| 43,608 29,836 7,237 6,535 26,043 17,257 4,598 4,188 13,130 6,017 
October ..| 37,678 25,265 6,985 5,428 24,463 17,620 3,459 * 13,539 7,277 
November --| 37,178 25,696 | 5,550 5,932 | 27,865 19,708 | 4,229 3,928 
December 
- Including taxi-cabs. t ‘Including spares. 3 ‘Number exported. § Estimated. {Five-weeks period. 
TABLE II.—Untrep KINGDOM: PRODUCTION OF COMMERCIAL MOTOR VEHICLES AND CHASSIS.* 
| Value of 
Production (Numbers). deliveries 
(£1,000).+ 
| | Under 15 cwt., Over Public | Under | 15cwt.| Over Public : 
— | Total. 15 to | 6 | Service | Total. 15 to 6 Service | Total. Export. 
| ewt. | 6tons.| tons. | Vehicles.{ cwt. | 6tons.| tons. Vehicles.t 
| ! | 
= MSR ees MEP ee 2 c . — 
" Monthly aver- 
| Monthly Averages, or Totals for Four- or Five-Week Periods. | ages or calendar 
months. 
a — . on — - - = _ = = = —— _ 
| ] 
1935. . sel } 7,131 _ —_ — | — | 1,136§ —_ — _ — 
1938 ae --| 8,6674 —- _- _ — | 1,189§ — — — aan sad 
1946 a ..| 12,177 | 4,046 | 6,946 | 384 801 4,018 1,131 2,537 84 266 sae 
1947 as ..| 12,889 4,826 6,668 334 1,061 4,200 1,511 2,246 100 343 7,279 1,902 
1948 <0 --| 14,169 | 5,146 7,458 496 1,069 6,983 | 2,804 | 3,562 193 424 9,125 3,460 
1948—January ..| 13,724 | 4,744 | 7,341 | 486 1,153 | 6,144 | 2,023 | 3,459 | 223 439 | 8,225 | 2,420 
February ..| 11,873 3,861 6,366 | 477 1,169 | 5,692 1,614 | 3,432 184 462 7,925 3,035 
March** ..| 15,081 | 5,097 | 8,079 | 562 1,343 7,488 | 2,905 | 3,763 | 268 552 | 9,354 | 3,420 
April ..| 11,554 | 4,011 | 6,233 289 1,021 5,186 | 2,152 | 2,413 | 102 469 9,202 3,145 
May ..| 12,684 | 4,711 | 6,646 | 364 | 913 | 5,974 | 2,788 | 2,621 | 114 451 8,600 | 3,116 
June** ..| 17,463 | 6,393 | 9,224 | 556 1,290 8,809 | 3,735 | 4,269 225 580 | 9,999 | 4,330 
} | 
July. . | 13,150 | 5,145 | 6,886 | 356 763 6,511 2,820 3,174 147 | 370 
August** ..| 12,199 4,104 6,310 551 1,234 6,262 | 2,160 | 3,451 | 164 | 487 
September** | 17,256 | 6,597 | 9,023 | 497 1,139 9,920 | 4,859 | 4,085 | 158 418 | 
October a 15,616 6,102 8,001 516 997 7,738 3,476 | 3,751 136 | 375 | 
November ../ 15,362 | 5,745 | 7,933 | 686 998 7,026 | 3,152 3,279 314 281 
December** | 17,390 | 6,418 9,187 728 1,057 8,707 | 3,107 | 4,976 322 302 
1949—January ..| 15,569 | 6,157 | 7,793 578 1,041 7,598 | 3,514 | 3,650 227 207 
February ..| 15,453 | 6,525 | 7,234 576 1,118 7,923 | 4,272 | 3,125 259 267 
March** ..| 20,686 | 9,049 | 9,512 678 1,447 10,647 | 5,462 | 4,451 | 353 | 381 
é 
April ..| 14,900 | 6,477 | 6,672 | 566 | 1,185 7,110 | 3,010 | 3,522 239 339 9,552 3,271 
May ‘{} 17466 | 7,746 | 7,965/| 639 | 1,116 8,131 | 3,676 | 3,952 | 292 211 | 11,068 4,138 
June** --| 19,952 | 8,841 | 9,176 572 1,363 | -8,496 | 3,460 | 4,501 172 363 10,794 3,582 
July. . | 12,577 5,662 5,529 624 | 862 | 4,871 2,234 2,276 186 | 175 | 9,049 2,399 
August --| 15,885 7,122 | 7,821 | 457 | 985 7,847 | 3,585 | 3,983 110 | 169 10,100 3,594 
September** | 22/521 | 10,210 | 10,108 | 739 | 1,464 | 11,066) 5,204 5,449 | 155 258 | 10,748 3,373 
October --| 19,760 | 9,553 | 8,463 | 567 | 1,177 | 10,071 5,390 | 4,280 115 286 10,838 4,028 
November ..| 19,879 9,418 | 8,725 498 1,288 | 11,164 | 5,792 | 4,871 | 160 341 | 
December .. | 











* Battery-driven electric road vehicles are excluded, except in 1935. t Including spares. { Including trolley-’buses, but exclud- 
ing trams; figures refer to production of chassis. § Number exported. {| Estimated. ** Five-weeks period. 

trial undertakings for their employees has greatly | before the war. Manufacturers have, therefore, 
increased, and that this demand is not affected to/| little incentive to reduce home car prices and are 
any great extent by car prices. The demand from| unlikely to start price competition until purchase 
private owners could, of course, be stimulated by|tax has been removed. Export market require- 
revisions in, or removal of, purchase tax, and there | ments, however, may force down prices and it may 
is no cause for any anxiety for at least a year or two.| be that, if costs are successfully reduced, British 
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motorists will benefit from certain 1simited price | standardisation of various materials and com- 


reductions. 


ponents. The Society of Motor Manufacturers and 


Speaking at a Motor Trades Luncheon Club, Lord | Traders assert that there is already a high degree of 
Brabazon appealed for a British small car, costing | standardisation, particularly within the larger con- 
under 2007. He thought that a really cheap small! cerns. Standard parts are used as much as possible 








TABLE III.—Unirep KinepoM: EXPorRTs OF NEW MOTOR VEHICLES AND CHASSIS. 

















Number. Value (£1,000). 
1938. 1948. 1949.* 1938. 1948. 1949.8 
Complete Cars. 
Eire as os a 1,894 5,743 6,332 205 1,422 1,630 
Union of South Africa || 3,487 16,216 18,277 458 4556 4,977 
Indiat mii Ee oe 2,040 13,996 5,135 402 3,823 1,507 
—. | Toss 3134 27492 130 "RAs 930 
¥ ! : 2,499 ) 689 
susirelie - 3,070 24,455 4 530 267 8,275 16,208 
New Zealan 13,314 8,135 8,479 1,601 2,124 2,068 
—_ , oh 14,478 = on 3,593 7,043 
swede 585 : 2, 4 930 856 
Belgium ‘i 465 14,753 9,987 60 4,136 2,827 
— 188 4, 6 4,865 46 1,571 1,577 
See unio 641 11028 3,421 82 1,901 966 
Unitec 8 45 24,475 5,717 13 5,596 1,576 
a | Ge | "a i | S| 
Arge met ,038 27 348 : 
Other Countries . . 11,880 40,334 44,558 1,592 12,873 14,499 
Total, complete cars 44,123 194,692 198,354 «5486 ” 55,618 60,290 
, Chassis. aa oi ppd ee = 
Australia , ae A 20,490 28,929 30,216 1,482 3,905 | 4,424 
Other British countries 3,373 1,943 2,737 241 370 “481 
Foreign countries 226 1,347 2,922 63 276 545 
Total, chassis . . 24,089 32,219 : 35, 875 1,786 , 4,551 5,450 
Toal, complete cars and rs | - ets ea eat a Sa 
chassis = : 68,212 226,911 234,229 7,272 60,169 65,740 
* January to November. t ‘India, Pakistan, etc., in 1948 and 1938. acai 
TABLE IV.—Unirep Kincgpom: EXPorTs OF NEW COMMERCIAL VEHICLES AND CHASSIS. 
Number. 2S Value (£1,000) . ; 
1938. 1948. 149° | 1938. 1948. | 1949. 
Complete Vehicles. 
Eire act = 149 1,436 853 32 856 502 
Uaion, of South Africa . 608 1,234 1,890 548 1,022 1,035 
nf . —_ 8 ae a 2 
British East Africa 109 1,887 2°003 79 yo: 7OIT 
eed Zealand = 226 1,098 629 36 327 419 
I at 449 931 1,239 89 393 568 
— “ 316 1,115 831 34 265 215 
Hx erlands 74 1,017 885 7 792 302 
igium .. 66 3,493 2,986 6 B44 739 
Portugal 68 2,129 1,377 10 833 336 
Iran , 236 1,174 1,005 176 755 1,278 
Argentina 91 285 72 37 423 94 
Others 2,183 20,794 11,590 769 8,582 8,965 
Total, complete vehicles 4,575 36,593 33,317 | 1,823 15,995 | —«*17,208 
Chassis. ' 7 oe ay. > 
Union of South Africa || 470 2/469 1,558 837 2389 Vers 
British East Afric 9 ry . ; a = 
; Africa 208 2,028 1,979 41 897 932 
pe 403 2,985 3,477 75 1,637 iJ 
9 . 4,052 10,117 15,656 600 4,457 6,129 
ew Zealand 1,254 3,278 3,877 191 1,226 1,245 
— ‘ * 1,437 872 — 561 412 
Argentine 191 1078 a 4 383 ot 
" 87 747 
Other countries . 3,297 9,148 11,024 744 5,911 5,748 
Total chassis .. 10,889 38,498 44,390 2243 20,770 | 21,074 
Total, complete vehicles and a a 
chassis ae ie 5 15,464 75,091 77,707 4,066 36,765 38,277 


* January to November. + India, Pakistan, etc., 1948 and 1938. 


car would enable British manufacturers to increase 
their export sales at the expense of Continental 
small-car manufacturers, such as the French and 
German. Mr. L. P. Lord, however, speaking at the 
Scottish Motor Show on November 14, was not very 
hopeful of producing a 2001. car. He pointed out 
that, before the war, the materials (which presum- 
ably included bought-in components) cost 83i. 
for the Austin Cambridge car ; corresponding costs 
for the A.40, which is the comparable post-war 
Austin car, was 203/., an increase of 145 per cent. 
There is no doubt that the cost of materials in 
British industry has become very elastic in recent 
years, but there should, however, be a considerable 
margin for reducing these costs. Longer runs, sharp- 
ening of competition between manufacturers of 
components, better stee] supplies, which should 
obviate the need for large stocks, and the benefits of 
increased technical knowledge and improved 
methods now available should enable manufacturers 
to reduce costs. On the other hand, there may be 
an increase in the cost of some raw materials, 
such as lead and rubber, which have to be imported 
from hard-currency areas, or the price of which is 
determined in the hard-currency markets. 

One of the most publicised methods for reducing 
costs which is open to the industry is the increase in 








in different engines and chassis, and this practice is 
being extended to include standard parts in body 
construction and equipment. The Lucas organisa- 
ation, for several years, has been pressing firms to 
adopt their standard methods and the S.M.M.T. 
state that much has already been achieved. In the 
heavy-vehicle section of the industry, work on the 
standardisation of chassis for double-deck ’buses, 
which will enable bodies of different makes to be 
fitted, is nearing completion. The industry admits 
that a great deal remains to be done and many 
investigations, at present being carried out, aim at 
limiting variety as much as is compatible with the 
maintenance of individuality of design, which has 
done so much to improve the performance of small 
cars. One example of this work was referred to by 
Mr. H. Clutterbuck, of the S.M.M.T., in a paper 
read to the Institute of Road Transport Engineers 
in November, in which he pointed out that a volun- 
tary limitation in the variety of steels used affords 
the greatest opportunity of effective saving in costs. 

To further the progress of standardisation, the 
‘“‘ Big Six” motor manufacturers have undertaken 
to meet regularly in order to agree on the use of 
standard parts and components. The progress 
which can be expected from this will, doubtless, be 
slight and the decisions taken are unlikely to be 


spectacular. It is to be hoped, however, that com- 
mon interest will prevail over vested interest and 
prejudice, and that what can be done without inter- 
fering with enterprise and the individuality of the 
companies will be done. In the welter of arguments 
which have been produced on the question of stan- 
dardisation by people both inside and outside the 
industry, the dangers attending an extensive adop- 
tion of standards have rarely been stated. It is 
almost impossible, however, for co-operation on the 
scale envisaged by the technical merger of the 
Nuffield Organisation and the Austin Motor Com- 
pany to take place without financial integration or, 
at any rate, without the elimination of competition. 
During 1949, Nuffield and Austin publicly announced 
that they had abandoned their merger scheme, 
and there is every indication that the British 
motor-vehicle industry is resolved to become highly 
competitive. 

Tables III and IV, herewith, taken from the Trade 


| and Navigation Returns, show that experts of cars 


|in the first eleven months of 1949 totalled 198,354 
units and were 1] per cent. higher than in the 


———— | corresponding period of 1948. Australia, which 


took twice as many British cars in 1949 as in 1948, 
was by far the largest market, accounting for 
23 per cent. of British exports in the first eleven 
months of 1949. While the dollar shortage persists, 
there is likely to be little competition from American 
manufacturers, whose vehicle shipments to Australia 
in 1949 were less than 3 per cent. of the British ; 
| but the Australian subsidiary of the General Motors 
Corporation, namely, General Motors—Holden’s 
Limited, was producing its six-cylinder six-seater 
21-6-h.p. car at the rate of 20,000 per annum by the 





middle of 1949. Since this car is substantially 
| cheaper than corresponding imported British cars, 
| British manufacturers may be hard pressed to 
| maintain the present high level of exports in 1950. 
|The Standard Motor Company, preparing for keener 
|competition in Australia, formed the Standard 
|Motor Company of Australia in September, with 
|a capital of £A.250,000. The company have 
_ acquired a factory at Melbourne and are to build and 
| distribute Triumph and Standard cars. Exports 
to most of the Dominion and Colonia] markets, 
| with the exception of India, also increased in 1949. 
Balance of payment difficulties, however, caused 


¥ | India to revoke the open general import jicence for 


| ears, and it is unlikely that cars will be admitted 
| freely for some time. The leading British manufac- 
‘turers have been able to circumvent the difficulties 
‘to some extent by setting up assembly plants in 
|India. Exports to India in 1950 may be expected, 
| therefore, to be rather higher than in 1949. 

The South African market, which was closed in 
‘the middle of 1949, has been re-opened and British 
| companies who already have assembly facilities in 
‘that country are to be permitted to export 13,000 
cars to the value of 3/. milliors in the first six 
months of 1950. The British manufacturers con- 
cerned, however, are reported not to view the new 
South African arrangements very favourably, 
considering them a temporary expedient to tide 
South Africa over a period of difficulty. Mr. 
Gresham Cooke, in the article quoted above, points 
out that, of the 160 export markets of the world, only 
47 were completely open ; 22 were completely closed, 
and 9 partly closed. Apart from the sterling area, 
the open markets are precisely those in which British 
manufacturers are exposed to American competition. 
With the exception of Switzerland, to which exports 
increased slightly in 1949, and Canada, British 
exports to hard-currency areas declined considerably 
in 1949. The extensive servicing facilities set up 
by the “Big Six” in Canada were doubtless 
responsible for the success of British manufacturers 
in the Canadian market in 1949. Exports from 
January to November numbering 28,319, were 112 
per cent. higher than in 1948. Mr. L. P. Lord 
stated in December that Austin sales there were 
“booming from coast to coast.” There is every 
prospect that exports will increase still more in 
1950. Inthe United States, however, there is quite 
a different picture. In the first eleven months of 
1949, Britain exported only 5,717 cars, as compared 
with 21,854 in the corresponding period of 1948. 





Mr. L. P. Lord, in his address at the annual general 
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meeting of the Austin Motor Company on Decem- 
ber 14, said that “‘ Sales in the United States are 
really disappointing in spite of devaluation, intensive 
advertising, record-breaking demonstrations at 
Indianapolis and every possible inducement on our 
part. We went to the extent of reducing prices 
to such a level that we incurred a loss on every car 
shipped. The loss made by the American subsi- 
diary last year amounted to 149,744I.” Sir Peter 
Bennett, M.P., chairman of Joseph Lucas, Limited, 
told the House of Commons in December that four 
of the leading British manufacturers were selling in 
the United States at prices which did not cover costs. 
The ex-works price of a Nuffield car going to the 
United States, for instance, is 17]. below production 
costs ; after distribution and sales promotion costs 
have been met, the loss on each car averages 1001. 
The Ford Company and the Rootes group also lose 
on selling to the United States. These losses are 
partly due to the heavy initial costs in organising 
distribution sales and advertising systems, which 
should decrease as the number of cars sold in the 
United States increases. The fact remains, however, 
that devaluation has failed to make British cars 
competitive. 

United States competition is likely to become 
much keener in 1950. Domestic production in 
1949 had reached a total of 5-6 million cars by 
October, thus breaking the production record of 
5-4 million cars made in 1929. A Survey of Con- 
sumer Finances, made by the Federal Reserve 
Board at the beginning of 1949, indicated that there 
was a potential market for 20 million cars in the 
country. Some 71 per cent. of city-owned cars 
were Over seven years old at the time of the survey, 
as compared with only 40 per cent. in 1941. Never- 
the less, it is clear that the pace of car sales is 
slowing down; the cheaper car accounted for a 
larger proportion of total sales at the end of 1949 





than at the beginning. Manufacturers reduced their 
prices by anything from 5 to 20 per cent. during the | 
year, and, in order to push sales, dealers are offering 
more attractive credit facilities. Manufacturers | 
expect, in fact, that sales in 1950 will be about 10 per 
cent. lower than in 1949. As consumers’ income 
tightens in the United States, the cheap running 
qualities of the British car may appeal to more 
people. The preference for the larger traditional 
six-seater car, however, is not easily weakened in the 
United States, especially when these cars sell almost 
as cheaply as British small cars. If, therefore, the 
standard types of British cars are to sell in America, 
it will probably be necessary to continue to sell 
them at prices which will show very small profits 
or even 'osses. It may be possible to pursue a deli- 





berate policy of price discrimination between 
markets for a long time and to recover the losses 
made in one market by charging higher prices in 
another. 

While the dollar shortage continues to keep 
United States manufacturers out of the principal 
British markets, competition from European manu- 
facturers is gradually becoming keener. In France, 
nearly 142,000 vehicles were produced in the first 
half of 1949, as against 100,000 in the first half of 
1948. Some 55,000 vehicles were exported in the 
first half of 1949—20,000 more than in the corre- 
sponding period of 1948. The chief buyers were 
Belgium, which toek 8,000, and Holland, which 
took 7,000. Production of cars in Italy had already 
reached 44,400 in 1948 and must have been substan- 
tially higher in 1949. An extensive programme of 
modernisation and rehabilitation of the works of the 
Fiat Company, mainly in the automobile division, 
is to be carried out with the assistance of the 
Economic Co-operation Administration. 

The Volkswagen factory at Wolfsburg, in the 
Western Zone of Germany, is now producing at the 
rate of 218 cars a day, and the 1949 output of 45,000 
was 10 per cent. above the target. Between 
January and October, 1949, production jumped by 
92 per cent., though the number of persons employed 
increased by only 14 per cent., to 9,900, over the 
same period. Exports to the United States in the 
first.six months of 1949 were valued at 4-7 millon 
dols... After the devaluation of sterling, export sales | 
collapsed, but they are now picking up again. The 


12,000 cars in 1950. The challenge of the small | 


Continental cars, particularly the Renault and the 
Volkswagen, in export markets, is being watched 
carefully by British manufacturers, and policy is 
beginning to change. Though, at present, the 


medium-sized car predominates as never before, it is | 
most likely that the Standard Motor Company’s | 


move towards a small car next summer will be 
followed by Austin and other large manufacturers 
within a year or so. 


Tables IV and V, herewith. For commercial 
vehicles as well as cars, the main British markets 
TABLE V.—United Kingdom: Exports of Commercial 
Vehicles by Type. 
(January to November.) 





Number. Value (£1,000). 


ongreneEEyE } — 


1948. 








- | 
| 


| 1948. 1949. 





1949. 


Complete Vehicles. | 
Delivery —. = —- | 
rpose vehicles (utili- | | | 
Fes ve ai .-| 24,801 | 33,551 | 6,093 9,823 
Electric troiley-’buses | || 40 46 204 1 
Coaches and omnibuses— | 





Diesel engined = 576 353 2,026 1,314 
Other .. my wal 380 264 | 555 | 351 
Tractors (other than 
track-laying and agri- | 
tural tractors na 720 | 659 558 571 
Other descriptions— } | 
Exceeding 3 tons un- 
laden weight. . as 1,863 1,987 } 2,386 3,371 
Not exceeding 3 to } | 
unladen weight 5,487 | 2,977 2,706) 1,594 
Total .. .. —..| 88,817 | 39,837 | 14,528 | 17,204 
Chassis. 
Of electric trolley-’buses 108 119 | 211 266 
Of coaches and omnibuses — | 
Diesel engined .-| 1,888 795 | 2,292 1,323 
| 1,338 1,056 521 497 


Other .. a we “ 
Of other descriptions— 
Assembled— | 
Diesel engined ae 1,819 | 2,078 | 2,526 2,728 
Other ae --| 11,556 | 12,0381 | 4,601 5,092 
Unassembled— | } 
Diesel engined a 2,672 2,856 3,593 2,857 
Other ae .-| 15,649 | 25,455 5,015 8,310 


21,073 
38,277 











Total 
Grand Total 


34,475 | 44,390 | 18,759 
} 
..| 67,792 | 84,227 | 38,287 








TABLE VI.—United Kingdom : Exports of Cars by Types. 
(January to November.) 








Number. 


Value (£1,000). 


| 1948. | 1949. 


1948. 1949. 








Com Cars. 
Assembled— 


Not exceeding 1,000¢.c.| 15,362 | 13,898 | 


1,001 to 1,600 c.c. .-| 116,998 | 108,965 | 30,249 30,140 
1,601 to 2,200 c.c. .-| 22,284 | 30,332 8,957 | 11,688 
2,201 to 2,800 c.c. ..| 3,975 | 13,312 | 1,866 4,861 
Exceeding 2,800 c.c. .. 2,407 5,838 2,055 | 3,939 
Unassembled— | 
Not exceeding 1,000 c.c.| 1,650 | 3,338 | 297 | 650 
1,001 to 1,600 c.c. +] 12,482 14,574 | 2,823 | 3,346 
Exceeding 1,600 c.c. .. 3,443 8,097 | 1,004 | 2,327 
| 








Total, complete cars 178,601 198,354 } 50,644 60,290 
Chassis. ‘ 

Not exceeding 1,000 ¢.c. | 5,512 | 2,955 655 | 327 
1,001 to 1,600 e.c. ..| 18,593 | 21,872 | 2,615 | 3,114 
1,601 to 2,200 c.c. -.| 3,128 | 7,174) 522) 1,380 
Exceeding 2,200c.c. ..| 846 | 3,874 186 629 
Total, chassis ..| 28,079 | 35,875 | 3,978 | 5,450 
Grand Total . .| 206,680 | 234,229 | 54,622 | 65,740 


are those which are virtually cloeed to United States 
competitors. Australia, which took 15,656 chassis 
in the first eleven months of 1949, accounted for 
31 per cent. of the total of commercial vehicles 
and provided the largest market. In India, the 
second largest market, makers of commercial 
vehicles enjoyed a greater freedom from import 
restrictions than car manufacturers, exporting 
4,716 vehicles and chassis, an increase of 47 per 
cent. compared with the corresponding period of 
1948. In India, however, the import of complete 
vehicles is restricted to orders from public authori- 
ties, and it is probable that, in the near future, 
imports will be restricted (as in South Africa) to 
completely knocked-down units. The Dominion and 
Colonial markets are British strongholds where 
foreign manufacturers do not compete, but elsewhere, 





export potentiality of the company is said to be 


such as the Middle East and Belgium, United States 


manufacturers, who have built up comprehensive 


| facilities for assembly and servicing, are formidable 
|competitors. British manufacturers, however, made 


considerable headway in Canada in 1949, pariicu. 
larly with heavy vehicles. Canada took 2.409 
vehicles and chassis from Britain, as compared with 
2,109 in the corresponding period of 1948. More. 
over, the sales campaign for Diesel-engined lorries 
and ‘buses, for which Britain rather than the 


| United States is noted, is beginning to produce 
Exports of commercial vehicles are shown in 


results. Ground was lost in the United States 
market, however ; only 374 vehicles were exported 
to that country, as compared with 3,157 the year 
before. Devaluation has brought no improvenvent, 
United States manufacturers, who are finding it 
very difficult to sell in their home market, have 
reduced their prices in foreign markets. 

The prospects of any further large increase in 
exports by makers of commercial vehicles, who are 
already exporting 43 per cent. of their output, are 
not very hopeful. It may be that, by trade negotia- 
tion, the Government might open markets which at 
present are closed, but such agreements are not 

, always honoured. In several markets, manufac. 


go | turers are only just succeeding in covering costs, 


}and only those who already have facilities and 
| contacts abroad have any strong incentive to export. 
In any case, a strong domestic market is necessary 
to cover overheads if manufacturers are to export 
atall. The Ministry of Supply have stated, however, 
that, if the rate of delivery of vehicles to the home 
, market is not reduced by about 40,000 a year by 
|next summer, “sanctions” will be applied. The 
| home market certainly received considerably more 
| vehicles in 1949 than the 50,000 visualised in the 
| Economic Survey. On the basis of eleven-month 
| figures, it appears that home deliveries must have 
| been about 108,000 in 1949, of which no more than 
17,000 could have been heavy vehicles and 55,000, 
at least, were delivery vans. The Ministry thus 
| appears to have a strong case for enforcing a reduc- 
|tion in home sales, but, if export markets are 
incapable of further expansion, sanctions can be 
of little avail; and they are likely to fall most 
heavily on the smaller manufacturers, who can 
neither afford the heavy capital outlay involved to 
selling abroad nor regain export losses on home 
sales. Moreover, it is by no means certain that 
sales can be effectively controlled by a form of 
licensing, as the Ministry proposes. The official 
| direction of sales of passenger cars has not been 
| accomplished without difficulty, and such control of 
| commercial vehicles may prove even more difficult. 
| It has been suggested that a more constructive 
measure would be to co-ordinate the buying activities 
of the British Transport Commission with the 
export programme. By placing orders with manu- 
|facturers in proportion to their export sales, the 
| Commission could help to provide a home turnover 
| which would enable manufacturers to cover over- 
heads. Even assuming that the output of non- 
exporting manufacturers is cut, it is doubtful whether 
any good purpose will be served, and the steel that 
it would release would be of a type of which there 
is now no shortage. If, however, the present 
warning impresses upon manufacturers the necessity 
of reducing costs it may be salutary. While the 
home market continues to take all the supplies it 
can get, there is grave danger that manufacturers 
may become complacent about the height of costs, 
and yet it is upon their ability to reduce them now 
that prosperity will depend in three or four years’ 
time. Lack of standardisation is one reason for 
|high costs in the commercial vehicle industry. 
| Manufacturers have to cope not only with very 
| detailed legal requirements at home concerning the 
‘length, breadth and cavrying capacity of their 
| vehicles, but also with the varied requirements of 
‘overseas customers. The Government could help 
| by removing some of the restrictions on the dimen- 
| sions and capacities of heavy vehicles. 








THE ROYAL AERONAUTICAL SOCIETY GARDEN PARTY. 
—The annual garden party of the Royal Aeronautical 
| Society will. be held at White Waltham aerodrome, near 
| Maidenhead, by permission of the Ministry of Supply an¢ 
lthe Fairey Aviation Company, Limited, on Sunday. 
| May 14. 
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MEASURED MILE AT NEWBIGGIN, NORTHUMBERLAND. 
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THE NEWBIGGIN MEASURED 
MILE. 


MEASURED-MILE posts were in existence on the 
Northumberland coast at Hartley, about five 
statute miles north of Tynemouth, prior to 1884. 
In that year, Mr. W. H. White (later Sir William 
White) read a paper before the North-East Coast 
Institution of Engineers and Shipbuilders in which 
he recommended that the site of the posts should 
be changed to a position farther north. It is 
recorded in the report of the Council of the Insti- 
tution for 1938-39, that the posts existing at that 
time had been erected through the endeavours of 
Mr. Wigham Richardson and that they had replaced 
earlier posts, about the erection of which no record 
was available. As a result of Sir William White’s 
paper, the Institution appointed a sub-committee to 
report on the subject of improving the position of the 
existing measured mile on the coast. They did so in 
September, 1885, since when the continuing improve- 
ments in the Northumberland mile have been due 
to the interest and activities of the Institution. 

This article is not a history of the Hartley 
measured mile, but it may be briefly recorded that 
posts were erected on a new site by the Institution 
in 1885, various shipbuilding and engineering com- 
panies on the Tyne and Wear meeting the cost of 
the work. The posts were of wood and were replaced 
by ‘“‘iror,” presumably steel, posts in 1895. In 
1903, the height of two of the posts was increased 
by 30 ft. in order to facilitate the conduct of trials 
of fast vessels in deep water. The work was carried 
out at the suggestion and expense of Palmer’s Ship- 
building and Iron Company, Hawthorn Leslie and 
Company, and Armstrong, Whitworth and Com- 
pany. In 1938, on the suggestion of the late Dr. 
G. 8. Baker, neon lights were fixed to the posts to 
facilitate the carrying out of ship trials under un- 
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North-East Coast Shipbuilding and Engineering 
Employers’ Associations undertook the cost of up- 
keep of the posts and to pay the ground rent of the 
land on which they stand, the Institution acting as 
custodians of the posts. The Hartley posts have 
now been taken down and the sites relinquished. 

A new measured mile has now been established 
at Newbiggin, about eight statute miles north of 
Hartley. This position provides deeper water and 
is more remote from the busy shipping area around 
the mouth of the Tyne. The map given in Fig. 1, 
herewith, shows its situation, and the diagram, 





favourable atmospheric conditions. In 1911, the 


Fig 2,reproducing the British Shipbuilding Research 


the old Hartley measured mile were, at the end of 
their southern turn, brought within a relatively 
short distance of Tynemouth Lighthouse. The 
turns are placed two nautical miles distant from 
the extremities of the measured mile in order to 
ensure a steady run before the measured mile is 
entered. The arrangement consists of four posts, 
or towers, the positions of which are shown in 
Fig. 1. From the sea, the limits of the measured 
mile are indicated by the northern or southern 
pairs of towers, respectively, coming into line ; the 
exact siting of the towers was checked by the 
Admiralty Hydrographical Department. 

Each front tower, as seen from the sea, has a 
marking plate, painted black, with two projector 
lights, one at the top and one at the bottom, of the 
marker plate; each back tower has two marker 
plates with a projector light at the top of the 
upper one and at the bottom of the lower. The 
arrangement is shown in the drawings of the towers 
reproduced in Figs. 3 to 6, on this page; Figs. 3 
and 5 show the southern towers, and Figs. 4 and 6 
the northern. The appearance of the marking 
plates as seen from the sea is shown in Figs. 7 to 9, 
on page 148. Fig. 7 relates to a “small” ship 
with a bridge height 22 ft. above sea level, close in, 
or about 10,000 ft. from the front tower; Fig. 8 
shows the appearance from a “‘ mean ” ship, with a 
bridge height of 45 ft., 16,000 ft. from the front 
tower ; and Fig. 9 that from a “tall” ship far out, 
about 25,000 ft., and with a bridge height of 68 ft. 
The front and back marking-plate arrangement was 
worked out from model tests and has been found 
in practice to give a very sharp indication of align- 
ment. For medium and far distances, the effect of 
the front plate is to fill the gap between the two 
back ones, marking the position with great clarity. 
The projector lights are not intended merely for 
night use, but are also used for sighting when trials 
are carried out under conditions of poor visibility 
or at considerable distances off shore in deep water. 
Many trials have been carried out since the lights 
were fixed, a number during hours of darkness, 
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and some up to distances of 11 miles from the coast 
in 40 fathoms of water. The projector lamps are 
General Electric Company F5724 floodlights. Three 
sizes of lamp are available, as follows: 1,000-watt 
with a beam angle of 28 deg. and a maximum beam 
candle-power of 128,000 ; 1,500-watt with a beam 
angle of 28 deg. and a maximum beam candle-power 
of 210,000 ; and 1,000-watt with a beam angle of 
12 deg. and a maximum beam candle-power of 
325,000. The candle-power available is comparable 
with that of the most powerful lighthouses on the 
North-East Coast. Up till July, 1949, the third 
class of lamp was not available, and the 1,500-watt 
wide-beam lamps were used. After that date, 
12 deg. beam lamps were fitted in the upper pro- 
jectors, but the use of this type throughout was 
deferred until further experience had been obtained. 

The lights are switched on and off at a central 
control point in the fan house of the Newbiggin 
Colliery. This position was chosen because it is 
manned continually and has a telephone installed. 
The control switch closes a General Post Office relay 
circuit which switches on the tower lights by means 
of a relay and contactor. The National Coal Board 
(No. 9 Area, Ashington) have undertaken to switch 
the lights on or off at any time of the day or night, 
and the North Eastern Electricity Board have under- 
taken the maintenance of the lighting system. It 
will be noted that Figs. 3 to 6, and also the general 
views of the completed towers given in Figs. 11 to 14, 
on page 154, show neon tubular lights arranged 
down the centre lines of the marking plates. It is 
not yet decided whether these are a desirable 
addition and their retention or removal awaits 
further experience. At present they are not in use. 

The general particulars of the towers are as fol- 
lows, none being an exact duplicate of any other. 
They are designed with a factor of safety of 2} for 
an assumed wind !oading of 30 lb. per square foot 
on the marking plates and on 14 times the members 
of one tower face. The construction throughout 
is bolted galvanised steel.. Each tower has an access 
































Fie. 10. ADJUSTABLE BASE oF TowER LEG. 


ladder to the top with platforms at every 50 ft. and | 
at each marking plate. The height is such that all | 
marking plates have a sky background as seen from | 
the sea. The foundations are concrete pyramids | 
connected to reinforced-concrete beams under- 
ground. As the area is a mining district, each 
tower is constructed with an adjustable base, so 
that, in the event of mining subsidence, causing 
a tower to tilt, it can be restored to its vertical 
position. The arrangement is illustrated in Fig. 10, 
on this page, which shows the foot of a tower leg. 


General Particulars of Towers, 











Tower No. x la (S.W.)| 2 (S.E.) | 3 (N.W.)}| 4 (N.E.) 
Height, ft. ee : 7 150 182-5 | 150 150 
Extra height of top mast, } | 
ft. ~ = | 80 30 30 | 30 
Base Width, ft. .. 4) 24 yn 
Weight of steelwork, tons| 11-5 8-5 11-5 9 
| 





The bottom of the leg is connected to a saddle 
which, when freed, can slide over two fixed pillars. 
By removing the bolts in the two legs at one side 
of the tower, and slightly loosening those of the two 
legs at the other side, the tower may be jacked, 
say, in the north-south direction, the bolts being 
replaced in higher or lower holes in the pillars after 
the necessary movement has been completed. By 
dealing with two legs at right angles to the first 
part, the tower may similarly be tilted in the east- 
west line. Any required movement may be 
obtained with a combination of these adjustments. 

The towers and foundations were designed and 
erected by Messrs. Riley and Neate, Limited, and 
were fabricated by the Palmers Hebburn Company, 
Limited. They are the property of the North-East 
Coast Institution of Engineers and Shipbuilders, 
which also owns two of the sites, the other two 
being leased. The installation was carried out under 
the supervision and to the preliminary designs and 
survey of Messrs. Merz and McLellan. General 
views of the towers, looking from the sea, are given 





in Figs. 15 and 16, on page 154, 


ELECTRICITY SUPPLY IN EUROPE. 


In the course of the session of the United Nations 
Economic Commission for Europe Committee on 
Electric Power, to which reference was made on page 
101, ante, the opinion was expressed that, though there 
would be a substantial shortage of power for several 
years, the position had recently improved, owing to 
the repair of damaged plant, better fuel supplies, more 
normal maintenance programmes and the commission- 
ing of new units. The extent to which national effort 
in the power field could be assisted by international 
action was discussed and the possibility of exporting 
from Poland and Czechoslovakia to Western Germany 
was mentioned. It was agreed that the suggestion of 
obtaining 500 MW from Poland and 150 MW from 


| Czechoslovakia should be studied in detail. A report 


on the final plan for the hydro-electric development 
of the Our Valley showed that the proposals envisaged 


| the sale of power by Luxembourg to Belgium, France 


and the western zones of Germany from “ pumped 
storage ’’ stations, and the purchase by Luxembourg at 
night of power from Germany to enable thermal pumping 
stations to replenish the stock of water. The capacity 
of the initial installation would be 600 MW with a 
possible extension to 800 MW. The secretariat was 
asked to publish an annual catalogue showing the total 
installed and available generating capacities in each 
country according to sources of power; the plants 
under construction and the dates on which they were 
expected to be in operation ; the additional capacity, 
which could be economically installed and information 
on the productivity during the year of the principal 
basins and on future developments. Studies of the 
unused overflow from the hydro-basins in the various 
European countries and the comparative cost of 
constructing water-power stations are also to be 
undertaken. Another subject of investigation is to 
be the prices of electric power in different countries at 
different times of the day and year. A report on the 
comparative cost of transmitting electric power at 
220 kV and 380 kV indicates a trend towards the use 
of the higher value on trunk lines. The report also 
indicates that, for distances exceeding approximately 
125 miles, it is more expensive at the present rates 
to transport coal by railway than to supply electric 
a over a normally-loaded line at 220 kV or 
380 kV. 
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HIGH-PRESSURE VESSELS FOR THE 
OIL-REFINING AND CHEMICAL 
INDUSTRIES.* 


By H. B. Fereusson, M.I.Mech.E. 


WuiLE manufacturers in this country have for years 
kept up to date in the manufacture, mostly for home 
requirements, of plant for the chemical industry, u 
to the end of the last war only a negligible amount of 
plant was made for the oil-refining industry. The 
Americans, in the construction of their vast number of 
refineries (some 365), developed the technique of the 
design and manufacture of this type of highly compli- 
cated plant, and except for some encroachment by 
German manufacturers, the bulk of the more difficult 
portions of oil-refinery plant in other parts of the 
world was designed and built by the Americans. They 
spent large sums of money on prototype plants, and 
developed new methods and techniques, covering their 

rocesses with patents which made it difficult for the 

British to enter into competition. However, we in 
this country started after the war and exported 63 
million pounds sterling of oil-refining equipment last 
year. This, I think will be admitted, was a great 
achievement, and shows that many other British firms 
have tackled this problem successfully. 

Oil-refining equipment can be divided into three 
branches: (1) the oil refinery itself, which requires 
buildings, high-pressure vessels (or towers as they are 
called), miles of pipelines, motors, pumps, valves and 
indicators; (2) drilling operations, which require 
drilling rigs, oil/gas separators for separating the gas 
from the oil at the wells, and everything pertinent to 
winning from underground the oil, which varies between 
a mile and three miles deep; and (3) pipelines, with 
large pumping installations, for transporting the oil 
from the wells to the refinery and from the refinery to 
the coast. The “heart and lungs” and principal 
organs of a refinery consist of towers, which are cylin- 
drical vessels of various sizes up to 47 ft. in diameter, 
and up to 240 ft. in height. Most of these work under 
fairly high pressures, up to 1,500 Ib. per square inch, 
and at temperatures up to 1,050 deg. F. In this 
country we manufacture vessels for oil refineries in 
which the specified working pressure is 1,500 lb. per 
square inch, and the internal volume of one of these 
vessels is 2,000 cub. ft. Other containers under less 
pressure have internal volumes up to 200,000 cub. ft. 

As welding of a high order is the means by which 
steel and alloy-steel plates are joined together for 
high-pressure work, some remarks are necessary to 
illustrate the care and control that have to be exercised 
to meet the requirements of insurance codes, particu- 
larly the requirements of the A.P.I. and A.S.M.E. code, 
to which nearly all these vessels have to be made. Two 
boiler plates can be welded together so that the joint 
and the plate material behave like isotropic material, 
ie., under static loading the straining at the joint will 
be identical with the straining in the adjacent plate 
material, the ductility and impact test results of the 
joint will be equal to those of the boiler plate, and 
even the fatigue endurance of the joint will be almost 
equal to that of the boiler plate. The late Professor 
B. P. Haigh was given by me certain samples of butt 
welds in which the fatigue endurance of the welded 
specimen reached the same figure as the plate, i.e., 
+13 tons per square inch. Insurance companies allow 
for such controlled welding a 90 per cent. joint effi- 
ciency for unfired pressure vessels. Generally, the 
corrosion resistance from chemical attack of such a 
welded joint can be made equal to that of the plate 
material, provided that the joint, after welding, has 
been stress-relieved at about 620 deg. C. 

For years the authorities in America and this country 
have insisted on the stress-relieving of high-pressure 
vessels by heating the whole of the vessel to 620 deg. C. 
after fabrication. The necessity for this stress- 
relieving has been debated ad nauseam. The argument 
has been put forward that when the stress, caused, say, 
by pressure in the interior of the vessel, has reached 
the yield point, plastic flow commences, and all residual 
stresses which were originally caused by differential 
temperature conditions immediately disappear, and 
from that point onwards the results from any increase 
in stress will not be affected in any way by the original 
residual stresses caused by welding. In fabrica 
“ weldments,”’ free from all notch effects, and having 
perfectly smooth surfaces, it might not be necessary to 
stress-relieve, except to avoid preferential stress 
corrosion of the welds, which is a common occurrence 
in non-stress-relieved containers. However, in practic- 
ally everything the manufacturer builds by welding, 
notch effects do exist, and where the stress lines 





* Paper entitled ‘‘ Recent Developments in this 
Country in the Making of High Pressure Vessels for the 
Oil Refining and Chemical Industries,” read at a meeting 
of the Industrial Administration and Engineering Pro- 
duction Group of the Institution of Mechanical Engi- 
neers, on Friday, February 3, 1950, Abridged. 





concentrate at such notches very high stresses, beyond 
the ultimate tensile strength of the material, can be 
brought about without any crack appearing, but as 
the stress is increased a crack will suddenly appear. 
If the vessel is stress-relieved the crack is more likely 
to propagate with a silky ductile fracture and stop 
until the stress is raised further, but if the structure 
has not been stress-relieved, immediately the first si 


p | of cracking starts it will propagate with approximately 


the velocity of sound for great distances without 
any further increase in applied stress, and the fracture 
will be a brittle fracture. The transition temperature 
at which a steel changes from ductile to brittle fracture 
is, of course, very important when considering any 
cracking propagation. It is believed that a temperi 

treatment of 600 to 650 deg. C. moves the transition 8 
curve to the left, lowering the transition temperature. 

From some 15 years’ experience I have found that 
it is necessary on thick material, if a second repair 
has to be made, for the whole job to be stress-relieved or 
cracks will result. If, however, the material is not too 
thick and the grain size of the plate small, this precau- 
tion may not be necessary unless a third repair in the 
same place has to be made. Cracks are almost bound 
to appear if a third repair is made without stress- 
relieving the whole job, and even though they may be 
microscopically small, it must be remembered that a 
erack left in a high-pressure vessel, no matter how 
small, will never grow smaller but under fluctuating 
stresses may propagate and cause a disastrous explo- 
sion, although, in my opinion, this danger is greatly 
minimised if the vessel has been stress-relieved. London 
Transport welded hundreds of tram-car frames without 
stress-relieving and they cracked one after the other 
in service; stress-relieving the frames completely 
cured this trouble. The improvement in notch tough- 
ness by stress-relieving is probably more important 
than removal of residual stresses. 

On some alloy steels, such as, for instance, 2} per 
cent. chromium, 1 per cent. molybdenum, it is necessa 
to weld at high energy input per inch of weld and 
preheat to as high as 300 deg. C., and after welding to 
stress-relieve as quickly as possible. The Vickers 
hardness in the heat-affected zone adjacent to the weld 
should not exceed 250, if cracking troubles are to be 
avoided. Ductility is a function of Vickers hardness. 
When welding steels with high carbon or excess of 
alloys, the utmost care must be taken to choose 
electrodes with the minimum hydrogen-forming com- 
pounds, and to dry the electrodes thoroughly immedi- 
ately before use to avoid dangerous atomic-hydrogen 
diffusion from the weld right into the plate. This 
precaution is not necessary when using austenitic 
material, as an austenitic weld has a greater solubility 
for hydrogen. 

Recently, in structural engineering, it has been 
decided to use the yield point rather than the ultimate 
tensile strength of mild steel as a basis on which to 
design. I strongly hold the view that the yield point, 
by itself, is not sufficient for welded structures. Ducti- 
lity should be included, as merely to raise the yield 
point at the expense of ductility is wrong when con- 
sidering welded work, especially if a structure is subject 
to alternating stresses and vibration. Notch effects 
are in evidence everywhere in welded structures, and 
lack of ductility at these notches, especially in non- 
stress-relieved work, is extremely dangerous, no 
matter how high the yield point may be. 

One of the most vital items of equipment is a machine 
capable of forming the ends, or heads, for a pressure 
vessel. Some years ago these heads were made in a 
four-poster press which pushed a flat plate through a 
ring with the top curved male tool that had a radius 
of dish equivalent to the diameter of the vessel that 
the end was to be welded to, the corner radius between 
the dish and the flange generally being quite small— 
averaging about 3 in. As the working pressures in the 
vessels began to increase, these types of heads had to 
be of much thicker material than the shell of the vessel. 
Later the codes required ellipsoidal heads where the 
radius of dish was much shorter than the diameter of 
the vessel—usually a ratio of 2 : 1 diameter to twice the 
depth of dish—and the corner radius was increased. 

Since two pressure vessels are rarely alike, each one 
being of different diameter and for a different working 
pressure, new press dies are required for each job, if 
an ordinary pressis used. A set of these dies might cost 
1,000/. and might not be used more than once. For 
this reason, the Americans developed a method of 
spinning ellipsoidal heads, starting with the flat discs 
which are heated in a furnace to 1,050 deg. C. or 1,100 
deg. C., and then put on a spinning press. It is true 
that certain dies are required to form part of the dish 
and the corner radius, but once a complete set of these 
dies has been acquired there are no further tool charges 
and any ellipsoidal head from 5-ft. diameter up can 
be spun. We have spun ends out of 18 ft. diameter 
discs which finished 16 ft. diameter inside the flanges, 


One advantage of the ellipsoidal shape is that the codes 
do not require the thickness to be any more than the 
thickness of the shells. 

The second most important item of equipment is a 
bending machine to bend the shells of the vessels into 
complete cylinders. Ordinary horizontal rolls suffice 
for thinner plate, say up to 1} in. thick. Where the 
top roller is supported, thicker plate can be rolled, but 
the supporting top girder prevents rolling to a complete 
circle and therefore necessitates two longitudinal 
welded seams instead of one. We use a vertical bendi 
machine of rather novel construction. It is of welded 
construction, built at our works. Messrs. Fielding and 
Platt, Limited, Gloucester, did all the machining and 
supplied the hydraulic equipment, including the wedges 
and their roller assemblies, and the machine was made 
to their drawings, we being responsible for the welding 
details. It will easily bend cold 3-in. thick plate shells, 
16 ft. 6 in. long, to about 2 ft. radius, although, of 
course, such plates are given intermediate annealing. 

Once the heads have been made and the shells rolled, 
with their edges prepared for welding, elaborate equip- 
ment is necessary for welding to the rigid X-ray 
standards required nowadays. Some 14 years ago, 
there were three manufacturers in this country who 
did Class 1 welding, and we all had about 25 per cent. 
of the welding to cut out and repairs to make, mostly 
on the circumferential seams, and it was a very heart- 
breaking job. Gradually the plating, plate-edge pre- 
paration and the welding were improved until the 
cutting-out was reduced to negligible amounts. As a 
result, the cost and time required to make a pressure 
vessel were, halved. 

Automatic welding was resorted to for welding the 
main longitudinal and circumferential seams, although 
hand welding was relied upon for the attachment of all 
fittings, and for the closure seams in a vessel. This 
necessitated elaborate mechanism for rotating vessels 
at constant speed while they were being welded, and 


ry|in some cases traversing the whole vessel under the 


head to weld the longitudinal seams. In the case of 
1}-in. thick vessels, submerged-are welding with only 
two runs of weld metal is extensively used at our 
works, but for thicker seams we use multi-run auto- 
matic welding to avoid cracking troubles. By estab- 
lishing very steady conditions with automatic welding, 
so that there is no vibration whatever, and also ensuring, 
with submerged-arc welding, that there is no gap 
whatever at any point between the abutting plates 
(otherwise hot air will be drawn in, causing porosity), 
we have succeeded in reaching a very high state of 
perfection with the submerged-arc and Fusare pro- 
cesses. ‘‘Coupon”’ plates are attached at the ends of 
the longitudinal welded seams, and these must be 
welded together at the same time and by the same 
process as the longitudinal seam itself. Later, these 
plates are cut up and machined to enable a number of 
mechanical tests to be made, and for microscopic 
examination. If any of these tests, such as the bend 
tests, Izod test, main pull across the weld and the 
ductility tests on the all-weld metal specimens is more 
than 10 per cent. below the specification of the code, 
the vessel can be condemned, but if not over 10 per 
cent. other test specimens can be cut out of the coupon 
plates, which must come up to specification. As the 
test plates are put in the stress-relieving furnace with 
the completed vessel, with all its fitments attached, it 
may be a week or more before the test results are 
known, and in the meantime the vessel may have left 
the shops. Thus the manufacturer has to take con- 
siderable risk, and he needs to have great confidence in 
the workmanship, or he may find that a vessel costing 
perhaps 20,000/., is condemned after it is completed. 
At my firm about 15,000 films, each 12 in. by 6 in., 
are taken annually, and we have four X-ray equip- 
ments capable of X-raying butt-welded seams on vessels 
with wall thicknesses up to 3 in. A special X-ray 
processing room is provided nearby with barium-brick 
walls to prevent the secondary rays from the X-raying 
fogging the films when they are being developed. The 
actual taking of films at the proper focal distance, to 
obtain the best possible shadow effects of any faults 
in the welding, especially cracks, is essential. A know- 
ledge of the use of various types of screens, including lead 
screens, to bring out clearly any faults, without fogging 
effects, is something of an art. This applies also to the 
processing of the films. In the event of a fault, no 
cutting-out must be done until the position and the 
depth of the fault are accurately ascertained. This 
can be done by taking a stero picture, and thus, 
knowing where the fault is to within, at all events, 
ts in., the chipper can cut out the fault from either 
inside or outside without making a hole right through 





the wall of the vessel. Ifa hole is made right through 
the wall of a thick vessel it is practically impossible to 
re-weld it. Chipping-out of faults and making a weld 
repair in the canoe-shaped gouge that the chipper 
leaves, are skilled jobs, and for this purpose only 


and we can spin plate up to 4 in. or 5 in. thick. There | skilled and trained men are used who can be relied 


is a large 


r machine at Lukens, U.S.A., which has spun | upon to make a perfect repair without the necessit 


a head with a finished diameter of just over 20 ft.! of further cutting out to remove some fault they mad 
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in when making the repair. We also use radon up to 
1,700 millicuries at a time to examine thick plate 
welds by gamma rays, with excellent results. 

A stress-relieving furnace, capable of accommodating 
vessels up to 14 ft. 6 in. diameter, and of any length. 
is an expensive item of equipment, and as my firm 
uses town gas the operation of the furnace is undoubt- 
edly expensive. Every effort has been made in its 
design to economise in gas, by using walls of high- 
insulating brick only 9 in. thick, and by arranging that 
the door of the furnace can be placed in three different 
positions so that either one-third, two thirds or the 
whole of the furnace can be used. Thus, ‘for short 
jobs it is only necessary to use one-third of the furnace. 
Occasionally vessels much longer than the furnace 
have to be stress-relieved, and this can always be 
done by stress-relieving one half of the vessel and then 
turning it end for end with about 3 ft. to 5 ft. overlap 
and stress-relieving the other half. In one case, with 
a vessel 150 ft. long in one piece, the central third was 
stress-relieved first and then, after welding on another 
equally long section at one end, this portion was placed 
in the furnace, followed by the last section. 





ICING TRIALS OF THE “‘VISCOUNT’”’ 
AIR-LINER. 


Triats have been carried out recently on the 
Viscount air-liner, built by Messrs. Vickers-Arm- 
strongs Limited, Vickers House, Broadway, West- 
minster, London, S.W.1, at Shannon airport, to test 
the functioning of the wing and tail de-icing systems, 
and the handling of the aircraft under icing conditions. 
A description of the Viscount, which has four Rolls- 
Royce “‘ Dart ” engines and was the first air-liner to be 
fitted with propeller-turbine engines, was given on page 
259 of our 166th volume (1948). The de-icing system 
derives its heat from the exhaust of the gas-turbine 
engines ; the quantity of heat required to prevent ice 
formation in the severest conditions likely to be en- 
countered is considerable—equivalent to about 600 h.p. 
In the prototype aircraft, exhaust gases are led from 
the jet pipe to a thermostatic control valve, where they 
are mixed with cold air; the mixture is then passed, 
at the appropriate temperature, to the ducts in the 
leading edges of the wing and tail surfaces. The lead- 
ing edge of the wing has a double skin, extending back 
to about 15 per cent. of the chord ; the inner and outer 
skins are separated by means of spacers, by about 

in. The inner skin forms the forward wall of a 
D-shaped hot-air duct running along the leading edge, 
through which the hot gases are when the 
de-icing system is in operation. A slot in the inner 
skin allows the hot gases to enter the space between 
the inner and outer wing skins and to flow back into 
the wing, whence it passes to the atmosphere through 
surface louvres. The arrangements at the tailplane 
and fin are similar. In production aircraft the same 
type of leading-edge ducting will be used, but instead 
of using diluted exhaust gas in the de-icing ducts, 
air passed through exhaust heat-exchangers will be 
used to furnish the hot-air supply for the de-icing 
system. This will be a safeguard against the dis- 
advan of circulating exhaust gases through the 
airframe, although there has, in fact, been no evidence 
with the prototype Viscount of any trouble from 
corrosion or soot deposits from the gases. On the 
prototype aircraft, no de-icing system is provided for 
the Dart engines; on production aircraft, however, 
it is proposed to fit a thermal system for protecting the 
engine air intakes, to avoid the increased fuel consump- 
tion which would result from a heavy blockage of ice. 

The trials at Shannon were made at air temperatures 
ranging from 0 deg. C. to — 18 deg. C., and at altitudes 
between 4,500 and 15,000 ft. On one flight, with the 
de-icing system inoperative, approximately 2 in. of ice, 
of very rough formation, built up on the tailplane, but 
nevertheless the control characteristics of the aeroplane 
were satisfactory and the pilot was able to fly “‘ hands 
off ’’ in bumpy conditions. When the tailplane de-icing 
system was turned on, the ice began to break up after 
about four minutes, and came away in large pieces, 
with no tendency to form spanwise ridges. About 
2 in. to 3 in. of ice accumulated around the engine air 
intake ; a piece some 9 in. long broke off and entered 
the engine without doing any harm. 

On another flight, heating to the wings and tail sur- 
faces was turned on before entering the icing zone. 
The surfaces remained free from ice, whereas on the 
aerial masts, which were not fitted with de-icing equip- 
ment, there was an appreciable build-up of ice. Under 
the severest conditions encountered, the thermal 
de-icing system was able to clear ice from the main 
surfaces, whereas the windscreen fluid de-icing system 
was unable to dispel ice satisfactorily from the wind- 
screen. The aircraft and its thermal de-icing system 
have, therefore, behaved satisfactorily under icing 
conditions more severe than are likely to be encoun- | 
tered at the altitudes at which the Viscount will 
normally be operated. 





COLD PRESSURE WELDING OF ALUMINIUM SHEATHS. 


GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 
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COLD PRESSURE WELDING OF 
ALUMINIUM CABLE SHEATHS. 


THE cold pressure process of welding aluminium, its 
alloys and certain other metals, which was developed 
a short time ago in the Research Laboratories of the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, is now being employed by 
Pirelli-General Cable Works, Limited, Southampton, 
for the production of aluminium-sheathed cable on a 
commercial scale. It may be recalled that the process 
consists essentially of using specially-designed dies to 
apply pressure to the workpieces that it is desired to 
join. The two surfaces are thus not only brought 
into close contact, but a flow of metal takes place 
between them, so that they are welded together without 
the application of heat. It is important for the success 
of the process that the two surfaces that are to be 
joined should be clean. It is also essential that the 
pressure should be applied over a comparatively 
narrow strip in such a way that the metal can flow 
away from the weld on both sides. In fact, con- 
siderable displacement is necessary, if good results are 
to be obtained. 

The machine, which has been designed to utilise 
this method of welding for the production of cable 
sheaths, is shown in the accompanying illustration. 
The process consists of four stages: flange forming ; 
preparation of the flange surfaces ; introduction of the 
cable and formation of the tube ; and pressure welding 
and removal of the flanges. The aluminium strip, from 
which the sheaths are formed, is drawn from a feed 
roll at the rear of the machine through a pair of flange- 
forming rolls from which it emerges in the form of a 
trough with two flanges. It is then passed between 
two rapidly-rotating steel scratch brushes, which 
bring the surfaces to the high state of cleanliness 
necessary to enable the weld to be made. The metal 
dust resulting from this part of the process is re- 
moved through the hoses which can be seen in the 
illustration. The cable core is then introduced into 
the trough and the latter is passed through two hori- 
zontal rollers so that a tube is formed over the core. 
This tube is next drawn into a pair of welding rollers, 
where the projecting flanges are welded together as 
explained above and the excess metal is trimmed off. 
These two welding rollers are electrically driven, but all 
the forming rollers run idle. Finally, the sheathed 
cable through the peening rollers, visible on the 
extreme left of the illustration, so as to remove any 
roughness that may have been left after the surplus 
metal has been nipped off. This process of sheathing 
cables is continuous, the lengths of aluminium strip 
being joined by brazing, which is carried out in such a 
way as not to interfere with the welding. 

The machine illustrated has been designed to sheath 
power and telephone cables with overall diameters up 





to 14 in. Another machine, which is in course of 
development, will be suitable for sheathing house- 
wiring cables of the flat twin and other types. As an 
important feature of the process is the absence of 





heat, either applied or generated, during the formation 
of the weld, the machine can be used for sheathing 
dielectrics which could not be easily dealt with by 
conventional methods. In fact, it is claimed that any 
cable, including the rubber and plastic, dry-core, mass- 
impregnated, pre-impregnated and oil-filled types can 
be sheathed in this way. 





PLASTIC GLAND-PACKING 
MATERIAL. 


WHEN pumps or other types of apparatus are used 
with fluids of an inflammable, corrosive or solvent 
nature, the conditions under which the packing and 
sealing materials have to operate may be severe. 
They become even more so as the temperatures, 
pressures and concentrations of the substances handled 
increase, and a point has now been reached where the 
standard types of packing material are not suitable for 
some of the more arduous duties set by modern indus- 
trial processes. Messrs. Crane Packing, Limited, 
Slough, Buckinghamshire, have consequently developed 
a new material which has a marked degree of chemical 
inertness and can be used at temperatures ranging from 
—60 deg. F. to 450 deg. F. It is a synthetic plastic 
polymer containing carbon and fluorine atoms only, and 
having the chemical formula (C,F,)n ; it is produced 
by processing polytetrafluoroethylene, a white granular 
material made from fluorspar, and has been designated 
C.F.2.. The product is made in a number of different 
forms to suit different purposes, and can be used 
as a continuous strip, as loose woolly strands or in 
sheet form. It can also be moulded into any shape 
for which suitable dies can be produced. It has a 
density (in moulded form) of 2-2, a low coefficient of 
friction, and a tensile strength which varies from 
2,000 Ib. per sq. in. to 15,000 lb. per sq. in., depending on 
the final form. It is not wetted by water, and, for 
electrical purposes, has the advantages of a high elec- 
trical resistance, a low power factor over a wide range of 
frequencies, and a high resistance to tracking when 
arcing occurs. It also has a low thermal conductivity 
which may be advantageous in some cases, but requires 
that glands should be designed so that any heat 
generated by friction is removed through the moving 
metal part. The material has only recently been 
introduced, and will, no doubt, meet wider needs than 
those envisaged at the present. 





INFORMATION ON ATOMIC ENERGY.—The fourth of a 
series of conferences of representatives of the United 
Kingdom, Canada and the United States to discuss the 
further release of information on atomic energy will be 
held at the Atomic Energy Research Establishment, 
Harwell, Berkshire, from Thursday, February 9, to 
Sunday, February 12. During the meeting, account will 
be taken of the announcement made on September 23, 
1949, that an atomic explosion had occurred in Russia. 
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PROTOTYPE 16-CYLINDER TURBO-CHARGED DIESEL ENGINE. 


MESSRS. MIRRLEES, BICKERTON 














Fig. 1. 


PROTOTYPE TURBO-CHARGED 
DIESEL ENGINE, 


THR second prototype of a new range of Diesel 
engines being developed by Messrs. Mirrlees, Bickerton 
and Day, Limited, Stockport, has now been completed 
and is undergoing preliminary trials. The new engine, 
a photograph of which is reproduced in Fig. 1, on 
this page, is a 16-cylinder turbo-charged V-type unit 
having two banks of eight cylinders inclined, respec- 
tively, at 45 deg. In many respects it is similar to the 
Mirrlees six-cylinder J-type engine, the first of the new 
range to be completed, which was described on page 503 
of our 168th volume (1949). Eventually the range will 
include 3-, 4-, 5-, 6- and 8-cylinder in-line engines and 
8-, 12- and 16-cylinder V-type engines. The bore and 
stroke for the full range have been fixed at 9} in. and 
10} in., respectively, thus permitting speeds up to 
750 r.p.m. for the 3-, 4- and 5-cylinder models and up 
to 900 r.p.m. for the six-cylinder and larger models. 
An exceptionally wide range of powers will be available, 
extending from 160 brake horse-power for the three- 
cylinder model to 1,800 brake horse-power for the 
16-cylinder model. The engines have been designed 
so that they can operate under normally-aspirated 
conditions or with medium- or high-pressure turbo- 


ENGINE CONNECTED TO DyNAMOMETER ON TEST 





charging. They are intended for use with oil-well 
drilling rigs, in ships, both for auxiliary and propulsion | 
purposes, as rail-traction units and in industry for | 
stationary power work. 

The 16-cylinder turbo-charged engine shown in the | 
illustration, which is designated JSSI6V, has been 
designed to develop from 1,216 brake horse-power at 
600 r.p.m. to 1,600 brake horse-power at 800 r.p.m. 
on the 12-hour rating. For special cases the produc- 
tion model will be able to develop 2,270 brake horse- 
power at 900 r.p.m., provided a sufficient supply of low- 
temperature cooling water is available. The engine is 
of all-welded steel construction, the various com- 
ponents being stress-relieved during manufacture. 
The bedplate is a separate unit and eventually three 
types will be available, namely, marine, traction and 
transportable. The crankshaft is a steel forging of 
40-50 tons per square inch tensile strength, hardened 
and tempered to the requirements of B.S.S. No. 970- 
1942 (En 8). It is provided with a flange at both ends 
and is exceptionally stiff, there being considerable over- 
lap of the pin and journal diameters. The main bear- 
ings are of the steel-backed whitemetal-lined type, two 
bearings being installed at the flywheel end, that near- 
est the flywheel acting as the locating bearing and, in 
the case of clutch applications, as a thrust bearing. 
The connecting rods are machined from heavy H- 
section steel forgings and have palm ends to which the 
big-end bearings are attached by four high-tensile 
steel bolts. The connecting rods for each ‘‘ opposed ” 
pair of pistons operate side by side on a common 
crankpin, the cylinder bores being offset to accommo- 
date this arrangement. 





AND DAY, LIMITED, STOCKPORT. 











Fic. 2. Twix Turspo-CHARGERsS. 


The cylinder liners are chrome-hardened and are of 
the wet type; they have a continuous uninterrupted 
bore, there being no cut-away portions for the valve 
heads or connecting rods. The pistons are of light 
alloy, the combustion chambers being formed in the 
piston crowns, and each is fitted with three compression 
rings and two oil-control rings, the latter being of 
Messrs. Mirrlees design. The gudgeon pins are of the 
fully-floating type and work in phosphor-bronze bushes 
pressed into the pistons. As the engine has been de- 
signed for use with turbo-chargers, special attention has 
been paid to the form of cylinder head and associated 
valve gear. The cylinder heads are separate close- 
grained iron castings each of which is fitted with two 
exhaust valves, two inlet valves with separate inlet 
ducts, a starting valve, a relief valve and an indicator 
attachment. Each head is secured to the fabricated 
cylinder block by eight equally-spaced high-tensile steel 
studs, a copper gasket being used to make the gas-tight 
joint. The valve-operating gear is similar to that used 
on the six-cylinder engine; it comprises a forked 
exhaust-valve lever which rocks about a phosphor- 
bronze bush clamped in a bracket bolted to the cylinder 
head while the more lightly-loaded air-inlet valve levers 
are fitted to the ends of a splined shaft which works in 
the bore of the same bush. The rocking levers are 
fitted with adjustable tappets arranged to give line con- 
tact with the valve stems and the complete gear is 
pressure lubricated. 

Two turbo-blowers are fitted, one for each bank of 
cylinders, each blower being mounted on an extension 





BED. 


bracket bolted to the forward end of the cylinder 
housing. They are standard Brown, Boveri units 
and are arranged to deliver the air to the induction 
manifold through after-coolers. The two turbo- 
blowers and one of the after-coolers can be seen in the 
photograph reproduced in Fig. 2, on this page. The 
exhaust manifold is of the multi-pipe type arranged to 
give maximum scavenging efficiency and lead the gases 
to the turbine with minimum interference. For natur- 
ally-aspirated engines, the exhaust systems will include 
a water-cooled manifold with suitable expansion 
joints ; on radiator-cooled sets, however, an uncooled 
manifold will be used so as to reduce the radiator 
capacity. 

Gears are employed throughout for transmitting the 
drive to the various auxiliaries such as the camshaft, 
governor, fuel pumps, water pumps, etc. A separate 
camshaft is provided for each bank of cylinders, the 
motion being transferred from the cams to the rocking 
levers through push rods in the usual manner. Each 
camshaft consists of a continuous length of ground steel 
bar fitted with Monikrom chill-cast cam sleeves, 
the shaft being supported by bronze bearings between 
each cylinder. Individual fuel pumps are installed in 
chambers formed above each camshaft, the chambers 
being arranged so that any fuel leakage from the 
injectors, pipes and pumps is collected and drained 
away, thereby preventing dilution of the lubricating oil. 
The lubricating-oil and cooling-water pumps are in- 
stalled at the forward end of the engine and are driven 


|through a hydraulically-dampened flexible drive. 


Pressure lubrication is employed throughout and the 
engine is designed so that either a wet- or dry-sump 
system can be employed, both the pressure and scavenge 
pumps being located at a low level so that the inlets 
are submerged. The engine is entirely enclosed, no 
moving parts being situated outside the covers, which 
are unusually large and, when in place, give com- 
plete protection against the ingress of dust, an impor- 
tant feature for use at oil-well sites. 

Considerable care has been taken in the design to 
ensure good accessibility and ease of dismantling in 
confined spaces. The pistons and connecting rods, for 
example, can be removed through the crankcase doors ; 
they can also be removed through the cylinders after 
removal of the heads, but if this method is adopted 
the cylinder liners must be removed at the same time. 
The camshafts, decompression shafts, fuel-pump con- 
trol shafts, etc., can all be removed sideways through 
the camshaft covers, thereby making it unnecessary to 
make provision in bulkheads for the withdrawal of 
long components on shipboard installations. The 
main bearings can be inspected with the crankshaft 
still in position after removal of the bearing caps, and 
all the main components are arranged as sub-assemblies. 
Access to the overhead valve gear is obtained through 
large hinged covers and to the camshaft and fuel-pump 
chambers by the removal of inspection plates bolted in 


position. 
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AWARDS FOR STUDY OF TECH- 
NOLOGY IN THE UNITED STATES. 


REcENTLY, the Ministry of Education announced 
that some 50 additional post-graduate awards for the 
study of technology at selected universities and similar 
establishments in the United States are to be made 
available in the 1950-51 session. The first awards 
under the present scheme were made last year, and 
some of the holders are now in the United States 
while the remainder are in the process of taking up 
their awards. The aim of the scheme is to produce a 
small group of men, possessing enhanced qualifications, 
who will return to posts in industry or at universities and 
technical colleges in this country. The cost of the 
awards is met from funds provided by the American 
Economic Co-operation Administration and they are 
tenable initially for a minimum of one year. It is 
hoped, however, that they will be extended for a 
further year. The awards are open to students who 
hold a good honours degree in pure science or technology, 
who have had at least two years of industrial experience 
and who are at present employed in industry or on the 
staff of a research association or are teaching in a univer- 
sity or technical college. The awards will provide for 
tuition fees, books and travelling expenses in the 
United States and a maintenance of 1,800 dols. per 
annum, it being pointed out that a substantial portion 
of the time of the holder will be spent in selected indus- 
trial establishments. The cost of the passage to and 
from the United States will be met from public funds, 
and successful candidates will be expected to leave the 
United Kingdom early in September next. Further 
details ing the scheme may be obtained from 
the Ministry of Education (F.E. Division 1), Curzon 
Street House, Curzon-street, London, W.1. Intending 
candidates for the awards should note that the closing 
date for applications is February 15. 





CONTRACTS. 


The British Broadcasting Corporation, London, have 
Placed orders with ELEcrRIC AND MusicaL INDvUs- 
TRIES LIMITED for the supply of two 50-kW vision trans- 
mitters and with STANDARD TELEPHONES AND CABLES 
LIMITED for the associated two 12-kW sound transmitters 
for television stations to be built in Scotland and the 
Bristol Channel area. 


Messrs. STANDARD TELEPHONES AND CABLES LIMITED, 
Connaught House, Aldwych, London, W.C.1, have 
obtained a contract from the Department of Posts 
and Telegraphs of New Zealand for the complete re- 
equipment of the two 40-nautical-miles submarine 
telephone cables which link the North and South Islands. 
The new equipment will operate up to a frequency of 
300 ke. per second on each cable, providing 32 carrier 
telephone channels on each cable, and one voice-frequency 
telephone channel and, what was not previously available, 
a@ music channel. Also included in the contract are 
12 twelve-channel open-wire carrier telephone systems 
which will be used to extend the new circuits provided 
by the cables to many places in the North and South 
Islands. 


MEssRs. THE BRITISH THOMSON-HOUSTON COMPANY, 
LIMITED, Rugby, are to supply 3,300-volt and 550-volt 
switchgear, gate-end control units, a fluorescent lighting 
system, and the electrical machinery for underground 
hoisting equipment at the Eregli coal mines, Turkey. 
The main switchgear will comprise about 140 oil- 
immersed, flame-proof, horizontal draw-out Class BP 31 
units, suitable for assembly, as required, into multi-panel 
switchboards. For the local distribution at 550 volts, 
and for control of the trailing cables, approximately 
300 gate-end units are being supplied. In addition, 
about 60 lighting transformer units will be provided for 
taking lighting supplies from the main 3,300-volt cables 
along the roads. A total of 3,500 flame-proof lighting 
fittings have been ordered, each with a 4-ft. 40-watt 
fluorescent lamp. 


The British Electricity Authority, Great Portland- 
street, London, W.1, announce that, during the past 
month, contracts have been placed for power-station, 
switching- and transforming-station and transmission 
equipment amounting, in the aggregate, to 1,807,2941. 
The principal orders include 3,300-volt auxiliary switch- 
gear for Battersea “‘B’”’ power station, with Messrs. 
FERGUSON PAILIN LIMITED ; coal-handling, storing and 
reclaiming plant for Barking station, with the GENERAL 
ELECTRIC COMPANY, LIMITED; ash and dust-handling 
plants for the Littlebrook “‘C” station, Kent, and the 
Keadby station, Yorkshire, with Messrs. BABCOCK AND 
WILcox, LimITrep ; main auxiliary and multicore cables 
and accessories for Thornhill station, with BririsH 
INSULATED CALLENDER’S CABLES LIMITED; and 132-kV 
2,500-MVA switchgear for Rugby substation, with THE 
BRITISH THOMSON-HousTON COMPANY, LIMITED, and, 
for Slough substation, with Messrs. A. REYROLLE AND 
CoMPANY, LIMITED. 








BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British’ Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Panel-Type Air-Filter Elements—A new Aircraft 
Standard Specification, No. S.P. 20, covers panel-type 
air-filter elements for use with internal-combustion 
engines and air-compressors on aircraft. It is mainly a 
performance specification and deals with the testing of 
dry and wet (viscous-film) type elements. There are 
no dimensional clauses in the specification, but certain 
constructional requirements are specified. The tests 
are based on experience gained with filters used on 
aircraft operating in the North African deserts and on 
the Normandy landing strips during the late war. 
In general, an air filter for aircraft use is not called upon 
to deal with ordinary atmospheric dust, but with that 
raised when aircraft are landing and taking off. The 
specification stipulates the method of carrying out the 
tests, the results required, and the method of reporting 
the test results. [Price 2s., postage included.] 


Tests for Water Used in Steam Generation.—A new 
specification, B.S. No. 1427, concerns tests for water 
used in steam generation. These relate to Group 
“* A,” control tests, for which no laboratory is required. 
Two other specifications dealing, respectively, with 
Group “ B,” laboratory tests ; and Group “ C,” speci 
tests for investigation purposes, are in preparation and 
will complete the series of British Standard publications 
covering boiler-water treatment. The tests described 
under Group “A” in the present publication are 
sub-divided into those which are easy of application 
and those requiring greater skill. The tests have been 
further sub-divided to cover raw water, softened water, 
condensates and boiler water (i.e., water present in 
the boiler when steaming has been in progress), and 
detailed instructions are given for determining density, 
electrical conductivity, the pH value, the presence of 
free carbon dioxide, alkalinity, total and ‘“ ghost- 
point”’ hardness (Wanklyn method), calcium and 
magnesium content, dissolved solids, oil contamination, 
dissolved oxygen and the presence of chlorine, sulphate, 
copper, aluminium and iron. Appendices, giving data 
on the preparation of indicators and standard volu- 
metric solutions, and including tables of equivalents 
and conversion factors, are also furnished. [Price 
7s. 6d., postage included. |] 





BOOKS RECEIVED. 

Mitteilungen aus dem Institut fiir Aerodynamik. an der 
Eidgenéssischen Technischen Hochschule in Ziirich. 
No. 16. Die linearisierte Theorie der dreidimensionalen 
kompressiblen Unterschallstrémung und die experimen- 
telle Untersuchung von Rotationskérpern in einem 
geschlossenen Windkanal. By Dr. EDWARD R. VAN 
DrigEstT. [Price 7 francs.] No. 17. Experimental 
Investigation of a Stationary Cascade of Aerodynamic 
Profiles. By Dr. WiLtiaMm T. SAWYER. [Price 
12 franes.} A.G. Gebr. Leemann, Stockerstrasse 64, 
Zurich 2, Switzerland. 

Canada. Department of Mines and Resources. Bureau of 
Mines. The Canadian Mineral Industry in 1947. 
Reviews by the staff of the Bureau of Mines. The 
Director, Mines and Geology Branch, Department of 
Mines and Resources, Ottawa, Canada. [Price 25 
cents. ] 

The British Electrical and Allied Industries Research Asso- 
ciation. Twenty-Ninth Annual Report. October Ist, 
1948, to September 30th, 1949. Offices of the Associa- 
tion, Thorncroft Manor, Dorking-road, Leatherhead, 
Surrey. 

Department of Scientific and Industrial Research. Report 
of the Road Research Board. With the Report of the 
Director of Road Research for the Year 1948. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
2s. net.) 

Whitaker’s Almanack, 1950. By JOSEPH WHITAKER. 
J. Whitaker and Sons, Limited, 13, Bedford-square, 
London, W.C.1. [Price: library edition, with maps, 
25s. net; complete edition, without maps, 12s. 6d.; 
shorter edition, 7s. 6d. net.] 

Zehnteilige Einflusslinien fiir durchlaufende Trdgen. By 
Dr.-INc. GEORG ANGER. Volume I. Sixth revised 
edition. Wilhelm Ernst und Sohn, Hohenzollern- 
damm 169, Berlin-Wilmersdorf, Germany. [Price 
15 D.M.] Lamge, Maxwell and Springer, Limited, 
41-45, Neal-street, London, W.C.2. [Price 26s. 3d.] 

Veréffentlichungen zur Erforschung der Druckstossprobleme 
in Wasserkraftanlagen und Rohrleitungen. Edited by 
Dr.-ING. FRIEDRICH T6LKE. No.1. Springer-Verlag, 
Reichpietschufer 20, Berlin W.35, Germany. [Price 
24 D.M.] 

The Story of Oil. With a Chapter on Oil in Pakistan. 
Burmah Oil Company (Pakistan Concessions), Limited, 
Oriental Building, McLeod-road, Karachi. 





PERSONAL. 


Mr. W. J. FERGUSON, M.Eng. (L’pool), M.I.N.A., 
M.I.Mech.E., assistant chief engineer surveyor, Lloyd's 
Register of Shipping, has been made chief executive in 
charge of the administrative work of the Society. 

Mr. J. F. HARRISON, M.I.Mech.E., M.I.Loco.£., «ssist- 
ant chief mechanical engineer, Eastern and North- 
Eastern Regions, British Railways, Doncaster, has been 
promoted to the position of mechanical and electrica) 
engineer of these Regions at Doncaster. Mr. H. fk, 
Kemp, M.B.E., outdoor carriage and wagon assistant, 
Southern Region, London Bridge, has been made execy- 
tive officer (wagons), Railway Executive Headquarters, 
London. Mr. B. ADKINSON, B.Sc. (Eng.) (Lond.). dis- 
trict motive-power superintendent, Doncaster, has 
become administrative and motive-power assistant to 
the chief officer (motive power), Railway Executive 
Headquarters, London. 

Mr. J. R. NEL, A.R.Ae.S., has been appointed com- 
mandant at Renfrew Airport. 

Mr. F, YEO-THomas, G.C., M.C., has been appointed 
representative in Paris of the Federation of British 
Industries, 21, Tothill-street, London, S.W.1. 

Mr. H. F. Buxton, B.Sc, (Eng.) (Lond.), M.I.Mech.£., 
M.LE.E., has been appointed electrical engineer to the 
South Eastern Gas Board. 

Dr. W. Re, B.Sc., M.Inst.M.M., has relinquished the 
position of production director, Scottish Division 
National Coal Board, on appointment as deputy chairman 
of the Division. 

Mr. C. H. WALDRAM has been appointed personnel 
manager of Messrs. John Laing and Son, Limited, build- 
ing and civil engineering contractors, Bunns-lane, Mill 
Hill, London, N.W.7. 


Mr. A. MacLEop and Mr. W. Stocks, M.B.E., have 
been appointed directors of the Steetley Company, 
Limited, Shireoaks, Worksop, Nottinghamshire, and Mr. 
J. A. RUSSELL and Mr. M. Dovetras have relinquished 
their seats on the board. 

Mr. V. M. Roperts, B.Sc., A.M.I.E.E., manager of 
the electronic and sound-sales department, British 
Thomson-Houston Company, Limited, Rugby, has been 
elected chairman of the Radio Communication and 
Electronic Engineering Association, in succession to Mr. 
F. STANLEY MOCKFORD. Mr. K. S. DAVIES, B.Sc., 
A.M.L.E.E.. is the new vice-chairman. 

Mr. G. A. BURRIDGE, secretary accountant to the 
B.S.A. Tools Group of Companies, has been appointed 
to the board of directors of Burton, Griffiths and Com- 
pany, Limited, Mackadown-lane, Marston Green. Bire 
mingham. 

Following the recent signing of an agreement between 
the Government of India and STANDARD TELEPHONES 
AND CABLES LiMiTED, Connaught House, Aldwych, 
London, W.C.2, whereby the latter act as technical 
advisers for the establishment. of a factory in India for 
the manufacture of communication cables, the company 
announce the appointment of Mr. L. E. ANDERSON, 
A.M.I.Mech.E., to the position of cable consultant 
(India). Supporting him in India, in the capacity of 
plant engineering adviser, will be Mr. A. W. WHITE, 
headquarters plant engineer of the firm. 

Mr. NORMAN BOURNES, assistant works manager of 
the Cambridge Street Works, Manchester, of the Dunlop 
Rubber Company, Limited, has been promoted to the 
position of works manager, in succession to Mr. GEORGE 
Livines, who has retired after 53 years of service. 


MEssRs. PETER Stuss LIMITED, manufacturers of 
silver steel and files, Warrington, have appointed as 
their representative in South Weles and the West Country, 
Mr. S. J. Urn, 114, Filton-grove, Horfield, Bristol, 7. 
(Telephone: Bristol 45866). Mr. Uphill succeeds Mr. 
Stuart Cox, of Newport, who represented Messrs. Stubs 
for upwards of 17 years. 

Mr. R. F. Prosser, M.C., has been appointed private 
secretary to Mr. G. S. Lindgren, M.P., Parliamentary 
Secretary to the Ministry of Civil Aviation, Ariel House, 
Theobald’s-road, London, W.C.1. 

The address of the COMMERCIAL DEPARTMENT OF THE 
BRITISH EMBASSY AT THE HAGUE has been changed to: 
29, Lange Voorhout, The Hague, Holland (Telephone: 
The Hague 182645). 

Messrs. Low Moor ALLOY STEELWORKS, LIMITED, 
Low Moor, Yorkshire, have joined the BEsTEC EXPORT 
Group (BRITISH ENGINEERS SMALL TOOLS AND EQUIP- 
MENT CoMPANY, LIMITED), Buckingham House, Bucking- 
ham-street, Adelphi, London, W.C.2. 

Messrs. BRITISH OIL ENGINES SOCIETE ANONYME has 
been formed, with offices at 64, Boulevard Jacqmain, 
Brussels, to sell, in Belgium, Diesel engines made by 
firms in, or associated with, the ASSOCIATED BRITISH OIL 
ENGINES GROUP, namely, Mirrlees, Petter, McLaren, 
Meadows, Petter-Fielding, and National, and the tur- 
bines and electrical products made by the Brush Electrical 
Engineering Company, Limited. The directors of the 
new company are the Hon. A. C. GEDDES, Dr. J. W- 
Bonp!, Mr. A. H. Syme, and Mr. M. ANTOINE BUYSSE. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—While some misgivings are being 
expressed by responsible observers regarding the pros- 
pects of maintaining full-time working in all branches 
of the trade, current steel-ingot production is upheld 
at a very high level. The raw-material position continues 
to give much satisfaction, pig iron and scrap being com- 
fortably related to requirements. The heavy steel- 
makers are busily engaged on their large commitments 
in ship and boiler plates for the home trade. The volume 
of shipbuilding work on hand is still appreciable, although, 
in some cases, small yards are engaged on their last 
contracts. At the Blochairn Works of the Steel Company 
of Scotland, Limited, a subsidiary of Messrs. Colvilles 
Limited, a record output of 3,350 tons of plates was 
achieved in a recent week, indicative of the activity in 
this item. Export allocations in plates are readily 
absorbed. Sheet-making plant continues to operate at 
its maximum rating. Orders flow in steadily, and 
although production recently exceeded the volume of 
new business, full-time working is assured for a con- 
siderable period ahead. In contrast with sheets and 
plates, other branches are less comfortably placed. The 
position for the small-bar makers is becoming precarious, 
and short-time working may have to be introduced 
shortly. This situation has arisen as a result of the 
heavy importations of Continental materials, especially 
towards the end of last year. Orders for heavy sections 
and large bars are also scarce, and seem likely to remain 
so until some relaxation of the Government’s restrictions 
on building is brought about. 


Scottish Coal.—Production at the collieries has been 
influenced recently by the reduced labour force available 
(total man-power at December 31, 1949, was 81,664, 
against 83,011 a year before; face workers 36,355 
against 36,953), occasional outbreaks of strikes costing 
a few thousand tons a day at times, and the continued 
working of a six-day week at most of the Fife pits. The 
outcome has been that the output is running slightly 
lower than a year ago. The cold weather has caused a 
few small firms to call for extra supplies to prevent a 
break in production. These have been forthcoming 
promptly, and the general supply position is fairly 
secure, although a definite tightness is evident. Deli- 
veries to the principal industrial consumers are fairly 
close to scheduled tonnages, and while consumption has 
risen sharply for space-heating, stocks have absorbed 
the impact of increased requirements. A few coke-ovens 
have only slender margins to work with, but continuity 
of operations is being safeguarded. Domestic needs have 
expanded, but a number of householders have private 
stocks accumulated during the summer to draw upon, 
while merchants are giving special consideration to 
tenement dwellers unable to store coal. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—New business has become 
practically impossible to arrange, for delivery over the 
next month or so, on the Welsh steam-coal market. 
Increased activity on the part of inland consumers, 
during the recent spell of cold weather, has resulted in 
colliery-order lists being almost completely filled until 
the early part of March, and, consequently, a number of 
orders circulating for all grades cannot be handled. 
Very heavy deliveries are being made to the public- 
utility undertakings inland. In addition, operators are 
speeding up deliveries to ordinary consumers so as to 
build up as high stocks as possible as a precaution 
against any breakdown in the transport arrangements 
owing to bad weather. The railways and the iron and 
steel industry have also been showing close attention 
to their fuel needs, and substantial quantities are ear- 
marked for these consumers. On export account, 
deliveries to France and the Argentine have proceeded 
along good lines, und¢r existing arrangements, while 
steady shipments have been made to Italy. A moderate 
trade is being conducted with Spain while a few cargoes 
have been sent to private industrial buyers in Portugal, 
although there is, as yet, no sign of any resumption of 
purchases on the part of the large-scale buyers in that 
country, and negotiations are still proceeding. Con- 
sumers in the Scandinavian countries, and in Belgium 
and Holland, are still interested. Bunkers remain 
firmly sold while the demand for cokes is good and 
potential outputs are well disposed of. Patent fuel 
meets with a quiet request. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, in the tin-plate industry, makers are maintaining 
a high level of production and the orders on their books 
will keep them fully employed for sometime. Last week, 
@ moderate amount of business was transacted in the 
export market and there was a slight increase in the orders 
placed. The demand for steel sheets continues heavy, 
while that for iron and steel scrap is steady. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Facilities for the production of pig 
iron have been increased by the starting up of a new 
modern blast furnace designed for seven years’ con- 
tinuous operation. Mechanisation has made some 
employees redundant in that section of the works of the 
Park Gate Iron and Steel Company, Limited, but they 
have been found employment in other departments. 
The installation is part of a big scheme of development 
and re-equipment. The next stage is the erection of an 
11-in. continuous bar mill. At the works of Messrs. Steel, 
Peech and Tozer, Limited, progress has been such, in 
extensions and re-equipment, that notice has been given 
to 70 men who had been specially engaged on the scheme. 
Regular production men are not affected. The major 
schemes carried out have been the conversion of the 
Templeborough steel-melting shop to oil firing, the 
mechanisation of the railway-spring shop and the re- 
equipment of the wheel department. Further evidence 
has come to hand of the growing strength of German 
competition in alloy steels, and of vigorous Japanese 
competition, not only in steel, but also in cutlery. Tool 
factories are very busily employed and still have con- 
siderable reserves of orders ; they are booking an encour- 
aging amount of new business. Heavy engineering shops 
are very busy and well booked. Makers of engineers’ 
small tools report a healthy state of order books, and 
the edge-tool factories have a considerable volume of 
orders to carry out. 

South Yorkshire Coal Trade.—The demand for coal is 
very strong, but production has been adversely affected 
by wintry weather both at deep mines and on opencast 
sites. Not enough coal has been reaching the depots to 
satisfy household requirements and the winter reserves, 
built up during the summer, have been drawn upon. 
Industrial steams are in great request, and the demand 
for coal for gasworks and electricity generating stations 
has been intensified. The demand for coking coal is 
strong. Export requirements are heavy. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The market, on the whole, is easier 
in tone, but, while new orders are not coming forward with 
the freedom that could be wished, the decline in business 
is attributed largely to political uncertainty and the lull 
is expected to be of short duration. Meanwhile, iron and 
steel producers are very actively engaged on running 
contracts, and, since the beginning of the year, various 
plants have attained new output records. Distributable 
parcels of several descriptions of material deal satis- 
factorily with the requirements for home purposes and 
higher export quotas are promised. January shipments 
from the Tees were particularly heavy and further big 
clearances to Australia are expected. The parcels of 
raw material obtainable are adequate for the require- 
ments ef users and pig-iron supplies continue sufficient 
for their actual needs. The well-maintained heavy 
distributable tonnage of iron and steel scrap is readily 
taken up and customers are succeeding in their effort 
to build up stocks. Steel stocks have been substantially 
replenished, but buyers of some commodities are still 
calling for greater parcels than they are receiving. 

Foundry and Basic Iron.—The supply of pig iron of 
ordinary foundry quality is satisfactory but has to be 
brought from distant producing areas. The whole make 
of the Tees-side basic blast furnaces continues to flow 
jnto direct use at producers’ own consuming works. 

Hematite, Low Phosphorus and Refined Iron.—The 
demand for increased deliveries of East Coast hematite is 
still persistent but makers are providing regular customers 
with fairly satisfactory quantities. Low- and medium- 
phosphorus grades of iron have a ready sale and buyers 
would welcome an increase in deliveries. Refined-iron 
manufacturers are turning out substantial orders with 
creditable expedition and still continue to spare a little 
occasional tonnage for export. 

Manufactured Iron and Steel.—The orders in hand for 
semi-finished and finished iron maintain producing 
plants actively engaged, but purch of some commo- 
dities for fairly early supply could be given satisfactory 
attention. Sheet bars, slabs, small squares and flat 
billets are in good request, but other classes of steel 
semies are plentiful and in only moderate demand. The 
commitments of finished-steel producers are still extensive 
but in many cases delivery obligations are now adequately 
handled. The position, however, continues difficult in 
regard to sheets and plates and there is no abatement 
of the heavy export demand for sheets. 








INSTITUTE OF MARINE ENGINEERS.—A lecture entitled 
“The Future of Steam for Marine Propulsion ” will be 
delivered by Captain (KE) W. Gregson, M.Sc., R.N.R., at 





King’s College, Strand, London, W.C.2, on Monday, 
February 13, commencing at 5.30 p.m. 





NOTICES OF MEETINGS. 


Tr is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
February 13, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “ Interference Suppression,” opened by 
Mr. E. M. Lee. North-Eastern Centre: Monday, February 
13, 6.15 p.m., Neville Hall, Newcastle-upon-Tyne. 
“ High-Voltage Surge Diverters,” by Mr. H. F. Jones 
and Mr. C. J. O. Garrard. Western Centre: Monday, 
February 13, 6.30 p.m., Guildhall, Swansea. Faraday 
Lecture on “ Radar,” by Dr. R. A. Smith. Scottish 
Centre: Tuesday, February 14, 7 p.m., 39, Elmbank- 
crescent, Glasgow; and Wednesday, February 15, 
7 p.m., Heriot-Watt College, Edinburgh. ‘‘ Generation 
and Flow of Harmonics in Transmission Systems,” by 
Dr. 8S. Whitehead and Dr. W. G. Radley. Radio Section: 
Wednesday, February 15, 5.30 p.m., Victoria-embank- 
ment, W.C.2. ‘“‘ Ground-Wave Propagation Over an 
Inhomogeneous Smooth Earth,” by Mr. G. Millington 
and Mr. G. A. Isted. East Midland Centre: Thursday, 
February 16, 7.30 p.m., George Hotel, Kettering. 
“ Domestic Appliances,” by Mr. H. Hobbins. 

INSTITUTION OF PRODUCTION ENGINEERS.—Sheffeld 
Section: Monday, February 13, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Ball and Roller Bearing 
Manufacture,” by Mr. R. K. Allan. Birmingham Section : 
Wednesday, February 15, 7 p.m., James Watt Memorial 
Institute, . “ Automatic Bar Machines,” 
by Mr. A. W. Nye. London Section: Thursday, Feb- 
ruary 16, 7 p.m., Royal Empire Society, Northumberland- 
avenue, W.C.2. “ Works Organisation for Large-Scale 
Research and Development of Aircraft Engines,” by 
Mr. J. S. Paget. ae 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Feb- 
ruary 14, 5.30 p.m., Great George-street, 8.W.1. “‘ Welded 
Bridges,” by Mr. R. G. Braithwaite and Mr. D. J. Davies. 
Midlands A iation : Wednesday, February 15, 7 p.m., 
Loughborough College, Loughborough. “Land Re- 
clamation near Wainfleet,’ by Mr. G. E. E. Buchner. - 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
February 14, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. Conference on “‘ Formation and 
Properties of Gas Bubbles.” 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Feb- 
ruary 14, 5.30 p.m., 85, Minories, E.C.3. “‘ Diesel-Engine 
Propulsion of Cargo Liners,” by Mr. A. G. Arnold. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, February 14, 6 p.m., Mack- 
worth Hotel, Swansea. T. L. Gray Lecture on “ An 
Overseas Mail Service,” by Mr. James Gray. Midland 
Branch: Thursday, February 16, 6 p.m., James Watt 
Memorial Institute, Birmingham. Chairman’s Address 
on “* Air Compressors,” by Mr. E. S. Legat. Institution : 
Friday, February 17, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. ‘“‘ Simplification Creates New 
Problems for Top-Management,” by Dr. H. E. Merritt. 
London Graduates’ Section: Saturday, February 18, 
3 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
Lecture on ‘Combustion in Diesel Engines,” by Sir 
Harry R. Ricardo, F.R.S. AUTOMOBILE DIVISION.— 
Tuesday, February 14, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. “Some Factors Governing the 
Performance of Crankcase Lubricating Oils,”” by Mr. A. 
Towle. North-Eastern Centre : Wednesday, February 15, 
7.30 p.m., University, Leeds. Annual Meeting. Western 
Centre: Thursday, February 16, 6.45 p.m., Royal Hotel, 
Bristol. Annual Meeting. 

ROYAL AERONAUTICAL SocreTy.—Tuesday, February 
14, 7 p.m., 4, Hamilton-place, W.1. “ Prototype 
Testing of Aircraft,”” by Mr. D. R. H. Dickinson. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday . 
February 15, 3 p.m., Whitehall, S.W.1. “ Present 
Science and Future Strategy,” by Dr. 0. H. Wansbrough- 
Jones. ; 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
February 15, 6 p.m., 11, Upper Belgrave-street, 8.W.1. 
** Concrete Surfaces,” by Mr. J. G. Wilson. 

INSTITUTE OF FUEL.—Yorkshire Section: Wednesday. 
February 15, 6.30 p.m., Royal Victoria Station Hotel. 
Sheffield. ‘‘ Reheating-Furnace Performance,” by Mr. 
F. A. Gray. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
February 16, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. Discussion on ‘“‘ Operating Problems.” 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
February 16, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Mass Concentration of Air- 
Borne Dusts,” by Dr. P. F. Holt; “‘ Heavy Metals in 
Natural Waters as a Guide to Ore,” by Dr. J. S. Webb and 
Mr. A. P. Millman; and “ Grade Control,” by Mr. G. F. 
Mortimer. 

Junior INSTITUTION OF ENGINEERS.—Friday, Feb- 
ruary 17, 6.30 p.m., 39, Victoria-street, S.W.1. “‘ Stan- 
dardisation,” by Mr. L. H. A. Carr. 
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ENGINEERING, 
35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpP.te Bark 3663 and 3664. 


All editorial corres 
to the Editor and a 
Manager. 


mdence should be addressed 
other correspondence to the 


Accounts are ayer to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada Ftsckseshsieibechan £410 0 

For Canada fA 5 0 


Subscribers receiving incomplete copies through 
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‘*THAT MOST INGENIOUS 
MONSIEUR DESCARTES.”’’ 


Just asthe history of mankind is full of the records 
of the rise and decline of great peoples and states, 
so the history of science is strewn with the vestiges 
of once famous theories and systems which had 
their day and were then relegated to the lumber 
room of human thought ; leaving, however, legacies 
which stimulated the work of future generations. 
Among such systems were the physics of Aristotle, 
the Ptolemaic system of the Universe, the Cartesian 
philosophy, the Wernerian doctrine in geology, 
Stahl’s phlogistic hypothesis in chemistry, and the 
caloric theory of heat. These and many similar 
teachings have long since been abandoned, yet, 
without exception, they form links in the chain of 
“the thoughts of men from the beginning of the 
world until now.” Twenty-five centuries have 
passed since the birth of science in Greece and 
Egypt, but few of the ancient writings have stood the 
test of time like those of Euclid. It is easy enough 
for moderns to dwell on the strangeness of such 
notions that three is a perfect number, that circular 
motion is equally perfect, that Nature abhors a 
vacuum, or that scorpions commit suicide if sur- 
rounded by fire. ‘“‘The mistaken science of the 
past,” says Professor H. Butterfield in his recent 
book, The Origins of Modern Science, ‘always 
appears as blind supersitition to the future,” but, 
for a true appreciation of any man’s work, it is 
necessary to know what had gone before and what 
were the contemporary conditions and thought. 

These reflections have been suggested by consi- 
deration of the life and work of the great French 





philosopher, mathematician, physicist and physiolo- 
gist, to whom Boyle referred as ‘‘ that most ingenious 
Monsieur Descartes,”’ classing him among ‘‘ Those 
Heroic Wits to whom The Commonwealth of Learn- 
ing is exceedingly beholden for plausible speculations 
in the most primitive and Catholick Affections of 
Matter,’ Descartes, it is true, was not an experi- 
mentalist of the order of Boyle, and probably 
made more dissections than experiments, but, in 
Boyle’s own lifetime, the Cartesian philosophy, 
the Cartesian theory of vortices, and Descartes’s in- 
vention of analytical geometry were taught in all 
the British and French universities, and it was 
on these things that Newton was bred. 

It is sometimes said that the lives of men of 
science present few features of general interest. 
Such is not the case of René Descartes ; not only was 
he a great thinker and writer, in correspondence 
with other “ Heroic Wits,”’ but he knew something 
of the rough and tumble of camp life and was a 
great traveller. Living when the Inquisition was 
still powerful, aware that to be a good Catholic one 
had to be a good Aristotelean, aware of the tradi- 
tions of the Sorbonne and Rome, and of the fate of 
Galileo and others, Descartes sought no martyr’s 
crown and his most importanf work was done 
during his 20 years of self-imposed exile in Protes- 
tant Holland. If he did not altogether experience 
that freedom from suspicion and controversy 
that he had hoped for, and if his works were 
placed on the Index Expurgatorius and he himself 
was accused of being an atheist, he gained the 
seclusion he desired, by discreetly shifting his 
place of residence from Amsterdam to Utrecht, 
Deventer and other places. 

He was born at La Haye, in Touraine, on March 30, 
1596, and died at Stockholm on February 11, 1650, 
three hundred years ago, being then but 53 years 
of age. When eight years old, he was sent to the 
Jesuit college at La Fléche, where he was taken 


66 | through courses of Latin, Greek, mythology, poetry, 


theology, philosophy, mathematics and other sub- 
jects. Leaving at 16, he went to Paris, and entered 
into society, but without altogether neglecting 
mathematics. At 20, he took a law degree at Poie- 
tiers. Feeling strangely dissatisfied with nearly all he 
had been taught, and finding no sure foothold, he 
turned to soldiering and, during the years 1617 to 
1621, saw active service as far east as Hungary and 
as far north as the shores of the Baltic. He took 
part in some of the earliest battles of the Thirty 
Years War, a war which was more disastrous to 
German life and property than that of 1939-45. 
Army life making little appeal to him, he resigned 
his commission, returned to France and spent his 
time in study and travelling. In 1629, being then 
33, he sought peace and quiet in Holland. The 
scientifically-minded Sir Charles Cavendish invited 
him to settle in England, but the Civil War was 
then raging and nothing came of the offer. In 
1649, however, a flattering invitation came from 
Queen Christina of Sweden, and this he accepted. 
It was of little avail, for at Stockholm he fell ill 
with inflammation of the lungs and died. He was 
buried first in Sweden, but in 1666 his remains 
were transferred to St. Etienne du Mont, in Paris, 
the burial place of Pascal, and, in 1819, to the 
ancient church of St. Germain des Prés. By some, 
Descartes is regarded as the father of modern 
philosophy, by others as a great forerunner of the 
science of psychology ; while Ball refers to him as 
the first of the modern school of mathematicians, 
and Huxley, in an address to the British Association 
in 1874, said that he was certainly entitled to the 
rank of “a great and original physiologist ” ; suffi- 
cient evidence of the universality of his genius. 

For 200 years or more before the birth of Descartes, 
men here and there had been questioning the old 
philosophies, probing into the secrets of Nature and 
attempting to free themselves from the authority 
of both Church and schools ; and Descartes entered 
upon his career when the scientific revolution, which 
forms the central theme of Professor Butterfield’s 
book, previously mentioned, was in full flood. 
For all his reading, however, he could find no sure 
foundation on which to build, and he resolved to 
try to work out his own salvation. He would doubt 
everything—books, authority, even reason and 
experience. “ For all that,” he wrote in his famous 
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Discourse touching the Method of Using Reason 
rightly and of Seeking Scientific Truth, published in 
1637, ‘I did not imitate the sceptics, who doubt 
only for doubting’s sake, and pretend to be always 
undecided ; on the contrary, my whole intention 
was to arrive at a certainty, and to dig away the 
drift and the sand until I reached the rock or the 
clay beneath.” The outcome of his doubtings, his 
inquiries, and his conclusions, on God, man, animals, 
the heavens and the earth, and all things philoso- 
phical and physical, are set out in his books. 

His greatest contribution to the exact sciences 
was his analytical geometry, the most important 
improvement in geometry for 1,800 years. Every 
issue of ENGINEERING testifies to the value of his 


discovery, which is fully dealt with in Ball’s History 


of Mathematics. His physicaltheory of the universe, 
his discussion on motion and his famous vortex 
theory were given to the world in bis Principes de la 
Philosophie, of 1644. ‘‘ After the overthrow of the 
Ptolemaic system and the ancient crystalline 
spheres,” wrote Cajori, ‘‘the puzzle stared philoso- 
phers in the face, What is it that causes the planets 
to move in their orbits? The answer given in 
Descartes’s theory, was eagerly accepted. All space 
is filled with a fluid, or ether, the parts of which 
act on each other and cause circular motion. Thus 
this fluid was formed into a multitude of vortices 
of different size, velocity and density, etc.” This 
was the theory that held the field till Mewton’s 
discoveries slowly supplanted it. Oxford owed its 
conversion from the Cartesian philosophy to the 
Savilian Professors, David Gregory and John Keill ; 
Cambridge, to Samuel Clarke, who re-translated the 
standard text-book Traité du Physique of Jacques 
Rohault. The acceptance of Newton’s views in 
France was largely due to Voltaire, who spent 
the years 1726-29 in London and, on his return, 
wrote his Letters on England. In one of these, he 
told his countrymen, “‘ A Frenchman who arrives in 
London will find philosophy, like everything else, 
very much changed there. He had left the world 
a plenum, and he now finds it a vacuum. At Paris, 
the universe is seen composed of vortices of subtile 
matter ; but nothing like it is seen in London. In 
France it is the pressure of the moon that causes the 
tides ; but in England it is the sea that gravitates 
towards the moon. You will observe further, 
that the sun, which in France is said to have nothing 
to do with the affair, comes in here for very near a 
quarter of its assistance. According to your 
Cartesians, everything is performed by an impulsion, 
of which we have very little notion ; and according 
to Sir Isaac Newton, it is by an attraction, the cause 
of which is as much unknown to us. At Paris 
you imagine that the earth is shaped like a melon, 
or of an oblique figure ; at London it has an oblate 
one. A Cartesian declares that light exists in the 
air; but a Newtonian asserts that it comes from the 
sun in six minutes and a half...” There could 
be no doubt of Voltaire’s views, and it was he who 
persuaded the Marquise du Chastelet to translate 
Newton’s Principia into French. 

Descartes, as we have said, laboured when the 
scientific revolution was in full flood. During his 
lifetime Gilbert published his De Magnete, Kepler 
his laws of planetary motion, Bacon his Novum 
Organum, Galileo his Dialogues, and Harvey his 
De Motu Cordis. Works on science followed each 
other in quick succession. To the same period 
belongs the invention of the microscope and the 
telescope. Many old ideas had been upset in 1572 
by the appearance of a new star, but when the 
telescope revealed the planets of Jupiter, the rings 
of Saturn and the spots on the sun, a new chapter 
in the story of the skies was opened. A transit of 
Mercury was observed for the first time in 1631 
by Gassendi, a transit of Venus in 1639 by Horrocks. 
The invention of the barometer by Torricelli and the 
experiments with it by Pascal were the scientific 
sensation of the time. During the same period, 
French and British men of science, following 
the example of their Italian contemporaries, began 
to meet together for discussion, resulting in the 
inauguration of, first, the Royal Society of London, 
and then, the Royal Academy of Sciences in Paris. 
Among their founders, few were ignorant of the con- 
tributions to the Commonwealth of Learning of the 
iagenious Monsieur Descartes. 





THE CAUSES OF ELECTRICAL 
ACCIDENTS. 


In an attempt to control any class of event, an 
obvious first step is to ascertain its cause. This 
task may prove to be impossible, or the causes may 
be so numerous and varied that no procedure 
which can be devised is likely to be effective in 
controlling more than a proportion. This condition 
applies to electrica] accidents. The report of the 
Factory Department of the Ministry of Labour 
dealing with this matter, of which the issue dealing 
with the year 1948 has recently been published,* 
states in its title that it deals with ‘* causes ” and 
the use of the plural number was advisable. The 
report gives brief details of 61 cases of failures of 
explosive violence, or causing fire, of switchgear, 
or other apparatus; 16 cases of the ignition of 
inflammable materials by arcing; 10 cases of 
accidents to operatives working on switchgear and 
mains ; and a large number of others of too miscel- 
laneous a character to be assembled under specific 
headings. The details given are illustrative and 
cover but a sample of the 780 reportable electrical 
accidents in relation to employment which occurred 
in 1948; 43 of these were fatal. 

The compilers of the report have not made any 
attempt to classify causes, in which they were 
probably wise. The accidents varied so much in 
detail that it might almost be said that each con- 
stitutes a class by itself. The most useful broad 
classification of accidents of any kind is under the 
headings “‘ failure of material’ and “failure of the 
human element.” This division has long been used 
in connection with railway accidents. It is con- 
venient and informative, but has its limitations. 
As an example illustrating this, an accident recorded 
in the report may be referred to. A fitter and his 
mate arrived to do some work on an overhead travel- 
ling crane, the supply to which was controlled by a 
15-ampere metal-cased, three-pole switch-fuse, 
which could be operated from floor level. They 
opened the switch, but when the fitter went aloft 
and touched the trolley wire, he received an electric 
shock, fell to the concrete floor and was killed. 
Later examination showed that a No. 2 B.A. screw 
which secured one of the blades to the insulated 
Square-section operating spindle of the switch, had 
worked out of its tapped hole, so that when the 
switch handle was operated only two blades opened, 
the other remaining in the closed position. 

At first sight this accident would presumably be 
classified as a failure of material. The workmen 
concerned were clearly not to blame. They could 
not be expected to open the metal case of a switch 
before using it, to see if it was in order, even if they 
had any authority to do so. It may be suggested, 
however, that the fault lay with the shop inspection 
service, the duty of which it was to see that apparatus 
was kept in proper condition. Against this, 
however, it is reasonable to say that daily, or even 
frequent, inspection of every piece of electrical 
apparatus in a factory is not a practicable procedure, 
and that the assumption that such a simple thing 
as a knife switch is not likely to get out of order is 
justified. These considerations appear to class 
the accident as a failure of material, but it is reason- 
able to ask if a design in which the safe performance 
of a 15-ampere switch depended on the security of a 
2 B.A. screw was satisfactory. If it was not, 
blame for the accident ultimately lies with the 
designer of the switch, and it must be classed as a 
failure of the human element. 

Although a considerable number of accidents 
due to failure of material may be traced back to 
inadequate design, more are due to inadequate 
inspection. Two examples given in the report may 
be mentioned. A 66-kV air-blast circuit breaker 
situated in a substation within two miles of the sea 
was opened as arcing was seen between one of the 
post insulators and the arcing ring. When air 
pressure was applied, the post insulator disinte- 
grated, the lower part falling to the ground and the 
upper part remaining suspended from the overhead 
conductor. Later inspection showed internal deposit 
from the salt-laden atmosphere, with the contacts 





* Electrical Accidents and their Causes, 1948. H.M. 
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corroded together. Another case was the failure 
of lift-gate interlocks due to inadequate mainten. 
ance. It is stated that this is a well-known form of 
accident causation, but is added that the deliberate 
defeating of interlocks is a matter which the 
lectrical staff should guard against. 

This statement leads up to examples of oversight 
or ignorance on the part of workpeople, which are 
by far the most frequent causes of electrical acgj- 
dents. The greater number of cases of injury or 
death attributable to human failures of this kind 
relate to skilled workmen, frequently when they are 
engaged on repairs. Electrical plant in factories js 
generally installed in such a way that unskilled 
workers are protected from the possible effects of 
their own ignorance. Unexpected things do, how- 
ever, at times occur. A case was furnished by a girl 
operator sitting on an electric motor driving a 
cotton doubling frame. She was playing with an 
open penknife which she used at her work and 
pushed the blade into the narrow space between 
the cover and the top of the terminal box, earthing 
a live terminal ; cotton “ fly ’’ was ignited, the girl 
was injured and the machine was burnt out. It 
is difficult to know what to say about this, except 
that she is not likely to do it again. 

Accidents to skilled men do not arise from 
ignorant procedure of this kind but from oversight 
or momentary forgetfulness as in the case of a 
linesman working in a 132-kV outdoor switching 
station which was spanned by ’bus-bars that had 
to remain alive. They were 16 ft. 4 in. from the 
ground, but the linesman used a metal-reinforced 
18-ft. ladder which inadvertently came into contact 
with the *bus-bars; the linesman was killed. Not 
all accidents to skilled men, however, can be attri- 
buted to their own oversight. Asanexample, ashift 
engineer closed a breaker which had tripped auto- 
matically, as there was no indication that anything 
was wrong. Actually the ring-main unit in another 
substation was full of water, and the switch was 
closed on a dead short. The contacts welded 
together and hot gas and oil were ejected, burning 
the shift engineer. The switch was 18 years old 
but had a good performance record ; as a result of 
the incident it was decided to install apparatus of a 
newer type. This incident lends weight to the 
remarks in the report to the effect that the switching 
capacity of many of the smaller undertakings 
that have been taken over is not adequate to the 
new conditions in which they form part of a large 
system. 

It was not necessary to wait for this report to 
realise that there is no way of eliminating electrical 
accidents, but that is not a reason for failing to try 
to reduce their number. Of the two classes, failure 
of material is the easier to deal with, as it may be 
controlled, to a considerable extent, by systematic 
and skilled inspection. There are, however, cases 
of material failure which inspection is not likely to 
reveal, an example being furnished by the break- 
down of the earth core of a flexible cable feeding a 
portable drill; the operator was killed. Later 
inspection revealed that the insulation of the faulty 
core had excessive sulphur content. The earth core 
was corroded and there were open circuits at regular 
intervals throughout its length. Of accidents due 
to oversight or ignorance, the latter should presum- 
ably be controllable by more education, but the 
difficulty is that practical education can only be 
attained by the exercise of practice. Official regula- 
tions require that certain work shall be carried out 
only by an authorised person, or a competent person 
over 21, working under the immediate supervision 
of an authorised person. Apprentices cannot, in 
general, be rated as competent persons under this 
ruling, but unless they get earlier experience they 
can hardly be expected suddenly to turn into com- 
petent persons when they reach the age of 21. A 
considerable number of accidents occur to young 
persons through making faulty connections, as in 
the case of a youth of 20 years of age who received 
a serious shock when trying out a H.T. electro- 
static voltmeter. It was found that he had re- 
versed the connections, making the case of the 
instrument alive. It is not possible to think that 
he did not know any better ; the example is but one 
of that type of oversight which, unfortunately, is 
too frequently exhibited by experienced men. 
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NOTES. : 
INSTITUTION OF MECHANICAL ENGINEERS. 


Ir is announced that the summer meeting of the 
Institution of Mechanical Engineers this year will 
be held in Birmingham from Wednesday to Friday, 
June 21 to 23, and that a local reception com- 
mittee and an executive committee have been 
formed. The chairman of the latter is Mr. E. 8. 
Legat, and the joint honorary secretaries, Mr. G. E. 
Folkes and Mr. E. Bowen. These particulars are 
published in the February Journal of the Insti- 
tution, which also contains the awards made by 
the Council for 1949. The Thomas Hawksley 
Gold Medal is conferred upon Mr. W. N. C. Clinch, 
M.LE.E., for his paper, “‘ Some Operating Experi- 
ences with High-Pressure Steam Power Plant,” and 
the George Stephenson Prize goes to Mr. G. 1. 
Shoosmith, M.A., M.L.Mech.E., for his paper, 
“Modernisation of a Coal-Discharging Depot.” 
Dr. J. H. Weaving, B.Se. (Eng.), Wh.Sc., 
A.M.I.Mech.E., receives the Dugald Clerk Prize 
for his paper, ‘‘ Discharge of Exhaust Gases in Two- 
Stroke Engines,” and the Water Arbitration Prize is 
awarded to Dr. J. Kestin, A.M.I.Mech.E., and Dr. 
A. K. Oppenheim, A.M.I.Mech.E., for their paper, 
“The Calculation of Compressible Fluid Flow by 
the Use of a Generalised Entropy Chart.” The 
joint authors, Professor J. J. Broeze and Mr. A. 
Wilson, M.Eng., A.M.I.Mech.E., receive the Starley 
Premium for their paper, ‘‘ Sulphur in Diesel Fuels,” 
and the Herbert Akroyd Stuart Prize has been 
gained by Mr. C. C. Pounder, M.I.Mech.E., for his 
paper, ““Some Current Types of Marine Diesel 
Engine.” Thomas Lowe Gray Prizes are awarded 
to Dr. I. G. Slater, M.Sc., and Mr. N. L. Parr, 
A.M.I.Mech.E., for their paper, ‘‘ Marine-Boiler 
Deterioration,” and to Dr. P. Draminsky for bis 
paper, “‘Crankshaft Damping.” A T. Bernard Hall 
Prize has been won by Dr. D. G. Sopwith, Wh.Sc., 
M.I.Mech.E., for his paper, ‘“‘The Distribution of 
Load in Screw Threads,” and the “ Engineering 
Applied to Agriculture Award,” by Dr. H. E. Rose, 
M.Sc. (Eng.), A.M.I.Mech.E., and Dr. A. M. A. 
Rizk, B.Sc. (Eng.), G.I.Mech.E., for their paper, 
“Further Researches in Fluid Flow through Beds 
of Granular Material.” Mr. J. M. Newton; B.Sc., 
M.I.Mech.E., is awarded the Joseph Whitworth 
Prize for his paper, “‘On the Accuracy of Gear- 
Hobbing Machine Tables,” and Mr. H. Fossett, 
M.I.Mech.E., and Mr. L. E. Prosser, B.Sc. (Eng.), 
M.I.Mech.E., the Ludwig Mond Prize for their 
paper, ‘The Application of Free Jets to the Mixing 
of Fluids in Bulk.” Institution Prizes are awarded 
to Professor A. J. ter Linden and to the co-authors, 
Dr. H. R. Mills, B.Sc., M.I.Mech.E., and Mr. R. J. 
Love, Wh.Sc., G.I.Mech.E. The presentation of 
the prizes will take place at the next general meeting 
to be held on February 17. 


MEASUREMENT OF OUTPUT AND PropuctTivity. 


A “‘ Work Measurement Research Unit ’’ has been 
established in the Department of Engineering at 
the University of Birmingham. The members of 
the unit are Professor T. U. Matthew, Ph.D., M.Sc., 
Mr. P. B. R. Gibson, M.A., Mr. D. J. Desmond, 
M.Sc., and Mr. C. J. Anson, B.A. They are con- 
ducting full-time research, in co-operation with 
industry, to investigate the existing standards of 
consistency and accuracy in time-study rating prac- 
tice, as used by individual engineers, firms and 
industries, and to determine the allowances’ for 
fatigue. They hope to establish methods of work 
measurement which will enable the ‘‘ work content ” 
of industrial operations to be determined on a more 
precise basis than hitherto. These methods, which 
will incorporate the use of reference data, will enable 
individuals to be trained to a standard level of con- 
sistency and accuracy in work measurement, and to 
maintain this standard by reference to this data. 
They also hope to define, on an acceptable reference 
basis, a ‘‘standard work unit,’ which can be used 
to measure and compare the output and produc- 
tivity of individuals, firms and industries. It is 
thought that this unit will constitute a reliable basis 
for international comparison of industrial produc- 
tivity. The members of the team are co-operating 
with the joint committee on the measurement of 
productivity, of the Institution of Production 





Engineers and the Institute of Cost and Works 
Accountants, and with other bodies, so that, when 
the second stage of the project is reached, a wide 
and representative range of industria] firms can be 
invited to participate in the development and use of 
reference standards. The team is also working in 
close co-operation with the American Society for the 
Advancement of Management, with the object of 
using the same standard reference data. 


Tue InstTITuTION OF HEATING AND VENTILATING 
ENGINEERS. 


In a review of the post-war activities of the 
Institution of Heating and Ventilating Engineers, 
Mr. R. Duncan Wallace, B.Sc., M.I.Mech.E., the 
newly-inducted president, said on Wednesday 
(February 8) that the Council of the Institution had 
petitioned His Majesty the King for a Charter of 
Incorporation. Heating and ventilating engineer- 
ing, he said, was a separate science and should be 
treated as such alongside civil engineering, mechani- 
cal engineering, electrical] engineering, architecture 
and physics. Sir Ben Lockspeiser, M.A., F.R.S., 
Secretary, Department of Scientific and Industrial 
Research, speaking at the Institution’s ‘ annual 
dinner, held at the Savoy. Hotel, London, in the 
evening, referred to the importance of the smaller 
specialised institutions, and, as Mr. Wallace’s 
review showed, much valuable work is being done 
voluntarily by members serving on committees 
which deal with a wide range of technical and 
administrative matters. Sir Ben, who was proposing 
the toast of the Institution, announced that plans 
were being made to hold a building research confer- 
ence in 1951, in connection with the Festival of 
Britain. Mr. Wallace, responding to the toast, 
said that the Council had decided to engage one or 
more suitably-qualified persons to collate the results 
of research from all sources and to present them in a 
form suitable for members. Mr. H. A. Secretan, 
O.B.E., M.A., chairman of the Board of Governors 
of the National College for Heating, Ventilation, 
Refrigeration and Fan Engineering, called for 
adequate support from the industry, especially 
during the next two or three years, for the higher 
courses which the College was now providing. 


British Counc, CoursEs FOR SPECIALISTS FROM 
OVERSEAS. 


The programme of courses for specialists from 
overseas, organised by the British Council, 3, Han- 
over-street, London, W.1, is now being distributed 
in all parts of the world. The courses, which will 
be held in various centres in England, Scotland and 
Wales, between March and November this year, 
will last from two to three weeks. Fees range from 
161. to 35/., not including fares to and from Great 
Britain. More than 1,000 visitors from overseas are 
expected to take part in these courses, and this year 
there will be more places reserved for teachers. 
A service which has been increasing steadily over 
the past year is the arrangement, on request, of 
study tours for small groups of between five and 15 
people interested in a particular subject. One of 
last year’s courses, on new hydro-electric develop- 
ments in the Highlands of Scotland, was so success- 
ful that a similar course will be included in the 
1950 programme. This course, which will take 
place from June 7 to June 22, is arranged for about 
15 qualified engineers and regional planners, who 
will be able to inspect hydro-electric schemes at 
different stages of development, and to visit manu- 
facturers of hydro-electric machinery. 


THE INSTITUTE OF REFRIGERATION. 


The jubilee of the Institute of Refrigeration was 
celebrated by a banquet at the Savoy Hotel, London, 
on Wednesday, February 1. The Rt. Hon. Viscount 
Bruce of Melbourne, C.H., M.C., F.R.S., president, 
who was in the chair, said that, unfortunately, His 
Royal Highness the Duke of Gloucester, K.C., who 
was to have been the guest of the evening, was 
indisposed and unable to be present. Lord Bruce, 
however, read the Duke’s speech, proposing the 
toast of the Institution. In it the Duke remarked 
on the benefits to the world of the development of 
refrigeration ; the foods of one hemisphere were 
transported to the other, with consequent improve- 
ments to diet, health and wellbeing, and inter- 
national trade was promoted. Lord Bruce, replying 





to the toast, spoke of the revolution in food supplies 
which had been brought about, and of the develop- 
ment of backward areas by enabling those areas to 
export their agricultural produce. Mr. J. Raymond, 
who has been associated with the Institute since 
its foundation, and has been made secretary 
emeritus and a vice-president on his rétirement, 
said that before the war the average annual value of 
refrigeration machinery exported from this country 
was 400,000/. ; in 1947, the value rose to 2,000,0007. ; 
in 1948 to 4,000,000/., and last year it exceeded 
7,000,0001. The toast of “‘ Science and Industry ” 
was proposed by Lieut.-Colonel Lord Dudley 
Gordon, D.S.O., M.I.Mech.E., who spoke of the 
National Physical Laboratory, which also celebrates 
its jubilee this year, and of the several laboratories 
and societies which had contributed to advances in 
refrigeration. Sir George Paget Thomson, F.R.S., 
referred to a different aspect of refrigeration; he 
thought that its most striking effect in the future 
would be in the field of air conditioning. Coupled 
with medical science, it would enable white men to 
live in comfort in tropical climates. For the past 
2,000 years we had become accustomed to regard 
the people of the temperate zones as showing the 
most originality, energy and capability, but if air 
conditioning became general that might not always 
beso. Advances in applied science, he said, stemmed 
from advances in pure science, which themselves 
originated in seemingly trivial experiments. The 
requirements were open discussion and freedom of 
thought; unfortunately, the development of 
atomic energy, for example, was a deadly secret, and 
more than half of the physics research in the United 
States was sponsored bythe Navy. Forthe freedom 
of science, he did not believe in its control being with 
governments ; in Russia it was a question of ideolo- 
gical dogma. He felt that those who made use 
of the fruit of the tree of science should nourish 
its roots. 


BremincuaM, TAME AND ReEa DIstTRICT 
DratnaGE Boarp. 

The main sewerage district served by the Birming- 
ham, Tame and Rea District Drainage Board covers 
an area of 104,372 acres and has an estimated popu- 
lation of 1,328,870. It includes the City of Birming- 
ham, the Boroughs of Smethwick and Sutton Cold- 
field, and part of that of Oldbury, as well as the 
whole, or part, of adjacent urban and rural districts. 
The Board operates a number of sewage works of 
which the most important is that at Minworth. 
It was at this works that the alternative double- 
filtration system was developed by the staff of the 
Water Pollution Research Laboratory and 8 acres 
of bacteria beds at the works are now being modified 
so that they may be operated on this system. It is 
the ultimate intention to concentrate the main part 
of the Board’s operations at Minworth, which will 
become one of the largest complete treatment 
plants in Europe. This scheme will involve the 
abandonment of the large works at Saltley, which 
have been in use sice 1859, together with smaller 
plants at Ashold and Tyburn. The whole of these 
works drain to the lower Tame Valley, and the main- 
tenance of a desirable quality of discharge will be 
facilitated by concentrating operations in a single 
modern works. The sewage problem in the Bir- 
mingham area is continually being made more 
difficult by building operations and industrial deve- 
lopment and attention must naturally be paid to 
the possible activities of the River Board to be 
formed as a result of the Act of 1948. In the mean- 
time it must be a matter of satisfaction to the 
Birmingham, Tame and Rea Board that, in a recent 
report of the Trent Fishery Board, it is stated that 
while the Tame is probably the most heavily 
polluted of all tributaries of the Trent, the “‘ effluent 
from the Birmingham sewage works is actually 
purer than the Tame into which it flows.” The 
scheme for the concentration of operations at 
Minworth naturally cannot be completed for many 
years and in the meantime it is desirable to attempt 
to bring operations at Saltley up to a more modern 
standard of efficiency. In 1944 it was decided to 
reconstruct the Saltley works at a cost of £396,000, 
but that intention has now been abandoned, and 
as already mentioned, operations are to be con- 
centrated at Minworth. The scheme will involve 
the construction of a new 12-ft. diameter sewer from 
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Saltley to Minworth. The whole work may take 
many years to complete and as in the meantime a 
serious shortage of space for sludge digestion arose 
at Saltley, a sludge tank of 4} million gallons 
capacity has been constructed. There are settling 
tanks at Saltley which have been in use for more 
than 50 years. From these, the sludge is removed 
to the digestion tanks by electrically-driven pumps 
to which the sludge is fed by manual labour. This 
operation has been eliminated with the new tank, 
the sludge being handled by Fordson tractors 
fitted with scrapers which enter the tank down slop- 
ing ramps. Further particulars of the recent 
activities of the Board are given in the report cover- 
ing the years 1946 to 1949 which has just been 
published. This is the first report since 1942. 


Royat UnttTEp SERVICE INSTITUTION. 


On Wednesday, February 1, a lecture on “‘ Aircraft 
for Army Uses ” was given at a meeting of the Royal 
United Service Institution by Lieut.-General R. N. 
Gale, C.B., D.S.O. Three types of aircraft, he said, 
were required by the Army: transport aircraft, for 
carrying troops and equipment to forward battle 
areas and for airborne-assault purposes ; communi- 
cations aircraft, for ferrying commanders and staff 
officers between battle areas and for ambulance 
duties ; and aircraft for artillery observation. The 
landing of troops and equipment niust not be depen- 
dent on the availability of landing strips, and could 
either take the form of “‘ jettisoning ’’ operations or 
make use of gliders. The essential requirements of 
an army transport aircraft were high payload, ease 
of loading and unloading, and the most accurate 
navigational aids available; the success of an 
airborne operation was highly dependent on landing 
men and material in close formation in the intended 
area. For this reason, glider operation was to be 
preferred to parachute dropping for operations where 
heavy anti-tank and high-powered radio equipment 
were to be landed. The glider had the advantage of 
being able to land with great accuracy, and any 
device to replace the glider must retain this charac- 
teristic. The qualities required in a communica- 
tions aircraft were a low landing speed to allow 
operating without the use of landing strips, and a 
high rate of climb for getting away quickly. For 
these purposes, the helicopter would appear to be 
ideal. The observation aircraft should be able to 
take off and land on the shortest possible landing 
strip, should be capable of slow flying, should have 
a reasonable endurance, and should have an excellent 
view for artillery observation ; it should carry a 
wireless set. Turning to future developments, the 
lecturer mentioned assisted take-offs and arrested 
landings for solving the problem of landing large 
loads accurately within small spaces; the heli- 
copter, if it could be developed to carry heavy 
loads, would probably meet most Army needs. 


ILLUMINATING ENGINEERING SOCIETY. 

The summer meeting of the Illuminating Engi- 
neering Society will be held at Buxton from Tuesday, 
May 16, to Friday, May 19. A civic reception by 
the Mayor will be held onthe first evening, while 
His Worship will also officially open the meeting on 
the morning of Wednesday, May 17. A lecture on 
“ Visual Deception” by Dr. L. A. Sayer will follow, 
while in the afternoon a paper on “ Floodlighting ” 
will be read by Mr. R. O. Ackerley. On the morning 
of Thursday, May 18, there will be a further meeting 
at which a paperon “ Lighting of Fibre and Fabric ” 
will be presented by Mr. H. Hewitt. The annual 
general meeting will take place on the afternoon of 
the same day, and will be followed by an address 
on “ Lighting in Sweden ” by Mr. Ivor Folcker, who 
is chairman of the National Illumination Com- 
mittee of Sweden and vice-president of the Inter- 
national Commission on Illumination. In the even- 
ing the President will hold a reception at the Palace 
Hotel, which will be the headquarters of the Society 
during the meeting. On Friday morning, May 19, 
a paper on “ Stage-Lighting in the Post-War Theatre 
in Great Britain” will be presented by Mr. L. G. 
Applebee and in the afternoon of the same day a 
paper on “‘ Street Lighting” will be read by Mr. 
J. M. Waldram. Those wishing to attend the 
meeting are requested to apply to the secretary of 
the Society, 32, Victoria-street, London, S.W.1, 
before Tuesday, February 14. 


LETTERS TO THE EDITOR. 


SMALL VARIABLE-COMPRESSION 
RESEARCH ENGINE, 


To THE Eprror oF ENGINEERING. 


Sir,—With reference to the article entitled 
““Small Variable-Compression Research Engine,” 
by D. Downs and V. H. Robinson, published in your 
issue of December 30, 1949, page 689, the description 
of the use of the heat-transfer plug as a knockmeter 
might lead the reader to conclude that the method is 
novel. The method, in fact, is substantially identi- 
cal with that employed in the ‘‘ Aviation Method ” 
discussed in ‘“‘ Fuels and Lubricants for Petrol, 
Diesel and Gas-Turbine Engines,” by F. L. Garton, 
also published in your issue of December 30, page 
710. 

Yours faithfully, 
8. D. Heron. 
Detroit, 
Michigan, U.S.A. 
January 16, 1950. 


[Mr. Heron’s letter gives us the opportunity to 
publish a correction which Mr. F. L. Garton wishes 
to make to his paper. In the first paragraph of the 
third column on page 711, lines 23 to 28 should read : 
“This synthetic air caused a decrease in the highest 
useful compression ratio of the fuel, i.e., the fuel 
apparently showed a decrease in anti-knock value. 
t was oe that this decrease was due to the 
lower specific heat of argon.” —Eb., E.] 





MECHANICAL AND CIVIL ENGI- 
NEERS: SUPPLY AND DEMAND. 


To THE Eprror oF ENGINEERING. 


Simr,—In your note on the above subject, on page 
73, ante, reference was made to the Technical and 
Scientific Register’s report, recently published by 
H.M. Stationery Office, on the present and future 
supply of, and demand for, persons with professional 
qualifications in mechanical engineering. The 
Mechanical Engineers’ Panel, set up by the Engineer- 
ing Sub-Committee of the Technical Personnel Com- 
mittee, who prepared this report, have had their 
attention drawn to certain errors in it, in the pre- 
sentation of statistical material supplied to the 
Panel. In view of these errors, the Panel are pre- 
paring a new report, and the existing report has 
been, withdrawn from sale. Any persons who 
bought the report may return their copies to H.M. 
Stationery Office, and, if they supply their names 
and addresses, a copy of the amended report will 
be sent to them free of charge as soon as published. 

Yours faithfully, 
J. E. HERBERT, 
Chief Press Officer, 
Ministry of Labour and National Service. 
8, St. James’s-square, 
London, 8.W.1. 
February 1, 1950. 





LAUNCHES AND TRIAL TRIPS. 
To tHE Eprror or ENGINEERING. 


Str,—In your issue of January 27, on page 106, 
you refer to our steamer Patroclus as having a 
shaft horse-power of 14,000 and a sea speed of 
16 knots. I am at a loss to understand where you 
got this information ; with such a power, one would 
certainly expect a greater speed. The Patroclus 
is a sister vessel to the Peleus and Pyrrhus, which 
were built by Messrs. Cammell Laird and Company, 
and, in fact, these ships have a speed of 18} knots. 
I trust you will have the error adjusted. 

Yours truly, 
W. H. Dickie. 
Alfred Holt and Company, 
India-buildings, 
Liverpool, 2. 
February 3, 1950. 


[We are obliged to Mr. Dickie for the correction and 
regret that we did not detect the error, which was in 
the notice of the trial as we received it from Messrs. 








Vickers- Armstrongs Limited.—Ep., E.] 





JET PROPULSION OF SHIPS. 
To THe Eprror oF ENGINEERING. 


Str,—We beg to submit the following remarks 
with reference to the letter by Mr. W. Taylor, on 
page 537 of your issue of November 18, 1949. 

In problems of this kind one has to deal with two 
distinct cases: (1) when the vessel takes in the 
working fluid at its forward speed U, and expels it 
rearwards at V, relative to the vessel ; and (2) when 
the fluid is merely expelled rearwards. 


For (1) the power developed is 4 U (V — U) and 


the efficiency oca ; while for (2) the power 
developed is “ U V and the efficiency oa ehe 
e = Y gay ye Where 


w is the fluid mass flow rate. 

In practice the propulsion of ships by a water jet 
belongs to (1) and by a gaseous jet to (2). 

Using the example quoted, i.e., a ship moving at 
20 knots or 34 ft. per second, with an efficiency of 
72 per cent., V = 80 ft. per second, and for an 
output of 1,000 brake horse-power w = 6,500 Ib. 
air per second. Using an air density of 0-08 Ib. 
per cubic foot, the jet pipe diameter equals 36 ft., 
i.e., about half that given by Mr. Taylor. 

Yours faithfully, 
R. D. Tyier. 
E. Harvey. 
City and Guilds College, 
London, 8S.W.7. 
February 8, 1950. 





OBITUARY. 
MR, A. H. MEYSEY-THOMPSON. 


ENGINEERING nonagenarians are comparatively 
rare and most of them have been out of touch with 
the profession and industry so long that, as was the 
case with Professor William Cawthorne Unwin, they 
are often assumed to be no longer living when, in 
fact, they are still alive. This did not apply, how- 
ever, to Mr. Arthur Herbert Meysey-Thompson, 
whose death occurred on Sunday, February 5, at 
the age of 98, for he continued to take a fairly active 
interest in business affairs until the early years of 
the war, and, like the late Colonel R. E. B. Cromp- 
ton, maintained his contacts after retirement, 

Mr. Meysey-Thompson, who was a younger brother 
of the late Lord Knaresborough, was born on October 
5, 1852, and was educated at Eton. At the age of 
18, he entered the Elswick works of Sir W. G. 
Armstrong, Whitworth and Company, Newcastle- 
on-Tyne, where he served a three-years apprentice- 
ship and, unlike many premium pupils of sub- 
stantial background, took his training seriously, 
in both works and drawing office. The completion 
of his pupilage coincided with the Vienna Exhibi- 
tion of 1873, at which Messrs. Armstrong, Whit- 
worth were among the most important exhibitors, 
their ordnance stand, in particular, being the only 
one comparable with that of Krupp. Meysey- 
Thompson was one of the staff sent from Elswick 
to represent the firm at Vienna. On his return, he 
was employed as a draughtsman at Elswick for a 
further two years and then, for a year, in the drawing 
office of Beyer, Peacock and Company at Gorton, 
Manchester. In the autumn of 1876, he came to 
London and took a two-years course in applied 
science at King’s College, and, in 1879, went North 
again, to take up an appointment with Hathorn, 
Davey and Company, Leeds. In the following year, 
he joined the board of the company, on which he 
remained for many years. In 1901, however, he 
launched out in a new direction, being one of the 
founders, in that year, of the Yorkshire Electric 
Power Company, which developed rapidly and 
eventually provided bulk supplies to a great part 
of industrial Yorkshire He continued to serve on 
the board of the Yorkshire Electric Power Company 
until well into his eighties. Mr. Meysey-Thompson 
was a Member of the Institution of Civil Engineers, 
to which he had been admitted as an Associate- 
Member on February 5, 1878—72 years of corporate 
membership, to a day ; but, in fact, he was promoted 
from the class of Student, so that he could claim 
an even longer connection with the Institution. 
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EXHIBITION OF FRENCH 
SCIENTIFIC INSTRUMENTS. 


SCIENTISTS, engineers and technicians generally 
have a certain pride in the international character 
of their calling, and it is always a source of pleasure 
to them when some event takes place which brings 
that internationalism into temporary prominence: 
Such an event is the Exhibition of French Scientific 
Instruments which opened yesterday at the Science 
Museum, South Kensington, and will remain open 
until the 26th instant. Several French official 
bodies have brought to London as representative 
a display of such instruments as could be transported 
conveniently. Some leading instrument manufac- 
turers have contributed a section, but the exhibition 
is not in any sense a trade show ; it is held under 
the sponsorship of cultural and commercial coun- 
sellors to the French Embassy. 

At the opening ceremony and private view held 
on the afternoon of Wednesday, February 8, the 
chair was taken by Dr. H. Shaw, Director of the 
Science Museum. Mr. Jean de Sailly, Commercial 
Counsellor to the French Embassy in London, 
speaking before formally opening the exhibition, 
referred to the importance of science in the promo- 
tion of economic co-operation between nations. 
Professor E. Bauer, of the department of physical 
chemistry in the University of Paris, remarked 
that in the 39 years since he had first visited England, 
the exchange of scientists between the two nations 
had grown; whereas the exchanges were formerly 
confined largely to professors, there were now many 
students who benefited. Professor E. N. da C. 
Andrade, Director in the Royal Institution, spoke 
of the traditional beauty, originality and aptness 
of purpose of French instruments ; the exbibition 
showed that this tradition was being well maintained, 
At the close of the short ceremony, Dr. Shaw inti- 
mated that the idea had been mooted of holding, 
later in the year, a return exhibition of British 
instruments in Paris. 

The exhibition space is divided into several 
sections representing, first, the French scientific- 
instrument industry and then the various official 
bodies. In these there is no exact equivalence with 
British organisations but, roughly, the Centre 
National de la Recherche Scientifique (C.N.R.S., or 
National Research Centre) corresponds to the 
Department of Scientific and Industrial Research. 
The Office National d’Etudes et de Recherches 
Aéronautiques resembles the Royal Aircraft Estab- 
lishment in scope and in its connection with the 
French National Defence Services, but it also has 
a connection with the C.N.R.S. The Commissariat 
a Energie Atomique is a new body resembling the 
Atomic Energy Research Establishment, and is 
rapidly making its own place in the scientific and 
technical life of France. Some other bodies, such 
as the Institut du Pétrole, are also showing 
apparatus. 

Visitors will doubtless look for certain broad 
impressions of differences between French and 
British practice and there will be an immediate 
reaction to trivial differences in styles of finish, 
layout of operating controls, and so on. Behind 
this the real differences lie as much in the scope 
of the problems attacked as in the means of attacking 
them, and it is possibly this which accounts for there 
being relatively more non-electronic instruments 
than we have become accustomed to see in English 
exhibitions in recent years. Many engineers are a 
little tired of seeing elaborate valve circuits re- 
placing honest string and sealing wax, and the 
French Exhibition will offer a little refreshment 
for the valve-weary. 

Whatever the speciality of the visitor, he is 
likely to be intrigued by the de Fonbrune micro- 
manipulator. The principle of this instrument will 
be familiar in some very different connections. 
Three orthogonally arranged pistons controlled by 
a “joy stick ” operate pneumatically on three metal 
bellows (similar to aneroid-barometer capsules) and 
through suitable reductions, interpret the joy-stick 
movement as the movement of a microscopic tool. 
These tools can be made as well in a ‘‘ microforge ” 
in which glass working on a micro scale is conducted 
under a microscope. In another section is to be seen 





a purely mechanical micromanipulator. Visitors 
can try both instruments on request. 

At the other extreme of operational dimensions is 
the aircraft-control system shown by the Office 
National d’Etudes et de Recherches Aéronautiques. 
Complete remote radio-link control of an aircraft in 
take-off, flight and landing is provided. Continuous 
control is exercised on throttle, flaps, undercarriage 
and wheel brakes, as well as on flying controls, 
In the same section is shown apparatus for distant 
recording of aircraft-instrument readings and a 
remote radio control for experimental aircraft. 
O.N.E.R.A. is showing the Birotax micrometer which 
has been developed chiefly for driving gear trains in 
electronic control mechanisms. They have a 
particularly short time-constant, the motor has a 
minimal moment of inertia and the no-load starting 
current is of the order of 150 microamperes. With 
a standard gearbox, a 380-gramme motor gives a 
torque of 15 kg.-cm. Several instruments for 
aeronautical research are shown, such as pressure 
heads for determining the distribution of pressure 
op aerofoils ; and there are a number of photographs 
of wind tunnels which are now being developed and 
constructed by O.N.E.R.A. 

Among other exhibits may be mentioned a small- 
scale dynamometer and two types of vibration 
recorder ; of interest also is a magnetic micrometer 
which measures the field gradient from a magnet 
placed on the opposite side of the specimen. It will 
measure thicknesses up to 50 mm., and is intended 
particularly for measuring otherwise inaccessible 
parts. The Stratimeter is used for the measure- 
ment of the thickness of non-magnetic protective 
coatings, both metallic and non-metallic. In this, 
the coating is made to act as a double air-gap of 
variable width in a magnetic circuit. The reluctance 
of this gap is measurable when the magnetic circuit 
is made to act as the core of a transformer. The 
output from the secondary is measured for constant 
input. Another electrical test of physical properties 
is seen in the Durometer which, although primarily 
used for measuring conductivity by an eddy-current 
method, can give a measure of hardness changes in 
the course of heat treatment, because the conduc- 
tivity and hardness of a metal are directly related. 

The most striking exhibit in the O.N.E.R.A. 
section, from some points of view, is the display of 
synthetic crystals. Spectrographic analysis calls 
for optical systems transparent through a much 
wider range of wavelengths than glass. Some 
natural crystals have the required properties but 
it is difficult to find pieces large enough and free 
from flaws. By a process of slow annealing very 
large single crystal masses are now being made in 
weights up to 20 lb. Some melts are shown with 
a few optical blanks cut from them. 

Optical instruments are prominent at the exhibi- 
tion, and as the observation is often heard that this 
country lacks a satisfactory recording micro-photo- 
meter or micro-densitometer, many critical eyes will 
examine the micro-photometer shown by the Centre 
National de la Recherche Scientifique. Densities 
up to 4 can be measured, and uniform sensitivity is 
claimed over the whole range. Surface properties 
of materials are being increasingly studied here in 
Britain, and members of the paper, photographic 
and paint industries, among others, willexamine with 
interest the universal diffusionmeter, or “‘ gloss- 
meter ”’ as we have become accustomed to call such 
instruments. A satisfactory solution has been 
found to the problem of keeping a light source and 
photocell fixed, by making the reflecting elements of 
a complex optical system move along elliptic arcs. 

Another C.N.R.S. exhibit of general interest is a 
device for industrial protection against noise. It 
consists of a very simple low-pass acoustic filter 
the operation of which is best understood when it is 
remembered that in mechanics mass is analogous 
to electrical inductance. Several discs of very 
different inertias simulate a multi-cell inductance 
filter. High frequencies, which constitute the chief 
irritant in loud noises, are attenuated considerably. 
The device is now in use in supersonic laboratories 
and jet-engine test stations in France. Among 
the other C.N.R.S. exhibits is a polar recorder for 
attachment to cathode-ray oscillographs. The 
Cartesian, sweep is photographed by a rotating 
camera so that the direction of the x-co-ordinate 





1s displaced through a constant angle for each 
time-base cycle. The y-co-ordinate record is then 
photographed as a narrow loop. This enables a 
polar record to be obtained of the Cartesian screen 
image of some function, such as lamp emission, 
microphone sensitivity, etc., the original distribu- 
tion of which may have been polar. 

The section contributed by the Commissariat 
& Energie Atomique contains somewhat more 
specialised equipment, but great interest is likely 
to be aroused by the mass spectrograph which will 
be operating during the exhibition. The large 
Geiger counter-scaler equipment may overshadow 
some smaller items, but the latter should not be 
overlooked and include a very beautiful lathe for 
turning electrodes for spectrographic analysis. 
The catalogue of the exhibition contains some 
almost apologetic remarks about the difficulties of 
the C.E.A., and the way their efforts have to be 
expended on producing prototypes and experimental 
equipment. If, however, the quality of the equip- 
ment shown is representative, the apologies appear 
to be superfluous. It is regrettable that the 
Institut Frangais du Pétrole were unable to send 
their single-cylinder experimental engine, of which 
some interesting illustrations and diagrams are 
shown. It is to be hoped that later there may be 
an opportunity of seeing the engine itself. It 
appears capable of recording the full range of pheno- 
mena in the operation of a four-stroke cycle. 

At first sight, the industrial contribution is less 
impressive than it deserves to be, largely because 
many instruments developed by the industry are 
shown by the official bodies who established the 
principles of design ; the credit should, of course, 
be shared. As an example of the exhibits we may 
refer to an accelerograph which gives a distant 
record of acceleration in a selected direction. A 
massive core, damped by a silicone lubricant, forms 
part of the core of a transformer which transmits 
a 1,000-cycle note from a generator. Displacement 
of the core is recorded as a variation in secondary 
output. Mechanical testing on small specimens is 
an important feature and there is to be seen a micro- 
machine for testing metallic threads, fibres and 
small paper specimens. A stress-strain diagram is 
recorded for loads up to 100 kg. Surveyors and 
others can see a pantographic device for cutting 
models in relief from contour maps. Photography 
is represented by several devices, such as the Strob- 
orama, a new member of the now large family of 
discharge-tube lamps for high-speed photography. 

The organisers of the exhibition have arranged a 
series of lectures to be delivered during the course 
of the exhibition, and we note that at each lecture 
on some aspect of French science the chair is to be 
taken by a distinguished British scientist. Two 
of the lectures have been delivered already: on 
Wednesday last, by Professor E. Bauer, on 
Scientific Research in France, and by Dr. H. 
Volkringer, on the Centre National de la Recherche 
Scientifique and the Commission des Inventions. 
To-day, lectures are being delivered by Dr. J. 
Guéron on “‘ Some Methods and Instruments used at 
the Commissariat & ]’Energie Atomique ”, and by Dr 
L. Couffignal on “The Calculating Machine of the 
Institut Blaise Pascal.”” On Tuesday next, Dr. P. le 
Rolland will speak on “ Pendulum Methods for the 
Study of Elastic Properties of Solids *’, and Professor 
G. I. Finch will take the chair. On Thursday, 
February 16, Dr. P. du Fonbrune will lecture on 
“New Methcds of Micromanipulation”, and Pro- 
fessor G. R. de Beer, F.R.S., will preside. Two 
lectures will be delivered on Tuesday, February 21, 
one by Dr. P. Chevenard (to be presented by Dr. J. L. 
Haughtor ), on ‘French Apparatus for use in Metallo- 
graphic Research”, and one by Ingénieur Général 
GC. R. Libessart, on “‘ The Kinetics of Carbon Reac- 
tions,”’ Professor D. M. Newitt, M.C., F.R.S., Presi- 
dent of the Institution of Chemical Engineers, will 
act as chairman for both lectures. Finally, on 
Friday February 24, Dr. L. Kowarski will lecture 
on “ Atomic Energy Developments in France”, and 
will give an outline of the progress made by the 
French atomic-energy research establishment since 
its creation in 1945. Sir John Cockcroft, C.B.E, 
F.R.S., will take the chair at this lecture. The 
lectures, which commence at 4.30 p.m., are open to 
the public and admission is free without ticket. 
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THE COSTS OF CORROSION AND 
OF ITS CONTROL.* 


By Dr. W. H. J. Vernon, O.B.E. 


From time to time estimates have been attempted 
of the encroachments by corrosion upon the world’s 
metal resources. In 1922, the late Sir Robert Hadfield 
urged the need for conservation of ferrous metals, point- 
ing out that, through causes largely associated with cor- 
rosion, the real contribution to the world’s wealth in 
iron and steel is only a small proportion of the annual 
production. Hadfield’s estimate of the annual world 
cost of steel and iron wasted by rusting, of the order 
of 600,000,000/., is well known and frequently quoted. 
Speculative in large part though such estimates must 
be, no one can doubt that the aggregate economic loss 
due to corrosion is enormous, particularly bearing in 
mind that to the actual loss of metal must be added, 
completing an economically vicious circle, the still 
greater amounts of ore, fuel and fluxes used up in 
its replacement. A recent estimate by Dr. J. C. 
Hudson gives 200,000,000/. as the annual cost of 
protective measures in the United Kingdom. Fre- 
quently, corrosion may lead to heavy losses of other 
materials or heavy imcreases of power necessary 
to maintain supplies. In many other cases material 
loss is subordinate to the wastage of time and 
effort for which corrosion is responsible. To take a 
simple example, a leaky condenser tube—caused by 
localised corrosion—may hold up a plant engaged on 
vital production or slow down a battleship ; here, the 
effects are serious to an extent that is out of all pro- 
portion to the cost of replacement. A domestic hot- 
water tank or an evaporator in a chemical plant is 
useless when once it is perforated, or a structure may 
collapse from localised thinning. 

To quote from a recent article in ENGINEERING, 
vol. 167, page 61 (1949), “the indictment against 
corrosion is by no means exhausted in the premature 
replacement of material rendered unserviceable ;_ it 
should include, for example, the indirect costs of 
damage due to corrosion failures in service, and the 
incidental losses of productivity and human life. 
Foodstuffs and other packaged goods are contaminated 
by corrosion products, water and gas are wasted by 
leakage, chemical processes are impeded, structural 
safety factors are augmented, and throughout industry 
there is loss of efficiency, risk of breakage or explosion, 
and all the consequent elaborate and costly routine of 
periodical inspection.”’ It is fair, however, to emphasise 
that both the efficiency of corrosion preventive methods 
and the scale upon which they are employed have 
increased greatly within recent years. Thus, of the 
iron and steel in use in 1922, Hadfield regarded one- 
third as being subject to corrosion; that proportion 
is probably considerably less to-day. In other words, 
the aggregate cost of corrosion control has probably 
increased relatively to that of corrosion. This clearly 
is a healthy trend in the direction of metal conservation 
and the emphasis will no doubt become increasingly 

placed upon the economics of preventive measures. 
The greatly increased total metal in use must not, 
however, be overlooked; taking this factor into 
account, the net annual loss through corrosion of the 
world’s iron and steel—in the long view probably the 
most serious aspect of corrosion—must to-day greatly 
exceed Hadfield’s estimate of 600,000,000/. 

On the question of preventive measures, much 
depends upon the life of the structure as determined 
by factors other than corrosion, and the initial cost of 
protection must be balanced against the number of 
years the structure is expected or required to last. 
In the automobile industry, for example, comparatively 
expensive protective schemes would probably be ruled 
out on the grounds that obsolescence would intervene 
before corrosion became a problem. The esthetic 
function of a painting scheme may here be even more 
important than its corrosion resistance ; nevertheless, 
measures such as phosphate treatments which increase 
the adhesion of the paint are clearly advantageous, 
since in general they contribute to both objects. On 
the other hand, in the chemical industry, the prolonga- 
tion of the life of a vessel is clearly of major importance 
and relatively expensive methods of protection become 
economically practicable ; for example, stainless steels 
may take the place of cheaper materials with sub- 
stantial ultimate economy. Here, the cost of the 
increased corrosion resistance is subordinate to the 
cost of the shut-down of processes and the labour 
costs of replacing defective material. Another matter 
of considerable importance is that of accessibility. 
Thus, expensive protective methods which may not be 
justified where parts of the structure can be easily 
reached for periodical maintenance may become econo- 
mically expedient and highly desirable if access can be 





* Contribution presented on September 1, 1949, at 
the United Nations Scientific Conference on the Conser- 
vation and Utilisation of Resources, held at Lake Success, 
U.S.A., August 17 to September 6,1949. Abridged. 





gained only by the expenditure of much time and 
effort. Underground pipelines afford a good example, 
but similar illustrations from other fields will ily 
be recalled. 

Emphasis so far has been placed upon the metal ; 
it may here be expedient to consider for a moment a 
major economic aspect of environment. In general, 
methods of control depending upon modification of 
environment must be limited to the protection of 
specific systems or specific structures; clearly, the 
wide-scale treatment of the atmosphere, or the ocean, 
or the und is impracticable. It is noteworthy, 
however, that whereas the last two of these principal 
environments owe their destructiveness entirely to 
natural causes, the corrosivity of the atmosphere is 
very largely man-made. The preponderating factor 
has been shown to be the presence of sulphur dioxide. 
Much progress has already been made in the removal 
of sulphurous impurities from flue gases ; if and when 
this objective can be completely achieved, atmospheric 
corrosion must largely cease to be a problem. 

We shall now consider a few representative examples 
of costs of corrosion and corrosion prevention. In the 
extensive field of structural engineering, interesting 
problems arise. Here, long periods of pre-obsolescent 
life, 60 years and upwards, are envisaged. Clearly, 
failure from corrosion might be provided for simply by 
increasing the thickness of the section. This practice 
is in fact commonly adopted, at least in principle. 
Apart, however, from the increase in weight—in many 
cases a serious, if not insuperable, objection—this 
leaves untouched the problem of wastage, as distinct 
from that of failure. How serious this w may be 
is shown by calculations made by A. M. G. hon. the 
who, taking the extreme case of (i) relying entirely on 
increased thickness and (ii) using the best possible coat- 
ings and maintenance with corresponding reduced 
thickness, concluded that (for an arbitrary period of 
service life) the mean annual cost per ton of steel 
employed would be 101. and 3-65l. respectively. 

On the principle we have already discussed, the long 
service-life ex from structural work should justify 
relatively heavy initial costs of corrosion prevention. 
On the other hand, the magnitude of the scale on which 
the metal surfaces are exposed is itself an adverse 
economic factor—militating, for example, against the 
use of rust-resisting steels which are permissible on the 
smaller scale of chemical engineering. Here, one may 
urge the more extensive use of low-alloy steels, the 
corrosion resistance of which, although of a lower order 
than that of the stainless steels, is yet economically 
worth-while (from about 1} to some three times that 
of ordinary mild steel); these steels also afford im- 
proved adhesion towards paint coatings to which their 
greater intrinsic resistance provides a second line of 
defence if and when the coating fails. 

The economics of painting have been discussed by 
U. R. Evans, using the following formula : 

M+L 

= 
where C is the mean annual charge for the painting 
upkeep of a structure; M, the cost of paint and other 
materials; L, the cost of painting including labour 
costs; T, the interval between paintings (interest 
charges, which are small if T is only a few years, are 
here neglected). If by the use of an infinitesimally 
better paint, T is increased by dT then (since M = 
CT —L): 


Ou 


aM c 

aT 
where dM is the extra cost that it is permissible to pay 
for the better paint without increasing the total cost. 
Thus, any extra cost less than CdT will result in an 
economy ; i.e., the higher the existing annual charge 
for upkeep the more should the prudent man be willing 
to pay in order to obtain any given life-increment for 
his paint. Evans points out that an increase of cost 
(for paint and materials alone) equal to the present 
total annual upkeep charge should leave this charge 
unaltered, provided that it prolongs the period betwen 
paintings by one year; any increase in cost of paint 
and materials less than the present total annual upkeep 
charge will result in a saving. 

Fancutt and Hudson, in a comprehensive review 
of the prevention of corrosion of structural steelwork, 
contributed in 1947 to the Proceedings of the Institution 
of Civil Engineers, place considerable emphasis on sur- 
face preparation ; they point out that the nature of the 
finishing coat becomes of less significance in relation to 
the life of the structure as the mode of surface prepara- 
tion more nearly approaches the ideal. This principle 
has been developed from the economic standpoint in a 


paper presented, in October, 1948, to the Institution of | parts 


Mechanical Engineers by W. A. Johnson, who enumer- 
ates factors in the corrosion prevention of structural 
steel leading to the reduction of the long-term total 
cost. He attaches special importance to “ prime 
coatings ” for the purpose of protecting steel members 





* ENGINEERING, vol. 153, page 17 (1942). 





during the interim period, up to say 12 months, between 
fabrication and erection. The object is to permit the 
cleaning of the work (scale-removal, etc.) without risk 
of subsequent rusting prior to erection, while providing 
a suitable base for the final protective scheme. Assum. 
ing an arbitrary life period of 50 years, Johnson 
observed that over this period the total cost of painting 
outweighs by far the cost of any initial preparation, and 
the period between re-painting is therefore a most 
important economic factor. In circumstances where 
re-painting at three-year intervals would normally be 
required (following initial weathering and wire-brush- 
ing), he suggests that improved methods of surface 
treatment (flame cleaning and priming at works) should 
increase the painting interval to five years, while by 
initial shot-blasting and aluminium spraying, the 
anticipated period is extended to seven years. The 
estimated total cost for 50 years is reduced in the ratios 
53, 25, 20, respectively. 

Reference to the short-term protection of steel as 
part of a long-term economy recalls the growing use 
of “temporary protectives” for the preservation of 
machined iron and steel surfaces during storage or trans- 
port. This is a matter of considerable commercial 
importance, particularly in overseas trade, because the 
deterioration of metal articles under such conditions 
frequently causes industrial loss quite incommensurate 
with the actual amount of metal corroded. Recent 
developments, which should result in considerable 
economies by preventing this deterioration, involve 
the use of corrosion inhibitors impregnated in the 
wrapping material, or, more recently, in rubber latex. 
Simple dipping of the article in the treated latex 
(containing small amounts of sodium benzoate and 
sodium nitrite) leaves a film under which the metal 
remains bright throughout extremely adverse condi- 
tions. The film can readily be peeled off when no 
longer required. 

The specified margin of safety for the wastage of 
ships’ plate by corrosion is 20 pe~ cent. of its thickness. 
The results of laboratory (‘‘rotor”) tests at the 
Chemical Research Laboratory of the Department of 
Scientific and Industrial Research, Teddington, on 
mild steel ships’ plate suggest that unpainted }-in. 
plate on a ship steaming at 20 knots for six months in 
the year would lose this safety margin in about 2} years, 
i.e., at the rate of about 1-5 mm. (0-06 in.) per annum. 
Although precise cost fi are not available, this is an 
indication of the dependence of the life of a ship upon 
the measures taken for corrosion prevention. Com- 
parable estimates for ships in service are difficult to 
obtain because of widely differing service conditions. 
One ship, for example, was found to have an extreme 
difference of thickness of } in. between two points on 
the same plate, a probable wastage of 17 per cent. If 
wholly effective anti-corrosion measures could be 
devised, therefore, the corrosion allowance made in the 
present Lloyd’s Register regulations for scantlings and 
hull material could be reduced, anda corresponding 
amount of steel (and weight) could be saved. A new 
anti-corrosive paint formulation has been developed 
under the auspices of the Marine Corrosion Sub-Com- 
mittee of the British Iron and Steel Research Associa- 
tion; extensive trials of this paint have shown con- 
siderable promise of prolonging the life of ships and 
of reducing fuel consumption. Although the fouling of 
ships’ hulls by marine organisms is normally the chief 
factor in reducing cruising speeds (conversely increasing 
fuel consumption) it must be remembered that no anti- 
fouling composition can be fully effective unless corro- 
sion is stopped. 

With the improvements in available paint formula- 
tions it may be urged that greater attention be given to 
economies in the application of ships’ bottom paints. 
The aggregate consumption of paint for this purpose 
must be enormous, afd one regrets the absence of figures 
if only to emphasise the urgency of the problem. It 
must be admitted that the conditions under which such 
compositions are applied are generally bad, often neces- 
sarily so, but this should call for the greater effort in 
reducing wastage, which should not be regarded as 
inevitable. 

Apart from housing and industry, it is probable that 
the railways account for a substantial proportion of 
inland corrosion costs in Great Britain. A computa- 
tion of the costs of corrosion and of corrosion prevention 
as affecting railways must necessarily comprise (1) first 
costs, (2) maintenance costs, (3) indirect costs. Much 
of what has been said about first costs—using heavier 
sections, etc.—applies equally here. In certain railway 
environments elaborate devices are sometimes used to 
provide gas-tight enclosures to exclude corrosive gases 
and so prevent the corrosion of delicate instrument 
This provides another illustration of the many 
“intangible ” factors—in this case in capital equipment 
—which make the cost of corrosion so difficult to assess 
with any accuracy. With regard to maintenance, it 
may be observed that: (1) much painting would in 
any case be n for decorative purposes; (2) 


renewals, though often due to defects arising from 
corrosion, provide the opportunity for the scrapping of 
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obsolescent designs, without which progress might be 
slowed down. If, however, only 10 per cent. of the 
total maintenance costs are attributed directly or 
indirectly to effects of corrosion, then the cost of con- 
trolling corrosion or repairing its ravages has been 
estimated (for Great Britain) as being of the order of 
10,000,000/. per annum. Allowing for many items 
indirectly attributable to corrosion (such as loss of 
revenue from vehicles held up by causes arising from 
corrosion, damage to goods in transit caused by corro- 
sion, etc.), this is probably a conservative estimate. 

The corrosion of metals underground, comprising 
mainly pipelines for water, gas or oil, is one of outstand- 
ing economic importance. For example, K. H. Logan, 
referring to the 500,000 miles of buried pipelines in the 
United States, states that the annual cost of replace- 
ment “ probably most of which is due to corrosion ”’ is 
of the order of 200,000,000 dols. Available data show 
that in England and Wales there are 80,000 miles of 
water mains alone, a high proportion of which are laid 
in clay soils known to be aggressive. A Departmental 
Committee, recently instituted by the Ministry of 
Health, is now inquiring into the causes of the deteriora- 
tion of cast iron and spun-iron pipes ; much evidence is 
being collected and a report is to be issued shortly. 

For reasons already discussed—of which the accessi- 
bility factor is very obvious—buried pipelines provide 
an example par excellence of the justification of greater 
initial expenditure on corrosion control, to secure 
longer life of the structure. It is probable indeed that 
the permissible ratio of protection costs to structural 
costs here reaches its maximum, particularly when it is 
considered that the costs of laying the pipes may be 
several times greater than that of the pipe material 
itself. An expenditure on protective measures of 30 
per cent. of the cost of the pipe appears not unreason- 
able. This has not been sufficiently realised in the 
past, and many instances of failure, involving con- 
siderable expense of relaying, have been directly 
attributable to insufficient attention to preventive 
measures when the mains were first laid. With a 
growing realisation of the problem, attention is now 
being directed both to the use of more efficient, if more 
costly, protective coatings, and to the introduction 
(supplementing the protective coating as a “ second 
line of defence ’’) of electrical methods of cathodic pro- 
tection. Already eminently successful for iron and 
steel pipes—according to the available evidence—in 
the United States, such methods have hitherto 
received little attention in Great Britain, where geo- 
graphical factors are not so favourable for their large- 
scale adoption. Nevertheless, the present trend is of 
interest as illustrating one of the premises of the present 
paper—that the costs of corrosion control may in many 
cases be increased considerably with justification in the 
greatly reduced ultimate cost of the project. 





SUBMERSIBLE PUMP FOR 
IRRIGATION, 


THE irrigation of mountainous country, such as that 
of northern Portugal, from a river, is often complicated 
by the difficulty of installing the pumps so that they 
are within the normal suction lift and are at the same 
time above the flood level. One method of overcoming 
this difficulty is to mount the pumps on trolleys so 
that they can be raised when flooding becomes immi- 
nent. This operation must, however, be effected in 
time if damage to the motor or engine driving the pump 
is to be avoided. A better alternative, therefore, is 
probably to employ some form of submersible pump, 
such as has been supplied recently by Sumo Pumps 
Limited, Smethwick, Birmingham, 40, to Messrs. Barros, 
Almeida, for use on their estate near Regua, on the 
north bank of the river Bagauste, which, during flooding 
rises 16-5 ft. above the normal level. This pump is 
installed in the river below a reinforced-concrete jetty, 
the outer end of which rests on a semi-submerged rock. 
It is surrounded by an iron cage the bars of which are 
close enough to prevent large pieces of trash from 
fouling the pump strainer. The top of this cage 
consists of a curved H-iron member which protects the 
rising main and lifts boats which may pass over the 
submerged jetty when the river is in flood. 

The pump itself is of the nine-stage centrifugal type 
and is driven by a 9-h.p. 380-volt three-phase submers- 
ible motor, which is supplied from a substation 
through an overhead line to a point well above the 
flood level. From this point a cable is led in a pipe to 
the motor. The pump is capable of delivering 3,000 
gallons of water per hour against a head of 380 ft. into a 
2}-in. rising main. This main is laid up the hill side 
and is supported on concrete plinths, on terraces 
formed on the hill. Water can either be drawn off 
at these terraces or delivered into a main storage tank 
at the upper level. A supply can also be given to a 
secondary storage tank, the contents of which can be 
taken off through a sand and gravel filter for domestic 
purposes, 





MAGNETIC FIRE DETECTOR, 


Tue well-known change with temperature of the 
magnetic properties of ferro-magnetic materials is 
being applied at the Royal Aircraft Establishment to 
the problem of fire detection. For the following 
description we are indebted to the Chief Scientist, 
Ministry of Supply. Simple examples were shown on 
the Ministry’s stand at the 1949 display of the Society 
of British Aircraft Constructors at Farnborough. 
A ferro-magnetic substance becomes non-magnetic 
if its temperature is raised above a certain value, 
known as the Curie point, which varies with the 
composition of the material. When the substance 
is cooled again below this temperature, the magnetic 
properties are restored. This property is used in 
a device, the essential features of which are shown dia- 
grammatically in Fig. 2. An armature a, made of a 
suitable ferro-magnetic material, is attracted by a per- 
manent magnet 6 against the force of a compression 
spring c. When the material of the armature is heated to 
a temperature approaching its Curie point, the magnetic 
attraction between a and 6 decreases, the change being 
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very rapid near the critical temperature, and the 
spring forces a away from b. By means of the contacts 
d and e, this movement is used to close or open an 
electrical circuit, which may be used to operate a 
warning system. When the armature cools again 
below its critical temperature, the original conditions 
are re-established. By varying the composition of the 
armature material the operating temperature can be 
varied over a wide range, theoretically from below zero 
to about 1,100 deg. C. High ambient temperatures 
below the Curie point do not affect the operating 
temperature, provided the magnet is not subjected to 
a temperature above its own Curie point (about 700 
deg. C.), which would destroy its permament magne- 
tism. By lagging the magnet, however, the device can 
withstand high temperatures for short periods. 

A prototype detector based on the above principles 
has been made by the Graviner Manufacturing Com- 
pany, Limited, 12, Babmaes-street, St. James’s, S.W.1, 
and is illustrated in Fig. 1. In this detector, pure nickel 
is used for the armature ; with a spring force equiva- 
lent to about 1 oz. weight, it operates in the region of 
350 deg. C. with an “ on and off ”’ differential of about 
5 deg. C. ; the movement of the armature is.rapid and, 
when actuated by a flame, it has worked successfully 
for more than 5,000 cycles. The main advantage of 
this type of device is that the temperature of operation 
is controlled almost entirely by the composition of 





the armature material. Other advantages are robust- 
ness and simplicity of construction. 


WELDING RESEARCH 
EXHIBITION. 


Aw exhibition, which illustrates the nature of the 
work being carried out by the British Welding Research 
Association for some of the welding interests in this 
country, was opened on February 6 by Sir Ben Lock- 
speiser, secretary of the Department of Scientific 
and Industrial Research, at the Association’s head- 
quarters, 29, Park-crescent, London, W.1. The 
exhibition closes at 5.30 p.m. to-morrow, but will be 
transferred to Glasgow where it will remain open 
at the Engineering Centre, 351, Sauchiehall-street, 
between 2 and 9 p.m. from February 20-25. 

The exhibition deals with both short- and long-term 
investigations of common concern to the manufacturers 
and users of welding plant as well as to those concerned 
to further the application of welding techniques in 
architecture and building, or in industrial processes. 
Sir Ben said that financial aid for these researches 
was given to the Association by the D.S.I.R. in accord- 
ance with the support provided by the welding and 
allied industries, and he emphasised that larger Govern- 
ment grants would be made as this support increased. 
Researches were already being proposed which would 
nearly double the Association’s present annual expen- 
diture if they were to be carried out in a reasonable 
time. Meanwhile, it was hoped that full use would 
be made of the liaison service recently established 
with the help of an improved grant from the D,S.I.R. 

The exhibits may be broadly classified under three 
main headings: metallurgical problems, engineering 
applications, and weld testing or inspection. Most 
metallurgical investigations are carried out in the 
Association’s London laboratories, and the stands 
covering this work deal with the welding of ferrous 
and non-ferrous metals and alloys. The hot cracking of 
mild steel is being studied, and samples are arranged to 
show the main causes of this defect. A furnace used 
for measuring the variation in the ductility of mild-steel 
weld-metal at high temperatures is exhibited, together 
with a graph showing some of the results obtained. 
There is a steep fall in the value of the ductility at 
temperatures between 850 and 920 deg. C. followed by 
a rise, the causes of which are not yet fully understood. 
A collection of different types of electrodes showing 
their B.E.A.M.A. classification codes and suitability 
for various purposes is also on view, and on a “ stainless 
steel ’ stand there are exhibits fabricated by argon-arc, 
gas, and carbon-arc welding. A committee of the 
Association are now preparing a memorandum on the 
welding of stainless steels. 

The use of the metal-arc method for welding thick 
sections of aluminium has certain advantages, provided 
it is possible to prevent slag from being trapped in the 
crater left by the previous electrode. To overcome 
this difficulty the Association have developed a “‘ Twin- 
holder ” technique, which, in effect, allows one electrode 
to take over before the other is finished. The method 
is explained by the aid of diagrams and photographs, 
and is claimed to double the overall welding speeds 
for }-in. plates Other exhibits of the successful 
welding of non-ferrous alloys include welded samples 
of the difficult aluminium-5 per cent. magnesium alloy 
giving a tensile strength of 18 tons per square inch and 
the full efficiency of the annealed strength of the parent 
plate. Examples of both cracked and soundly- 
welded plates are displayed, and a typical crack in a 
magnesium-base alloy can be viewed through a binocular 
microscope. 

Engineering exhibits are arranged to illustrate the 
work on fabricated pressure vessels, welded structures, 
and on the performance of resistance-welding machines ; 
most of these researches are carried out at the Associa- 
tion’s Research Station at Abington, near Cambridge. 
There are interesting models showing the application of 
welding in pressure-vessel and pipe-line work and in 
structural engineering, in which it is claimed that 
design time and steel can be saved by the use of 
welding in preference to more conventional methods of 
connection. A programme of research on the strength 
of welded joints is in progress, and the exhibits include 
sections of ships’ bulkhead stiffeners, to show the 
steps being taken to resist fatigue failure, and the 
nature of the endurance tests being carried out. 

Another interesting feature of this section is a 
spot-welding machine, with an ignition-control panel, 
arranged to demonstrate the instruments developed 
for measuring the variables in resistance welding with 
the object of finding the optimum conditions for 
ensuring sound welds in different production pro- 
cesses. The effects of current wave-shape and 
electrode-load cycle are also illustrated, and there 
are other exhibits showing the types of welding repairs 
which can be effected to save costly replacements. 
Stands concerned with non-destructive methods of 
weld-testing demonstrate the use of the ultrasonic 
flaw detector, and the basic techniques of X-ray and 
gamma-ray inspection. Films are also being shown 
to illustrate the principles of different welding tech- 
niques and their particular applications in industry. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “ NORTHERN SEA.”—Single-screw trawler, built 
by Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for Messrs. Northern Trawlers, Limited, Grimsby, a 
subsidiary company of Messrs. Associated Fisheries, 
Limited, London, E.C.3. Second vessel of an order for 
three. Main dimensions: 178 ft. (between perpen- 
diculars) by 31 ft. by 16 ft.; fishroom capacity, 15,150 
cub. ft.; gross tonnage, 650. Triple-expansion engines 
to develop 1,100 i.h.p. and one oil-burning boiler, con- 
structed and installed by Messrs. Amos and Smith, 
Limited, Hull. Launch, January 19. 

M.S. “*‘ DARTMOOR.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the Moor Line, Limited, 
Newcastle-upon-Tyne. First vessel of an order for two. 
Main dimensions: 444 ft. 9 in. (overall) by 56 ft. 6 in. by 
29 ft.; deadweight capacity, about 9,140 tons on a 
draught of 25 ft. 103in. Entire personnel are accommo- 
dated amidships. Doxford four-cylinder opposed-piston 
Diesel engine, to develop 3,300 b.h.p. and a service speed 
of 13 knots. Trial trip, January 21. 

S.S. “ YARDLEY.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for the Crampin Steam Fishing Company, 
Limited, Grimsby. Main dimensions: 180 ft. (between 
perpendiculars) by 31 ft. by 16 ft.; gross tonnage, about 
710 ; fishroom capacity, 15,000 cub. ft. Triple-expansion 
engines and one multitubular oil-fired boiler, constructed 
and installed by Messrs. Charles D. Holmes and Company, 
Limited, Hull. Launch, Ja:uary 21. 

M.S. “‘ CatnpwaRa.”’—Single-screw refrigerated -cargo 
vessel, to carry 12 passengers and 31 cadets, built and 
engined by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Newcastle-upon-Tyne, for the British India 
Steam Navigation Company, Limited, London, E.C.3. 
Main dimensions: 455 ft. (between perpendiculars) by 
62 ft. 6 in. by 40 ft. 9 in. to shelter deck; deadweight 
capacity, about 9,600 tons on a mean draught of 
27 ft. 3 in.; gross tonnage, 7,600. Swan Hunter-Dox- 
ford six-cylinder opposed-piston oil engine, to develop 
6,800 b.h.p. at 116 r.p.m. in service. Speed on trial, 
16} knots. Trial trip, January 25. 


M.S. “* TeRNOy.”—Single-screw tanker for the carriage 
of petroleum in bulk, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for Messrs. Olaf 
Boe & Co., Arendal, Norway. Main dimensions: 
487 ft. 6 in. (overall) by 59 ft. by 34 ft. 10 in. ; deadweight 
capacity, about 12,000 tons on a draught of 27 ft. 6 in. ; 
gross tonnage, approximately 8,200. Harland-B. and W. 
six-cylinder single-acting four-stroke Diesel engine to 
operate at 115 r.p.m. Trial trip, January 26. 

S.S. “ Jason.”—Single-screw cargo liner, to carry 
29 passengers, built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne, for the 
Blue Funnel Line of the China Mutual Steam Navigation 
Company, Limited (Managers: Messrs. Alfred Holt and 
Company), Liverpool. Main dimensions: 485 ft. 
(between perpendiculars) by 69 ft. by 38 ft. 6 in.; 
deadweight capacity, 11,320 tons on a draught of 
30 ft. 10% in.; gross tonnage, 10,160. Steam turbines 
with double-reduction double-helical gearing and two 
Foster Wheeler controlled superheat oil-burning boilers. 
constructed by the Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne, to develop 
14,000 s.h.p. at 106 r.p.m. and a speed of 18 knots in 
service. Trial trip, January 26. 

M.S. “*‘ SPIGERBORG.’’—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for A/S Dampskibsselskabet 
* Dannebrog’’ (Managers: Messrs. C. K. Hansen), 
Copenhagen, Denmark. Last vessel of an order for 
three. Main dimensions: 333 ft. 2 in. (overall) by 
47 ft. by 27 ft. 10} in. to shelter deck; deadweight 
capacity, 3,530 tons on a draught of 19 ft. summer 
freeboard. Gray-Polar seven-cylinder two-stroke single- 
acting directly-reversible Diesel engine to develop 
2,145 b.h.p. at 195 r.p.m. and a speed of 124 knots in 
service. Trial trip, January 27. 


M.S. ‘‘ POLAMHALL.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the West Hartlepool Steam 
Navigation Company, Limited, West Hartlepool. Main 
dimensions: 447 ft. 9 in. (overall) by 57 ft. 9 in. by 
28 ft. 6 in.; deadweight capacity, 9,220 tons on a 
draught of 25 ft. 6 in. Doxford four-cylinder opposed- 
piston oil ergine to develop 3,300 b.h.p. at 108 r.p.m. 
Service speed, 13 knots. Trial trip, February 2. 

M.S. “‘ PLADDA.”—Single-screw cargo vessel, built by 
the Caledon Shipbuilding and Engineering Company, 
Limited, Dundee, for the service between British and 
Irish ports of the Clyde Shipping Company, Limited, 
Glasgow. Second of two sister ships. Main dimensions: 
200 ft. (between perpendiculars) by 38 ft. by 24 ft. to 
shelter deck ; deadweight capacity, about 900 tons on a 
draught of 14 ft. British Polar seven-cylinder Diesel 
engine to develop 1,120 b.h.p. Service speed, 12 knots. 
Launch, February 3. 





LABOUR NOTES. 


Cars for an increase of 20s. a week for all adult 
employees in the engineering industry, with propor- 
tionate advances for juveniles, were rejected by the 
Engineering and Allied Employers’ National Federation 
on February 2. The demands, to which some engineer- 
ing unions were opposed, were presented to the Federa- 
tion on November 30, 1949, by the Confederation of 
Shipbuilding and Engineering Unions, which considered 
its application justified, notwithstanding the pleas 
of the Government and the General Council of the 
Trades Union Congress for the exercise of the utmost 
restraint in wage claims. In all, nearly three million 
employees were involved in the demands which, if 
granted in full, were expected to cost the industry 
approximately 130 million pounds annually. The 
Confederation, an affiliation of 37 unions, of which 
the Amalgamated Engineering Union is the largest, 
had requested that the increases should be met out 
of the profits of the engineering firms concerned. 





Announcing the decision of the employers, at a 
joint meeting between officials of the Confederation and 
representatives of the Federation, Sir Alexander Ram- 
say, director of the Federation, dealt in detail with the 
considerations involved. He stated that the conces- 
sion of the claims at the present time, when the coun- 
try’s economy was in peril, would provide an example 
which, if followed throughout industry, might very 
easily bring the nation to a point of grave industrial 
distress. To pay the increases out of the profits of the 
individual firms and without adding them to the costs 
of production, as the unions had stipulated, would 
simply mean that profits would largely disappear and 
that many engineering firms would be put out of 
business, leaving their employees workless. 





Official figures quoted by Sir Alexander showed that, 
although wages and salaries had increased by 105 per 
cent. between 1938 and 1948, the payment of dividends, 
debenture interest, and similar outgoings, before the 
deduction of tax, had risen by only 44 per cent. during 
the same period. At the same time, there had been a 
considerable increase in the real capital employed in the 
engineering industry. This increase had been abso- 
lutely essential in the drive for improved output. The 
additional income had come from two main sources, 
one, the investing public who expected a return and, 
the other, conserved profits which had been ploughed 
back into industry, but only after the Chancellor of the 
Exchequer had taken more than half. 





It was fallacious to suggest that there were profits 
available in the engineering industry to meet the 
unions’ claims without increasing costs, and the con- 
clusion of the unions about the amount of profit pro- 
duced by an individual employee had been deduced 
from an unsound statistical basis. The unions had 
contended that the profit which could be related to the 
efforts of the individual operative throughout the 
industry ranged from 11. 6s. to 31. a week, with an odd 
case of 4]. 88., but, in reaching this conclusion, the 
unions had made no allowance for the depreciation 
and maintenance of plant, which reached a very high 
figure and was essential to efficiency. They had also 
failed to allow for many other basic expenses, including 
rent, rates, advertising, selling costs, transport, national 
insurance, property insurance, postages, telephone 
charges, water charges, printing and stationery, legal 
and auditing costs, bad debts, pensions, bank charges, 
and the costs of welfare services. 





The future of engineering, Sir Alexander’s statement 
continued, could be ensured only by a sound financial 
structure which must be built on investment, but, more 
immediately, the industry had to rely on that portion 
of production profits which could be returned to enable 
the industry to do its work. The Confederation had 
drawn attention to an apparent increase in the cost of 
living, but appeared to have overlooked the advantages 
of food subsidies and the social services. Official 
statistics showed that the increase in hourly earnings 
in the engineering industry since 1938 was 1s. 8d., com- 
pared with an average increase in many other important 
industries, during the same period, of ls. 6-6d. In 
conclusion, Sir Alexander said that as markets con- 
tracted and became more selective, costs became 
increasingly the dominant factor. It was not easy to 
assess the early effects of competition from German 
and Japanese sources, and there were many who were 
unhappy about it. 


Disappointment at the rejection of the claims was 
expressed by Mr. H. G. Brotherton, the chairman of 
the Confederation, who contended that the unions’ case | 
on productivity and profits had not been challenged 


any substantial extent. The Confederation’s executive | 





committee met in York iat and will hold another 
meeting on Tuesday. It is expected that the recom. 
mendations of the executive committee on future 
action respecting the claims will be considered by the 
full council on February 15. 





The census of distribution for 1950, is to proceed, 
despite the wishes of the National Chamber of Trade 
for a postponement on the ground of the expense and 
labour entailed. The Chamber anticipate that the 
census will be the prelude to the control of distribution 
by the State and that it will ultimately result in the 
obliteration of small traders. They, therefore, appealed 
to the Prime Minister to cancel the census, whic h they 
condemned for its “‘ extravagance, inaccuracy and un- 
realism.”” Mr. Frank Gratwick, general secretary of 
the Chamber drew Mr. C. R. Attlee’s attention to a 
resolution of protest passed at a conference of the 
Chamber and pointed out that the census was likely to 
cost the taxpayer not less than one million pounds, 
In his reply, published on February 2, Mr. Attlee states 
that he cannot accept the suggestion to cancel the 
census. The Government do not expect the expendi- 
ture involved to approach the figure mentioned by the 
Chamber. ‘‘ The census is widely considered justified 
by the need for the information which it will provide.” 
Mr. Attlee points out that the census had already been 
postponed for a year to enable traders to familiarise 
themselves with its requirements. Some indication of 
these was given in these columns, on page 50, ante. 





Concessionary coal will continue to be received by 
colliery managers and other senior pit officials of the 
National Coal Board, in accordance with the practice 
before nationalisation. An award by the National 
Reference Tribunal to this effect was announced on 
February 6. During negotiations on salary claims 
submitted by the British Association of Colliery Manage. 
ment on behalf of the colliery management grades, the 
Board sought to include the value of the concessionary 
coal in assessing the salaries of these ranks. The 
Association, however, considered that it was contrary 
to custom to treat free or cheap coal, which was a 
concession granted in respect of abnormal conditions 
of employment, as part of employees’ remuneration. 
The issue was referred to the Tribunal who, in making 
their award, state that the interests of the industry 
would be best served by including, among the terms 
of any agreements between the parties, a provision that 
free or concessionary coal should be continued in 
respect of each job occupied by the grades concerned, 
in the same quantities and under the same conditions 
as operated before vesting day. The coal is additional 
to any gross remuneration payable. Some 7,000 
colliery officials receive allowances of coal, up to a 
maximum of one ton per month, for which they make 
small nominal payments. 





Go-slow action was commenced by some 6,000 
employees in railway workshops at Doncaster and 
Bawtry on February 6, as a protest against the new 
piece rates brought into operation by the Railway 
Executive, with effect from Friday, February 3. 
A union official representing the Doncaster shopmen 
said that the effect of their decision was that from last 
Monday the men would refuse piecework and operate 
on a day-work-only basis. The Executive are reported 
to have rejected a suggestion, put forward before the 
go-slow decision was taken, that the new rates should 
be suspended for a month to enable negotiations to take 
place. The new rates have also been introduced at 
railway workshops in other centres, from which, the 
Executive report, no complaints have been received. 
The Doncaster men’s claim that the new rates may 
result in their losing up to 20s. a head weekly is 
regarded by the Executive as exaggerated. It is 
realised, however, that, in some individual cases, small 
losses of up to eight shillings a week may be incurred 
in shops in the Doncaster area, where piecework rates 
have risen abnormally owing to local arrangements. 
The new rates were introduced as the result of agree- 
ments made with the Confederation of Shipbuilding and 
Engineering Unions and the National Union of Railway- 
men, in an endeavour to smooth out anomalies. 





Dismissals owing to lack of employment have taken 
place in the British aircraft industry, and many more 
are expected as a result of the Government’s decision 
to curtail their orders for both military and civilian 
aircraft and equipment. Several firms and their 
workpeople are likely to be affected by these economy 
cuts. The world market for civilian aircraft is re- 
stricted and appears to be steadily declining. Repre- 
sentations to Government Ministries by leading firms 
have produced assurances that everything will be done 
to alleviate undue hardship. It was announced on 
‘February 7 that the Bristol Aeroplane Company and 
| Messrs. Handley Page had asked the Prime Minister 


to to review the reduction in orders owing to the effect 


on employment. 
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ALMANACS AND CALENDARS.—A copy of the South 
African Pictorial Calendar for 1950, issued by the pub- 
licity and travel department of South African Railways, 
has been sent to us by their commercial representative 
in London, whose address is South Africa House, Tra- 
falgar-square, W.C.2. This is a wall calendar having de- 
tachable weekly sheets, on each of which is a large-size 
photographic illustration of South African scenery, or 
of some aspect of life in the Dominion. A similar 
calendar, with tear-off fortnightly sheets depicting life 
and scenes in Belgium, has reached us from the Banque 


| 
| 
| 
| | 
| 

































“ENGINEERING” 


de Bruxelles, 2, rue de la Régence, Brussels. This 
calendar is printed throughout in English. We have 
also received a wall calendar from Messrs. Davidson and 
Company Limited, Sirocco Engineering Works, Belfast, 
which has detachable sheets showing on each the current 
month in heavy type, and the preceding and following 
months in smaller type. The Eyre Smelting Company 
Limited, Tandem Works, Merton Abbey, London, 
S.W.19, have sent us a monthly tear-off wall calendar 
which is current from February, 1950, to January, 1951, 
inclusive. 
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CONSIDERATIONS IN THE 
OPERATION OF AN OVERSEAS 
MAIL SERVICE.* 

By James Gray, C.B.E., B.Sc. 

(Continued from page 135.) 

Tue extra cost of Diesel engine wear and tear is 
substantial if comparison is confined to main-engine 
upkeep, but relatively small in the whole cost of the 
service. The economic change caused by the war has 
resulted in an increase in cost of repairs to ship and 
machinery, higher than that for the whole service. In 
1939, the cost of repairs of ship and machinery may 
have represented 8 to 10 per cent. of the whole debit 
in the revenue account. To-day, that proportion may 
be 12 to 15 per cent. of the increased whole cost. Of 
these percentages, about one-quarter may represent 
the cost for main Diesel machinery or, say, 3 to 4 per 
cent. of the tctal. When allowance is made for the 
corresponding costs of survey, boiler cleaning, and 
brickwork renewals in steam machinery, the additional 
cost of upkeep for main Diesel machinery is left at 
about 1} to 2 per cent. of the whole. 

Boilers and turbines operate with equal reliability 
at full and fractional powers. Conditions of heat flow 
are constant when the power output is set. In contrast, 
cyclic variation of Diesel machinery from acceleration 
and heat stress requires a higher order of continuous 
observation and care from the operator, the former 
variation increasing with revolutions, and the latter 
with torque. Propeller torque in relation to revolu- 
tions increases with draught, adverse weather, and 
fouling of the ship’s bottom. The steam turbine 
responds automatically with higher torque to meet 
the stalling effect. Heat stresses control the torque 
that can prudently be exerted by the Diesel, and 
consequently power is reduced when circumstances are 
adverse. In the event, there is reduction of power 
from the Diesel to an extent greater than that of the 
turbine. Higher marginal provision of capacity is 
necessary to maintain scheduled speed. The Diesel 
has no reserve corresponding to the valuable provision 
of turbine by-pass valves which, in return for small 
capital cost, permit a substantial margin over the 
normal designed power at a small increase in specific 
fuel consumption. 

Electrical power for engine room and deck auxiliary 
machinery, accommodation heating and ventilation, 
cooking, and other hotel services, and for refrigeration 
of provisions and cargo, will provide a peak demand 
at sea of 10 to 15 per cent. of the power of the main 
engines. The peak demand in port may be one-half 
to two-thirds of that at sea. Installed capacity of 
turbo-generators may be of the order of 50 per cent. 
over the maximum demand at sea, and that of Diesel 
generators, perhaps 100 per cent. Two considerations 
favour Diesel generators for port use in steam-driven 
vessels: the prompt and complete shutting down of 
the main boilers during the whole stay in port, for the 
purpose of cleaning, examination, and repair, and the 
great reduction in fuel consumption compared with 
that of a large high-pressure boiler operating at frac- 





* The 22nd Thomas Lowe Gray Lecture, delivered at 
the Institution of Mechanical Engineers, London, 8.W.1, 
on Friday, January 20, 1950. Abridged. 
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tional load. Where economy is achieved by steam 
propulsion, conditions at sea favour turbo-generators. 
Less constant attention is required from the operating 
staff, and, with the same complement, benefit may be 
expected elsewhere in the engine and boiler rooms. 

Compromise between requirements at sea and in 
port favours turbo-generators in larger steam-propelled 
vessels with te capacity sufficient only to carry 
maximum sea load, and Diesel generators to carry the 
port load, with one machine in reserve, and the whole 
Diesel equipment as reserve at sea for the turbo- 
generators. In larger vessels, the provision may entail 
a separate generator room in order to meet subdivision 
requirements. For lower steam powers, economy in 
space may suggest, and subdivision requirements may 
permit, that the generators be sited in the main engine- 
room, and compromise may result in Diesel generators 
only. 

Pursuit of reliability and uninterrupted service 
justifies review of one or two faults and their correction. 
Benefit would accrue to the whole industry if closer 
collaboration were maintained at lower levels between 
the operator and repairer, and the builder’s design and 
construction staff. Contact at the top is not sufficient. 
In the builder’s organisation, conception and direction 
originate and radiate from the centre. It is the reverse 
in operation. Perception and immediate correction of 
fault is at the periphery. Correction tends to be con- 
fined to restoration: the cause is unsought and undis- 
covered ; recurrence of a like fault tends to be accepted. 
Imagination and reflection are not pronounced qualities 
in the so-called practical man. Modesty forbids that 
he should question the wisdom of the creator who 
dwells in the enchantment of distance. The problem 
of the operator is to ensure that information of proper 
kind reaches the centre so that it may be weighed and 
interpreted for existing ships, and embodied in the 
design of those to be built. 

Many instances might be cited to illustrate the futility 
of correction of visible fault, and failure to identify 
and eliminate the originating cause. Loosening of 
rivets at the seatings of the shaft bearings at the after 
end of the propeller-shaft tunnel, accompanied by 
disintegration and leakage of stern-gland packing, is 
not uncommon. Renewal of the packing between 
dry-dockings calls for the service of a diver. Diagnosis 
may be weakness of structure, and inferior packing. 
Rivets are renewed, shores are applied to support the 
tunnel block and stiffening may be added where room 
permits. Space for strengthening the structure is 
scant in the bossing of a twin-screw ship. Harder 
packing is used, with resultant excessive wear on the 
gunmetal liner, but the fault recurs. Readjustment of 
alignment of the tunnel shafting has been the proven 
cure, but with an approach at variance with that of 
the builder, who, starting with the propeller shaft in 
place, sets each successive intermediate length by 
accurate mating of coupling flanges, up to, finally, the 
thrust block and the engine. 

In service, the ship hogs or sags according to distri- 
bution of weight. Measurements in service have 
indicated in some cases that the ship has taken an 
additional permanent set, from the fact that both hog 
and sag are required in the whole length of the tunnel 
shaft if the maximum deflection of any section between 
stern-tube and thrust is to be kept to the minimum. 
When this kind of adjustment was first made, the 
practical man was reluctant to approve of varying the 
heights of tunnel blocks by } in. or more. Stress 
analysis will establish that, in a line of shafting 150 ft. 
or so in length, and 16 in. to 18 in. in diameter, such a 
variation in height will involve a relatively small 
addition to the bearing pressure, and that the flexing 
stress is an insignificant addition to the working stress. 

If the stern gland is to function satisfactorily, the 
shaft must be maintained concentrically in the lantern 
ring and gland bush. Convention provides, in addition 
to the long lignum-vite bearing bush at the after end 
of the stern-tube adjacent to the propeller, a second 
bearing bush at the forward end of the tube. Statistics 
establish that, while the after bush must be relined 
periodically with lignum vite, the forward bush is 
rarely, and in some cases never, relined in the life of 
the ship. The forward bush wears clear and, if the 
resulting eccentricity causes excessive leakage, the 
shaft is reset in the gland by adjustment of the after 
tunnel-block. Any benefit from the forward bush is 
confined to the early life of the ship. When its function 
is transferred to the more accessible tunnel block, the 
fact that it has been transferred is rarely noticed. The 
forward bush is superfluous. 

Error in axial concurrence of engine and stern-tube 
is inevitable, but correct alignment of crankshaft and 
thrust, and maintenance of that alignment, calls for 
the greatest care. When the engine is erected in the 
shop, the journal bushes should be dressed to the 
marking of a thin hollow cast-iron mandrel. No long 
crankshaft is ever absolutely true. Its apparent error 
will vary with the positions of support. The crankshaft 
is unsuitable as an alignment gauge, first because of 
its irregularity of form, and second because the deflec- 





tion of a shaft, due to its own weight, is the maximum 
when the shaft is solid. Workshop practice sometimes 
overlooks the fact that, between two points of support, 
a thin tube shows the least deflection. 

The most serious source of error is in chocking and 
bolting the bedplate to the ship structure. Ample and 
well-fitted surfaces of chocks, bolt heads, and nut faces 
are essential, and the chock must support the bedplate 
immediately round the bolt. When the engine is 
erected in the shop, deflection measurements should be 
taken between the webs of each crank in four positions. 
For larger crankshafts, errors in the several positions 
of each crank may, with good workmanship, lie below 
8 to 10 thousandths of an inch. As the bedplate is 
chocked to the ship structure, the variations in these 
measurements should be reproduced to ensure that 
there is no distortion of the bedplate. The effect of 
bad chocking is slow in development, but serious in 
its consequence. It commences with loose and broken 
holding-down bolts, followed by fretting abrasion 
between the chock and seating, and between the chock 
and bedplate. Once the fault has developed, correction 
is a major undertaking. Repeated renewal of fastenings 
in detail is the only practical course. If the bedplate 
is properly chocked and bolted originally, a broken 
holding-down bolt or a fretted chock may be unknown 
throughout the life of the ship. The importance of 
chocking is more apparent to the operator than to the 
builder. The fault is not discovered on a trial trip. 

The general practice of chocking the underside of a 
Diesel-engine bedplate to the inner bottom may justify 
review. Holding-down bolts must make a watertight 
connection if they pass through the inner bottom. The 
bolt is screwed through the plating, with a nut and 
grummet underneath. Not infrequently, the bolt finds 
the toe of a floor angle as a seating for the lower nut, 
making it impossible to get a fair seating for the face 
of the nut ; consequently the fastening works loose in 
service. 

Main and auxiliary reciprocating machinery should 
be chocked upon seatings built above the inner bottom. 
The upper member of the seating can thus be designed 
to mate with the bedplate without reference to the 
ship frames. Brackets can be provided under the 
seating to support each bolt. When the chocks are 
arranged at the higher level, the fitter can simul- 
taneously see the chock faces of the bedplate and the 
seating, and the head and nut of the bolt. Better 
workmanship will ensue. Watertight work is not 
required; a clearing bolt serves the purpose. The 
raised seating for the main engine may increase the 
height of the starting platform above the tank top, 
with pronounced benefit in service; in many ships, 
the space between starting platform and tank top is 
difficult of access. Consequently, dirt accumulates, 
and deterioration of tank top and ballast, bilge, and 
other pipe systems is the result. 

A phenomenon, the aggravation of which is asso- 
ciated with error in alignment, is the appearance, 
generally after some years’ service, of oil oozing from 
the junction of crankpin or journal with the crank 
web which has been closed on each by shrinking. 
The fact that oil is exuded from the mating surfaces 
indicates fault in the mating, but the extent can only 
be discovered by destruction. The uncertainty results 
in wide variation of surmise. 

Factors affecting allowance for shrinking are the 
degree of shrinking stress in combination with the 
designed working stress, and the temperature necessary 
to expand the web sufficiently to enable it to be easily 
and accurately placed on the cold pin or journal. 
Current practice is to allow a difference of about 
0-15 per cent. in the diameters. At the time of grip- 
ping, the axis of the bore of the web may err slightly 
from the axis of the pin or journal, with the result 
that closing pressure is unevenly distributed over the 
whole mating surface. Fretting develops where the 
pressure is light, and further eases the grip. The 
action is local and only develops slowly. 

The form of the fault is a segment of a circle, the 
chord of which is on the face of the web. It is generally 
safe, on first discovery of the fault, to record the 
extent, and watch the rate of development. Several 
crankshafts have been condemned on this account 
without justification. An interesting case occurred in 
the autumn of 1943, when the country was in dire need 
of troop-carrying ships. A twin-screw vessel of 20,000 
tons was engaged in transporting troops across the 
Indian Ocean. The judgment of two responsible 
surveyors was to the effect that the engine should only 
be operated at reduced power, that it should not be 
reversed, and that the ship should immediately be 
directed to a home port for repair of the crankshaft. 
The advice was not followed. The ship finished that 
commission 12 months later. There has since been no 
measurable development, and it is now agreed that the 
crankshaft should Tast for the life of the ship. 

Attention has been drawn to the abnormal! incidence 
of propeller-shaft failures during the past few years, 
frequently resulting in the loss of the propeller in 
mid-ocean, and consequent disablement of a single- 





screw vessel. Stresses due to torsional vibration and 
to bending, varying conditions of revolution, and to 
the form and finish of the keyway as a stress raiser 
have been assessed. These investigations have not 
indicated inevitable failure. Whatever the measure 
of the analyses, the effect of corrosion, if present even 
in slight degree, is seriously to aggravate pronenes: to 
fatigue failure. Rubber waterstops at the forward 
face of the propeller are of two main types. In one 
case, compression of the rubber is fixed by the pro. 
peller nut ; in the other, by a gland ring independently 
adjusted. Both types have several modifications. 

Rubber is the only suitable material. The rubber 
ring should be endless, and, consequently, must he 
placed on the shaft before the propeller. It cannot be 
renewed without removing the propeller, an operation 
which generally extends the normal time in dry-dock. 
Survey requirements are met by examination at 
intervals of three years. Physical features of rubber 
have wide variation in hardness, resilience, and in 
plasticity. All rubber is subject in time to plastic 
flow under pressure. Change of form consequent 
upon plastic flow diminishes resistance to water 
seepage. The nature of rubber is such that the ring 
must be finished to dimension in a suitable machine 
before it reaches the dry-dock. If delay is to be 
avoided, the ring should be available when the propeller 
is withdrawn. 

The design shown in Fig. 2, on page 163, is more 
common and less costly than those in Figs. 3 and 4, 
on the same page. The design applies to most of 
the vessels which lost propellers. If there is too 
much allowance for compression, the propeller may 
not be securely set on the taper of the shaft. If there 
is too little, the rubber fails to seal. In either case, 
seepage will result. The conditions under which pro- 
pellers are removed and fitted mitigate against careful 
and accurate work. Stage planks, rain and wind, night 
operation, and improvised lifting gear all have their 
adverse effect. 

The design in Fig. 3 allows the propeller to be set 
fast and the nut hardened before the ring is fitted in 
place. This design allows some compensation for error 
in dimension, but the degree is small. If too slack, 
the gland ring closes on the face of the propeller boss 
without exerting sufficient pressure ; if the volume of 
the rubber is too great, the flange of the gland ring 
is sprung, and the studs break in service by fatigue 
from propeller vibrations. The volume is completely 
enclosed and, as the bulk modulus of rubber is high, 
there is little or no bulk compression from gland 
pressure. Any plastic flow will quickly relieve the 
sealing pressure. In spite of these limitations, the 
design in Fig. 3 gave consistently good results over 
many years. With normal care, the tapers of the 
shafts in the propeller bosses were found to be bright 
and free from corrosion or fatigue cracks when examined 
at intervals of three or four years. 

During the past five or six years, coincident with the 
loss of propellers in vessels built in war time, shafts of 
other vessels of varying ages were condemned on 
account of fatigue cracks, either adjacent to the after 
end of the liner, or to the forward end of the taper bore 
of the propeller boss. At each of these positions there 
is stress concentration in conjunction with galvanic 
action between copper and steel, if sea water is present 
to act as electrolyte. Quantities of water were regular! y 
found when the propeller nut was removed. The 
propeller cap is usually of light structure with widely 
spaced fastenings to the boss, making a poor joint. 
Investigation followed as to the possibility of water 
passing from the inside of the cap between the face of 
the nut and that of the propeller. Slight damage was 
identified from the box wedges set between nut face 
and propeller face to drive the propeller home on the 
taper before the nut was finally set up. None of these 
investigations discovered any fault sufficient to explain 
the abnormal change. War-time workmanship asso- 
ciated with propeller-shaft examinations in foreign 
ports was at first sought as explanation, but the condi- 
tion was found later, in cases where apparently proper 
care had been given when the propeller was previously 
removed and replaced. The cause of the change was 
obscure. ’ 

The design in Fig. 3 was reviewed for possible fault 
and improvement. It requires a dimensional accuracy 

rhaps not always achieved in dry-dock operations. 
The form was altered to that shown in Fig. 4, to provide 
more work of compression with the same tension in the 
gland studs, and, consequently, more energy of resi- 
lience. It allows for dimensional variation of the 
rubber ring while maintaining a steady on for the 
gland flange. Adjustment for support 0 the gland 
flange is provided by half-circle slips, for which the 
final thickness is determined when the gland is first 
set up. The gland is then taken back, and the slips 
are inserted. The gland is finally set hard against the 
slips, with the proper pressure on the rubber. 

Access of water to the inside of the propeller per- 
sisted. At otdinary dry-dockings for painting, water 
was generally seen to be oozing from the face of the 





Fem 2. 20- 


_ ENGINEERING. 


165 





OPERATION 
Fig. 13. 







































] conn eee =a > yyy ZN 
-— 9@—- — -— --- 6— - @- Me 


SR lee WM ceccccceceoMeccc4Vceec) S 
j} y ‘Gi 
ZZ 


“w\Y 
Z 



























NN 




















KG 














(e797.6) 
propeller nut. Further research for the cause of the 
change recalled that, in the years immediately preceding 
the 1939-45 war, there had been a general change 
from propellers with bronze blades and separate steel 
bosses to integral solid-bronze propellers. The change 
was favoured by higher propulsive efficiency of the 











solid propeller, on account of the smaller boss, a| 
difference of the order of 3 per cent., or an annual| 
saving in the cost of fuel of 3,0001. to 4,0001. for a ship | 
of 25,000 gross tons, with boiler fuel at 4J. per ton.|_/— 


Further investigation established not only that the 
corrosion was confined to the solid propellers, but that 
it applied to each solid propeller in a greater or less 
degree without exception. 

Figs. 5 and 5, page 163, show the forms of bosses 
for the built and solid propellers, respectively. The 
cored space in the solid propeller contains air at atmo- 


spheric pressure when the propeller is assembled in| 


dry dock. Immediately the vessel floats, there is an 
external static head of 10 ft. to 15 ft. of water, and 


boss requires that one-third to one-half of the cored 


may be past some minute error in the fit of the rubber 
ring, fault in the mating faces of propeller nut or boss, 
or past the backlash clearance of the screw thread on 
the shaft. In time, pressure will be balanced by water 
entering the boss. There is no corresponding condition 
in the boss with separate blades, where the boss fits 
over the whole of its length. The obvious means of 
prevention is to omit the cored recess or to ensure 
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| the rudder brace and stern-post gudgeon. 
space inside the boss shall be filled with water. Access | be be 





that, after assembly, the space is completely filled with 
non-corrosive grease or other suitable material. It! 
may be suggested that, had the propeller bosses been | 
fitted over their whole length in ‘‘ Liberty ” and other | 
vessels, few propellers would have been lost. 

Maintenance of rudders is often a costly source of | 
upkeep and delay. Wear and tear from functional | 
stress is always aggravated by vibration from the 
propeller race. The assembly of rudder and tiller may ' 
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weigh 10 tons for a 10,000-ton deadweight 10-knot 


a | cargo vessel, or 40 to 50 tons for a 23-knot passenger 
an added pressure impulse as the ship pitches in service. | 
Balance of pressure inside and outside the propeller | 


liner. The sketches on page 163 show typical details. 
In Fig. 7, the weight is taken on washers between 
Corrosion 
and abrasion are heavy on the bearing faces of each. 
Replace washers are difficult to bed properly in the 
time available, and service between adjustments is 
short. The design in Fig. 8, with steel pintles carrying 
the weight upon steel footsteps is superior to Fig. 7. 
Limitation of time makes it practically impossible in 
assembly to distribute the weight evenly upon each 
pintle. Wastage by corrosion is greater than wear by 
abrasion ; consequently, it is generally found that one 
pintle only is carrying the weight. Life of the steel 
footsteps is limited to two or three years. 

The effect of the vibration of the propeller race is to 
augment the stresses caused by the weight of the 
rudder. When, in a twin-screw vessel, the weight of 
the rudder is carried by the stern-post, any defect 
in the riveting of stern-post to ship structure is soon 
discovered by seeping rust at the rivets. Security of 
these fastenings calls for particular care. The form 








of the stern-post should provide proper access for the 
“ holder-up ”’ in closing each rivet. No “ tap rivets ” 
should be permitted. Shell plates of greater thickness 
than that required for classification ensure better 
bearing of rivets in the structure. 

The alternative of carrying the weight of the rudder 
from collars on the rudder stock immediately below 
the steering upon lubricated white-metal bearings 
completely eliminates “ weardown” and stress in the 
stern-post due to weight of the rudder. The use of 
these carriers has been associated with balanced or 
partly balanced designs, as shown in Figs. 9 and 10, 
page 163. The balanced design permits a smaller rudder 
stock and less powerful steering gear. On the other 
hand, vibration from the propeller race is apt to discover 
stress raisers in the arms of the balance blade. The 
balance blade occasionally disappears at sea. 

With the weight taken on a carrier, the wear and tear 
of pintle and bush are heavy; this is caused by the 
rudder swinging as a pendulum hung from the bearing 
block at the top of the stock. The resulting hammering 
against the bush accelerates the rate of wear. Conse- 
quences are fracture of gland studs, with uncontrollable 
leakage at the stuffing box of the rudder stock, fracture 
of the pintle bush, and working of the pintle in its 
housing. The hammer blows quickly discover the 
slightest fault in the fit of the pintle taper in its 
housing. Seepage of water between pintle and housing 
results in rapid corrosion. It is not uncommon to find 
the pintle free in a corroded brace with the nut still 
undusturbed on the screw, although free at its face. 

The design shown in Fig. 10 was associated with 
earlier balanced rudders. Without a stern-post, it was 
used in “ Liberty ’’ vessels. The distance between the 
upper and lower support aggravates stresses from 
bending and vibration. The design causes rapid wear 
between pintle and bush, as in Fig. 9. In Fig. 10, the 
pintle is integral with the main piece of the rudder and 
there is no pintle brace connection to slacken, but the 
pintle cap wears rapidly, and access of water corrodes 
the pintle inside the cap. Correcting that corrosion 
usually involves removing the rudder to the machine 
shop. 

Rudder swing and hammer action are prevented 
when the weight is borne by the pintles on the stern- 
post. The design in Fig. 11 is durable, and reasonable 
in cost. The pintles have obtuse conical ends upon 
which the weight is borne. They are capped with 
gunmetal, recessed into the brace to prevent corrosion 
at the neck. A one-piece lignum-vite bush and foot- 
step is fitted tightly in the stern-post gudgeon. The 
design has been proved in a 16-knot single-screw vessel 
of 7,500 tons gross. During 12 years’ service, with an 
aggregate mileage of 800,000, of which nearly half was 
under war-time conditions, often zig-zagging in convoy, 
no work was required on pintles or bushes. At the end 
of the period, wear down of the rudder was 3 in., of 
which about one-third was due to wear of the gun- 
metal pintle cap, and the remainder in the lignum-vitze 
bush. There was some seepage of water between bush 
and housing, and some wastage of the upper portion 
of the bore of the housing. Wastage was made good 
by welding; new bushes were fitted, and a further 
12 years’ service may be expected before reb . 

he design in Fig. 12 is a development of Fig. 11. 
The pintle bushes are of gunmetal, lined with lignum 
vite. The footstep bearings are separate from the 
bushes and formed in sections to permit easy removal 
and replacement. Footsteps and side strips can be 
removed without withdrawal of the bush, and replace- 
ment parts can be finished to gauge before fitting. 
Clearance is provided under the cruiser stern to allow 
the rudder to be lifted for renewal of the lignum vite 
without parting the coupling or removing the pintles. 
Wear in the first year’s service is less than 4 in. So 
that all three pintles may share the weight, a collar is 
fitted round the stock under the steady block adjacent 
to the tiller, to act as an ordinary locking pintle. 

The design should provide that the rudder can be 
lifted sufficiently for any upkeep work on pintles and 
bushes without parting the coupling, an operation 
which adds substantially to the time required for the 
work. The underwater rudder coupling is prone to 
wastage at the mating faces by seepage at any irregu- 
larity in surface mating at the periphery of the joint. 
Fracture of coupling bolts is not uncommon. Invariably, 
the cause of the fracture is fatigue caused by imperfect 
mating of the coupling faces. The fit of the mating 
surfaces should be of the highest grade and the bolts 
should be disposed evenly to support the whole peri- 
phery of the mating faces. The form and the weight of 
rudder and stock do not permit mating of the faces 
in assembly. Each must be separately finished. The 
form should be simple and such that one machine 
setting only is required, in order that a face plate can 
be used after machining. Interlocking or recessing 
involves higher cost in construction, less accurate fit, 
and, in service, fractured bolts. 

Fatigue failures are still too common in the Diesel 
engine. The origin is at times obscure. They are 
rarely related to functional or designed stresses. The 
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| 
cause has to be sought in a stress raiser such as a badly | 
fitted bolt, often originating in a design which over- | 
estimates the capacity of the fitter. In more difficult | 
cases, the cause may be secondary accelerations, over- 
looked in assessing the factor of safety. Chain drives | 
are an attractive alternative to a train of gearwheels. 
The form of the gearwheel tooth provides constant 
relative velocity of driving and driven member; 
there is no relative acceleration at engagement and 
disengagement of the individual tooth. The chain 
does not meet that condition. Acceleration at each 
engagement is a function of the angle between adjacent 
teeth of the sprocket and of the velocity of the chain. 
The resulting forces are the product of this acceleration 
and the specific weight. A short drive aggravates the 
effect of the accelerating forces. | 

The tensile strength of a chain varies as the square | 
of the pitch or of the angle between adjacent sprocket | 
teeth ; increase of tensile strength thus involves greater | 
increase of acceleration forces. An instance may be 
quoted of two twin-screw vessels, developing about | 
12,000 shaft horse-power on each ten-cylinder engine. | 
The distance between shaft centres is 5 ft. 10 in., chain 
speed is 1,250 ft. per minute in normal service, and the | 
pitch-circle diameter of the sprocket is 4 ft.4 in. The) 
original drive consisted of two duplex chains with links | 
of 5-8 in. pitch (Figs. 13 and 14, page 165). Fatigue 
failures of rollers, pins and links, were frequent. The 
surface of the pins showed abnormal bearing pressure. 
The provision of gunmetal bushes on the pins provided 
some easement, but frequent fractures continued. | 
It proved possible to complete the war service of the 
vessels without interruption, but only by examination 
of the chains throughout, at each port, and replacement 
of defective sections. 

When the vessels were withdrawn for reconditioning, 
the drive was radically altered. In place of each duplex 
chain, three single chains, each of 4 in. pitch, were | 
substituted (Figs. 15 and 16, page 165). These new | 
chains have been in service for a mean of two and a half | 
years without fault, apart from some cracked rollers. | 
Failure of rollers has since been eliminated by the 
substitution of a suitable alloy-steel in place of case- 
hardened rollers. The aggregate strength of the new 
chains is 28 per cent. less than that of the original 
chains. The magnitude of the alteration is indicated 
in the cost—approximately 12,000/. for each vessel. 

The altered arrangement of the intermediate adjust- 
ing sprocket, although an improvement, is not of major | 
importance. The acceleration effect of the angle. | 
between adjacent sprocket teeth is illustrated in Figs. | 
17 and 18, on page 165, which show an extreme case | 
of a drive with six teeth only in the smaller sprocket. | 
Inertia of driving and driven shafts and their connec- | 
tions prevents them from reacting to the varying ratio | 
of angular velocities required by the chain. These 
ratios vary from A: B to C: D, during each period of | 
engagement and disengagement. The accelerating | 
effort of the chain results in abnormal stress in its parts. | 

(To be continued.) 








MODERN METALLURGY OF CAST 
IRON.* | 
By H. Morroas. | 

(Concluded from page 138.) 

It appears that the nodular structures produced by 
the rapid cooling of nickel-carbon alloys are formed as 
the result of undercooling. As has been said previously, 
when these alloys undercool the “ eutectic ” consists 
of a solid solution together with nickel carbide which 
decomposes shortly after solidification, with relatively 
slow cooling rates, to give the undercooled form of 
graphite. When the alloys are rapidly cooled this 
carbide decomposes at a lower temperature and this 
gives the nodular structure. The main difference 
between nickel-carbon alloys and cast irons lies in the 
relative stability of the carbides formed. Iron carbide 
is more stable than nickel carbide and as a result of 
rapid cooling there is always a tendency for the resultant 
structure to be that of a white cast iron. To some extent 
this can be offset by raising the silicon content of the 
material, but in any case the precise cooling rate 
necessary to give a nodular structure in a low sulphur 
cast iron is critical. 


The production of nodular cast iron depends to a| PUrpo 


large extent upon the use of very potent desulphurising 
agents. Two processes have been described in the 
literature for the production of nodular graphite struc- 
tures in cast irons. These two processes have required 
the use of cerium in the one case and magnesium in 
the other. Among their many other properties as 
alloying elements these two elements have a marked 
affinity for sulphur. When added to molten cast iron 
they form insoluble sulphides which float to the surface 





* Contribution from the British Cast Iron Research 
Association, read before the West of Scotland Iron and 
Steel Institute, Glasgow, on Friday, December 16, 1949. 
Abridged. 
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of the molten metal. By this means sulphur contents | in excess of 2 per cent., or by appropriate combinations 


of below 0-02 per cent. can be easily achieved and with 
magnesium the sulphur content may be reduced appre- 
ciably below this figure, and even when only sufficient 





of silicon, nickel and copper, or by very slow cooling. 
Under these conditions a form of graphite is obtained 
which at a low magnification resembles undercooled 


of these elements is present to reduce the sulphur | graphite but which at a high magnification appears 
content to this low figure the material tends to behave | somewhat different. The characteristic feature of this 


differently from ordinary cast irons. For reasons not 
yet fully understood, these two elements, when dis- 
solved in the low-sulphur molten cast iron have the 
effect of causing graphite to occur in the nodular 
spherulitic structure and at this point an entirely 
new field opens in the metallurgy of cast iron. 

There is another field which has only been explored 
to a limited extent, and which reveals similar aspects. 
This involves a consideration of cast irons having 
relatively high sulphur contents. It is normally the 
practice in the grey-iron foundry to control the man- 
ganese content of cast irons so that all the sulphur 
present occurs as manganese sulphide. For this 
se, an excess of manganese is usually alloyed with 
the metal and the sulphur content rarely exceeds 
about 0-14 per cent. with manganese contents of 0-5 
to 1-5 per cent. When, however, the manganese 
content is retained at a very low value, say, below 
0-2 per cent., and the sulphur content is allowed to 
rise to 0-2 to 0-3 per cent., sulphur occurs in the metal 
as iron sulphide and under these conditions somewhat 
unusual graphite structures are obtained. 

With these high-sulphur and low-manganese con- 
tents due to the carbide-stabilising influence of sulphur, 
unless special precautions are taken to counteract the 
carbide-stabilising effect the irons will solidify white. 
The carbide-stabilising effect of sulphur may be 
neutralised by relatively high-silicon contents, say, 








| form of graphite is that, instead of consisting of small 


isolated flakes, it appears as a continuous film or mesh, 
as is seen in Fig. 9, which shows the structure of an 
iron of the following analysis, per cent. : total carbon, 
3-68; silicon, 0-85; manganese, 1-12; sulphur, 
0-270; and copper, 5-26, cast in the form of a 3-in. 
diameter test bar. In some cases this mesh-like graphite 
can be seen tending to outline pre-existing cementite, as 
is shown in Fig. 10, and it appears that again we have 
the existence of an iron which will solidify white and 
subsequently graphitise after solidification. Occa- 
sionally such irons have their graphite arranged in a 
Widmanstatten pattern, as shown in Fig. 11. The 
occurrence of the Widmanstiatten pattern, however, 
emphasises that the graphite was formed in the solid 
state. Again, in such irons there is a tendency for 
spherulitic nodules to be formed and this may be 
enhanced when the iron is inoculated with a silicon- 
containing material. Spherulitic nodules in a high- 
sulphur cast iron are shown in Fig. 12. Thus, as has 
been shown in an earlier section of this paper, on the 
one hand we have the production of spherulitic nodules 
with very low sulphur contents, and, on the other 
hand, the possibility of producing similar structures 
by very high-sulphur contents. As yet it has not been 
found possible to. produce nodular structures uniformly 
throughout a casting by the use of high-sulphur con- 
tents, but this possibility exists. 
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Fig. 1. LocomorivE on TRIAL. Fig. 2. PowrEr 


28-TON DIESEL-ELECTRIC 
SHUNTING LOCOMOTIVE. 


To meet the growing demand for a medium-size 
Diesel-electric locomotive, Messrs. Ruston and Hornsby, | 
Limited, Lincoln, and the British Thomson-Houston 
Company, Limited, Rugby, have designed, and are 
now producing, what is claimed to be the smallest | 
locomotive of this class built in the United Kingdom. | 
The locomotives are being constructed at the Boultham | 
Works, Lincoln, of Messrs. Ruston and Hornsby, | 
Limited, who are supplying the whole of the mechanical 
parts, while the British Thomson-Houston Company, 
Limited, are responsible for manufacturing and 
providing the electrical equipment. The locomotive 
has been designed to operate on any gauge from metre | 
up to 5 ft.6in. In working order the weight is 28 tons 
and the engine develops a maximum tractive effort of 
18,000 Ib., at starting ; the maximum speed is 174 m.p.h. 
The wheel arrangement can be either 0-4-0 or 0-6-0, 
except for the metre and 3 ft. 6 in. gauges, the 0-6-0 
arrangement being standard in these two cases. 

A photograph of one of the standard four coupled | 
units is reproduced in Fig. 1, on this page, from which | 
it will be seen that it is of conventional appearance. | 
The complete range is fitted with Ruston and Hornsby | 
6 VPHL six-cylinder vertical Diesel engines having a 
constant rating of 155 brake horse-power at a speed of | 
1,250 r.p.m. The bedplate and cylinder block are | 
separate castings, the cylinder bores being fitted with | 
renewable wet-type liners. The crankshaft is a solid- | 
steel forging and the main bearings are steel shells | mechanism and to a switch which closes the main con- 
lined with white metal. The connecting rods are | tactor as soon as the speed-control hand lever is moved 
machined from steel stampings and are fitted with | from the idling position. The reversing hand lever, 


| 
| 
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INTERIOR OF DRIVER’s CAB. 


white-metal lined big-end bearings and phosphor- 
bronze small-end bushes. The pistons are made from 
a heat-resisting aluminium alloy and are provided 
with floating-type gudgeon pins. The cylinder heads 
are separate castings and are arranged to carry the 
valve gear and fuel injectors. The valves are operated 
through push rods and rocking levers in the usual 
manner, the inlet valves being shrouded to create 
turbulence. The camshaft is of the integral type 
and is driven from the crankshaft through a silent 
chain. The fuel-injection equipment comprises a 
monobloc fuel pump with a separate pumping element 
for each cylinder, Ruston-type injectors and a two-stage 
filtering system which is installed on the suction side 
of the pump. With the exception of the gudgeon-pins, 
all bearings are lubricated under pressure, the piston 
and gudgeon pins being splash lubricated. The 
engine is started by compressed air, a simple disc-type 
distributor, driven from the end of the camshaft, 
admitting air to the cylinders in the correct sequence. 
Air for this purpose, and for operating the brakes, is 
supplied by two single-cylinder compressors belt 
driven from the forward end of the crankshaft. The 
two compressors can be seen in Fig. 2, which shows 
the locomotive with the engine covers removed. 

The engine is fitted with a maximum fuel-delivery 
stop and is coupled to a direct-current generator. 
Che generator supplies a reversible series-wound motor, 

. the free end of which is supported by one of the frame 
cross-members, while the other end is spigoted into the 
gearbox. The latter is of the double-reduction type 
and is supported by the rear axle through plain bronze 
bearings. The locomotive is controlled by a single hand 
jever which is connected to the engine speed-control 


| which is situated beside the speed-control lever, is con- 

nected to a switch which reverses the traction-motor 
| field connections. The two levers are interlocked 
|mechanically so that the power circuit must be dis- 
| connected before the locomotive is reversed. In accord- 
ance with usual practice, the control levers are fitted at 
|each side of the driver’s cab and are connected to 
each other by cross shafts. The two sets of controls, 
together with their associated cross shafts, can be seen 
in Fig. 3, on this page, which shows the interior of the 
cab. 

The locomotive frame consists of heavy steel plates 
and cross-members welded together to form a single 
unit. The axleboxes are of cast iron and slide in cast- 
iron horn guides fitted to the main side members. 
They are fitted with phosphor-bronze bearings which 
are lubricated from oil boxes located in accessible 
positions on the frame. Westinghouse air brakes are 
arranged to operate on all wheels, the air for this 
service, as previously mentioned, being supplied from 
twin air compressors driven from the forward end of 
the engine. A petrol-engine driven air compressor, 
however, is installed to provide an additional supply 
for initial starting and starting after overhauls. A 
| hand-operated parking brake is provided; this is 
operated by screw mechanism situated at the back 
of the driver’s cab. As a safeguard, the electrical 
circuit is interconnected with the air brake so that an 
emergency brake application automatically cuts off 
power. A normal brake application, however, will not 
do this, thereby permitting the locomotive to be 
started on a gradient before the brake, is completely 
released. A further switch ensures that the locomotive 
cannot be moved under power until sufficient pressure 





| 
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| to operate the brakes has been built-up in the air 
| reservoir. The compressed-air system is also arranged 
to operate the sanding equipment and a Pneuphonic 
horn. 

| The equipment installed in the cab, in addition to 
that already mentioned, includes oil- and air-pressure 
gauges, a speedometer and the usual switches for 
operating the lighting and heating circuits. The cab is 
completely enclosed and is fitted with safety-glass 
windows at the front, side and rear. Current for 
operating the electrical relays, contactors, etc., and for 
supplying the head and rear lamps, cab light, etc., is 
supplied by a 24-volt battery which is charged by a 
generator driven through V-belts from the main 
engine. 

As previously mentioned, the weight of the complete 
locomotive in running order is 28 tons. The length 
over the buffers is 22 ft. 1 in., the maximum width 
8 ft. 54 in., and the height 11 ft. The wheels have a 
diameter of 3 ft. 24 in., and the wheelbase of the 
four-coupled unit illustrated in Fig. 1 is 5 ft. 9 in. 
The tractive effort is 18,000 lb. at starting, 8,200 Ib. 
at 5 miles an hour, 3,400 Ib. at 11-75 miles an hour, 
'and 1,100 Ib. at 17-0 miles an hour, the maximum 
speed of the locomotive being 174 miles an hour. The 
maximum loads which can be hauled on a straight 
track at 5 miles an hour are 518 tons on the level, 
191 tons up a gradient of 1 in 100, and 109 tons up a 
gradient of 1 in 50. At 11-75 miles an hour, the corre- 
sponding figures are 198 tons on the level, 63 tons up 
a gradient of 1 in 100, and 29 tons up a gradient of 
1 in 50, while at 17-0 miles an hour the load that can 
be hauled on the level is 45} tons. The foregoing 
| loads are based on assumed values for such variables 
| as adhesion, condition of track, altitude and tempera- 
| ture, and a rolling resistance of 15 lb. per ton. 








| COMPETITION FOR WELDED BRIDGES.—First, second 
| and third prizes of 5,000 dols., 2,500 dols. and 1,250 dols., 
respectively, are being offered by the James F. Lincoln 
Are Welding Foundation, Cleveland, 1, Ohio, U.S.A., 
for the best three designs for a 250-ft. span highway 
bridge ; the closing date is June 30, The rules and 
conditions may be obtained by people in this country 
from the Lincoln Electric Company, Limited, Welwyn 
| Garden City, Hertfordshire, 





“ THE CENTRAL.”—With the issue for December, 1949, 
i the journal of the Old Students of the City and Guilds 
College reached its 100th number; an event which has 
been signalised by the publication of a valuable collection 
of notes and reminiscences which the students of to-day 
will certainly value, but which will become even more 
valuable to them in after years. The opportunity has 
been taken, also, to provide a new cover design, the work 
of Mr. Henry Wilkinson, displaying the armorial bearings 
of the City of London and of the 12 senior Livery Com- 
panies—the “‘ Guilds” in the title of the College. To 
attempt to list the contents of the centennial Central is 
out of the question ; but it is sufficient, perhaps, to say 
that they are worthy of that particularly virile associa- 
tion, the Old Centralians, who provide the editorial board 
of five, headed by Mr. J. W. Voelcker as general editor ; 
and that the special features, supplementing those which 
customarily appear, amply illustrate the breadth, depth 
and world-wide spread of the influence of the College. 
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NOTES ON NEW BOOKS. 
The Law of Trade Unions. By Harry Samus .s, M.A. 
Fourth edition. Stevens and Sons, Limited, 119 and 
120, Chancery-lane, London, W.C.2. [Price 7s. 6d. 
net.] 
We have commended this book on three previous 
occasions and there is little, more that needs to be 
said about it than has been said already ; the principal 
item, perhaps, being that the price has increased 
50 per cent. since the first edition appeared in 1946. 
The present edition might be more accurately described 
as a reprint, with revisions, of the third edition; it 
contains one or two additional references to cases, but, 
otherwise, is not obviously different. The man in the 
street might feel that the time had come for a further 
revision of the law itself regarding trade unions, for 
there seems to be no valid reason why a union may 
commit, with impunity, acts that a single individual 
could indulge in only at the peril of his pocket or even 
his freedom ; but such speculations are not for Mr. 
Samuels, who confines himself strictly to the law as 
it is, paying no regard to the law as it might be. The 
cases cited number more than 160, and are indexed 
separately, in alphabetical order. 





Report on Mining Subsidence and its Effect on Structures. 
The Institution of Structural Engineers, 11, Upper 
Belgrave-street, London, S.W.1. [Price 5s. net.] 

PRosBteMs arising from surface subsidence caused by 

the extraction of layers of minerals from the earth’s 

crust are so complex that they cannot be dealt with 
adequately in a report of only 30 pages, such as this is. | 

Furthermore, as the distribution, rate and amount of | 

subsidence are closely related to local geological condi- 

tions and mining methods, any generalisations can only 
be regarded as items to be considered when designing | 
structures which are to be erected in mining areas. 

The various effects caused by vertical subsidence and 

by horizontal ground movements are considered 

separately in the report and this treatment gives a 

clear indication of the variety of forces that may act 

on a structure, but very little is said about the practical | 
aspect of the combined effects of vertical and horizontal | 
movements. A list of recommended precautions to be | 
taken in designing structures for sites liable to subsi- | 
dence is followed by an appendix on the law relating | 
to damage caused by subsidence and a rather brief 
bibliography which, surprisingly, does not contain a | 
single reference to the Transactions of the Institute of | 

Mining Surveyors. It almost seems as though the} 

compilers of the report have not followed the most | 

important piece of advice in it, namely, that the| 
structural engineer should study the subject in close | 


collaboration with a mining engineer. | 
| 








Reviews of Petroleum Technology. Vol. 8. By Dr. 
F. H. Garner, O.B.E., F.R.I.C., Dr. E. B. Evans, 
M.Sce., F.R.1-C., and Gzorce Seti. The Institute 
of Petroleum, Manson House, 26, Portland-place, 
London, W.1. [Price 27s. 6d., including postage.] 

Tue Institute of Petroleum resumes annual publication 

of this review with a volume covering the year 1946, 

in which chapters are included on subjects omitted in 

the previous number, covering 1940 to 1945. Those 

on “ Regional Development Outside the U.S.A.,” 

“‘ Transport, Storage and Distribution,” “‘ Oil Measure- 

ment,” “* Crude Oils,” “ Lubricants and Lubrication,” 

“ Insulating Oils,” “‘ Engines and Automotive Equip- 

ment” and “ U.K. Petroleum Legislation” are sum- 

maries of the war years, while the subjects of “ Oil 

Distillates ’’ and “‘ Furnace Oils” are additional. The 

impetus of war research is acknowledged in such matters 

as the magnetic method of geophysical survey from the | 
air, pipeline development, the production of helium, 

Diesel and residual fuels, instrumentation for research, 

aero-engine design, internal-combustion turbines, and 

the manufacture of lubricating oil in Germany. Inter- 
esting developments in production and refining in the 

Middle East are recorded, also in directional drilling, 

in the production of motor spirit, and of Diesel oil 

from gas and from coal. Developments in the handling 
of oil include faster loading and unloading of tankers, 
insulated tank roofs, development of the centrifugal 
pump for pipelines and of thé rotary positive-displace- 
ment pump for marketing installations, corrosion- 
protection of tanks and pipelines, and American 
influence in the standardisation of oil measurement. 

Tne trend in the use of petroleum products is shown 

by reports on the expansion of the gas industry in 

America and the production of a wide range of chemi- 

cals from an oil or gas base. Engine developments in 

the period include investigation of knock phenomena, 
increased application of the Diesel engine, the return 
to favour of the four-cylinder British motor-car engine, 
and direct fuel injection. Attention is drawn to 
research on bacterial activity, catalysts and the recovery 
of benzole from coke. The editor hopes that future 
volumes will be more up to date, an aim which might 
be facilitated by omitting from the next volume all 
but the slightest reference to superseded developments. 











PEAK-PRESSURE INDICATOR. 


One of the main problems which arise during the 
design and development of internal-combustion engines 
is that of measuring accurately all the factors involved, 
and not least is the problem of determining the 
pressure in the cylinders at any given moment while 
the engine is running. Numerous pressure-indicating 
gauges have been developed for this purpose and 
it is possible to obtain complete indicator diagrams 
which are reasonably accurate when used with engines 
running at moderately high speeds. The pressure 
which is most difficult to determine with sufficient 
accuracy, since it is usually of very short duration, is 
the maximum pressure occurring during the cycle, 
and the task of measuring it accurately is particularly 
difficult when the engine is fast running. 

Various maximum-pressure indicators have been 
designed which are less affected by inertia than those 
giving complete indicator diagrams, and do not “ over- 
shoot” when recording transient pressures, but many 
of these require some experience and skill to adjust 
them by hand, while others tend to register pressures 
slightly lower than the maximum or are somewhat 
difficult to set up, operate and keep clean internally. 
In order to overcome these drawbacks, Messrs. Dobbie 
McInnes, Limited, 191-193, Broomloan-road, Glasgow’ 
S.W.1, are making to the designs of Messrs. Sulzer 
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Brothers, Winterthur, Switzerland, a peak-pressure indi- 
cator which is not liable to overshooting and is entirely 
self-setting. 


and the peak pressures attained during any period are 
then read at a glance without any adjustments being 
made. 

A sectional drawing of the gauge is shown in the 
accompanying illustration, from which it will be seen 
that the basic part of the instrument is a flexible 
bellows a, which is subjected externally to the com- 
bustion pressure and tends to shorten as this pressure 
increases. The upper end of the bellows is fixed and 
the lower end is connected to a hollow guide rod }, 
which is forced up against a calibrated compression 
spring c. The upward movement is transmitted to a 
locking nut d, which has a conical surface e and is fitted 
to a coarse-pitch screw f attached to the guide rod. 
The conical surface of the nut mates with a conical hole 
in the gauge body, but when the pressure around the 
bellows overcomes the resistance of the spring, the nut 
moves away from the hole. A stainless-steel clock 
spring g, which constantly exerts a torque on the nut, 
then causes it to rotate down the screw until contact is 
restored. If the pressure is cyclic, as is the case 
in an internal-combustion engine, the nut will rotate 
through an angle corresponding to the peak pressure 
of the cycle, and if the peak pressures are not consistent, 
the angle will correspond to the greatest. A micrometer 
scale h is attached to the nut and rotates with it so 
that the scale reading is proportional to the movement 
of the guide rod and to the compression of the cali- 
brated spring. It will be seen, therefore, that this 
scale indicates the maximum pressure applied to the 
gauge in units of pressure which depend on the spring 


If so desired, each cylinder of a multi- | 
cylinder engine may be fitted with one of these gauges, | 


FEB. 10, 1950. 
rate. Different springs are available for use in the 
gauge so that one turn of the micrometer head corre. 
sponds to a change in pressure of 1,250 lb. per square 
inch or more. The two-ply stainless-steel bellows wil] 
withstand pressures up to 3,000 lb. per square inch and 
temperatures up to 500 deg. C., and can be compre -sed 
through a maximum distance of } in. Its use in place 
of the conventional piston and cylinder help: to 
eliminate friction in the gauge and also has the advan. 
tage that internal cleaning is only required very 
occasionally. The instrument has been tested rivor- 
ously by manufacturers of Diesel engines, and is 
claimed to give accurate and reproducible direct 
readings when used with normal or high-speed engines, 





CATALOGUES. 


Electric Tools.—Messrs. 8. Wolf and Company, Limited, 
London, W.5, have published a leaflet describing their 
range of electric tools and attachments. Each item ig 
illustrated, and leading technical particulars are given, 


Engine-Room Telegraph.—A description of their elec- 
trically-operated engine-room telegraph system is given 
in a leaflet issued recently by Messrs. Standard Telephones 
and Cables, Limited, Connaught House, Aldwych, Lon- 
don, W.C.2. 

Auziliary Grinding Attachments.—A leaflet sent to ug 
by Messrs. Westool Limited, St. Helens Aukland, County 
Durham, describes some of their auxiliary grinding equip- 
ment for attachment to all types of large boring mills 
and lathes. 


Oil-Operated Gears.—We have received from Messrs, 
Modern Wheel Drive, Limited, Lindo Lodge, Chesham, 
Buckinghamshire, an illustrated brochure which gives 
details of some of their oil-operated reversing reduction 
gears for marine purposes. 


Gears.—We have received from the Reay Gearworks, 
Limited, Hebburn-on-Tyne, an illustrated folder which 
depicts some of the many types of gearwheel made by 
them, and is intended mainly to indicate the capacity 
of their engineering plant. 


Shuttering for Concrete Roads.—A description of their 
steel shuttering for use as side forms in concrete-road 
construction is given in an illustrated leaflet recently 
issued by Messrs. Blaw Knox, Limited, Clifton House, 
Euston-road, London, N.W.1. 


Gland Packings.—Messrs. Crane Packing, Limited, 
Slough, Buckinghamshire, have recently published an 
eight-page folder containing a number of charts which 
indicate the most suitable types of gland packing material 
for use with over 130 different fluids. 


Air-Cooled Diesel Engine.—A leafiet issued by the 
Coventry Victor Motor Company, Limited, Diesel 
Division, Cox-street, Coventry, describes their 4-h.p. 
air-cooled sirgle-cylinder Diesel engine. This engine 
was described in ENGINEERING, vol. 158, page 220 (1949). 


Concrete Roof Beams.—We have received from Messrs. 
Dow-Mac (Products), Limited, Tallington, Stamford, 
Lincolnshire, an illustrated brochure giving details of 
their pre-cast reinforced concrete beams designed for 
use in the construction of light roofs or floors. Draw- 
ings are included of the different sections available, and 
photographs are reproduced of buildings in which the 
beams have been used. 


Concrete Blocks.—A well illustrated 24-page booklet 
has been issued by the Cement and Concrete Association, 
52, Grosvenor Gardens, London, S.W.1, describing the 
various uses of concrete building blocks. The blocks 
are suitable for constructing load-bearing and non- 
load-bearing walls, for partitions, as a backing to 
certain facing materials, and for other purposes, many 
of which are well indicated in illustrations of different 
types of building under construction. 


Steam Power Plant.—We have received from Messrs. 
Simon-Carves, Limited, Cheadle Heath, Stockport, 4 
120-page illustrated book which describes the principles 
of the Simon-Carves boiler and the design features of 
their steam-generating plant. It also includes descrip- 
tions and illustrations of some of the steam power plants 
already put into operation or still under construction by 
the firm. Drawings and photographs are reproduced 
of many of the installations, and the last 28 pages of the 
book consist of relevant technical data arranged in 
tabulated form for easy reference. 


Synthetic Resins for Sealing, Insulation, and Adhesives. 
—The January, 1950, issue of Aero Research Technical 
Notes, the monthly bulletin published by the Technical 
Service Department, Aero Research Limited, Duxford, 
Cambridge, gives particulars of “ Araldite ’—a synthetic 
resin developed in Switzerland by Messrs. Ciba Limited, 
Basle, and marketed in this country by Messrs. Aero 
Research Limited. Araldite is particularly suitable for 
the sealing of electrical components, as it combines good 
electrical and mechanical properties with outstanding 
adhesive characteristics. It is available as a casting 





resin, as a wire-coating compound, and as an adhesive. 
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cause has to be sought in a stress raiser such as a badly 
fitted bolt, often originating in a design which over- 
estimates the capacity of the fitter. In more difficult 
cases, the cause may be secondary accelerations, over- 
looked in assessing the factor of safety. Chain drives 
are an attractive alternative to a train of gearwheels. 
The form of the gearwheel tooth ‘provides constant 
relative velocity of driving and driven member; 
there is no relative acceleration at engagement and 
disengagement of the individual tooth. The chain 
does not meet that condition. Acceleration at each 
engagement is a function of the angle between adjacent 
teeth of the sprocket and of the velocity of the chain. 
The resulting foxes are the product of this acceleration 
and the specific weight. A short drive aggravates the 
effect of the accelerating forces. 

The tensile strength of a chain varies as the square 
of the pitch or of the angle between adjacent sprocket 
teeth ; increase of tensile strength thus involves greater 
increase of acceleration forces. An instance may be 
quoted of two twin-screw vessels, developing about 
12,000 shaft horse-power on each ten-cylinder engine. 
The distance between shaft centres is 5 ft. 10 in., chain 
speed is 1,250 ft. per minute in normal service, and the 
pitch-circle diameter of the sprocket is 4 ft. 4 in. The 
original drive consisted of two duplex chains with links 
of 5-8 in. pitch (Figs. 13 and 14, page 165). — 
failures of rollers, pins and links, were frequent. he 
surface of the pins showed abnormal bearing pressure. 
The provision of gunmetal bushes on the pins provided 
some easement, but frequent fractures continued. 
It proved possible to complete the war service of the | 
vessels without interruption, but only by examination | 
of the chains throughout, at each port, and replacement | 
of defective sections. | 

When the vessels were withdrawn for reconditioning, | 
the drive was radically altered. In place of each duplex 
chain, three single chains, each of 4 in. pitch, were 
substituted (Figs. 15 and 16, page 165). These new 
chains have been in service for a mean of two and a half | 
years without fault, apart from some cracked rollers. | 
Failure of rollers has since been eliminated by the | 
substitution of a suitable alloy-steel in place of case- | 
hardened rollers. The aggregate strength of the new 
chains is 28 per cent. less than that of the original | 
chains. The magnitude of the alteration is indicated | 
in the cost—approximately 12,0001. for each vessel. | 

The altered arrangement of the intermediate adjust- 
ing sprocket, although an improvement, is not of major 
importance. The acceleration effect of the angle. 
between adjacent sprocket teeth is illustrated in Figs. 
17 and 18, on page 165, which show an extreme case 
of a drive with six teeth only in the smaller sprocket. 
Inertia of driving and driven shafts and their connec- 
tions prevents them from reacting to the varying ratio 
of angular velocities required by the chain. These 
ratios vary from A: B to C: D, during each period of 
‘engagement and disengagement. The accelerating 
effort of the chain results in abnormal stress in its parts. 

(To be continued.) 








MODERN METALLURGY OF CAST 
IRON.* 
By H. Moroes. 
(Concluded from page 138.) 

Ir appears that the nodular structures produced by 
the rapid cooling of nickel-carbon alloys are formed as 
the result of undercooling. As has been said previously, 
when these alloys undercool the “ eutectic ” consists 
of a solid solution together with nickel carbide which 
decomposes shortly after solidification, with relatively 
slow cooling rates, to give the undercooled form of 
graphite. When the alloys are rapidly cooled this 
carbide decomposes at a lower temperature and this 
gives the nodular structure. The main difference 
between nickel-carbon alloys and cast irons lies in the 
relative stability of the carbides formed. Iron carbide 
is more stable than nickel carbide and as a result of 
rapid cooling there is always a tendency for the resultant 
structure to be that of a white cast iron. To some extent 
this can be offset by raising the silicon content of the 
material, but in any case the precise cooling rate 
necessary to give a nodular structure in a low sulphur 
cast iron is critical. 

The production of nodular cast iron depends to a 
large extent upon the use of very potent desulphurising 
agents. Two processes have been described in the 
literature for the production of nodular graphite struc- 
tures in cast irons. These two processes have required 
the use of cerium in the one case and magnesium in 
the other. Among their many other properties as 
alloying elements these two elements have a marked 
affinity for sulphur. When added to molten cast iron 
they form insoluble sulphides which float to the surface 





* Contribution from the British Cast Iron Research 
Association, read before the West of Scotland Iron and 
Steel Institute, Glasgow, on. Friday, December 16, 1949. 
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WIDMANSTATTEN ARRANGEMENT OF 
GRAPHITE. x 600. 


of the molten metal. By this means sulphur contents 
of below 0-02 per cent. can be easily achieved and with 
magnesium the sulphur content may be reduced appre- 
ciably below this figure, and even when only sufficient 
of these elements is present to reduce the sulphur 
content to this low figure the material tends to behave 
differently from ordinary cast irons. For reasons not 
yet fully understood, these two elements, when dis- 
solved in the low-sulphur molten cast iron have the 
effect of causing graphite to occur in the nodular 
spherulitic structure and at this point an entirely 
new field o in the metallurgy of cast iron. 

There is another field which has only been explored 
to a limited extent, and which reveals similar aspects. 
This involves a consideration of cast irons having 
relatively high sulphur contents. It is normally the 
practice in the grey-iron foundry to control the man- 
ganese content of cast irons so that all the sulphur 
present occurs as manganese sulphide. For this 
purpose, an excess of manganese is usually alloyed with 
the metal and the sulphur content rarely exceeds 
about 0-14 per cent. with manganese contents of 0-5 
to 1-5 per cent. When, however, the manganese 
content is retained at a very low value, say, below 
0-2 per cent., and the sulphur content is allowed to 
rise to 0-2 to 0-3 per cent., sulphur occurs in the metal 
as iron sulphide and under these conditions somewhat 
unusual graphite structures are obtained. 

With these high-sulphur and low- con- 
tents due to the carbide-stabilising influence of sulphur, 
unless i uutions are taken to counteract the 
carbide-stabilising effect the irons will solidify white. 
The carbide-stabilising effect of sulphur may be 
neutralised by relatively high-silicon contents, say, 





CAST IRON. 
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in excess of 2 per cent., or by appropriate combinations 
of silicon, nickel and copper, or by very slow cooling. 
Under these conditions a form of graphite is obtained 
which at a low magnification resembles undercooled 
graphite but which at a high magnification appears 
somewhat different. The characteristic feature of this 
form of graphite is that, instead of consisting of small 
isolated flakes, it appears as a continuous film or mesh, 
as is seen in Fig. 9, which shows the structure of an 
iron of the following analysis, per cent.: total carbon, 
3-68; silicon, 0-85; manganese, 1-12; sulphur, 
0-270; and copper, 5-26, cast in the form of a 3-in. 
diameter test bar. In some cases this mesh-like graphite 
can be seen tending to outline pre-existing cementite, as 
is shown in Fig. 10, and it pe that we have 
the existence of an iron which will solidify white and 
subsequently graphitise after solidification. Occa- 
sionally such irons have their graphite arranged in 4 
Widmanstatten pattern, as shown in Fig. 11. The 
occurrence of the Widmanstiatten pattern, however, 
emphasises that the graphite was formed in the solid 
state. in, in such irons there is a tendency for 
spherulitic nodules to be formed and this may be 
enhanced when the iron is cn Py a con 
containing material. Spherulitic n les in a high- 
sulphur cast iron are shown in Fig. 12. Thus, as has 
been shown in an earlier section 2 eee on the 
one hand we have the production of sph ic nodules 
with very low sulphur contents, and, on the other 
hand, the bility of producing similar structures 
igh-sulphur contents. As yet it has not been 
ible to juce nodular structures uniformly 

out a casting by the use of. high-sulphur con- 
tents, but this possibility exists. ee 
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Fie. 1. Locomotive on TRIAL. 


28-TON DIESEL-ELECTRIC 
SHUNTING LOCOMOTIVE. 


To meet the growing demand for a medium-size 
Diesel-electric locomotive, Messrs. Ruston and Hornsby, 
Limited, Lincoln, and the British Thomson-Houston 
Company, Limited, Rugby, have designed, and are 
now producing, what is claimed to be the smallest 
locomotive of this class built in the United Kingdom. 
The locomotives are being constructed at the Boultham 
Works, Lincoln, of Messrs. Ruston and Hornsby, 
Limited, who are supplying the whole of the mechanical 
parts, while the British Thomson-Houston Company, 
Limited, are responsible for manufacturing and 
providing the electrical equipment. The locomotive 
has been designed to operate on any gauge from metre 
up to 5 ft. 6in. In working order the weight is 28 tons 
and the engine develops a maximum tractive effort of 
18,000 Ib., at starting ; the maximum speed is-174 m.p.h. 
The wheel arrangement can be either 0-4-0 or 0-6-0, 
except for the metre and 3 ft. 6 in. gauges, the 0-6-0 
arrangement being standard in these two cases. 

A photograph of one of the standard four coupled 
units is reproduced in Fig. 1, on this page, from which 
it will be seen that it is of conventional appearance. 
The complete range is fitted with Ruston and Hornsby 
6 VPHL six-cylinder vertical Diesel engines having a 
constant rating of 155 brake horse-power at a speed of 
1,250 r.p.m. The bedplate and cylinder block are 
separate castings, the cylinder bores being fitted with 
renewable wet-type liners. The crankshaft is a solid- 
steel forging and the main bearings are steel shells 
lined with white metal. The connecting rods are 
machined from steel stampings and are fitted with 
white-metal lined big-end bearings and phosphor- 
bronze small-end bushes. The pistons are made from 
a heat-resisting aluminium alloy and are provided 
with floating-type gudgeon pins. The cylinder heads 
are separate castings and are arranged to carry the 
valve gear and fuel injectors. The valves are operated 
through push rods and rocking levers in the usual 
manner, the inlet valves being shrouded to create 
turbulence. The camshaft is of the integral type 
and is driven from the crankshaft through a silent 
chain, The fuel-injection equipment comprises a 
monobloe fuel pump with a separate pumping element 
for each cylinder, Ruston-type injectors and a two-stage 
filtering system which is installed on the suction side 
ofthe pump. With the exception of the gudgeon-pins, 
all bearings are lubricated under pressure, the piston 
and gudgeon pins being splash lubricated. The 
engine is started by compressed air, a simple disc-type 
distributor, driven from the end of the camshaft, 
admitting air to the cylinders in the correct sequence. 
Air for this purpose, and for operating the brakes, is 
supplied by two single-cylinder compressors belt 
driven from the forward end of the crankshaft. The 
two compressors can be seen in Fig. 2, which shows 
the locomotive with the engine covers removed. 

The engine is fitted with a maximum fuel-delivery 
stop and is coupled to a direct-current generator. 
The generator supplies a reversible series-wound motor, 
the free end of which is supported by one of the frame 
cross-members, while the other end is spigoted into the 
gearbox. The latter is of the double-reduction type 
and is supported by the rear axle through plain bronze 
bearings. The locomotive is controlled by a single hand 
lever which is connected to the engine speed-control 








Fie. 3. 


INTERIOR OF DRIVER’s CaB. 


mechanism and to a switch which closes the main con- 
tactor as soon as the speed-control hand lever is moved 
from the idling position. The reversing hand lever, 
which is situated beside the speed-control lever, is con- 
nected to a switch which reverses the traction-motor 
field connections. The two levers are interlocked 
mechanically so that the power circuit must be dis- 
connected before the locomotive is reversed. In accord- 
ance with usual practice, the control levers are fitted at 
each side of the driver’s cab and are connected to 
each other by cross shafts. The two sets of controls, 
together with their associated cross shafts, can be seen 
in Fig. 3, on this page, which shows the interior of the 
cab. 

The locomotive frame consists of heavy steel plates 
and cross-members welded together to form a single 
unit. The axleboxes are of cast iron and slide in cast- 
iron horn guides fitted to the main side members. 
They are fitted with phosphor-bronze bearings which 
are lubricated from oil boxes located in accessible 
positions on the frame. Westinghouse air brakes are 
arranged to operate on all wheels, the air for this 
service, as previously mentioned, being supplied from 
twin air compressors driven from the forward end of 
the engine. A petrol-engine driven air compressor, 
however, is installed to provide an additional supply 
for initial starting and starting after overhauls. 
hand-operated parking brake is provided; this is 
operated by screw mechanism situated at the back 
of the driver’s cab. As a safeguard, the electrical 
circuit is interconnected with the air brake so that an 
emergency brake application automatically cuts off 
power. A normal brake application, however, will not 
do this, thereby permitting the locomotive to be 
started on a gradient before the brake is completely 
released. A further switch ensures that the locomotive 
cannot be moved under power until sufficient pressure 





to operate the brakes has been built-up in the air 
reservoir. The compressed-air system is also arranged 
to operate the sanding equipment and a Pneuphonic 
horn. 

The equipment installed in the cab, in addition to 
that already mentioned, includes oil- and air-pressure 
gauges, a speedometer and the usual switches for 
operating the lighting and heating circuits. The cab is 
completely enclosed and is fitted with safety-glass 
windows at the front, side and rear. Current for 
operating the electrical relays, contactors, etc., and for 
supplying the head and rear lamps, cab light, etc., is 
supplied by a 24-volt battery which is charged by a 
generator driven through V-belts from the main 
engine. 

As previously mentioned, the weight of the complete 
locomotive in running order is 28 tons. The length 
over the buffers is 22 ft. 1 in., the maximum width 
8 ft. 54 in., and the height 11 ft. The wheels have a 
diameter of 3 ft. 24 in., and the wheelbase of the 
four-coupled unit illustrated in Fig. 1 is 5 ft. 9 in. 
The tractive effort is 18,000 Ib. at starting, 8,200 Ib. 
at 5 miles an hour, 3,400 Ib. at 11-75 miles an hour, 
and 1,100 Ib. at 17-0 miles an hour, the maximum 
speed of the locomotive being 174 miles an hour. The 
maximum loads which can be hauled on a straight 
track at 5 miles an hour are 518 tons on the level, 
191 tons up a gradient of 1 in 100, and 109 tons up a 
gradient of 1 in 50. At 11-75 miles an hour, the corre- 
sponding figures are 198 tons on the level, 63 tons up 
a gradient of 1 in 100, and 29 tons up a gradient of 
1 in 50, while at 17-0 miles an hour the load that can 
be hauled on the level is 45} tons. The foregoing 
loads are based on assumed values for such variables 
as adhesion, condition of track, altitude and tempera- 
ture, and a rolling resistance of 15 Ib. per ton. 





COMPETITION FOR WELDED BRIDGES.—First, second 
and third prizes of 5,000 dols., 2,500 dols. and 1,250 dols., 
respectively, are being offered by the James F. Lincoln 
Are Welding Foundation, Cleveland, 1, Ohio, U.S.A., 
for the best three designs for a 250-ft. span highway 
bridge ; the closing date is June 30, The rules and 
conditions may be obtained by people in this country 
from the Lincoln Electric Company, Limited, Welwyn 
Garden City, Hertfordshire, 





“ THE CENTRAL.”—With the issue for December, 1949, 
the journal of the Old Students of the City and Guilds 
College reached its 100th number; an event which has 
been signalised by the publication of a valuable collection 
of notes and reminiscences which the students of to-day 
will certainly value, but which will become even more 
valuable to them in after years. The opportunity has 
been taken, also, to provide a new cover design, the work 


A | of Mr. Henry Wilkinson, displaying the armorial bearings 


of the City of London and of the 12 senior Livery Com- 
panies—the ‘“‘ Guilds ’”’ in the title of the College. To 
attempt to list the contents of the centennial Central is 
out of the question ; but it is sufficient, perhaps, to say 
that they are worthy of that particularly virile associa- 
tion, the Old Centralians, who provide the editorial board 
of five, headed by Mr. J. W. Voelcker as general editor ; 
and that the special features, supplementing those which 
customarily appear, amply illustrate the breadth, depth 








and world-wide spread of the influence of the College. 
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NOTES ON NEW BOOKS. 


The Law of Trade Unions. By Harry Samvuz3s, M.A. 
Fourth edition. Stevens and Sons, Limited, 119 and 
120, Chancery-lane, London, W.C.2. [Price 7s. 6d. 
net.] 

We have commended this book on three previous 

occasions and there ‘is little more that needs to be 

said about it than has been said already ; the principal 
item, perhaps, being that the price has increased 

50 per cent. since the first edition appeared in 1946. 

The present edition might be more accurately described 

as a reprint, with revisions, of the third edition; it 

contains one or two additional references to cases, but, 
otherwise, is not obviously different. The man in the 
street might feel that the time had come for a further 
revision of the law itself regarding trade unions, for 
there seems to be no valid reason why a union may 
commit, with impunity, acts that a single individual 
could indulge in only at the peril of his pocket or even 
his freedom ; but such speculations are not for Mr. 

Samuels, who confines himself strictly to the law as 

it is, paying no regard to the law as it might be. The 

cases cited number more than 160, and are indexed 
separately, in alphabetical order. 


Report on Mining Subsidence and its Effect on Structures. 
The Institution of Structural Engineers, 11, Upper 
Belgrave-street, London, 8.W.1. [Price 5s. net.] 

Prosiems arising from surface subsidence caused by 

the extraction of layers of minerals from the earth’s 

crust are so complex, that they cannot be dealt with 
adequately in a report of only 30 pages, such as this is. 

Furthermore, as the distribution, rate and amount of 

subsidence are closely related to local geological condi- 

tions and mining methods, any generalisations can only 
be regarded as items to be considered when designing 
structures which are to be erected in mining areas. 

The various effects caused by vertical subsidence and 

by horizontal ground movements are considered 

separately in the report and this treatment gives a 

clear indication of the variety of forces that may act 

on a structure, but very little is said about the practical 
aspect of the combined effects of vertical and horizontal 
movements. A list of recommended precautions to be 
taken in designing structures for sites liable to subsi- 
dence is followed by an appendix on the law relating 
to damage caused by subsidence and a rather brief 

bibliography which, surprisingly, does not contain a 

single reference to the T'ransactions of the Institute of 

Mining Surveyors. It almost seems as though the 

compilers of the report have not followed the most 

important piece of advice in it, namely, that the 
structural engineer should study the subject in close 
collaboration with a mining engineer. 


Reviews of Petroleum Technology. Vol. 8. By Dr. 
F. H. Garner, O.B.E., F.R.1.C., Dr. E. B. Evans, 
M.Sce., F.R.1.C., and Gzores Szety. The Institute 
of Petroleum, Manson House, 26, Portland-place, 
London, W.1. [Price 27s. 6d., including postage.] 

Tue Institute of Petroleum resumes annual publication 
of this review with a volume covering the year 1946, 
in which chapters are included on subjects omitted in 
the previous number, covering 1940 to 1945. Those 
on “ Regional Development Outside the U.S.A.,” 
“* Transport, Storage and Distribution,” “‘ Oil Measure- 
ment,” “‘ Crude Oils,” ‘‘ Lubricants and Lubrication,” 
“ Insulating Oils,” “ Engines and Automotive Equip- 
ment” and “ U.K. Petroleum Legislation” are sum- 
maries of the war years, while the subjects of “ Oil 
Distillates ” and “‘ Furnace Oils ” are additional. The 
impetus of war research is acknowledged in such matters 
as the magnetic method of geophysical survey from the 
air, pipeline development, the production of helium, 
Diesel and residual fuels, instrumentation for research, 
aero-engine design, internal-combustion turbines, and 
the manufacture of lubricating oil in Germany. Inter- 
esting developments in production and refining in the 
Middle East are recorded, also in directional drilling, 
in the production of motor spirit, and of Diesel oil 
from gas and from coal. Developments in the handling 
of oil include faster loading and unloading of tankers, 
insulated tank roofs, development of the centrifugal 
pump for pipelines and of the rotary positive-displace- 
ment pump for marketing installations, corrosion- 
protection of tanks and pipelines, and American 
influence in the standardisation of oil measurement. 
The trend in the use of petroleum products is shown 
by reports on the expansion of the gas industry in 
America and the production of a wide range of chemi- 
cals from an oil or gas base. Engine developments in 
the period include investigation of knock phenomena, 
increased application of the Diesel engine, the return 
to favour of the four-cylinder British motor-car engine, 
and direct fuel injection. Attention is drawn to 
research on bacterial activity, catalysts and the reco 

of benzole from coke. The editor hopes that future 

volumes will be more up to date, an aim which might 

be facilitated by omitting from the next volume all 
but the slightest reference to superseded developments. 


PEAK-PRESSURE INDICATOR. 


One of the main problems which arise during the 
design and development of internal-combustion engines 
is that of measuring accurately all the factors involved, 
and not least is the problem of determining the 
pressure in the cylinders at any given —— while 
the engine is ing. Numerous pressure-indicati 
gauges have been | AB cae for this purpose — 
it is possible to obtain complete indicator diagrams 
which are reasonably accurate when used with engines 
running at moderately high speeds. The 
which is most difficult to determine with sufficient 
accuracy, since it is usually of very short duration, is 
the maximum pressure occurring during the cycle, 
and the task of measuring it accurately is particularly 
difficult when the engine is fast running. 

Various maximum-pressure indicators have been 
designed which are less affected by inertia than those 
giving complete indicator diagrams, and do not “ over- 
shoot ” when recording transient pressures, but many 
of these require some experience and skill to adjust 
them by hand, while others tend to register pressures 
slightly lower than the maximum or are somewhat 
difficult to set up, operate and keep clean internally. 
In order to overcome these drawbacks, Messrs. Dobbie 
McInnes, Limited, 191-193, Broomloan-road, Glasgow, 
S.W.1, are making to the designs of Messrs. Sulzer 
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Brothers, Winterthur, Switzerland, a peak-pressure indi- 
cator which is not liable to overshooting and is entirely 
self-setting. If so desired, each cylinder of a multi- 
cylinder engine may be fitted with one of these gauges, 
and the peak pressures attained during any period are 
then read at a glance without any adjustments being 
made, 

A sectional drawing of the gauge is shown in the 
accompanying illustration, from which it will be seen 
that the basic part of the instrument is a flexible 
bellows a, which is subjected externally to the com- 
bustion pressure and tends to shorten as this pressure 
increases. The upper end of the bellows is fixed and 
the lower end is connected to a hollow guide rod }, 
which is forced up against a calibrated compression 
spring c. The upward movement is transmitted to a 
locking nut d, which has a conical surface e and is fitted 
to a coarse-pitch screw f attached to the guide rod. 
The conical surface of the nut mates with a conical hole 
in the gauge body, but when the pressure around the 
bellows overcomes the resistance of the spring, the nut 
moves away from the hole. A stainless-steel clock 
spring g, which constantly exerts a torque on the nut, 
then causes it to rotate down the screw until contact is 
restored. If the pressure is cyclic, as is the case 
in an internal-combustion engine, the nut will rotate 
through an angle corresponding to the peak pressure 
of the cycle, and if the peak pressures are not consistent, 
the will co d to the test. A micrometer 
scale h is attached to the nut and rotates with it so 
that the scale ing is proportional to the movement 
of the guide rod and to the compression of the cali- 
brated spring. It will be seen, therefore, that this 





scale indicates the maximum sure applied to the 
gauge in units of pressure which depend on the spring 


rate. Different springs are available for use in the 
gauge so that one turn of the micrometer head corre- 
sponds to a change in pressure of 1,250 lb. per square 
inch or more. The two-ply stainless-steel bellows will 
withstand pressures up to 3,000 lb. per square inch and 
temperatures up to 500 deg. C., and can be compressed 
through a maximum distance of } in. Its use in place 
of the conventional pi and cylinder helps to 
eliminate friction in the gauge and also has the advan- 
tage that internal cleaning is only required very 
occasionally. The instrument has been tested rigo - 
ously by manufacturers of Diesel i and is 
claimed to give accurate and ucible direct 
readings when used with normal or high-speed engines. 





CATALOGUES. 


Electric Tools.—Messrs. 8. Wolf and Company, Limited, 
London, W.5, have published a leafiet describing their 
range of electric tools and attachments. Each item is 
illustrated, and leading technical particulars are given. 


Engine-Room Telegraph.—A description of their elec- 
trically-operated engine-room telegraph system is given 
in a leaflet issued recently by Messrs. Standard Telephones 
and Cables, Limited, Connaught House, Aldwych, Lon- 
don, W.C.2. 


Auxiliary Grinding Attachmenis.—A leaflet sent to us 
by Messrs. Westool Limited, St. Helens Aukland, County 
Durham, describes some of their auxiliary grinding equip- 
ment for attachment to all types of large boring mills 
and lathes. 


Oil-Operated Gears.—We have received from Messrs, 
Modern Wheel Drive, Limited, Lindo Lodge, Chesham, 
Buckinghamshire, an illustrated brochure which gives 
details of some of their oil-operated reversing reduction 
gears for marine purposes. 


Gears.—We have received from the Reay Gearworks, 
Limited, Hebburn-on-Tyne, an illustrated folder which 
depicts some of the many types of gearwheel made by 
them, and is intended mainly to indicate the capacity 
of their engineering plant. 


Shuttering for Concrete Roads.—A description of their 
steel shuttering for use as side forms in concrete-road 
construction is given in an illustrated leaflet recently 
issued by Messrs. Blaw Knox, Limited, Clifton House, 
Euston-road, London, N.W.1. 


Gland Packings.—Messrs. Crane Packing, Limited, 
Slough, Buckinghamshire, have recently published an 
eight-page folder containing a number of charts which 
indicate the most suitable types of gland packing material 
for use with over 130 different fluids. 


Air-Cooled Diesel Engine.—A leafiet issued by the 
Coventry Victor Motor Company, Limited, Diesel 
Division, Cox-street, Coventry, describes their 4-h.p. 
air-cooled sirgle-cylinder Diesel engine. This engine 
was described in ENGINEERING, vol. 158, page 220 (1949). 


Concrete Roof Beams.—We have received from Messrs. 
Dow-Mac (Products), Limited, Tallington, Stamford, 
Lincolnshire, an illustrated brochure giving details of 
their pre-cast reinforced concrete beams designed for 
use in the construction of light roofs or floors. Draw- 
ings are included of the different sections available, and 
photographs are reproduced of buildings in which the 
beams have been used. 


Concrete Blocks.—A well illustrated 24-page booklet 
has been issued by the Cement and Concrete Association, 
52, Grosvenor Gardens, London, S.W.1, describirg the 
various uses of concrete building blocks. The blocks 
are suitable for constructing load-bearing and non- 
load-bearing walls, for partitions, as a backing to 
certain facing materials, and for other purposes, many 
of which are well indicated in illustrations of different 
types of building under construction. 


Steam Power Plant.—We have received from Messrs. 
Simon-Carves, Limited, Cheadle Heath, Stockport, 4 
120-page illustrated book which describes the principles 
of the Simon-Carves boiler and the design features of 
their steam-generating plant. It also includes descrip- 
tions and illustrations of some of the steam power plants 
already put into operation or still under construction by 
the firm. - Drawings and photographs are reproduced 
of many of the installations, and the last 28 pages of the 
book consist of relevant technical data arranged in 
tabulated form for easy reference. 


Synthetic Resins for Sealing, Insulation, and Adhesives. 
—The January, 1950, issue of Aero Research Technical 
Notes, the monthly bulletin published by the Technical 
Service Department, Aero Research Limited, Duxford, 
Cambridge, gives particulars of “‘ Araldite ”—a synthetic 
resin developed in Switzerland by Messrs. Ciba Limited, 
Basle, and marketed in this country by Messrs. Acro 
Research Limited. Araldite is particularly suitable for 
the sealing of electrical components, as it combines good 
electrical and mechanical properties with outstanding 
adhesive characteristics. It is available as a casting 





resin, as a wire-coating compound, and as an adhesive. 








MRenoraornee” 








FEB. 17, 1950. 


ENGINEERING. 





169 








STRESS CORROSION IN 
RADIAL-FLOW STEAM 
TURBINES. 


By G. H. Wray, M.I.Mecz.E., 
M.1.Chem.E., F.I.M. 


(Continued from page 143.) 


TuE tests which were commenced were made on 
specimens cut from #-in. by {-in. rolled-bar blading 
steel containing, per cent., C, 0-26; Si, 0-21; 
S, 0-008; P, 0-011; Mn, 0-63; Ni, 2-38; Cr, 
0-85; and Mo, 0-47. The mechanical properties 
of the steel were: tensile strength, 65-7 tons per 
square inch ; yield point, 60-0 tons per square inch ; 
elongation, 23-4 per cent.; reduction of area, 
67-0 per cent. ; and Izod impact, 82 ft.-Ib. 


specimens were a combination of residual tension 
and compression, resulting from the cold work 
required to bend the specimens beyond their yield 
point to the final shape, plus the applied stress 
exerted by the bolts in holding the specimens to 
that shape on the centre bar, and thereby over- 
coming the tendency to elastic recovery. This is 
illustrated in Fig. 17, below, which shows the 
springing-away of the test specimens from the centre 
bar when one of the bolts is removed. The actual 
load required to pull the ends of the two specimens 
down again to their origina] positions was measured 
and found to be 586 Ib. 

Next, in order to work on specimens carrying 
residual stresses only, a second series was prepared 
by bolting down to a centre bar as before. The bolts 
were then removed, and the test specimens shown 
in Fig. 18, without the bolts and centre bar, were 
immersed and tested under identical conditions to 





The first series of test specimens were held in the 
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manner illustrated in Fig. 14, above, being bent 
over a rod # in. in diameter by bolting down on to a 
central bar. The bolted-together specimens were 
then immersed in a solution made by dissolving 
35 gm. of caustic soda, NaOH (analytical reagent 
quality) in distilled water, adding 2-5 gm. of liquid 
sodium silicate (commercia! quality), and making 
up to 100 ml. with distilled water. The use of a 
solution of this composition, as a standard one 
in these investigations, was adopted because of 
its established activity in promoting caustic crack- 
ing; it will be referred to herein as the standard 
caustic solution. The solution and test specimens, 
in an open mild-steel container, were maintained at a 
temperature of 210 deg. F. during the test. After 
eight days, the test specimens were removed from 
the solution and the centre portions were mounted 
for microscopical examination. Fine cracks of a 
branching character were found at the outside of the 
bend, extending from the surfaces which had been 
in tension during the tests. The cracks are shown 
in the macroprint reproduced in Fig. 15, herewith, 
and their branching character, typical of stress 
corrrosion, is illustrated at a higher magnification in 
Fig. 16, on this page. 

In the tests just described, the stresses in the 


those already described, but without imposing any 





specimens of similar composition and mechanical 
properties, cut-in a circumferential direction from a 
ring forging 3 ft. 6 in. in diameter. Cracking was 
again discernible in these specimens after test, in 
approximately the same degree as in the case of the 
Ni-Cr-Mo steel rolled-bar tests. The foregoing ex- 
periments showed that, in a suitable caustic environ- 
ment, cracking can readily occur in Ni-Cr-Mo steel 
carrying residual stresses only. The results sug- 
gested also that the stresses which produce stress 
corrosion are essentially tensional in character, and 
that an uneven distribution of stress is an accelerat- 
ing factor in cracking, by increasing the suscepti- 
bility of the steel to selective attack. 

Tests were then made on sections cut from a 
blade ring taken from an old stock. The sections 
were polished and examined microscopically before 
testing, after which they were immersed in the 
standard caustic solution. These tests were simple 
immersion tests without any applied load, the 
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external load. In the bolted-down tests illustrated 
by Fig. 14, the tension stresses were located at the 
outside of the bend, and the compressive stresses at 
the inside. In the ensuing tests, now described, the 
location of these etresses was reversed as a result 
of the “‘spring-back ”’ effect following elastic re- 
covery, and the tension stresses were then at the 
inside ofthe bend, and the compression stresses at 
the outside. The object of this experiment was to 
ascertain whether residual tension stresses resulting 
from elastic recovery of nickel-chromium-molyb- 
denum steel, after cold working beyond its yield 
point by bending, are active in promoting caustic 
cracking. Microscopical examination, after a period 
of ten days immersion test, showed cracking to have 
occurred again, the cracks this time commencing 
from the inside of the bends, at the surfaces carrying 
residual tension stresses resulting from elastic 
recovery. These cracks are shown in Fig. 19, on 
page 170. 

As previously stated, the foregoing tests were 
carried out on specimens cut from Ni-Cr-Mo rolled- 
bar blading steel ; to ascertain whether steel taken 
from a ring forging showed any difference in its 
reaction to the immersion treatment already de- 
scribed, the tests were repeated, using Ni-Cr-Mo steel 








solution and the specimens being contained in an 
iron chamber in the manner illustrated in Fig. 20, 
on page 170. The solution was maintained at its 
boiling point (115 deg. C.) under a reflux condenser 
open to the atmosphere, for nine hours each day 
and allowed to cool at night. The specimens were 
removed from the solution and examined every four 
days. After a total test period of 28 days, cracking 
was visible at the dovetail corners of the specimens, 
the general surfaces of which had suffered marked 
corrosive attack due to the prolonged period of the 
test. 

Experiments were next carried out on specimens 
cut from a 10-mm. type ring with dummy blading. 
A dummy bladed ring is one in which a normal 
strengthening ring is rolled on to a solid ring with 
a machined dovetail instead of being rolled on to 
the dovetails of individual turbine blades. The 
reason for employing dummy bladed rings for some 
experimental purposes, instead of individually- 
bladed rings, is that mechanical strength tests on 
the dovetail fixture may be carried out which, in 
the case of test specimens cut from individually- 
bladed rings, would be practically impossible, due 
to difficulties introduced by the section of the blades. 
The dovetail rolling technique for experimental 
dummy bladed rings is exactly the same as that for 
individually-bladed rings, and the cold-work condi- 
tions existing in the dovetail fixture after rolling 
are virtually the same in each case. A segment 
from a dummy bladed ring, illustrating its con- 
struction, is shown in Fig. 21, on page 170. Test 
pieces were cut from this ring for the tests now to be 
described, and the dimensions of these specimens is 
shown in Fig. 25, on page 171. The forging from 
which the strengthening ring for this dummy 
bladed ring was made was of nickel-chromium- 
molybdenum steel and the dummy bladed ring was 
composed of the same material. The analysis was 
as follows, per cent.: C,0-+29; Si,0-21; S,0-007; 
P, 0-012; Mn, 0-62; Cr, 0-72; Mo, 0-59; Ni, 
3-26. The mechanical properties were: maximum 
stress, 66-0 tons per square inch; yield point, 
59-0 tons per square inch; elongation, 22-5 per 
cent.; reduction of area, 66-0 per cent.; and 
Izod impact value, 75 ft.-Ib. The steel was oil- 
hardened at 830 deg. C., tempered at 640 deg. C., 
and air cooled. 

At this stage, tests were contemplated employing 
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temperature and pressure conditions more in keep- 
ing with those existing halfway in the temperature 
range of a turbine in service. For this purpose, six 
pressure chambers were constructed of mild steel. 
The details of these are shown in Fig. 26, opposite. 
Further specimens for immersion testing were pre- 
pared from the dummy bladed ring, and were 
polished and examined microscopically to ascertain 
that the dovetail corners were free from any 
incipient defects which might conceivably have 
originated during the dovetail-rolling operation. 
The specimens were then placed inside two pressure 
chambers, as shown in Fig. 26, and covered with the 
standard caustic-soda solution. The chambers were 
hermetically sealed by means of screwed plugs with 
copper sealing washers, and maintained at a tem- 
perature of 430 deg. F. by electrical heating, 
thermostatically controlled. The theoretical steam 
pressure in the chamber during the period of test 
was 350 lb. per square inch. After a period of 
four days, the chambers were opened, when micro- 
scopical examination revealed extensive dovetail 
corner cracking in each of the four specimens. 
One of the cracked specimens is shown in Fig. 22, 
and Fig. 23 shows, at a higher magnification, part 
of the right-hand crack in Fig. 22. 

Concurrently with the investigations already 
described, experimental work was being carried out 
with a view to using a steel other than nickel- 
chromium-molybdenum for the blade rings. Ni- 
Cr-Mo had been used for many years, but, after 
careful consideration and investigation, it was 
decided to change to chromium-molybdenum steel, 
the use of which permits greater latitude in some 
directions. Ductility is an important factor in the 
dovetail-rolling operation, and, in assessing the 
ductility of steel for this purpose, it was found that 
the reduction of area obtained as a result of tensile 
tests on ‘‘ axial” test specimens (i.e., specimens cut 
parallel to the axis of the blade-ring forging) pro- 
vided the best criterion of the ability of the material 
to undergo the plastic deformation involved in the 
cold-rolling process. Experience showed that, to 
ensure the best results, the steel should have a 
uniform reduction of area of not less than 40 per 
cent. The reason is that, the greater the reduction 





of area, the less the metal will strain-harden under 
cold work and the more readily will it undergo 
plastic deformation at normal temperatures. Using 
Ni-Cr-Mo steel, the average reduction of area 
obtained was approximately 53 per cent., with 
normal elongation, while the axial ductility of blade 
rings of Cr-Mo steel, as expressed by the reduction 
of area characteristic, was found to be of the order 
of 59 per cent. The transverse properties of forg- 
ings, however, are generally influenced by steel- 
making and forging practice as well as by chemical 
composition, and the comparative figures given for 
reduction of area refer only to tests made on tyre- 
mill rolled blade rings. 

The normal method of manufacturing blade-ring 
forgings at the steel works is to roll them in a tyre- 
mill, rough-machine, and oil-harden and temper 
them to the required mechanical properties. Ni- 
Cr-Mo forgings are cooled in air from the tempering 
temperature, and, in their finished condition, they 
carry internal stresses induced during this cooling 
operation. These stresses may be revealed later 
in ovality distortion of the blade rings which are 
machined from the ring forgings. Internal stresses 
in rings may be reduced to a minimum by slow 
cooling in the furnace from the tempering tempera- 
ture, but this treatment ‘is not altogether satisfac- 
tory in the case of Ni-Cr-Mo steel, which suffers a 
marked reduction in Izod impact value as a result 
of slow cooling. It would probably be possible for 
a cooling rate to be employed which, while avoiding 
the development of internal stress in Ni-Cr-Mo steel, 
does not produce significant embrittlement ; but, 
on the other hand, Cr-Mo steel may be readily 
furnace-cooled from the tempering temperature and 
suffers little reduction of impact value. Ring 
forgings in this steel, therefore, may be furnace- 
cooled after heat treatment, to ensure that they 
are in a condition reasonably free from internal 
stress. 

Ni-Cr-Mo steel has also been found to be subject 
to rather rapid temperature embrittlement under 
superheated-steam conditions, in exposure tests of 
three years’ duration. Under the same conditions 
of test, Cr-Mo steel also shows a reduced impact 
value, but it is much less adversely affected, and 
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still retains a reasonable ft.-Ib. value after three 
years’ exposure to steam at 450 deg. C. 

The behaviour of Cr-Mo steel in a caustic environ- 
ment has been carefully investigated, to compare 
its stress-corrosion susceptibility in the dovetail- 
trolled condition with that of Ni-Cr-Mo steel. For 
this purpose, another 10-mm. type dummy-bladed 
strengthening ring was prepared, and rolled under 
precisely the same conditions as those for the Ni- 
Cr-Mo ring upon which the dovetail cracking tests, 
already described, were conducted. The analysis 
of this ring forging showed the following percent- 
ages: C, 0-35; Si, 0-34; 8S, 0-005; P, 0-013; 
Mn, 0-64; Ni, 0°23; Cr, 2-44; Mo,0-58. It was 
oil-hardened at 870 deg. C., tempered at 650 deg. C., 
and furnace-cooled. Circumferential test results 
gave a yield strength of 58 tons and a maximum 
stress of 66-6 tons per square inch; Brinell hard- 
ness, 302; elongation, 22-5 per cent.; reduction 
of area, 68 per cent. ; and an Izod impact value of 
74 ft.-lb. 

The caustic immersion tests already carried out 
on rolled dovetail specimens from the Ni-Cr-Mo 
ring were then repeated on similar specimens cut 
from the ring of Cr-Mo steel. Tested under the 
same stress-corrosion conditions as those described 
in the case of the Ni-Cr-Mo steel, the Cr-Mo speci- 
mens responded in the same manner. Generally, 
however, the extent of the cracking was less for 
similar periods of test, and experience with both 
steels suggests that Cr-Mo is the less susceptible to 
stress corrosion. Both types of steel are equally 
resistant to caustic cracking if the cold-work internal 
stresses are removed by stress-relieving heat treat- 
ment. While the phenomenon of stress-corrosion 
cracking in ring dovetails was brought to light-in 
association with the use of Ni-Cr-Mo steel, it would 
probably apply also to any of the normal types of 
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STRESS CORROSION IN RADIAL-FLOW TURBINES. 
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alloy construction steels in a similar high-tensile 
condition. 

Stress corrosion, also sometimes referred to as 
caustic cracking and caustic embrittlement, is charae- 
terised by branching cracks which are usually 
intercrystalline, but they may be either intercrystal- 
line or transcrystalline, and occasionally are a com- 
bination of both. The intercrystalline character of 
stress-corrosion cracking in service is illustrated in 
the micrograph, Fig. 24, above. The term caustic 
embrittlement is not altogether a correct descrip- 
tion of the condition produced, as the metal adjacent 
to a crack frequently retains the ductility and 
mechanical trength of the original material. 

Research problems connected with stress corrosion 
have received a considerable amount of attention 
during recent years. The majority of the informa- 
tion available, however, both in this country and 
in America, refers to research work on carbon steels, 
and less information of a definite character is avail- 
able concerning the stress corrosion of alloy steels. 
The principal factors which influence stress corrosion 
are: stress (residual, and probably also applied, 
though cracking appears to be associated with the 





internal stresses in the metal rather than with the | 20 


Service stresses) ; chemical environment ; tempera- 
ture; and time. The mechanism of chemical 
attack in stress corrosion is still incompletely under- 
stood. There are several theories to account for 
the selective attack which occurs at the grain 
boundaries, and of these an  electro-chemical 
explanation is probably to be preferred. The 
particular combination of boiler-water conditions 
which produce cracking are highly specific, and 
present complicated problems. Of the several 
Substances usually present in boiler waver which 
have the reputation of influencing failure, caustic 
Soda is regarded as the fundamental corroding 
agent and silica as an agent which tends to accelerate 









Fig. 24. InTERCRYSTALLINE CHARACTER OF STRESS- 
CoRROSION CRACKING. xX 500. 
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failure by its action as a catalyst. Almost any 
boiler water contains enough silica for this purpose 
when the water is concentrated. Tests to discover 
whether a particular boiler water is liable to give 
rise to caustic cracking would require a lengthy 
period, as the conditions necessary to initiate 
cracking may occur only intermittently in the 
boiler, and may not exist at any particular time of 
sampling. 

While no difficulty has been experienced in produc- 
ing stress-corrosion cracking in laboratory tests on 
the rolled-dovetail fixture, using only the purest 
sodium hydroxide obtainable, the addition of 
sodium silicate appears to accelerate the process. 
Tests have also been made to determine the effect 
of various concentrations of sodium hydroxide 
and of chemicals other than, or additional to, 
sodium hydroxide and sodium silicate, and which 
are frequently identified in deposits on turbine-blade 
systems. These tests were made on blade-ring 
dovetail fixtures of Ni-Cr-Mo steel, in the pressure 
chambers previously described, and the results 
shown in the following table were obtained. In 


Tests of Ni-Cr-Mo Steels. 








Test Solution. | Result. 
5 per cent. sodium hydroxide (analy- | No cracking in 6 months. 
tical purity) 

” - és Cracked in 2 months, 
35 ” ” ” ” ” 1 week, 
0 » ” ” » 9» 2 months, 
85 per cent. sodium carbonate 
2 “ep per cent. s odium silicate } No cracking in 6 months. 
35 per cent. tri-sodium phosphate .. ” 6 , 
265 per cent. sodium chloride se ” 6 : 








these tests, stress-corrosion cracking occurred only 
in solutions containing sodium hydroxide. A 
strongly alkaline solution, consisting of sodium 
carbonate and sodium silicate, failed to produce 
any stress-corrosion effects. 

It is a well-known fact that caustic solution readily 
creeps into capillary crevices, and caustic cracking 
generally occurs in conjunction with a leak or seam 





where concentration ‘of the soluble material in the 
water is promoted to saturation point. Deposition 
of caustic soda from superheated steam containing 
this chemical, as carry-over from the boiler water, 
can occur before the steam becomes saturated. 
This is due to the marked attraction which caustic 
soda has for water vapour, and results in the dry 
caustic soda becoming moist and adhering to the 
blade system in the area immediately preceding the 
region of saturated steam, the concentration of 
the caustic soda thereafter adjusting itself in 
accordance with the degree of saturation of the 
steam. The analysis of the deposit found on the 
turbine-blade system shows that the strength of 
the sodium hydroxide which could exist in contact 
with the metal under operating conditions would be 
between 15 and 20 per cent. or even higher. This is 
approaching the concentration at which caustic 
cracking would be expected to develop, and it might 
even be unnecessary to consider caustic accumula- 
tion in the dovetail crevices in order to explain a 
concentration which would lead to caustic cracking. 

To obtain information concerning the magnitude 
of the internal stresses induced in blade rings 
during the operation of dovetail rolling, a completed 
blade strengthening ring was sent to the National 
Physical Laboratory, where measurements were 
made using the X-ray method of testing. X-ray 
diffraction technique is used for the definition of 
the type and orientation of grains in hot-worked and 
cold-worked metals, and for detection of the presence 
of residual stress. Through interpretation of the 
diffraction pattern, information on the metallurgical 
condition of the metal becomes available which 
cannot be obtained to the same degree by other 
research methods. By the X-ray method, a measure- 
ment is made of the spacing of a given set of atomic 
planes of the iron lattice. This spacing is measured 
in selected directions relative to the normal to the 
surface at the point of examination. The measured 
fractional changes in spacing in a specimen under 
stress will be equivalent to the external elastic 
strains in those directions. The equivalent stresses 
can then be deduced if the values of Young’s modulus 
and Poisson’s ratio for the material are known. The 
point O on the blade-ring dovetail, at which stress 
measurements were made by the National Physical 
Laboratory, is indicated in Fig. 27, herewith, which 
is a schematic drawing of a section of the circum- 
ference. The directions selected for the tests are 
indicated in Figs. 28 and 29, where O represents 
the point on the surface of the ring under examina- 
tion, OZ is normal to the surface, OY in the 
tangential plane is parallel to the length of the 
turbine blade, and O X in the tangential plane is 
perpendicular to O Y. The stresses and directions 
were: S (y) in a direction parallel to the length of a 
blade and § (zx) in a direction perpendicular to the 
length of the blade ; in plane X O Z, lattice spacing 
measurements were made in directions O A, O B, 
inclined at 9 deg. and 49 deg., respectively, to the 
normal OZ. Measurements were taken on the 
rolling path of the blade ring. The conclusions 
reached by the National Physical Laboratory as a 
result of their X-ray investigations on the ring, in 
the as-received condition, are given in the following 
extract from the Laboratory’s report.* 

“The surface of the ring where rolled over to 
grip the ends of the turbine blades appears to be 
in a highly stressed condition. The value of the 
mean stresses in the direction parallel to the length 
of a turbine blade and in the perpendicular direction 
are similar, being each 30 tons per square inch 
compression. These values are high compared 
with the tensile strength, which is understood to 
be of the order of 60 to 70 tons per square inch. 
It is not practicable with thé X-ray method to mea- 
sure the stresses in the body of the ring or on the 
interna] surface in contact with the blades. Presum- 
ably, the observed compressive stresses in the 
surface will be balanced by equivalent tensile 
stresses in the body of the material and the internal 
surface, and these local stresses may be more 
effective in determining the location of potential 
cracks, The X-ray results indicate, however, the 
order of magnitude of the stresses involved.” 

(To be continued.) 


* Reproduced by permission of the Director of the 








‘National Physical Laboratory. 


172 


ENGINEERING. 


FEB. 17, 1950. 








LITERATURE. 


Photoelasticity: Principles and Methods. By H. T. 
Jessop, M.Sc., F.Inst.P.,and F. C. HARRIS, M.Sc., Ph.D. 
Cleaver-Hume Press, Limited, 42a, South Audley- 
street, London, W.1. [Price 28s. net.] 

Ir has long been recognised that problems of two- 
dimensional stress, too complicated for mathe- 
matical treatment, could be solved experimentally 
by means of polarised light. The method consists in 
examining by such light a model of the structure 
under consideration, the material of the model 
being a transparent plastic having certain optical 
properties. For a load system precisely similar 
to that which is to be applied to the structure, the 
model under test exhibits a pattern of fringes, and 
from, these it is feasible to compute the magnitudes 
and directions of the stress at all points of the 
model. Application of the principle of similitude 
then enables the investigator to determine the 
stress which would be set up in the structure itself. 
In more recent years, however, increasing import- 
ance attaches to the photo-elastic method, following 
the discovery of new plastics by means of which the 
method may be extended to the case of three- 
dimensional stress; once certain practical diffi- 
culties have been surmounted, rapid development 
of the new technique is to be expected. This exten- 
sion of the procedure adds interest to the exposition 
of the subject in the book under review. 

Following a concise and adequate explanation of 
the mathematical ideas and methods involved in 
the analysis of stress distribution in one plane, the 
authors discuss the optical side of the subject in an 
instructive manner by placing the right emphasis on 
the facts and principles necessary for an under- 
standing of the optical system used in the laboratory . 
This general background is continued in Chapters IV 
and V, on polarisation and double refraction, and 
the theory of photo-elasticity, the more difficult 
problem of stresses in three dimensions being dealt 
with in Chapter VII. In the previous chapter, an 
engineering student approaching the matter for the 
first time will find much of real value on the reduction 
and interpretation of observations, where, as in 
other parts of the book, Mr. Jessop and his colleague 
(who are, respectively, senior lecturer in civil and 
municipal engineering, and lecturer in mathematics, 
at University College, London) write not as scribes 
but as craftsmen in this branch of applied science. 
On this account, the same class of reader should 
welcome the chapters devoted to a description 
of the equipment and materials employed for 
the purpose. This is as it should be, since it 
requires a great deal of skill and care in the prepara- 
tion of the model if good isoclinics are to be obtained, 
and the investigator may frequently have to make 
observations on a model in which the fringes are, 
in places, difficult to locate. In this, the phenomena 
of time-creep and time-edge effect call for separate 
consideration. As regards the time effect, no 
general rules can be given, because its magnitude 
varies with different plastics and with different 
loads. The same remark applies to the time-edge 
effect, but for other reasons; in some plastics, 
this effect seems to be due mainly to the evaporation 
of some constituent, in others to the absorption of 
moisture or to further polymerisation. Perusal of 
the book leaves no doubt in the mind of the reader 
that success depends on a nice balance of art and 
science, in which several manipulative details play 
an important part : annealing, cutting and polishing 
the material, as well as mounting and Joading the 
model. 

The final chapter will naturally appeal most to 
those already acquainted with the general principles, 
since it exemplifies various methods of interpretation 
and reduction of observations which may ‘be 
employed in five typical cases : a circular disc under 
thrust along a diameter, a rectangular block with a 
square hole under vertical thrust, a simply supported 
beam under a central concentrated hole, a shaped 
bar with a circular hole under tension, and the 
coupling hook of a railway wagon. The book 
covers the practical side o* the subject in a commend- 
able manner, for it includes also appropriate infor- 
mation on the “ frozen stress’ method and, at the 
end of the text, a few examples of more difficult 
mathematical analysis. 








Applied Mathematics for Engineers and Scientists. By 
S. A. ScHELKUNOFF. D. Van Nostrand Company, 
Incorporated, 250, Fourth-avenue, New York 3, U.S.A. 
[Price 6.50 dols.]; and Macmillan and Company, 
Limited, St. Martin’s-street, London, W.C.2. [Price 
36s.) 

YEARS ago, engineering mathematics consisted very 

largely of a collection of mathematical methods 

adapted for the solution of simple questions ; pro- 
blems which might require lengthy numerical calcu- 
lations, but not advanced mathematical analysis. 

This is no longer true, for groups of engineers and 

scientific workers in most countries are now engaged 

in applying methods of classical and modern analysis 
to problems in all branches of engineering, civil, 
electrical, mechanical, and aeronautical. The 
resulting enlargement of ideas can hardly fail to 
be of interest and utility to any engineer who is at 
all scientific in his outlook, since if brings under 
review phenomena which excite curiosity, and 
questions of great practical importance which await 
solution. In this book, Mr. Schelkunoff explains 
and illustrates these developments in the instructive 
style which has long characterised the published 
work of the technical staff of the Bell Telephone 

Laboratories. 

The subject-matter of the 22 chapters touches 
applied science at numerous places, but it can be 
divided into two parts, the second of which takes 
up a quarter of the 470 pages which make up the 
book. Topics of fundamental importance occupy 
the first six chapters, under the main titles of 
complex numbers, theory of approximation, solu- 
tion of equations, power series, differentiation, and 
integration. Here, as in other sections, the order 
of presentation follows that of increasing difficulty, 
and the space given to a topic has been based on 
its practical value to students of engineering and 
other subjects. Thus only the more elementary 
principles and applications of vector analysis will 
be found in Chapter VII. The procedure enables 
the author to deal in greater detail with certain 
subjects, as in the next two chapters, on co-ordinate 
systems and exponential functions, respectively. 
In various ways, the reader is gradually brought 
into contact with modern developments, especially 
in regard to differential equations, whether of the 
first, second or higher order, or of the partial type, 
to each of which a separate chapter has been 
devoted. Under the heading of differential equa- 
tions of the second order, for instance, several 
sections deal with the wave perturbation method, 
orthogonal properties of the solutions of differential 
equations, and orthogonal expansions. The treat- 
ment of the wave perturbation procedure, in which 
the basic idea is that the solutions of second-order 
differential equations with variable coefficients are 
distorted or “‘ perturbed ”’ sinusoidal or exponential 
functions, merits careful study, because, as the 
author observes, the method is the most practical 
one of obtaining analytical approximations to the 
solutions of such equations. 

In the first part of the book, there are also separate 
chapters on conformal representation, contour inte- 
gration, and linear analysis, which, as the illustrative 
examples show, have much to do with conformal 
mapping, the solution of problems of electrostatics 
and of flow, contour integration, and the utilisation 
of the Laplace transform method in the case of 
linear dynamical systems. Mr. Schelkunoff dis- 
cusses in the second part of his work special func- 
tions of great importance in the principal equations 
of physics: gamma functions, sine and cosine 
integrals, Fresnel integrals, Bessel functions, and 
Legendre functions. A knowledge of these functions 
is always an asset to the serious student ; the sine 
and cosine integrals are indispensable in the theory 
of radiation, and of increasing importance in the 
solution of second-order differential equations. 
Perhaps, in a second edition, due attention will be 
paid to Airy’s function, which is not so widely 
understood as it should be among those responsible 
for the design of large dams and other mass struc- 
tures; though it is appreciated, of course, that this 
field of design is somewhat remote from the science 
of telecommunication. The ease with which the 
author brings considerable mathematical equipment 
within reach. of engineers and physicists is best 
indicated in the final chapter of this excellent 
book, under the title of ‘‘ Formulation of Equations.” 





THE ENGINEERING 
OUTLOOK. 


VII.—Sutesvitpine AND Marine ENGINEERING. 

Tue shipbuilding industry is faced to-day with a 
problem that it has faced many times before—how 
to get a bigger share of falling world orders for new 
ships, and how to make up the fall in new building, 
slight so far, with an increase in repair work; but 
this time it has to contend with foreign competition, 
in many cases heavily subsidised, on a much larger 
scale than at any time between the wars. Current 
trends, which are examined in this article, point to 
a sustained high level of activity until the second 
half of 1951, and then to large-scale unemployment 
in the main shipyards. It is most likely that this 
will be the first serious challenge to the political 
parties’ pledges of full employment. 

Very few orders for new ships were received in 
1949—they total only one-third of the tonnage 
completed during that year. Inquiries, on the other 
hand, have continued to come in from all over the 
world at the same unabated rate as since the war. 
Why, then, has the flow of orders slowed down so 
alarmingly to a mere trickle? The reason most 
frequently. quoted is that owners are holding back 
because the costs of building ships are high and 
rising, while freight rates and traffic are falling and 
the turnover of ships is increasingly slow. New 
ships can no longer pay for themselves, let alone 
earn a profit, and, therefore, there is no incentive 
to increase the size of fleets or to replace obsolete 
ships. Another reason is that British shipowners 
lack confidence in the political future. A further 
deterrent is the long delays in delivery of new ships. 
Most deliveries during the past few years have been 
several months later than promised, and thus 
serious losses of earnings have been incurred. 
Finally, it is argued that orders are being placed, 
but increasingly with foreign builders, implying 
that British yards are unable to compete with the 
Dutch, Swedish, Japanese and other foreign yards. 

All of these reasons must play a part in the fall 
in orders. An assessment of shipbuilding prospects 
hinges on an interpretation of trends in freight rate 
and traffic. The protectionism of the United 
States, which led to the requirement that 50 per cent. 
of Marshall Aid shipments must be carried in 
United States ships, has deprived Britain of a 
valuable share in world traffic. The practical 
cessation of trade in the Far East and the falling 
off in Anglo-Argentinian trade have also greatly 
cut down freight outlets. 

Shipbuilding profits in 1949 were good ; for most 
builders, they were higher than in 1948, and the 
output was the highest since the war. From 
January to November, 1949, the gross tonnage of 
vessels completed was 1-2 millions, as compared 
with 1-0 million in the corresponding period of 
1948. New orders received in 1949 totalled only 
400,000 tons, but a decline was to be expected as 
soon as the war-time losses were made good. The 
work of reconstruction is now nearing completion, 
but the British merchant fleet (vessels over 500 tons 
on United Kingdom and Colonial registers) in 
November, 1949, at 17-4 million gross tons, was still 
755,000 tons smaller than in September, 1939. 
Moreover, nearly a third of the liner tonnage and 4 
quarter of the tramp tonnage is over 20 years old. 
Since the economic life of a sea-going vessel is 
reckoned to be 25 years, there is a potential replace- 
ment demand of three to four million tons. World 
merchant tonnage, however, is now at least 12 mil- 
lion gross tons in excess of the 1939 figure of 68-5 
millions. A very large proportion of this consists 
of vessels, mostly of the “ Liberty” type, which 
have been laid up as uneconomic by the United 
States, whose fleet at the end of 1948 amounted to 
26-9 million gross tons, compared with 8-9 million 
gross tons in September, 1949. / Most of the Euro- 
pean countries have some small deficit to make good 
to bring their fleets up to the 1939 level, and Ger- 
many and Japan still aro each some four million 
gross tons short. Moreover, the proportion of 
obsolescent tonnage under foreign flags must also 
be high. The fall in orders placed with British 
builders has thus been larger, and has come sooner, 
than might reasonably have been expected. 
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For some time, shipowners have been very blunt 
in their references to the high prices paid for new 
ships. Sir .George Christopher, chairman of the 
Hain Steamship Company, stated in August, at 
the launch of a new vessel for his company, that 
the “ very staggering proposition ” confronted them 
of having to find at least an additiona] 375,0001. 
over the estimated cost of seven new cargo vessels 
at a time when the value of the securities used to 
pay instalments was sliding away. Added to this 
was the loss of 60 months of good trading through 
a delay of nine or ten months in the delivery of 
each vessel. Most shipowners have stated that the 
increasing cost of ships and the long delays in 
deliveries made it uneconomic to. build ships to-day. 
Nearly every one quoted the fall in freight rates and 
traffic in support of his arguments. 

The decline in freight rates is not new. Between 
1946 and 1948, the decline was about 15 per cent., 
but in 1949 the downward trend has been steeper: 
After the abandonment of scheduled rates in 
December, the average rates for grain from North 
America to Europe fell from 10s. 3d. a quarter 
(eight bushels) to 7s.0d.in July. No representative 
index of freight rates is available; the best is 
probably the Danish, which declined from 102 in 
January to 94 in June. While freight rates have 
been declining, operating charges remain at a high 
level. Bunker prices, maintenance charges and 
disbursements on stowage, stevedoring and other 
port services all show upward trends. Port delays, 





due to shortages of steel has often been cited as 
one of the major contributing factors. Inundated 
as they were with orders at the end of the war, 
shipbuilders aimed at an output of completed 
vessels of not less than 1-7 million tons per annum, 
Steel supplies did not permit of an output of more 
than 1 million tons till 1948. In 1949, output, 
though still below the optimum level, had improved 
considerably, without any reversal of the trend of 
costs, and little scope now remains for this to take 
place. Mr. J. M. Ormston, a director of Vickers- 
Armstrongs Limited, speaking at the launch of the 
cargo-passenger liner City of Chicago, in September, 
claimed that shipbuilders’ actual costs were small, 
and that the main charge was made up of products 
from all over the country, and, therefore, concerned 
all industries. This is doubtless true, but it does 
not mean that there is no scope for reduction in the 
actual costs of building. Sir Robert Johnson, 
chairman of Cammell Laird and Company, argued 
that labour costs could be cut by lengthening 
the working week. Other shipbuilding directors 
have bluntly stated that, unless the men work 
harder, for longer hours, and trade unions remove 
restrictive practice, unemployment must follow. 
An appreciation of this need is now becoming 
apparent in trade union circles. Mr. T. Mathews, 
national industrial officer of the National Union of 
General and Municipal Workers, referring to the 
claim for 11. a week made by the Confederation of 
Shipbuilding and Engineering Unions, declared at 


TABLE I.—MERCHANT SHIPBUILDING AND REPAIR IN THE UNITED KINGDOM. 
Monthly Averages (1,000 tons gross). 

















Is of 1,600 tons gross z 
All Vessels of 100 tons gross and bins 2s en 
eibiszi Tankers. | Non-tankers. 
| Building Under | Under 
| Laid Com- Laid Com- | Laid . Com- 
Down. See pleted. Down. — pleted. | Down | = pleted. 
f ; 

19388... ie 42 780 72 — — == oe — a 
1948. os 82 1,055 100 18 230 17 61 788 80 
1944, ie 80 995 85 17 267 15 55 680 65 
1945 .. a 101 1,455 62 22 353 15 70 1,019 41 
946 (ws <% 107 1,759 82 18 249 26 84 1,426 50 
1947... oo 94 1,941 79 24 421 10 63 1,421 64 
1948, As 102 1,983 102 34 608 17 59 1,238 77 
1949—January 88 2,000 71 54 633 43 29 1,254 21 
February 89 1,986 103 30 645 20 54 1,240 75 
March 72 1,930 181 16 629 34 49 1,205 91 
in 142 1,987 86 45 646 30 94 1,255 51 
y 101 1,961 130 57 675 26 40 1,210 89 
June 99 1,935 129 42 687 32 45 1,166 91 
July . 70 1,874 130 39 690 36 25 1,102 86 
August 150 1,921 106 107 761 35 40 1,085 60 
122 1,950 97 68 807 22 46 1,070 65 
ber 99 1,909 139 71 841 38 24 1,001 90 
November 61 1,869 104 + 24 832 33 33 974 61 





























due to congestion and labour difficulties, show no 
signs ofimprovement. Sir William Currie, chairman 
of the Peninsular and Oriental Steam Navigation 
Company, pointed out in July that, to obtain the 
same shipping services in 1948 as before the war, 
150 ships were required to do the work of 105, and 
that the total operating costs would have been 25l. 
millions as compared with 71. millions, 

Fiscal problems also add to shipowners’ diffi- 
culties. Depreciation allowances ignore the inflation 
of replacement costs. The arrangement. whereby 
shipowners are permitted to write off initially 
40 per cent. of the cost of a new ship helps, but it is 
no more than an advance instalment on the wear 
and tear allowances of future years, which will 
have been exhausted at an earlier date in the life 
of a vessel than would otherwise have been. the 
case. Mr. F. A. Bates, chairman of the Cunard 
White Star Company, stated on December 28 that 
& passenger ship like one of the Queens, valued for 
the purposes of the Government Insurance Act at 
between 51. millions and 6/, millions, would cost 
to-day about 151. millions to replace. Much more 
than the present statutory allowance for depre- 
ciation was required, and what was left after taxation 
by the State might be quite insufficient to enable 
companies to replace ships, however much was 
ploughed back into reserves. The Cunard White 
Star Line, in consequence, is not contemplating 
placing any orders for new tonnage at present. 

While depreciation allowances should doubtless 
be substantially increased, shipbuilding costs must 
be reduced, or, at any rate, prevented from rising 
further. Disorganisation of building programmes 





a meeting of shipbuilding and engineering shop 
stewards in December that “‘it is no use having a 
big penny now and walking about the streets next 
year.” As an affiliated union of the Confederation, 
his union opposed the claim, taking the view that, 
though they did not dispute the fact that large 
profits were being made, they would much rather 
see them ploughed back into the industry to make 
security for their members than have them dissipated 
in immediate wage increases. On the other hand, 
the view is widely held that large-scale unemploy- 
ment is inevitable in the shipbuilding industry and 
that it is advisable for the men to have their cake 
now and rely upon the Government to find them 
employment when they become redundant. Mr. 
E. J. Hill, general secretary of the Boilermakers’ 
Society, declared in December that there would be 
184 idle shipbuilding berths at the end of 1950, 
and that it would be the duty of the Government 
to find alternative employment for the 75,000 
workers who would become redundant. The basis 
of Mr. Hill’s calculations is not known, but he 
appears somewhat pessimistic. Shipbuilders still 
have orders on hand for about 1-25 million tons 
not yet laid down, and though the labour force in 
the yards, which declined by 22,000 between 
October, 1948, and October, 1949, may be expected 


to decline further in 1950, this fall will probably | gross 


be less serious than Mr. Hill expects. So far, 
unemployment in the shipyards has been almost 
entirely due to the reduced volume of repair work. 
In a statement of policy forwarded to the Labour 
Party at the end of 1949, by the Confederation of 
Shipbuilding and Engineering Unions, nationalisa- 


tion of the maritime industry is seen as the only 
answer to the problems of shipbuilding. It ‘is 
claimed that the fluctuations in world trade which 
cause recurrent booms and slumps in the marine 
industries under conditions of private ownership 
inevitably give rise to restrictive arrangements, and 
neglect of national requirements ; the result is the 
social burden of depressed areas. Nationalisation 
alone, they argue, can secure the co-ordinated 
development of the main ports, shipping, ship- 
building and ship repairing, and thus increase the 
efficiency of the maritime industries. It is thought 
that only in this way can the demand for new 
ships and ship repairs be controlled, and advance 
planning made for the inevitable contraction of 
shipbuilding. Restrictive practices have been too 
common a feature of the shipbuilding industry, and 
some sort of planning is obviously essential to even 
out the fluctuations to which the industry is subject, 
but this need not involve nationalisation. 

The Government should realise that, if orders 
for new ships do not come in by the end of 1950, 
large-scale laying-off of men from the shipyards 
by 1952 is almost inevitable. If the political 
parties are to live up to their “full employment ” 
pledge, therefore, Government action cannot be 
delayed much longer. One obvious way of coun- 
tering the effect of a decline in shipbuilding activity 
is to provide employment for shipyard workers in 
other industries in the area. It was for this purpose 
that the Government began the industrial develop- 
ment of these areas after the war, but. it is most 
unlikely that the progress achieved so far will enable 
the 50,000 to 100,000 men, who might become 
unemployed, to find alternative employment. 
Another possibility is to attract labour to other 
areas, which will be made easier by the continued 
improvement in the housing situation ; but in the 
past it has been found that labour is very reluctant 
to move, even when faced with the threat) of 
unemployment. 

The only other action open to the Government is 
to stimulate orders for new ships. To do this 
effectively, prompt action is required, either in the 
form of loans, tax reliefs or subsidies. The present 
arrangement, whereby owners are permitted to 
write off initially 40 per cent. of the cost of a new 
vessel, is sound in principle and has proved a power- 
ful stimulus. Most shipbuilders, however, have 
found that the reserves built up through the depre- 
ciation allowances of their pre-war fleets were 
inadequate to finance the building of new ships. 
It may be necessary, therefore, for the Government 
to make available loans at low rates of interest, or 
even free of interest, to supplement this lack of 
capital. if, however, British shipbuilding con- 
tinues to be faced with competition from foreign 
yards, heavily subsidised by their own Governments, 
it may be necessary to provide similar protection ; 
but it would be far better for British shipbuilders 
if the British Government could secure a reduction 
in the subsidies and other protective measures taken 
by foreign governments. 

At present, the large volume of tanker replace- 
ment keeps the yards busy. At the end of Novem- 
ber, 1949, 46 per cent. of vessels of 1,600 gross 
tons and over, totalling 832,000 tons, were tankers, 
compared with 620,000 tons, or 33 per cent. of 
the total, at the end of November, 1948. The 
shipbuilding and repair statistics, taken from 
the Monthly Digest of Statistics, are shown. in 
Table I, on page 173. Fifty-four per cent. of the 
vessels laid down in the first eleven months of 
1949 were tankers. The present building. pro- 
gramme, however, will probably be sufficient to 
meet the immediate needs. of the oil companies. 
In 1948, the Admiralty issued licences for the 
building of nearly a million gross tons of tankers, 
three-fifths of which were for export ; but the rate 
at which orders were coming in had already fallen 
off by October of that year. In the six months 
to March, 1949, only 11 tankers, totalling 172,900 
tons, were licensed ; and some orders which 
were tentatively placed have been cancelled. Since 
that date, there can have been little improvement, 
though Vickers-Armstrongs Limited received an 
order for two tankers, each of 31,000 tons dead- 





weight, from an American group of shipping com- 
panies which controls 48 ships, and which has never 
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before placed an order in the United Kingdom. 
The wave of tanker orders followed upon the urgent 
demand for passenger liners, refrigerated ships and 
other special-purpose craft which came immediately 
after the war. In spite of high costs, liner operators 
have not been able to defer building, as this would 
have meant the abandonment of the specialised 
trades upon which their lines depended. Their 
programmes, however, have now reached the stage 
at which any further building will be dependent 
upon a reduction of costs. Demand from tramp 
owners, on, the other hand, who have no particular 
obligations to special trades, has never materialised. 
Large numbers of “‘ Liberty” ships have been at 
their disposal and, though these are not economical, 
owners may prefer to lay up tonnage rather than 
purchase modern vessels at current inflated prices. 
Very little naval work is now forthcoming. 

Foreign competition is becoming keener. Table II, 
herewith, which is compiled from the Trade and 


TABLE II.—UNITED KINGDOM: 


subsidies. At the end of 1949, the tonnage under 
construction, 513,000, was 106,000 tons higher than 
a year earlier. Construction costs in America are 
high, but certain American shipping companies are 
entitled to subsidies, intended to lower the difference 
between American costs and those of other coun- 
tries. In 1949, subsidies granted in respect of six 
ships amounted to 80 million dollars. Four-fifths 
of the tonnage under construction is accounted for 
by 25 tankers, averaging 17,000 gross tons each. 
The stipulation that half the cargoes carried under 
Marshall Aid shall be carried in American ships 
does not seem to have encouraged American ship- 
owners to order dry-cargo vessels. They had no 
vessels under construction outside America in 1949; 
the recent order for tankers received by Vickers- 
Armstrongs Limited is, therefore, a hopeful sign.. 
American Government assistance is also being 
given to the Japanese shipbuilding industry, which 





had 120,400 tons under construction at the end of 


end of 1948 to 24,300 tons at the end of 1949, when 
41,800 tons were under construction in Japan. 

Germany has now been permitted to build vessels, 
other than tankers, up to 7,200 tons, with speeds 
up to 12 knots. Preliminary plans, drawn up in 
July, suggested that Germany could build about 
100,000 tons in the first year, and thereafter between 
150,000 and 200,000 tons annually. Finance, 
however, has been the crucial question, and ship- 
owners in Hamburg, uncertain about the scale of 
Federal Government assistance, have not yet placed 
any orders. They also feel that the limitation of 
speed will handicap them severely in the world 
carrying trade. With the present limitations, 
German yards cannot compete seriously with the 
British, but resumption of building in Germany will 
indirectly affect the British yards, since the restora- 
tion of the German merchant fleet will mean fewer 
cargoes for British vessels, lower freight rates, and 
a smaller demand for new vessels. 





SHIPBUILDING AND MARINE ENGINEERING EXPORTS. 




































































| 1938. 1939 1943. 1944. 1945. 1946. 1947. 1948. 1949, 
Tons, | £1,000. | Tons. {| £1,000. | Tons. | £1,000.} Tons. | £1,000.| Tons £1,000. | Tons. | £1,000.| Tons. | £1,000.| Tons. | £1,000. | Tons. | £1,000. 
| 

Ships for breaking up | 13,002 $2 | 22,772 47 —_ _ —_ | —- j; — a 9,342 14 4,400 22 | 10,528 53 _ _ 

War vessels .. -+| 6,967 2,022 — | =—_ j= — — Bey ett | Bile —_ ae om ma 
Steam vessels . -| 134,470 4,063 7.084 76 — | 983 | 14,552 1,165 | 33,678 2,565 | 108,015 9,668 | 212,888 | 20,384 | 124,120 | 14,293 
Motor vessels 3 891 1,959 a ’ a if — | 33 553 34 | 15,518 1,349 | 94,000 8,639 | 202,987 | 17,536 | 324,697 | 26,626 
All other vessels ..| 11,574 447 — 37 581 24 | 24,673 565 | 16,470 668 | 19,951 1,203 | 18,705 1,274 

Internal-combustion 

engines .. -»-| 2,661 617 2,206 476 772 232 1,153 387 52 23 5,392 1,707 7,592 8,061 | 10,175 4,299 | 10,283 4,804 
Steam reciprocating. .| 1,229 151 561 73 156 51 179 62 } Th { 944 260 1,453 282 1,864 438 1,932 498 
Turbine wa a 993 234 473 171 112 66 115 40 da 1,854 837 2,435 1,390 3,377 1,610 5,267 2,575 
Total .. -| 171,787 9,525 — 7,801 a 425 a | 1,542 | 15,738 1,246 | 91,401 7,297 | 284,365 | 23,730 | 461,770 | 45,523 | 485,004 | 50,070 











Navigation Accounts, shows some increase in British 
shipbuilding and marine-engineering exports in 
1949, but Britain is beginning to lose orders to other 
countries and exports are likely to decline in 1950. 
The total tonnage under construction in the world 
at December 31, 1949, which was 4-4 millions, was 
250,000 tons less than the year before. In Britain, 
2-0 million tons were under construction at the end 
of December, 1949—120,000 tons less than in 
December, 1948. The British share of world 
tonnage, which has never before been less than 
50 per cent., thus fell to 45 per cent. in 1949. 
Table III, herewith, shows the countries of regis- 
tration of ships at present under construction in 
Britain, as recorded by Lloyd’s Register of Shipping. 
Norway is by far the largest buyer of British ships, 
and British yards accounted for just over half the 
Norwegian tonnage under construction in the world 
in 1948 and 1949. Norway, however, is beginning 
to look to other markets; one vessel, of 13,500 
tons, is under construction in Japan, and Norwegian 


tonnage under construction in Sweden and Holland | § 


increased substantially in 1949. Argentina, Bri- 
tain’s second largest customer, is also placing more 
orders elsewhere. At the end of December, 1949, 
Argentina had 96,403 tons under construction in 
Britain—10,000 tons less than the year before—but 
a further 76,000 tons was in hand in the Netherlands, 
compared with none in the year before the war. 

The tonnage under construction rose substan- 
tially in the Netherlands, Italy, Denmark, the 
United States and Japan. In the Netherlands, the 
increase to 302,000 tons is accounted for entirely 
by the Argentinian order ; Dutch costs are reported 
to be considerably below the British and, unless 
British costs are brought into line, more orders 
will be lost to the Netherlands. De Telegraaf cited 
in November the instance of a tanker of the British 
Oil Shipping Company which was repaired by a 
Dutch shipyard in half the time and at two-thirds 
the cost estimated by a British yard, previously 
approached. This paper attributes high British 
costs to restrictive practices and the shorter working 
week, Italy, at the end of December, 1949, had 
229,000 tons under construction, 14,000 tons more 
than the year before. Italian export orders, how- 
ever, have been declining recently and the prosperity 
of the Italian industry depends upon the continua- 
tion of the Government subsidy. The Mercantile 
Marine Ministry has authorised the building of 
220,000 tons of shipping, of which 49 per cent. is 
for State-controlled shipping companies, 

The. United States is another country in which 
@ high level of activity is being maintained by 


TABLE III.—United Kingdom: Registration of Ships 




















Under Construction. 
! 
December 31, December 31, 
| 1948. 1949. 
Country of 
Registration. 
No. | Tons. No. Tons. 
British Dominions, 

Colonies, etc. a8 39 112,479 31 96,400 
Argentina .. a 15 116,895 14 403 
Belgium af oh 1 _ _— 
Brazil : pi 2 684 4 1,368 
Burma 1 150 _ —_ 
Chile .. 1 3,700 — — 
China. . — a 1 800 
Denmark 11 44,404 5 24,332 
France 4 15,480 2 17,300 
Greece oo —_ 1 6,200 
Holland 4 26,280 8 42,410 
Iceland 5 2,750 6 4,215 
Traq .. 1 300 1 150 
Mexico 1 1,750 = a 
Norway 44 302,765 36 324,166 
Panama 6 49,870 7 75,080 
Poland 1 1,160 1 3,200 
Portugal 11 43,860 6 15,105 

weden 7 16,965 5 35,750 
Switzerland . 2 4,800 — — 
United States of 

America .. ¥y 1 2,805 — -— 
For Sale, or Country 

not stated “ 1 842 1 15,600 
Total for registration 

in other countries 158 747,999 129 758,479 
For registration in the 

United Kingdom..| 264 1,366,731 239 1,235,712 
Total under construc- 

--| 422 2,114,730 | 368 1,994,191 














1949. Restrictions on the tonnage and speed of 
Japanese ships have now been Jifted, and an official 
building and reconditioning programme for 1950 
has been drawn up. Shipbuilding firms in Japan 
hope to get 24 million dollars in American aid, 
three-quarters of which will be for new ships. The 
1950 programme includes eight 12,000-ton, tankers, 
two 7,000-ton . tankers, 25 6,000-ton freighters, 
and four more, of 4,000 tons each. The total new 
shipping planned amounts to 300,000 tons, half of 
which has been reserved for foreign orders. Ship- 
building potential in Japan is now estimated at 
800,000 tons a year, or about half the peak output 
during the war. It is expected that the industry 
will work up to its full capacity by 1952. This 
would seem, a little optimistic, despite the fact that 
Japanese costs are probably as much as 20 per cent. 
below British costs ; nevertheless, Japan will pro- 
vide serious competition for British builders over 
the next few years. Already Japan has supplanted 
Britain, as the principal supplier of Danish ships, 
outside of the Danish yards. Danish tonnage 


It was in ship repairing that the serious height 
of costs was brought most strikingly to the fore in 
1949. One instance has already been cited ; another 
is to be found in the experience of the United 
British Steamship Company, who, when considering 
the conversion of a coal-burning ship to the use of 
oil fuel, received a quotation from a British firm 
for 25,0007. The Continental price was 15,000/., 
and the time required for the job was three weeks, 
as compared with three months in the British yard. 
Despite pressure to maintain the ban on major 
repair work abroad, the Government announced 
in December that shipowners would be free to 
have major repair work carried out in soft- 
currency countries. This decision, though it was 
fully justified and in the national interest, may 
have serious consequences for the ship repairing 
industry. 

The prospects of marine engineers are, of course, 
tied up with those of the shipbuilders, though they 
also have a considerable direct export trade. Except 
in the case of turbines, the expansion in exports 
was modest in 1949, and there may be some falling 
off in 1950. The reputation for quality of British 
engines is unsurpassed, however, and this will be 
a telling point in their favour as competition 
intensifies. For instance, William Doxford and 
Sons, Limited, report that, since 1921, 500 vessels 
have been fitted with Doxford marine opposed- 
piston oil engines, and that a further 250 are under 
construction or on order. Entry into the marine. 
engineering market is not easy. A newcomer is apt 
to find that it takes many years to make headway 
against existing types ; if his engine gives trouble in 
the initial stages, he may never get into the market 
After the war, the long delivery dates quoted by 
established manufacturers provided a good oppor- 
tunity for newcomers to have their engines accepted 
by the market. This opportunity, however, was 
largely missed. While manufacturers could sell as 
many engines as they could produce on the indus- 
trial market, there was little incentive to enter the 
marine market. Faced with declining industrial 
sales, however, they are now turning their attention 
to the marine side, but with only indifferent 
success. : 

The outlook for shipbuilding and marine engin- 
eering, as this review shows, is not very bright 
after current orders have been completed in 18 
months’ to two years’ time. If costs continue to 
rise, and if demand from British owners is. not 
stimulated, a slump as severe as any in the past. is 
likely to develop, There are still, however, optimists 








building in Britain declined from 44,000 tons at the 


in the industry. 
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Fig. 4. AMMONIUM-CHLORIDE PELLETS 
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“ENGINEERING” 


THE PELLETING OF 
GRANULAR MATERIALS. 


By A. Srewarr. 


THe problem of pelleting granular materials 
may be considered to have two aspects: the 
behaviour of the particles under pressure so far as 
density changes are concerned, and the more 
fundamental problem of the cohesion of the particles 
to form pellets having considerable mechanical 
strength. The factors influencing the density of 
pellets are discussed below and later the more 
difficult. question of particle cohesion is considered. 

In 1923, Walker* reported a series of investiga- 
tions into the compressibility of powders. His 
method consisted of pressing a known weight of 
powder in a cylindrical mould and observing the 
changes in the length of the powder column as the 
pressure increased. The pressing loads were applied 
quickly and held for a fixed period. The results 
obtained were expressed in terms of “ volume 
ratio,” which is defined as the ratio of the observed 
volume of the pellet to the volume of the powder 
particles. In addition to static pressing, powders 
were also compressed by means of a falling weight, 
that is dynamically. Walker plotted the volume 
ratio against the logarithm of the applied load, 
which he calls the resistance of the powder. These 
curves all have a portion which is nearly linear and 
may be represented by an equation of the form 

; V =a —blog,P ay 
where V is the volume ratio, P the applied load: 
and @ and 6} arbitrary constants. At their lower 
ends these curves approach the line V = 1 asympto- 
tically, Walker distinguishes two types of curve 
based on the point of inflection and the nature of 
the approach to the asymptote. 

In a second paper,t Walker reported an investi- 
gation into the distribution of density along a 
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pressed pellet. The pellets were pressed in a split 
mould and afterwards cut out in sections. The 
volume ratio, of the sections were measured and 
plotted against their distances from the top, and 
it was shown that the volume ratio varies linearly 
with distance over a considerable range. For the 
linear portion of the curve the equation 
Ve=% +maz (2) 
where z is the distance of the section of volume 
ratio V, and c, and m are constants, holds. 
Combining equations (1) and (2), Walker gets the 
equation 
blog, P = cg — maz 

which, on differentiation, gives 

dp mP 

a” bob 
i.e., the loss in pressure between contiguous layers 
of the pellet is proportional to the vertical pressure 
at the point. (It may be noted that this assumes 
that equation (1) holds even if there is no frictional 
restraint between pellet and mould.) This pressure 
loss is due to the friction between the mould walls 
and the pellet, and so 


fa 
p. being the coefficient of friction and P the conjugate 
pressure of P, so it follows that = = constant. 


The mathematical treatment* successfully used 
in the investigation of stemming problems has been 
applied to the calculation of the pressure drop in 


a pellet, This treatment assumes that the ratio= 


(3) 


is a constant as is the case, on theoretical grounds, 
for non-cohesive materials and as Walker shows 
also holds for cohesive materials. If a pressure P, 
is applied to a pellet in a mould of radius r, then 


if the constant ratio? is K, the pressure gradient is | i.e. 
P 


given by 





2K pez 
Pz = Py, exp (- ; ) 
By using copper gun crushers to measure P, and P,, 
is wai shown that this equation did represent the 
pressure drop in pressed pellets. 


(4) 





* J. Taylor, Trans. Inst. Min. E., vol. 96, page 153 
(1938). 
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It should be noted that, with the exception of 
equation (4), the relations discussed above have all 
been fitted to experimental data and no physical 
meanings have been allotted to the constants 
involved ; in other words, the formule given are 
interpolation formule. 

The various equations discussed above do not 
give the density of a complete pellet in terms of 
its weight, length and diameter, and so are of little 
use for immediate practical application. The 
equations already given, however, can bé made to 
yield relations of the required type. Walker’s 
volume ratio is an unwieldy quantity, but is a 
constant times the specific volume and so the 
““V” of equations (1) and (2) may be treated as 
if it were a specific volume. 

If we assume that the “V” of equation (1) is 
the specific volume of a thin section at a depth x 
beneath the piston, and further that this equation 
holds in the case in which there is no peripheral 
frictional restraint, then 

Ve = a-bd log Pz 
= a—blogP, +bkz 
(if Py, = P,exp(—kz)) 
which is another form of equation (2). 
Ver + mz, 
Now, writing 3z and 8w as the thickness and weight 


(9732.°.) 





of the thin section, we get 
ar? 8a 
; a oq +mez 
which gives 


f ar da eo 
gu Pde 


w ~ =F roe. (1 +21), 
m e 


If the logarithmic term is now expanded as a series 





(5) 


expression it becomes 
w 1 m m* 
a aawmole 


and the left-hand term is the mean pellet density. 





If the second and higher powers can be neglected, 
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this becomes a simple linear equation 


1 ™ 
fe. ta” . . (6) 


Equation (5) may also be written as 


wm ™ 
exp —; ) = 1+- I, 
¢ 3) 4 
from which J may be eliminated and a linear form 
Telating pellet weight to specific volume may be 
found. 

Using the experimental procedure described below 
the properties of sodium chloride, ammonium 
chloride, T.N.T., sulphur and sodium nitrate have 
been investigated. A series of pellets of varying 
weights were all pressed at a particular pressure, the 
first pellet of any such series being rejected. The 
mould was cleaned with damp cotton waste after 
the extrusion of each pellet and thoroughly dried 
before the next charge was loaded. Pressing was 
done on a 10-ton hydraulic press, with occasional 
resort to a larger hydraulic press in order to attain 
some of the higher pressures with the larger moulds 
used, and also for the pressing of T.N.T. The 
pressure gauges on the 10-ton press were checked 
against standard deadweight testing gear and 
adjusted where necessary ; using such gauges, the 
press was used to compress copper gun crushers and 
so a table was constructed of dead load against 
gauge reading. These gauges and the calibration 
were checked from time to time; the larger press 
was calibrated with crushers every time a series of 
pellets was pressed. 

The moulds used were provided with close-fitting 
pistons (0-003 in. clearance on diameters) and in all 
cases were used unlubricated; the moulds were 
fitted with buttons having the same clearance and 
of such lengths that pellets were formed in the taper- 
free portions of the moulds. After extrusion, the 
weights and linear dimensions of the pellets were 
determined and the densities and specific volumes 
calculated. 

The length of the longest pellet that could be used 
in any experiment depended on the properties of the 
material being used. At pressures above about 
42,000 Ib. per square inch the pistons began to show 
permanent distortion and so this set the upper 
limit of the pressure range. Above 15,000 lb. per 
square inch there was a tendency for some of the 
material to be squeezed up around the piston and 
this caused jamming of the piston making extrusion 
difficult, but by pre-pressing to 10,000 Ib. per square 
inch, removing the piston and cleaning both it and 
the unoccupied part of the mould before completing 
the pressing at full load this trouble was eliminated. 

On graphs Figs. 1 to 6, page 175, are shown a few of 
the density /length and specific volume/weight plots 
for series of ammonium chloride pellets at different 
pressures. These show that the linear form of the 
equations deduced fit the results to a high degree of 
accuracy. From equation (6) it can be assumed 
that when the pellet length tends to zero the effect 
of friction at the pellet mould interface is eliminated 
and so the first constant will give the density of a 
pellet pressed at the particular pressure used when 
there is no friction. The corresponding equation 
between specific volume and weight gives a similar 
value for the specific volume and using pressures in 
the range 2,500 to 20,000 Ib. per square inch to press 
ammonium chloride it was found that the values of 
this specific volume and the reciprocal of the 
corresponding density did not differ by more than 
0-3 per cent.; similar agreement was found with the 
other substances examined. 

In fitting equations to the observed data the 
method of zero sum has usually been employed 
because of the arithmetical simplicity but the more 
correct method of least squares has been used in 
many cases as a check and the agreement between 
the constants was within 0-5 per cent. When the 
values of specific volume obtained with moulds of 
different diameters and lining materials are plotted 
against pressure, as in graph Fig. 7, a smooth curve 
is obtained showing that the assumption that such 
values correspond to the friction-free case is a reason- 
able one. When these values are plotted as a 
function of the logarithm of the pressure (graphs 
Figs. 8 to 10) curves of the same ‘form as Walker’s 
are obtained. In the case of sodium chloride and 
T.N.T. there is a wide pressure range in which the 
linear relation between V and log p holds. 
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A set of moulds with diameters ranging from } in. 
to 1} in. and all lined with phosphor bronze was 
obtained. These were all new and it was considered 
that the coefficient of friction would be reasonably 
constant from mould to mould since they had been 
given as nearly as possible similar finishes. Series 
of pellets of sodium chloride were pressed in these 
moulds. 

Consider equation (6) again ; this is 








A=a+8Bl 
where 
1 bkyp bkyp 
a= — and = = — A 
Vo B 4rVo 2dv5 


Since the hydraulic presses used were fitted with 
gauges which only permitted pressing at gauge 
intervals of 50 lb. per square inch it was not con- 
venient to press pellets in all the moulds at one 
particular pressure, and so, instead of showing that 


B was a linear function of ’ it was decided toexamine 


the relation between B V3 (or £) and diameter. 


2 
When the mean value of £ is plotted against ; a 
linear fit is found giving 


B 1 
— = 0-:0714- 
a? d 


with a standard deviation of 0-002. 

We propose now to consider the cohesion of the 
particles in pellets. The of powders to 
form coherent pellets has received little attention, 
as is evidenced by the very few references to it in 
the literature ; usually the fact that pellet formation 
is possible is accepted without reference to any 
mechanism to explain it. Bridgman* in his work 
on the compressibility of materials was occasionally 
compelled by the lack of suitable naturally occurring 
crystals to use compressed pellets and on the forma- 
tion of these he states : “‘ the compression is exerted 
by the thrust of a hardened piston; the forming 
stress is therefore not a hydrostatic pressure but 
there is great distortion and plastic flow and it is 
doubtless this fact which is responsible for the 
welding together of the powder. I have not been 
successful in producing satisfactory massive slugs by 
the application of truly hydrostatic pressure.” 
Metal compacts have been prepared for sintering by 
subjecting the powder, contained in a rubber bag, 
to hydrostatic pressure. 





* Bridgman, Proc. Am. Acad. Sci., vol. 67, page 347 
(2932). 
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Last century Spring* examined the behaviour of 
a wide range of materials under pressures as high as 
20,000 to 30,000 atmospheres using a mould 8 mm. 
in diameter, the load being applied to the piston by 
means of a lever giving a considerable mechanical 
magnification. The materials examined included 
metals, sulphur, carbon, metallic oxides and sul- 
phides, inorganic and organic salts, and organic 
compounds such as waxes, sugars and acids. Asa 
result of his work, Spring came to some general 
conclusions: (1) when the solid particles of most 
materials are pressed together they possess the 
property of welding themselves to form a pellet and 
this property depends to some extent on, the hard- 
ness of the material—broadly speaking soft materials 
cohere more readily than do harder ones ; (2) crystal- 
line materials without exception cohere to form 
pellets ; (3) organic materials which are not crystal- 
line fall into two classes : waxes and the like which 
pellet readily, and carbon in the form of charcoal 
and a few like compounds which did not pellet in the 
pressure range explored. 

Walkert as a result of his investigations, discussed 
above, divided the materials he examined into three 
classes depending on the type of V-log P curves 
which they gave. Curves of Type I sloped down 
boldly to the log P axis until they began to flatten 
out when V had a value of about 1-1, while those of 
Type II, on the other hand, approached the log P 
axis more gradually. When, instead of pressing the 
powders by means of a steadily applied hydraulic 
load, so-called static loading, the pressing was done 
dynamically by dropping weights on to the piston, 
similar curves were obtained, but any one material 
did not necessarily give the same type of curve with 
the two methods of loading. Walker then identified 
three classes of materials, (1) those which gave 
Type I curves with both forms of loading, (2) those 
giving Type I curves with static and Type II with 
dynamic loading, and (3) those giving Type II curves 
with both forms of loading. Since lead shot was 
observed to give a Type I curve and obviously 
gave an increased density of pellet by deformation 
without break-up of the shot, Walker concluded 
that materials in Class 1 all behave in this way. 
This conclusion was considered to be confirmed when 
the original particulate structure was observed when 
the pellets were examined by means of a microscope, 
giving a magnification of about 50 diameters. 





* Oeuvres de Walthére Spring, Brussels: Hayex, 
Imprimeur de l’Académie, 1914. 
t Loe. cit. 











FEB. 17, I950. 


ENGINEERING. 





177 
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Materials of Class 3 when pressed to fairly high 
pressures gave pellets with an opaque appearance 
which appeared to be devoid of the original par- 
ticulate structure of the powder used; Walker, 
therefore, considered that the powder had disinte- 
grated. Materials of Class 2 are considered to 
behave as Class 1 materials under static loading and 
as Class 3 under dynamic loading. The following 
materials falling into the different classes are listed 
by Walker: Class 1 metallic lead in the form of 
shot, ammonium nitrate, TNT and mixtures of 
the last two; Class 2 potassium nitrate and potas- 
sium and sodium chlorides; and Class 3 ammonium 
chloride, barium nitrate, calcium carbonate, 
hydrated calcium sulphate and tetryl. 
(To be continued.) 





VISITS TO THE UNITED STATES UNDER THE MARSHALL 
PLAN.—As part of the technical assistance programme 
of the Economic Co-operation Administration (the 
Marshall Plan), arrangements have been made for Dr. 
E. T. Wilkins and Mr. T. F. Hurley, both of the Fuel 
Research Station, Greenwich, to visit the United States, 
the former to spend a year in Gorgas; Alabama, studying 
& large-scale experiment on the underground gasification 
of coal, and the latter to spend six weeks studying gas- 
turbine developments in the United States and Canada. 
Dr. Wilkins has already arrived in the United States and 
Mr. Hurley is expected to arrive in April. 





Om SHALE AND CANNEL COAL CONFERENCE.—The 
Institute of Petroleum is organising a second Oil Shale 
and Cannel Coal Conference to be held at the Royal 
Technical College, Glasgow, from July 3 to 7. The first 
conference was held in 1938. As 1950 is the centenary 
year of the James Young patent which brought into 
being the Scottish shale-oil industry, the Corference will 
open with the James Young Centenary Lecture. This 
will be delivered at the Royal Technical College by, 
Professor W. M. Cumming, 0.B.E., D.Sc., F.R.I.C.. 
at a reception to be held on the evening of July 3. In 
addition to the technical sessions, arrangements will 
be made for a tour of the Scottish shale field and the 
Shale works of Scottish Oils, Limited. Persons wishing 
to attend the Conference should notify the secretary of 
the Institute, 26, Portland-place, London, W.1, as soon 
a8 possible. 
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REPAIR OF LOCOMOTIVE PLATE 
FRAMES BY METALLIC ARC 
WELDING.* 


THE locomotive frame is required to fulfil many func- 
tions ; it has to locate the wheel and axle assemblies 
in their correct positions, both longitudinally and 
laterally, and at the same time form a suitable bed for 
the attachment of the cylinders and other parts. It 
has to withstand the forces due to the transmission 
of the piston thrust to the crankpin, the tractive effort 
passing from the rim of the wheels to the drawbar, 
and the various forces associated with the movement 
of the locomotive as a vehicle along the track. The 
frame must also support the weight of the boiler, absorb 
buffing shocks fe be capable of being lifted from its 
two ends without sagging. A locomotive frame is 
consequently subjected to a complex range of forces 
many of them exceedingly difficult to estimate. Due 
to this difficulty in estimating the stress distribution 
throughout the length of a frame plate, and in view 
of weight limitations, it has been the custom to base 
new frame designs on previous experience and to distri- 
bute the weight of metal allowable in positions dictated 
generally by the normal disposition of the various 
members of the locomotive itself. 

The demand for more power has caused locomotive 

late frames to show signs of distress. A good deal of 
me cracking has been experienced on the London 
Midland Region (formerly the L.M.S. Railway) resulting 
in an increase in repair work and reduced locomotive 
availability. A joint investigation in which the 
chief mechanical engineer’s and the research depart- 
ments collaborated was put in hand to survey the 
roblem. The general nature of the investigation, 
its findings and resultant developments in design 
and tice have been reported by Mr. E. S. Cox and 
Dr. F. C. Johansen in a paper (Journal of the Institution 
of Locomotive Engineers, No. 201, vol. 38 (1948)). 
The present article is devoted to a more detailed 
description of developments in the repair by welding 
of locomotive plate frames. 

It is the practice in the L.M.R. locomotive works 
to keep a complete history of the frame of each loco- 
motive, noting every flaw, together with the extent 
and date of occurrence. The first step taken in the 





* Report received from the Railway Executive, 
London Midland Region, chief mechanical engineer’s 
department, Nelson-street, Derby. 
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investigation was a statistical analysis of the defects 
for each of the main classes of locomotive, and amongst 
the trends noted were the following three points 
which have had a bearing on the development of frame 
welding repairs. (1) Frame cracks are of the pro- 
gressive type due to fatigue of the material and origi- 
nating at regions of local stress concentration. (Fig. 1, 
on this page, shows typical fractures.) (2) The number 
of frame cracks in any engine class is related to the 
age of the frame. A period of years may elapse 
before any cracks occur, but in classes prone to fracture 
the incidence of cracking tends to increase with the 
age of the frame. (3) There is a marked tendency for 
cracks to recur where previous fractures had been 
made good by welding. 

Welding repairs prior to the investigation had 
consisted mainly of welding simple fractures. Where, 
however, a number of fractures occurred in the same 
region, or when previous welds had re-fractured, the 
practice has been to weld in a new frame leg piece 
of the t shown in Fig. 2 above. There was no 
direct evidence from the frame history cards to show 
exactly where a crack recurred in the vicinity of a 
previous weld, but general observations indicated that 
most cracks recurred at the edge of a weld, i.e., in the 
position where undercutting coincided with a change 
of metallurgical structure. Some cracks did, however, 
recur in the weld metal and it was considered that the 
main reasons for the increased rate of incidence of 
fractures in frames which had been repaired by welding - 
were defective welds, inherent lower h of weld 
metal as compared with rolled frame plate, and residual 
stresses set up during a welding repair. 

A preliminary X-ray investigation indicated that 
weld defects were — in some welds, the main 
defects being: (1) lack of fusion at the root of welds, 
associated with slag inclusions and some internal 
cracking, (2) under-cutting at the edges of welds, 
(3) slag inclusions in the body of the weld metal, and 
(4) slag inclusions associated with contraction cracks 
starting from slag pockets in corner welds. Several 
features stood out in the X-ray photographs regarding 
the occurrence of lack of fusion and slag pockets. 

If ABCD (Fig. 2) ts a new section of 
frame plate we! into a frame, the main positions in 
which serious defects occurred were at the corners 
ee ek a ee eres ne BO oF she Rowet . 
These positions offer the most difficulty to the welder, 
but it was considered that, provided the yrs ions were 
accessible, the preparation suitable and the correct 
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technique was adopted, then satisfactory welds could 
be made. Accessibility was often affected by the 
amount of stripping carried out on the frame. A double- 
V preparation was used wherever possible, but in 
certain cases a single-V p tion was unavoidable. 
No limits were laid down for the form of the “V” 
or the root gap, and these factors were subsequently 
proved to be of major importance. It was considered 
that the general welding technique was, broadly 
speaking, correct, and that most of the defects — 
in the radiographs and not directly attributable to 
faulty preparation, were due to lack of attention to 
small details such as careful linking up of sections of 
weld or inefficient de-slagging. Having in mind all 
the above features a thorough investigation into the 
question of frame welding was carried out at Crewe 
Works. 

Detailed attention was given to typical frame 
welding repairs. The welds were subsequently sub- 
jected to X-ray examination and the results checked 
against the technique adopted, and the circumstances 
in each case were examined in the light of workmanship 
and resultant frame lengths. From the details so 
obtained, suitable types of standard frame welds were 
— together with limits for preparation and 
the welding technique to be followed. During the early 
stages of the investigation, no effort was made to alter 
the technique normally adopted, so that a link-up 
between the defects and their causes could be established 
before attempting to correct the defects. Although 
most lines of development were running concurrently 
and are in fact closely related, they are discussed 
separately for the sake of clarity. a A 

Fig. 3 indicates a typical frame repair involving 
vertical welds only, and the welding technique normally 
adopted was as follows. The original preparation was 
a full-chamfer double-V, with approximately 60 deg. 
included angle and a nominal root gap of 4 in. The 
repair was carried out by two welders working simul- 
taneously on the inside and outside of the frame using 
6-s.w.g. electrodes with the following sequence of 
operations: (1) Outside welder—one run upwards, 
filling the ‘‘ V” from A to B; inside welder—one run 
upwards, filling the ‘‘V” from B to C. (2) Outside 
welder—one run upwards, filling the “‘V” from B to 
C; inside welder—one run upwards, filling the “ V” 
from A to B. (3) Both welders—one run downwards, 
reinforcing the weld C A; the frame was then allowed 
to cool down to shop temperature. (4) Both welders— 
short weld 3 in. to 6 in. long from E to D, filling the 
““V” with one upward run. The frame was supported 
on end stands only and a large weight placed on the 
frame over the weld; this caused the weld joint to 
open at G. (5) Outside welder—one run upwards, 

ing the “‘ V” from G to F ; inside welder—one run 
upwards, filling the “‘V” from F to E. (6) Outside 
welder—one run upwards, filling the ‘‘ V” from F to E ; 
inside welder—one run upwards, filling the ‘“‘ V” from 
G to F. (7) Both welders—one run downwards, 
reinforcing the weld D to G. 

Although the weld preparation allowed } in. nominal 
gap, due to difficulty of preparing and movement of 
the insert during welding, both narrow and wide gaps 
were encountered. It was found that a narrow gap 
(Fig. 4) resulted in: (1) Lack of fusion at the root of 
the “‘ V” combined with slag inclusions. When the 
first run was made, it was impossible for the welder to 
push the electrode down to the bottom of the “V” 
and arcing occurred on the sides of the “ V.” Some 
slag fell behind the weld metal and was not removed 
by the welder on the reverse side since the joint was 
close and the slag unseen. In this respect, neither 
the use of high current nor a small gauge of electrode 

ave satisfactory results. (2) Slag inclusions in the 
first run and the reinforcing run. In an effort to 
obtain root fusion, there was a tendency for the welder 
to direct his arc towards the root of the “ V” exelu- 
sively, with the result that the shape of the bead was 
as shown in Fig. 4 (6), with well-marked slag pockets 
down the sides (Fig. 4 (a)), and with slag lines transverse 
to the line of weld under folds of the weld metal, as 
shown in Fig. 4 (c). The slag under the folds of the 
weld metal was removed to a certain degree by the 
downward reinforcing run, depending on the size 
of the folds of weld metal. 

A wide gap (Fig. 5) was found to cause heavy slag 
inclusions at the root of the weld. When the first run 
was made and the arc was directed on to the feather 
edges at the root of the “ V,” the edges fell away and 
formed relativel globules of metal on the reverse 
side of the weld. see adhered to these globules and 
ordinary de-slagging with a pecking hammer failed to 
remove all the slag, with the result that it was covered 
up by the welder working on the reverse side.. These 
defects were directly attributable to the form of prepara- 
tion and the alternative shown in Fig. 6 was s 
as more suitable. This preparation was found to be 
quite satisfactory from the point of view of adequate 
root fusion, om from porosity and slag at the root 
of the weld. 

Several points bearing on this form of preparation 
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arose in practice. In the first place, there was the 
difficulty of preparing both the frame plate and the new 
piece to the accuracy demanded. In this respect, it 
was found that a root gap up to 7% in. could be handled 
satisfactorily by e ienced welders, but a gap less 
than 4 in. invariably resulted in lack of root fusion. 
Secondly, in certain cases where a weld had to be made 
between tack welds, the root gap diminished in front 
of the weld line due to expansion of the plate. Thirdly, 
the movement of the plate while one weld on a plate 
was being made affected the gap on the other weld or 
welds. In the same way, any opening of the frame for 
keeping the datums correct affected the gap on the 
closing leg. Several vertical welds made with varying 
gaps indicated that the root gap should be maintained 
at a minimum of } in., any inaccuracy in chipping to 
be on the side of an increased gap, but excessive gaps, 
i.e., over } in., should not be used. 

With a view to reducing the tendency for a gap to 
close in front of the weld, the general technique was 
altered. The first operation was to seal the joint with a 
downward run with a 6-s.w.g. electrode (run i, Fig. 7). 
In addition to sealing the joint and enting closure 
of the gap, this run was smooth, easily de-slagged and 


left no poe Small slag pockets under the | d 
in 


folds of me’ the main upward run were corrected 
by making an upward reinforcing run. In this way 
the are was directed into the folds from the underside 
and washed away any slag which was found there. 
The natural development suggested by this aap 
was to fill up the “V” completely and leave the 
necessary reinforcement with the si upward run. 
It was found, however, that with this technique a 
bad undercut resulted at the sides of the weld. To 
eliminate this, small beads (runs 2 and 3, Fig. 7) were 
made down each side of the joint before commenci 
the main upward run. The undercut then pate 
in the small beads and was not below the plate surface. 
The following technique was therefore recommended 
as giving satisfactory results. ing to Fig. 7, the 
wwe thie taabe i ie ale Eee tale 
directions quoted: run (1), downwards; run (2), 
downwards ; run (3), downwards ; run (4), upwards. 
This technique should be applied to vertical welds 
and to welds inclined at not more than 20 deg. to the 
"The 6 f 

e standard preparation for horizontal welds prior 
to the in i | ga double-V full phir minds or 
the normal ing procedure was to fill up the “ V” 
with stri runs without weaving, as indicated in 
Fig. 8. With this procedure, hum beads were 

uced which caused slag pockets both above and 

low the bead, and the tant welds showed more 

or less continuous lines of slag along the weld. Further- 
more, with a narrow , lack of fusion also resulted. 
The preparation shown in Fig. 9 was next tried on a 
test pi and showed a considerable Lay aioe. 
but was a tendency for slag lines to iorm on the 
lower side of the weld. This appeared to be due to the 
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tendency of the slag to adhere to the bottom plate 
uring welding. The preparation shown in Fig. 10 
was, therefore, tried, and the technique was altered 
to that indicated in Fig. 11. Instead of welding 
with stringer beads, the gap was closed by one operator 
(run 1) with a weaving run. A small slag pocket was 
formed at A due to an undercut, but this was minimised 
by holding the electrode at an angle of 45 deg. to the 
line of in a horizontal e and at the same time 
weaving as indicated in - 11 (6). All subsequent 
runs with the exception of runs (7) and (8), were 
made in the same way, the weaving action washing 
out any slag trapped at such positions as A. 
The standard preparation of a double-V full chamfer 
bad position on the left-hand side of a 
as shown in Fig. 12. The metal over- 


leaves a 
weld inclin 


the puddle and ang a form of semi-overhead 
ie | wtllite, nat seat er toe traps. It was found 


that the preparation develo for horizontal welds, 
when pee yo = the welding technique laid down for 


ne eet ee 

When a vertical weld has to be joined to a previous 
vertical weld, as is the case with step-back welding, 
there is every chance of slag being trapped. This can 
be obviated by making a suitable start with the first 
weld (Fig. 13, the weld ing in the direction A), 
or alternatively, by washing away the metal at the 
bottom of the first weld to give a suitable preparation 
for the join, as shown cross-hatched in Fig. 14. Slag 
traps are easily formed when making welds round 
corners, but a technique was developed which appeared 
to give satisfactory results when properly applied. 
Referring to Fig. 15, showing a frame insert with two 
vertical and one horizontal weld, the technique to ‘be 
adopted is as follows: (1) make the vertical weld from 
A to B; B is part way round the corner and is in line 
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with the top of the insert ; (2) put in a tack weld at 
Cin line with B; (3) make the whole of the weld C B 
as @ horizontal weld in accordance with the technique 
already described in connection with Fig. 7; and (4) 
make the vertical weld D to C. When a good corner 
weld was made, radiographic examination showed no 
indication of cracking. 

It was recommended that in all cases sufficient weld 
metal be deposited to allow the weld to be dressed 
flush with the plate without necessitating the use of an 
extra reinforcing run. When a reinforcing run was 
required, it was found to be better to weld upwards, 
as downward reinforcing runs gave rise to slag pockets. 

Flame gouging was tried as a means of pre i 
both the frame and the insert for welding. The poe | 
adopted was to flame-cut the frame and the insert 
with square edges, and then assemble, leaving the 
necessary gap. Both plate and inserts were then 





gouged in position to give the required tion. 
Some difficulty was at first catsentniel Gia the 
manipulation of the gouging blowpipe, but this was 
overcome and a satisfactory preparation was obtained. 
Definite recommendations in this t were not 
made as the cases were affected by the type of insert 
fitted into the frame. 
(To be continued.) 





THE INSTITUTION OF METALLURGISTS.—The next 
examinations for the licentiateship and associateship of 
the Institution of Metallurgists will be held from August 
28 until September 4. Candidates must submit their 
applications for permission to enter the examinations 
before June 1. Each application must be made on a 
form to be obtained from the registrar-secretary of the 
Institution, 4, Grosvenor-gardens, London, S.W.1. 








LABORATORIES OF THE BRITISH 
NON-FERROUS METALS RESEARCH 
ASSOCIATION, 


For a number of years after its establishment in 
1920, the offices, technical library and information 
services of the British Non-Ferrous Metals Research 
Association were in Birmingham, and investigations 
were carried out, on behalf of the Association, at the 
National Physical Laboratory and the Research 
Department, Woolwich, and in the Metallurgical 
Departments of Birmingham and other universities. 
= 1930, a ent was made to London, where a small 

‘our-storey factory in Buildings, Euston-street, 
N.W.1, was rented sat toeea up sieemnen research 
laboratory, development department and adminis- 
trative office. These new headquarters of the Associa- 
tion were officially opened by Lord Rutherford, F.R.S., 
on June 8, 1931, as was stated in our issue of June 12 
of that year. The progressive growth of the influence 
and activities of the Association rendered n 
extensions to its headquarters building and new labora- 
tories, consisting of a semi-basement, ground, first and 
second floors, parallel and immediately adjacent to the 
original laboratories and fronting on Euston-street 
were completed early in 1939. They were declared 
open by the Rt. Hon. Oliver Stanley, President of the 
Board of Trade, on June 29, 1939. 

In 1940, the original portion of the Association’s 
headquarters was destroyed by enemy action and it 
was not until the autumn of 1948 that a licence was 
granted, enabling rebuilding work to be put in hand. 
In reconstructing the block, which has now been 
completed and was officially opened on February 13 
by Sir Ben Lockspeiser, F.R.S., secretary of the Depart- 
ment of Scientific and Industrial Research, considerable 
changes were made in the internal arrangements. The 
ground floor has been omitted to give a high basement, 
which houses a metal-working laboratory. Above this, 
on the first floor, are arranged general-metallurgy, 
metallography, pyrometry and heat-treatment labora- 
tories, while, on the second floor, accommodation is 
provided for the director and administrative staff. 
The opportunity was also taken to extend the foundry 
and melting shop, which is situated, at ground level, 
between the reconstructed original building and the 
1939 premises fronting on Euston-street. Moreover, 
improved facilities for investigations on galvanising 
and other molten-metal coating processes have been 
provided. In recent years, two further blocks of 
buildings in adjoining premises have been acquired by 
the Association, one of them being a five-storey struc- 
ture. The floor s at present in use totals 45,000 
sq. ft. and new extensions will be considered when the 
necessity for them arises, it being computed that a 
further 15,000 sq. ft. of usable floor space could be 
added to the Association’s headquarters by the develop- 
ment of the remainder of the site. 

Having outlined the layout of the newly-reconstructed 
block, we now propose to describe briefly the equipment 
available in each of its laboratories and the nature of 
the work carried on. The metal-working laboratory, 
in which experimental alloys in wrought form, as 
required for oh a ape are prepared, is a lofty, 
roomy structure, as will be seen in Fig. 1, on this page. 
It contains a rolling mill, two hydraulic resses, & 
draw bench and annealing furnaces. The rolling mill, 
supplied by Messrs. W. H. A. Robertson and Company, 
Limited, Bedford, is seen in the background on the 
left in Fig. 1. It is of the two-high type and of con- 
ventional design ; the rolls are 12 in. in diameter by 
12 in. long. The mill is driven by a 50-h.p. 720-r.p.m, 
motor, which gives the rolls a peripheral speed of 
76 ft. per minute. The equipment provided comprises 
a pair of hot rolls and one of cold rolls for rolling strip, 
and a pair of grooved rolls for the production of rods. 
A small draw-bench capable of dealing with the rod 
as it comes from the rolling mill has been installed. 
Of the two hydraulic presses, the smaller, a 50-ton 
machine, is for use for powder-metallurgy and other 
work, and is at present in operation in another of the 
Association’s laboratories. The larger, a 500-ton 
machine, is seen on the right in Fig. 1, and is capable 
of exerting a pressure of 3,000 Ib. per square inch ; it 
will be used for forging and other operations. The 
500-ton press has been supplied and installed by 
Messrs. Fielding and Platt, Limited, Gloucester, and 
the two sets of hydraulic oil pumps used in connection 
with it are of Messrs. Andrew Fraser and Company’s 
make. A 10-cwt. er galvanising bath and ancillary 
plant are being installed in a small room adjoining the 
metal-working laboratory. 

The metallurgical laboratories on the first floor of 
the reconstructed building comprise rooms for the 
imi preparation, polishing and etching of 
mi imens, and a metallography laboratory 
equipped with the usual microscopes and photographic 
a atus. The general-metallurgy, heat-treatment 
and pyrometry laboratories are also on this floor and 





among the equipment available may be mentioned 4 
7-kW high-frequency Redifon induction furnace, 
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employed for melting metallic charges weighing a few 
pounds for vacuum gas-extraction research and similar 
work. The furnace, which is in the form of a self- 
contained cabinet is shown towards the left in Fig. 3, 
on page 182. It is mounted on castors and can be 
moved at will to any part of the laboratory ; the water- 
cooled induction-heating coil which surrounds the 
crucible containing the. c to be melted protrudes 
from one side of the cabinet. On the left of the furnace 
is seen the apparatus for the extraction and analysis of 
gas from cast and yay metal. This ons 
was constructed at the laboratories of the eral 
Electric Company, Limited, and with its aid, an 
accurate analysis can be made on samples 5 cub. mm. 
and upwards in volume. On the right in the foreground 
in Fig. 3 is seen the sapere for the estimation of 
oxygen in metals and alloys. In an adjoining room is 
installed a 10-kW Kroll-type carbon-resistor furnace 
for melting operations conducted in high vacua at 
temperatures of up to 2,000 deg. C. The furnace is 
used for research work on titanium, zirconium and 
other high-melting-point alloys. Graphite crucibles 
are used and have been found generally satisfactory. 

The equipment contained in the foundry and melting 
shop, a general view of which is shown in Fig. 5, on 
page 182, includes two 120-lb., one 60-lb. and one 
40-Ib. gas-injector type crucible furnaces and a cen- 
trifuge for the separation of primary constituents from 
semi-molten metals. This apparatus has been applied 
to the separation of the primary particles responsible 
for grain refinement in aluminium alloys. Pressure 
on space in the foundry has been relieved by the 
recent completion of an’ extension at the end of the 
shop. To one section of this, sand moulding has been 
transferred, while another section is occupied by a 
25-kVA high-frequency induction melting furnace pre- 
viously installed in the foundry. In a separate room 
adjoining the foundry, apparatus for the investigation 
of the thermal gradients in castings has been installed. 
This, a long-range research, involves a study of the 
effect of the metal, mould material, pouring conditions 
and other factors on the mechanism of solidification in 
cast pure metals, long freezing-range materials, and 
eutectiferous alloys. Recent improvements have 
enabled true unidirectional solidification to be achieved 
in sand-cast materials and the rate of skin formation 
in the case of copper, aluminium, magnesium, zinc 
and one or two eutectic alloys has been determined. 

We now propose to devote the remainder of our 
space to a brief description of some of the equipment 
and research work carried on in other buildings of 
the Association’s headquarters. The whole of the 
basement floor of the building opened in 1939 is devoted 
to mechanical testing, and the creep testing of lead 
and similar materials, at 20 deg. C., is conducted in a 
constant-temperature room on this floor. In another 
part of the basement are arranged 44 copper and 
aluminium-alloy creep-testing units, suitable for use 
at temperatures of up to 750 deg. C. Batteries of these 
machines are shown in Fig. 4, on page 182. The 
demands for high-temperature testing are now so great, 
however, that some of this work has been transferred 
to another mechanical testing laboratory in the base- 
ment of one of the recently acquired blocks of build- 
ings. This houses another 32 creep-testing units and 
also a battery of rotating-load fatigue-testing machines 
suitable for use at temperature s of up to 750 deg.C. A 
large metal-finishing laboratory is situated in the base- 
ment of another building and a general view of this is 
seen in Fig. 6, on page 182. The equipment includes 
trichlorethylene degreasing plant and apparatus for 
preparing and electroplating articles, on a semi-tech- 
nical scale, using a wide variety of different deposits. 
The researches now in progress in this laboratory con- 
cern the adhesion of electrodeposits on aluminium and 
magnesium, the electropolishing of non-ferrous metals, 
and the investigation of the causes of roughness, 
in the form of nodules, on electrodeposited nickel. 

_In addition to spectrographic equipment including 
direct-recording units of an experimental type, and 
an X-ray crystallographic set and conductivity and 
torsional damping apparatus, the physics laboratory 
houses an electron microscope pene by the Metro- 
politan-Vickers Electrical Company, Limited, and an 
electron-diffraction camera. The _last-mentioned 
instrument is seen in Fig. 2, on page 179; it was con- 
structed in the Association’s workshops which are 
equipped for the construction of equipment and instru- 
ments of high ision, as well as for repair and 
preparation work of a more routine nature. The 
camera, which uses the same high-tension current as 
the electron microscope, has a horizontal body to 
enable molten metals to be examined for the purpose 
of identifying the constituents of thin films on their 
8 . When used for investigations of this type 
the pot containing the molten metal can be intro- 
duced through a vertical port underneath the appara- 
tus. The camera is also utilised for other researches ; 
thus electron diffraction forms the main line of 
approach in elucidating the mechanism of the adhesion 
of electrodeposits on aluminium and magnesium. 


CONTRACTS. 


Messrs. W. H. DoRMAN AND COMPANY, LIMITED, 
Stafford, have received from their Australian agents, 
Marine and Industrial Power Company Pty., Limited, 
205, Latrobe-street, Melbourne, an order for generating 
equipment to the value of 130,0007. 


THE FRASER AND CHALMERS ENGINEERING WORES, of 
the GENERAL ELECTRIC CoMPANY, LimiTeD, at Erith, 
Kent, have secured an order from the National Coal 
Board for a coal-cleaning plant for Nantgarw Colliery, 
South Wales. The plant will clean mechanically the 
whole output of the colliery at the rate of 350 tons an 
hour. 

Messrs. FERGUSON PAILIN LimiTED, Higher Open- 
shaw, Manchester, 11, are to supply, through their 
agents in New Zealand, Messrs. A. D. RILEY AnD 
ComPanyY, 11,000-volt switchgear for the new Fendalton 
main substation of Christchurch City Council. The 
gear consists of four incoming feeder units, 12 outgoing 
feeder units and the necessary *bus coupler and “bus 
section switch units. ‘ 

THE FaImREY AVIATION CoMPANY LIMITED, Hayes, 
Middlesex, have received an order for a small fleet of 
their Firefly target-towing aircraft from the Svenske 
Flygtjanst A.B., which operates target-towing services 
for the Swedish Government. The Firefly has been 
developed in response to overseas inquiries and has 
been flown with both 16-ft. and 30-ft. glider targets. It 
carries a towline having a maximum length of 7,000 ft. 
(2,150 m.), with windmill rewind, and is suitable for 
air-to-air or ship- or ground-to-air firing training. 





BOOKS RECEIVED. 


Conveyors and Related Equipment. By Wisour G. 
Hupson. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 7 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
56s. net.) 

Thermodynamics Applied to Heat Engines. By Dr. E. H. 
Lewrrr. Fourth edition. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 30s. net.] 

FBI Register of British Manufacturers, 1949/50. Pub- 
lished for the Federation of British Industries, 21, 
Tothill-street, Westminster, London, S.W.1, by Kelly’s 
Directories, Limited, 186, Strand, London, W.C.2, and 
Tliffe and Sons, Limited, Dorset House, Stamford- 
street, London, S.E.1. [Price 42s. post free.] 

Export of Electrical Equipment to Canada. Report of the 

United Kingdom Electical Exports Standards Mission 

to Canada. October-November, 1949. British Stan- 

dards Institution, 24-28, Victoria-street, London, 

S.W.1. [Free on application.] 

British Iron and Steel Research Association. Painting of 
Structural Steelwork. Second Interim Report of Joint 
Technical Panel J/P1. Offices of the Association, 
11, Park-lane, London, 8.W.1. [Gratis.] 

Ministry of Transport. Railway Accidents. Report on the 
Collision which Occurred on 6th August, 1949, at Euston. 
Station in the London Midland Region, British Railways. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 4d. net.] 

Der Stahlhochbau. Ein Leitfaden fiir Studium und Prazis. 
By Baurat C. KERSTEN. Fifth revised edition. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 14 D.M. in 
paper covers; 15.60 D.M. bound.] Lamge, Maxwell 
and Springer, Limited, 41-45, Neal-street, London, 
W.C.2. [Price 24s. 6d. in paper covers; 27s. 4d. 
bound.) 

Electrical Measurements and the Calculation of the Errors 
Involved. Part I. By D. Karo. Macdonald and 
Company (Publishers), Limited, 19, Ludgate-hill, 
London, E.C.4. [Price 18s. net.] 

Mitteilungen aus dem Institut fiir Baustatik an der Eidge- 
néssischen Technischen Hochschule in Zurich. No. 22. 
Beitrdge zur Theorie und Berechnung der Bogenstau- 
mauern. By DR. ERNST BOSSHARD. A.G. Gebr. 
Leemann, Stockerstrasse 64, Zurich 2, Switzerland. 
[Price 14-50 francs.] 

Mitteilungen aus dem Institut fiir Thermodynamik und 
Verbr torenbau an der Hidgendssischen Tech- 
nischen Hochschule in Ziirich. No. 8. Reibungs- 
temperaturfelder in turbulenten Grenzschichien. By 
Dr. Kari ExserR. A.G. Gebr, Leemann, Stocker- 
strasse 64, Ziirich 2, Switzeriand. [Price 9 francs.] 

Heat Pumps and Thermal Compressors. By PROFESSOR 
8. J. Davies. Four lectures delivered at King’s 
College, London. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 9s. net.] 

Port Operation and Administration. By A. H. J. Bown 
and LIEUTENANT-COLONEL O. A. Dove. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, W.O.2. 
[Price 21s. net.] 

Productivity in Indusiry. By Str Roy Pinsent. Bland- 
ford Press, 16, West Central-street, London, W.C.1. 








[Price 6d.] 


PERSONAL. 


Sm Ceci, WEI, K.B.E., M.C., D.L., chairman of the 
Dollar Exports Board, announced on February 13 that 
an enlarged executive committee was being established 
to help the development of exports to the dollar area. 
The members include StR LEONARD BrowettT, K.C.B., 
C.B.E., director, National Union of Manufacturers ; 
Str Norman KippinG, M.1.E.E., M.I.P.E., director- 
general, Federation of British Industries; and Sm 
Prroy LIsTER, chairman and managing director, R.A. 
Lister and Company, Limited. 


Mr. V. A. LowINGER, C.B.E., has retired from the 
chairmanship of the International Tin Research and 
Development Council, which controls the Tin Research 
Institute, Fraser-road, Greenford, Middlesex, as he is no 
longer permanently resident in England. His successor 
is Mr. G. F. A. BurGEss, a joint managing director of 
the British Metal Corporation, Limited. 


Mr. H. A. A. WHILE, M.B.E., M.A., has been appointed 
London manager of the United Steel Companies Limited, 
17, Westbourne-road, Sheffield, 10. Mr. While will 
remain in charge of the firm’s railways department. 


Mr. GraEME K. Howarp has joined the board of the 
Ford Motor Company, Limited, Dagenham, Essex. 


Mr. Hues Grass has been appointed technical mana- 
ger, and Mr. J. S. Brrou, assistant production manager, 
of the Japanese factory of the Dunlop Rubber Com- 
pany, Limited, at Kobe. 


The triennial award of the Cooper’s Hill War Memorial 
Prize and Medal, which fell in 1949 to the Institution of 
Electrical Engineers, has been made to Mr. E. D. 
TayLor, for his paper on ‘*‘ The Measurement of Inter- 
lamination Resistance on Varnish Insulated Sheet Steel 
for Large Electrical Machines.” 


Mr. J. A. Suir has decided, as a result of recent 
illness, to relinquish his appointment as secretary of 
the Plessey Company, Limited, Ilford, Essex, but will 
continue to be a director. Mr. H. L. Jarvis, assistant 
secretary since 1939, has been made secretary. 


Mr. J. R. B. Luoyp, B.A., G.I.Mech.E., has been 
appointed assistant works manager of Messrs. F. H,. 
Lloyd and Company, Limited, James Bridge Steel Works, 
near Wednesbury. 


Mr. W. HALL, B.Sc.Tech. (Manch.), has been appointed 
sales manager, motor department, Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Man- 
chester, 17. He was appointed assistant to the sales 
manager in February, 1947. 


Mr. FrRanK Harris, A.R.P.S., publicity manager to 
the Carborundum Company Limited, Trafford Park, 
Manchester, 17, is taking up a similar appointment with 
Smart and Brown (Engineers) Limited, Spennymoor, 
County Durham. 


Messrs. EXacror CONTROL COMPANY, LIMITED, have 
just added centralised lubrication to their activities, by 
acquiring the exclusive manufacturing and sales licence 
for the American “ Trabon ” series of products. In 
keeping with this widening of the company’s interests, 
it has been decided to change the name to ExXacrTor 
Liwrrep. The address remains at 108, Park-street, 
London, W.1. (Telephone : MAYfair 0252.) 

= 


Messrs. BRITISH INSULATED CALLENDER’S CABLES 
Luarep, inform us that the telephone number of their 
Brighton office has been changed to Brighton 29212 /3. 


” Messrs. LOCKHEED HYDRAULIC BRAKE COMPANY 
LiMiTED, and MeEssrs. BoRG AND BECK COMPANY 
LimITEeD, both of Leamington Spa, have formed com- 
panies to produce, in Australia, their motoring com- 
ponents. The new companies are BRITISH AUTOMOTIVE 
PRODUCTS ASSOCIATED (AUSTRALIA) Pry., LIMITED ; 
LOCKHEED HYDRAULIC BRAK: COMPANY Pry., LIMITED ; 
and Bora AND BECK Pry., LimirED. The directors of 
each company are Mr. E. B. BoucHTon, Mr. W. Emmott, 
Mr. D. T. Brock and Mr. N. SpuRGEON. The registered 
offices are at lic, Castlereagh-street, Sydney. 


Messrs. THE WALTERISATION COMPANY LIMITED, 
Waddon Marsh-way, Purley-way, Croydon, Surrey, 
have appointed Mrssrs. BRITISH MACHINE TOOLS 
(Export), LimtreD, P.O. Box 113, Terminal A, Toronto, 
Canada, to be their agents in Canada. 





HIGH-FREQUENCY HEATING IN INDUSTRY.—A course 
of four lectures on “ High-Frequency Heating in Indus- 
try ” will be given by Messrs. J. A. L. Wharton, R. E. 
Bazin, P. M. Paine and E. 8. Wilson at the Polytechnic, 
Regent-street, London, W.1. The first lecture will be 
delivered at 6.30 p.m. on Friday, February 24, and will 
be of an introductory character. The other three will be 
delivered at the same time on successive Fridays and will 
deal with dielectric and induction heating and industrial 
applications. The fee for the course is 10s. Enrolment 
forms can be obtained. from the Head of the Electrical 





Engineering Department of the Polytechnic. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—A very gratifying level of output is 
being maintained by the steelmakers. Last month’s 
production. averaged 35,720 tons of steel ingots a week, 
equivalent to an annual output of 1,857,300 tons, as 
compared with 1,691,600 tons in the corresponding month 
of 1949. The improved performance is being well 
upheld, excellent support being lent by the firms respon- 
sible for providing the necessary raw materials. The 
pig-iron output in January, at 13,020 tons a week; was 
lower than 12 months before, largely as a result of the 
shutting down of the No. 2 furnace at Clyde Iron Works. 
The decline was not extensive, however, as the No. 1 unit 
was taken out of comnfission for relining in January, 
1949. On an annual basis the output represented 677,200 
tons as against 694,400 tons in the same month last year. 
Abundant supplies of scrap safeguard metal charges for 
steel-melting furnaces. The market position is still 
characterised by out-of-balance conditions. The require- 
ments in plates and sheets ensure capacity operations at 
these mills, but re-rolling products are a slack trade. 
In fact, a number of re-rolling mills are working on a 
hand-to-mouth basis for orders, and the threat of short 
time remains. Flat bars and cold-rolled strip enjoy 
an increasing demand because of the greater use of 
welding in shipbuilding and the fact that the number of 
light engineering firms occupying factories in industrial 
estates is growing. The prospective settlement of two 
large firms in Scotland shortly has improved the potential 
demand for plates, sheets, and flanges. The outlook for 
alloy steel, which has been rather a slow trade of late, is 
also slightly more promising. 


Scottish Coal.—Reduced production, coupled with sea- 
sonally colder weather, has been causing some stringency 
in consumer supplies, but although deliveries have fallen 
short of schedules in some cases, users contrive to main- 
tain a tolerably good fuel position. Relatively high 
losses in Ayrshire on account of strikes created some 
difficulties in that area, and, in the export section, stem- 
ming programmes for Eire were not easily upheld. 
Home consumers are suffering a curtailment of deliveries, 
but the reserve position is sufficiently sound to offset 
temporary shortages. The supply position remains tight 
in the central areas, where production has fallen away 
as compared with a yearago. The dispatches of domestic 
coal, against the basic allocation, have been fairly well 
maintained, but the true requirements of consumers are 
considerably higher than the scheduled quantities. Rail- 
way supplies have been slightly restricted. but reserves 
are fairly good. Graded fuel falls short of requirements, 
which have grown with the increase in space-heating. 
Dross shares the general stringency, while gum clears 
very steadily. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—Operators on the Welsh steam- 
coal market continued to be confronted with an ex- 
tremely difficult supply position throughout the past 
week. Practically no fresh offers could be secured for 
any of the best grades over the rest of this month and 
new transactions were, in the main, restricted to March 
business. Particularly heavy home demands continued 
to prove a severe drain on production so that only very 
stringent quantities were left available to cover foreign 
export commitments. The essential inland electricity, 
gas and railway services regularly come in for the fullest 
possible quantities, while other large-scale business 
which has to be satisfied in this section is for the iron 
and steel works. In addition, there is a substantial 
general industrial trade to be met, as well as the ordinary 
domestic requirements. In the circumstances it has 
been impossible for suppliers to keep absolutely up to 
date with their export commitments. With the most 
careful direction of available supplies, however, any 
serious decline of shipments has been prevented, and, 
so far, contract bookings, in general, are not heavily 
behind. Of special interest in the patent-fuel market is 
the conclusion of sales of from 8,000 to 10,000 tons to 
the Pakistan Government. These buyers have recently 
taken some North-Country coals and also some German 
and Polish fuels. No Welsh steam sorts could be made 
available to them, however, and aa offer of about 30,000 
tons of patent fuel was made. Should this first order 
Prove satisfactory Pakistan may decide on further pur- 
chases. Cokes have been very busy and strong. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, home business in tin-plate was more 
active and a greatly-increased volume of orders, for deliv- 
ery during the current period, was placed. The sales, 
on export account, have also been heavier. Steel sheets 
continue in exceptional demand, the makers still re- 
ceiving more orders than they can execute. As for 
some considerable time past, the market in iron and 
steel scrap remains strong. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Local brands of pig iron have been 
in fuller supply, and there have been sufficient supplies 
ot hematite irons. Imported alloys have been offered 
freely, but users are buying cautiously in the hope of 
being able to find alternative qualities from non-dollar 
areas. Izon and steel scrap is in adequate supply. Bad 
weather has hampered transport and delayed arrivals of 
materials and the dispatch of finished products. New 
business in steel comes along slowly, but, so far, there 
has been no occasion to decrease the high rate of output 
of steel ingots and castings which has become a regular 
feature. Foreign competition in some steel products 
continues and is retarding the renewal of business. 
Engineering shops are fully occupied and reserves of 
orders are fairly considerable. Further business has been 
placed in railway-material sections which are to provide 
wheels, axles, tyres, buffers and springs as well as castings 
and forgings for a number of locomotives to be built 
at the Doncaster works of British Railways. There is 
also a fairly big weight of business on the books for rail- 
ways Overseas. Railway-wagon works are trying to 
keep pace with the demand and respond to the urgent 
calls for new construction to replace the numerous wagons 
that have been scrapped. Wagon-repair shops are also 
heavily booked. There is continued activity in the fac- 
tories making engineers’ small tools, and edge tools for 
numerous trades, as well as for agriculture and horti- 
culture. Makers of agricultural-machine parts are mak- 
ing good progress with numerous orders placed some time 
ago. 


South Yorkshire Coal Trade.—Coal production has 
been falling in successive weeks and there has been 
difficulty in complying with the demands, particularly 
as little opencast coal was available when sites were 
flooded for some days. The demand has been stronger. 
The man-power position has become a dominant factor 
since colliers had freedom to leave their work in the 
mine, and replacements have not been such as to offset 
the loss of numerous coal-face employees. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The feeling of uncertainty as to the 
political position in the near future continues to have a 
disturbing effect on the market but iron and steel buyers 
are markedly disinclined to delay longer their negotiating 
for supplies of material to deal with their prospective 
requirements, and business is expanding. North-East 
Coast products contributed substantially to the attain- 
ment of record British exports last month and the 
expanding trade with Canada promises to stimulate 
dollar earnings. In addition to the rising trend of 
exports, the increasing demand for material for home 
purposes assists greatly to keep iron and steel producing 
plants very actively engaged. Raw materials continue 
in ample supply and the pig-iron position is regarded as 
rather easier. At the Cargo Fleet Ironworks, Middles- 
brough, a large new blast furnace is to be erected. Pre- 
liminary work has begun and no effort will be spared to 
complete the work as early as possible. The furnace is 
being constructed to the designs of Messrs. Ashmore, 
Benson, Pease and Company, Limited, of Stockton-on- 
Tees. The new furnace will replace one of small capacity 
which was dismantled some time ago and is expected to 
produce 4,500 tons to 5,000 tons of pig iron a week. 


Foundry Iron.—Users of ordinary foundry pig iron 
between the Tees and Tyne are receiving fairly satis- 
factory parcels from the Midlands—almost their only 
source of supply. 


Hematite, Low-Phosphorus and Refined Iron.—Regular 
customers for East-Coast hematite would welcome larger 
quantities than they are receiving but the tonnages 
coming forward meet the essential current needs. Out- 
puts of low- and medium-phosphorus grades of iron are 
readily taken up for early use. Refined-iron makers 
have good bookings and manage to distribute tonnage 
to the satisfaction of most home buyers, while giving 
some attention to inquiries from overseas. 


Manufactured Iron and Steel.—Manufacturers of semi- 
finished and finished iron are busy on good orders but 
are in a position to undertake reasonably early delivery 
of new contracts for certain commodities. Most types 
of steel semies are in steady request but consumers of one 
or two descriptions are extensively bought and are not 
disposed to increase the stocks they are carrying. Sheet 
mills, however, still need maximum deliveries of bars 
and slabs. The call for black and galvanised sheets con- 
tinues much in excess of the huge outputs, and plate 
mills are running at very high pressure in an endeavour 
to meet delivery demands. Plants turning out joists, 
sections, and rails are fully occupied and likely to con- 
tinue so for some months. 


NOTICES OF MEETINGS. 


Tr is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, February 20, 6.30 p.m., 
Royal Institution, Colquitt-street, Liverpool. ‘‘ Measure- 
ment of Light and Colour,” by Mr. G. T. Winch. London 
Students’ Section : Monday, February 20, 7 p.m., Victoria- 
embankment, W.C.2. Address by the President, Pro- 
fessor E. B. Moullin. Measurements Section: Tuesday, 
February 21, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “‘ Electrical Methods of pH Measurement,” 
opened by Mr. G. I. Hitchcox and Mr. G. R. Taylor. 
Supply and Utilization Sections: Wednesday, Feb- 
ruary 22, 5.30 p.m., Victoria-embankment, W.C.2. 
“ Cost and Efficiency of Earthing on Low- and Medium- 
Voltage Overhead-Line Systems,” by Mr. L. Gosland. 

INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, February 20, 7 p.m., Neville 
Hall, Newcastle-upon-Tyne. “The Human Factor in 
Productivity,” by Dr. E. Jacques. South Wales Section : 
Wednesday, February 22, 6.45 p.m., South Wales Insti- 
tute of Engineers, Park-place, Cardiff. ‘‘ Preeision 
Castings,”” by Dr. F. Hudson. 

RoyaL SocieTy or ARTs.—Monday, February 20, 
8 p.m., John Adam-street, W.C.2. Cantor Lecture I. 
* Public Lighting,” by Mr. J. M. Waldram. Wednesday, 
February 22, 2.30 p.m., “‘ Linking Technical and Art 
Education,” by Mr. Kenneth Holmes. 

INSTITUTION OF CIVIL ENGINEERS.—<Structural and 
Building Division: Tuesday, February 21, 5.30 p.m., 
Great George-street, S.W.1. ‘“‘ Structural Uses of Brick- 
work,” by Dr. Norman Davey and Dr. F. G. Thomas. 
Yorkshire Association: Friday, February 24, 7 p.m., 
Royal Victoria Station Hotel, Sheffield. ‘“‘ Welded High- 
way Bridges,”’ by Mr. D. J. Davies. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, February 21, 6.30 p.m., 39, Ekm- 
bank-crescent, Glasgow. ‘“‘ Some Results of Scale Effect 
Experiments on a Twin-Screw Hull Series,” by Dr. J. F. 
Allan. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—tTuesday, February 21, 6.30 p.m., 2, Savoy-hill, W.C.2. 
“ Electricity and Heat Supplies from Thermal Electricity 
Generating Plant,” by Mr. C. G. Carrothers (read by 
Mr. F. W. Shilstone). 

RoyaL AERONAUTICAL SocireTy.—Tuesday, Febru- 
ary 21, 7 p.m., 4, Hamilton-place, W.1. “‘ Air Intake 
Design for High-Speed Aircraft,”” by Dr. J. Seddon. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
February 22, 3 p.m., Whitehall, S.W.1. “ The Technical 
Training of the Naval Officer of To-day,” by Vice- 
Admiral (E) Sir Denys Ford. 

RoyaL METEOROLOGICAL SocreTY.—Wednesday, Feb- 
ruary 22, 5 p.m., 49, Cromwell-road, S.W.7. Short papers 
on “ Radar Echoes.” 

INSTITUTION OF ENGINEERS-IN-CHARGE.— Wednesday, 
February 22, 6.30 p.m., 2, Savoy-hill, W.C.2. “ Problems 
in Industrial Lighting,” by Mr. J. F. Roper. 

SocreTy OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Wednesday, February 22, 6.30 p.m., 
Royal Institution, Albemarle-street, W.1. Jubilee 
Memorial Lecture on “ Photography in the Service of the 
Scientist,” by Dr. H. Baines. 

JunIon INSTITUTION OF ENGINEERS.—Midland Sec- 
tion : Wednesday, February 22, 7 p.m., Technical College, 
Suffolk-street, Birmingham. Film on ‘‘ Atomic Energy ” 
(ticket holders only). Proposed East Midland Group : 
Thursday, February 23, 7 p.m., Mechanics Institute, 
Nottingham. Short papers. Institution: Friday, Feb- 
ruary 24, 6.30 p.m., 39, Victoria-street, S.W.1. “‘ Launch 
Tugs and Workboats,” by Mr. Henry Higgs. 

INSTITUTION OF MECHANICAL ENGINEERS.—Y orkshire 
Branch: Wednesday, February 22, 7 p.m., Royal 
Victoria Station Hotel, Sheffield. ‘‘Some Aspects of 
Hot Rolling of Steel,” by Mr. T. W. Hood. Insti- 
tution: Friday, February 24, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Joint Meeting with InstrTv- 
TION OF ELECTRICAL ENGINEERS. “ Application of Gas- 
Turbine Technique to Steam Power,” by Mr. J. F. Field. 

Roya Sociery.—Thursday, February 23, 4.30 p.m., 
Burlington House, Piccadilly, W.1. “The Research 
Laboratories of Associated Electrical Industries, Limi- 
ted,” by Sir Arthur Fleming and others. 

Nortu East Coast INSTITUTION OF ENGINEERS AND 
SuHIPBUILDERS.—Friday,' February 24, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. “‘ A Review of Ship Model 
Data,” by Mr. A. Emerson. 





NaTIonaL Rapio EXHIBITION.—The 17th National 
Radio and Television Exhibition will be held at Castle 
Bromwich, Birmingham, from Wednesday, September 6 





to Saturday, September 16. This is the first time that the 
National Radio Exhibition has been held outside London. 
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SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 


For Canada 


Subscribers receiving incomplete copies through 
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Terms for displayed advertisements on the greén 
art paper wrapper, on the inside black and white pages 
and in the buff art a two-colour supplement, as 
well as for insets, can obtained on application to 

¢ Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot & guaranteed. 
The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
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334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“ Copy ” instructions and alterations to standing 
advertisements for display announcements must be 


of nw 


Teceived at i 
‘ceived at least 10 days previous to the date 
proofs for 


ise it may be impossible to 


search Association 





Notes from Cleveland and the Northern Counties.... 181 
ppt te ce. ARE CER Tine OE eo ee eon 181 
The Fourth World Power Conference........................ 183 
The Potentialities of Alaska....................cccccccccscscsseseee 184 
ETT Eee Set eee oe eee eee 185 
Presidential Jewel of the Newcomen Society 
SSRIS EE Ss Ot Sr eae Sy 186 


Exhibition of French Scientific Instruments (Illus.) 186 


Aluminium Prefabricated School Buildings (IUus.) 189 
Launches and Trial Trips......................s:cs:ssecsserseesseess 190 
«eer py Seg «af RUC eran I chee tO EEO Ee 190 


Design of Tail Pipes for Jet Engines includin 
Reheat (Illus.) “A " 

Considerations in the Operation of an Overseas 
Bn IO CU TNet a) oii oes ckscicnacesdscnceessntovspesavodeus 194 

AIO SUR TEOU BRON, 55 <onec esse cs Wf acnisrnoshesekeoneponstsimae 


191 








ENGINEERING 


FRIDAY, FEBRUARY 17, 1950. 





Vou. 169. No. 4386. 








THE FOURTH WORLD POWER 
CONFERENCE. 


In various parts of the United Kingdom, but 
especially in London, a great deal of attention is 
being focused on the preparations for the Festival 
of Britain, to be held in 1951 ; but, while appreciat- 
ing the significance of this national event, which will 
mark the completion of the century of industrial 
progress inaugurated by the Great Exhibition of 
1851, we would suggest that it should not be 
allowed to overshadow or minimise the importance 
of an international event of the present year—the 
fourth in the series of World Power Conferences 
which began, in the year of the Wembley Exhibition, 
1924, and has done more than is commonly realised 
to bring together those engineers, scientists and 
industrialists of all nations who are concerned with 
the development and utilisation of the “ great 
sources of power in Nature.” The Festival of Britain, 
undoubtedly, will bring to this country many visitors 
whose main reason for coming will be the extension 
of trade, but in many cases their interests will be 
relatively circumscribed and restricted. The Fourth 
World Power Conference, on the other hand, while 
it is unlikely to result in so large an incursion of 
visitors from overseas, should attract a larger per- 
centage of those who, in their normal engineering 
and scientific activities, are engaged in promoting 
long-term developments of far-reaching effect in the 
generation and transmission of power. 

As is customary in most international conferences 
of wide scope, the papers to be presented at the 
technical sessions, to be held in London between 
Monday, July 10, and Saturday, July 15, will be 
grouped according to certain broad classifications, 
each embracing a number of more particularised 
subjects. The “theme” of the Conference is 
announced to be ‘‘ World Energy Resources and 
the Production of Power,” but that is so general 
that it might include almost anything ; it is, indeed, 
the fundamental raison d’etre of the whole series of 


divisions, there will be submitted only a single 
report from each of the National Committees 
represented at the Conference; but Division I is 
further divided into three subdivisions and 18 more 
detailed classifications, and Division III into nine 
parts and 16 sub-categories of papers. 

Following the usual practice, the various papers 
presented will not be read by their respective 
authors, even in abstract. A general reporter 
will summarise the papers in each group, these 
reports being circulated, with copies of the papers, 
mn advance of the Conference; thus the whole 
time of the technical sessions can be devoted to 
discussions. They will be held in the meeting halls 
of the Institutions of Civil, Mechanical and Elec- 
trical Engineers. The opening session, on the after- 
noon of Monday, July 10, will be held in the Central 
Hall, Westminster. Arrangements are being made 
to provide the necessary equipment for simultaneous 
interpretation from and into the two official lan- 
guages of the Conference, namely, English and 
French; and there is a hint in the advance 
programme that “possibly a third language ” 
may be added—presumably German. 

In the evening of July 10, there will be a recep- 
tion by H.M. Government at the Science Museum, 
South Kensington. The technical sessions will 
occupy each morning and afternoon from Tuesday, 
July 11, to Friday, July 14; and the formal closing 
sessions will take place in the morning of Saturday, 
July 15, in the Institution of Civil Engineers. In 
addition to the Government reception, there will be 
two other evening functions during the Conference 
week, namely, a reception at Guildhall on the 
Tuesday, and an official banquet on the Thursday. 
The programme indicates no engagements for the 
Saturday afternoon and evening, and the delegates 
will probably be glad of the respite, for, on Sunday, 
July 16, there begin the first of a series of 13 tours 
to various parts of England, Wales and Scotland, 
each designed to include a suitable selection of 
places of technical, historical and scenic interest. 
Ten of the 13 start on the Sunday and the remaining 
three on Monday, July 17; nine finish on the 
following Saturday, July 22, and the remainder 
onthe Sunday. In addition, there will be 15 whole- 
day and 17 half-day excursions arranged between 
July 17 and 21, to places of technical and other 
interest in or near London, for the benefit of those 
who are not taking part in the long-distance excur- 
sions. The full programme covers practically every 
part of the United Kingdom (except Northern 
Treland) where power is either generated or used 
in any quantity, and provides a sufficiently varied 
conspectus of the normal life of the nation, in town 
and country, to contribute materially to the under- 
standing, by visitors from overseas, of the resources, 
the people, the attractions, and perhaps some of the 
distractions, of the Britain of 1950. 

It may be remarked here, before returning to 
more general aspects of the Conference, that, 
although the circulars initially issued gave Feb- 
ruary | as the latest date for the receipt of appli- 
cations to participate, we have it on the authority 
of the general secretary, Mr. C. H. Gray, that the 
lists are not yet closed. Intending applicants in 
the British Isles should communicate with the 
British National Committee, World Power Con 
ference, at 201, Grand Buildings, Trafalgar-square, 
London, W.C.2, and those in other countries should 
apply to their respective National Committees. 

The most recent list of the papers to be presented, 
corrected to January 21, shows that contributions 
have been received from 28 of the 41 nations 
(including Great Britain), which are adherents to 
the Conference, and that 19 of them are presenting 
papers in all three of the Divisions. Of the 156 
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the United States, and 18 from France ; no other 
country reaches double figures. No papers have 
been received from Russia, though it will be recalled 
that a delegation of four members from the U.S.S.R. 
was present, and submitted several papers, at the 
Fuel Economy Conference held in Holland in 1947 
under the auspices of the World Power Conference ; 
there are, however, six papers from Czechoslovakia, 
and three from Hungary. Regrettable omissions 
from the list of contributing countries are Spain, 
which might have been able to report considerable 
progress in electric power generation since 1936, 
and Brazil, where some varied experience with 
unusual fuels must now be on record; but, of 
course, the absence of any country’s name from the 
list of papers does not necessarily indicate absence 
from the Conference. Delegates of these and other 
nations, not named in the list, may contribute very 
usefully to the discussions. 

A sign of the times is the large proportion of 
the papers which obviously emanate from State 
departments and other official bodies. The tendency 
is inevitable and, indeed, where power plants 
(especially hydro-electric plants) of large size are 
concerned, the scale of modern constructional costs 
puts them beyond. the financial means of most 
commercial undertakings, so that only officials are 
in a position to speak about their operation with 
first-hand authority. There is, however, not infre- 
quently a sameness about official contributions to 
conferences, in style as well as matter, that suggests 
them to be the response to orders from “ higher up,” 
to produce a paper that will fit into a certain 
category ; evidence of spontaneity is rare, and the 
strain of trying to compress the contribution within 
the sternly Procrustean limits imposed by the 
problems of presentation and publication is some- 
times rather depressingly obvious. Too often, also, 
the illustrations—which might help so greatly to 
ease the pressure on the text—are quite inadequate 
to convey more than a general impression, and 
clearly have been prepared and proportioned by 
draughtsmen with little experience of the require- 
ments and limitations of the printed page. From 
these disabilities, and especially those last mentioned 
the reports of the successive World Power Confer- 
ences have been gratifyingly free ; but at what cost 
of personal stress, only those who edit such Pro- 
ceedings can really appreciate. Contributors of 
papers would do well to consider such points of 
detail and, if in doubt, to consult the organisers of 
the conference which they seek to address. 

It is too late now, of course, to offer such advice 
to the authors of the papers to be presented at the 
Fourth World Power Conference ; in most cases, 
their share in the work of presentation is already 
accomplished. There are still, however, a few practi- 
cal details to which, we hope, authors and organisers 
will give some attention, in the interests of the 
audiences and—perhaps we may add, without 
risking a charge of undue selfishness—those who will 
have the task of reporting the technical sessions. 
We have made these points before, but they will 
bear repetition. The important things in any 
Conference are that the speakers shall be clearly 
heard and that each member, whether a speaker or 
not, shall be readily identifiable. These require- 
ments are difficult enough to ersure when all the 
participants are of the same nationality, but when 
20 or 30 nations are represented, both the need and 
the difficulty become much more acute. The best 
method, in our experience, is for each individual 
to be given a number against his name in the list 
of members and, in the meetings, for him to be 
called on, and to describe himself, by number as 
well as by name: ' If the microphones on the various 
tables and desks are only coupled to speech-recording 
mechanism, speakers should ‘be informed of the 
fact; many of those at last year’s Navigation 
Congress in Lisbon assumed, quite understandably, 
that the microphones were part of a public-address 
system, spoke only in conversational tones, and were 
inaudible to most of the members. Whether loud- 
speakers are provided or not, a microphone should 
be attached to any blackboard that may be used. 
Finally, chairmen must be reminded constantly, by 
a desk notice or otherwise, not to call on a speaker 
until the applause evoked by the previous speaker 


THE POTENTIALITIES OF 
ALASKA. 


AuasKA, which has an area of 586,400 square 
miles, one-fifth of that of the United States, was 
sold by Russia to the latter country in 1867 for 
7,200,000 dols. As the total value of the fishery 
products of the country from 1867 to 1948 are 
estimated at 265 times the purchase price, the 
United States may be said to have made a good 
bargain. It is not clear, however, that Russia was 
ever in effective control of the country. It was in 
1732 that a Russian navigator first reached the 
coast of Alaska; that feat was not accomplished 
by Bering, after whom the strait dividing it from 
the United States is still called. He, however, was 
among the first to explore those seas and landed 
on Bering Island off the east coast of Kamchatka. 
It was for the purpose of extending the fur trade 
that bases were established in Alaska, the initial 
steps being largely taken by individual adventurers, 
but a trading company was ultimately formed ; the 
whole of Siberia had been opened up and annexed 
by asimilar procedure. It is stated that the country 
was sold because various overseas activities had 
indicated to the Russian Government that it was 
not in a position to defend distant colonies, and 
because the fur trade was no longer proving remun- 
erative. It seems probable that this latter condition 
may have been, due to the accessible districts having 
been denuded and no adequate authority being 
exercised over more remote regions. 

For the first 17 years after the country came into 
the possession of the United States, little or nothing 
was done to develop it; it was administered first 
by the Army and then by the Navy. In 1884, the 
District of Alaska was established, operating under 
the civil and criminal codes of the State of Oregon. 
The present territorial form of government was 
set up in 1912. The salaries of the members of the 
Territorial Legislature are paid by the Federal 
Government and the Governor and Secretary are 
nominated by the President. There are 27 incor- 
porated towns governed by elected representatives 
who have authority to levy taxes, but financial 
support for education is furnished by the Territory. 
Alaskans are subject to all Federal taxes, but have 
no representation in the United States Senate and 
their delegate to the House of Representatives has 
no vote. 

Of recent years, the importance of Alaska as a 
source both of wealth and national security has 
become more fully realised in the United States. 
No doubt the key position which the country 
occupied in the war, which resulted in the con- 
struction of the Alaskan Highway, has drawn new 
attention to its military aspects, but it is realised 
that if full advantage is to be taken of its strategic 
position it must become something more than a 
military outpost ; it is desirable that population 
growth should be fostered, transport facilities 
improved, and agriculture, fisheries and mining 
developed. The lack of detailed information about 
the state of the country is illustrated by the fact 
that the present population is not accurately known ; 
there has been, considerable immigration in recent 
years. In order to form a proper basis for future 
administrative or other action, funds were allocated 
to the United States Department of the Interior for 
carrying out an economic survey of the country 
and examining and estimating its potential water- 
power resources. The work was put in the hands 
of the Bureau of Reclamation, which has issued a 
voluminous report dealing with every aspect of the 
country’s economy. 

The sub-title of the report states that it is con- 
cerned with the potential development of water 
resources for irrigation, power production and other 
beneficial uses, but actually it also surveys the agri- 
cultural, forestry, fishing, manufacturing and other 
industries in considerable detail. Adequate power 
supplies are essential for the proper development of 
any country on modern lines; apart from any 
question of the introduction of manufacturing 
industries, power is every day becoming a more 
important factor in agriculture, while important 
administrative and business centres cannot be built 


supplies are also necessary for the full development 
of the forestry, fishery and fur-trading industries, 
and the hydro-electric development on which power 
supplies must depend is closely linked with problems 
of irrigation and extension of the farming areas. 
The population is about 90,000, or one-seventh of 
a person per square mile, compared with an average 
of 44 per square mile in the United States, and the 
total installed capacity of hydro-electric plant is 
32,000 kW, with 45,000 kW of steam and oil-engine 
plant. Against these figures, the report estimates 
that water-power sites are available which would 
permit the installation of 8,294,000 kW of plant 
capable of producing 50 thousand million kWh per 
year, sufficient to furnish power to 10 million people 
at a rate twice as great as the power now available 
to the inhabitants of the United States. It is 
naturally not suggested that the population will 
rise to this figure at an early date, but such a total 
would merely represent a density midway between 
those of Norway and Sweden. 

The supposition, sometimes made, that Alaska is a 
frozen wasteland is not correct. There are some 
200,000 square miles of tundra, worthless for 
agriculture but valuable as reindeer pasture and 
with important mineral deposits. There are also 
386,000 square miles of habitable and fertile land 
with more- natural resources than the average 
land in Finland, Norway and Sweden. The south- 
eastern coastal regions of the country are com- 
paratively mild and in the interior, below the Arctic 
Circle, the average winter temperature is similar to 
that of Montana. The summer temperatures, 
even in the Yukon River Valley, near the Arctic 
Circle, may be surprisingly high. The rainfall in 
the south-eastern area is comparatively heavy, but 
farther inland, drier conditions prevail. The long 
summer days are favourable for agricultural produc- 
tion. The average growing season varies from 
140 days in southern Alaska to 80 days in the 
northern interior. The country at present produces 
hay, oats, root crops, vegetables and small fruit, 
there being some 7,000 acres under cultivation. 
As a result of the survey, however, it is estimated 
that with development and irrigation 16 million 
acres might be brought under crops. The possible 
importance of the timber industry, with the develop- 
ment of power supplies and transport arrangements, 
is sufficiently indicated by the fact that the area of 
forest lands is almost twice as great as that of the 
four Scandinavian countries. The mining industry 
is capable of great development. The most impor- 
tant product in this field has been gold, but of the 
33 metals and minerals classified as strategic 
materials in the United States, it is known that 31 
occur in Alaska. To these sources of wealth and 
activity must be added the fishery industry, which 
is already the most highly developed of the country, 
and fur trading, which is now strictly regulated. 
Fur exports in 1947 had a value of 7 million dols., 
nearly the same as the original cost of the country. 

From the purposes of hydro-electric develop- 
ment, the report divides the country into five areas, 
of which the south-eastern, south-central and Yukon- 
Kuskokwim are the more important. The first 
of these, which would permit of a total installed 
capacity of 2,221,000 kW, covers the broken coast 
line and islands forming the lower strip of the 
country which lies to the west of British Columbia. 
It is contiguous to important forest areas, and power 
supplies would facilitate the development of the 
pulp industry. Agreement with Canada would be 
necessary in, connection with some of the projects 
on the mainland. The south-central region would 
have a total installation of 3,263,000 kW. Most 
of the plants would be situated on the Susitna and 
Copper Rivers. There would be five stations of 
over 200,000 kW capacity and some seven or eight 
between that figure and 20,000 kW. The district 
contains important agricultural areas which would 
benefit from irrigation. The Yukon-Kuskokwim 
district lies around the rivers bearing those names, 
and with their tributaries draining the main area 
the country which lies south of the Arctic Circle. 
The total projected installation in this district * 
2,550,000 kW, mainly contained in two large stations 
situated one on each of these rivers. It is reeom- 
mended that further studies should be directed to 
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NOTES. 


Royan AgRoNAUTICAL Society. 


On Thursday, February 9, Mr. C. T. Wilkins gave 
a lecture to the Royal Aeronautical Society on 
producing a prototype aircraft. If a projected 
aircraft was to be the first of a production order, 
he said, the other aircraft should be built con- 
currently with the prototype; modification on 
the production line was preferable to waiting for 
the development of the prototype, which might 
incur a delay of several years from the inception of 
design to the delivery of the first production aircraft 
to the operators. The design team should be kept 
small, with a nucleus of senior designers who would 
be attached to the job from start to finish. Soon 
after the start of the design,a target date should 
be fixed for the first flight, and a detailed pro- 
gramme should be prepared in conjunction with the 
experimental shop ; it should be possible to arrange 
dates for tooling, jigging, provision of materials, etc. 
Periodic progress meetings of representatives of all 
departments concerned in the design and construc- 
tion of the prototype should be held. Ideally, all 
sections of the experimental department should be 
grouped together, adjacent to the airfield. The 
experimental shop, which should be a self-contained 
unit, the “‘ mock-up,” and the loft should be avail- 
able to every member of the design team. Mr. 
Wilkins then described an, organisation which had 
been found to work well. The chief designer was 
responsible for the whole design organisation—the 
design department, drawing office, and loft; the 
aerodynamics department, which also included the 
weight-control section, flight-test section, and instru- 
ment laboratory ; the stress department, compris- 
ing stress office and structural test section; the 
experimental shop, with the ‘‘ mock-up ” and flight 
hangar; and the technical buying department, 
under the development engineer. Drawings should 
be issued to the shops as soon as they were made ; 
it was better to risk possible scrap rather than to 
delay starting work in the shops. The “‘ methods ” 
engineer should then decide on the jigging required 
and should arrange for any special materials to be 
ordered. Full-scale structural testing of every 
component of a new type of aircraft was essential ; 
the design of structure-testing rigs for fuselage and 
wings should be put in hand early in the design of 
the aircraft, and so also should the design of the 
instrumentation and the automatic observer for 
flight tests. Initial flight testing should be directed 
to obtaining a broad picture of the capabilities of 
the aircraft as soon as possible, leaving the more 
detailed tests to be made later. 


British ELECTRICAL EQUIPMENT AND CANADIAN 
STANDARDS. 


On page 313 of our 168th volume (1949), we 
pointed out that one of the most serious obstacles 
to the development of British export trade with 
Canada was the stipulation, that all electrical equip- 
ment entering the Dominion must comply with the 
Testing and Approvals Regulations of the Canadian 
Standards Association. To deal with the problems 
arising from this condition,.a delegation, of which 
Mr. D. M. Buist, export director of the British 
Electrical and Allied Manufacturers Association, 
was leader, and Mr. J. F. Stanley, electrical tech- 
nical director of the British Standards Institution, 
was secretary, visited Canada in October to review 
present arrangements and to endeavour to secure 
amendments in certain clauses of the Canadian 
standards and approvals manual. The result, as 
briefly stated on page 621 of our 168th volume 
(1949), was that it was agreed that the British 
Standards Institution should act as the agent of 
the Canadian Standards Association in this country 
and should carry out the preliminary work of testing 
48 a step to final approval. A detailed account of 
these negotiations is given in a booklet entitled 

Export of Electrical Equipment to Canada” 
ox (ELE) 8979), which can, be obtained post free 
tom the British Standards Institution, 24, Victoria- 
treet, London, §.W.1. It explains the origin and 
roa ae ian pe pie ay which forms 

the approval of electrical equipment by 
2. Canadian Standards Association. It also 
Tibes the Canadian Standards. Association’s 


approval system and the relationship between this 
system and the inspection of equipment which is 
carried out by the provincial authorities. The 
reasons which prompted the British Standards 
Institution to organise a delegation to Canada are 
outlined, and the outcome of the endeavours of 
this body are described. The delegation, which 
comprised representatives of the British Electrical 
and Allied Manufacturers Association, the Machine 
Tool Trades Association, the Cable Makers Associa- 
tion and the British Standards Institition, is to be 
congratulated on having done a useful piece of 
work the results of which will, we hope, be entirely 
satisfactory. 
Tue Brirish Non-Fzrrous Merats RESEARCH 
AssociATIon. 


On page 179 of the present issue we give a 
description of the reconstructed laboratories and 
some of the recent investigations undertaken at the 
headquarters of the British Non-Ferrous Metals 
Research Association, 81-91, Euston-street, London, 
N.W.1. The newly-completed premises were offici- 
ally opened on February 13 by Sir Ben Lockspeiser, 
F.R.S., secretary of the Department of Scientific and 
Industrial Research, and in the course of a speech 
made at a meeting in the Council Room of the 
Association and presided over by the chairman, 
Lieut.-Colonel the Hon. R. M. Preston, D.S.O., 
Sir Ben stated that the Association was one of 40 
research associations established under the gis 
of the Department of Scientific and Industrial 
Research. They were voluntary associations of the 
firms in an industry and were financed jointly by 
the industry and the Department of Scientifice 
and Industrial Research. The total income of 
the 40 research associations was approximately 
3,000,0007. The British Non-Ferrous Metals Re- 
search Association had an income, from industry 
and the Department, of about 90,000/., and employed 
upwards of 120 scientists and assistants. One of 
the main problems long associated with the use of 
metals had been that of corrosion and this Associa- 
tion could take a great deal of the credit for freeing 
ships of the Royal Navy from trouble due to the 
corrosion of condenser tubes. The Association had 
also shown that pressure tightness could be ensured 
in certain types of casting by the control of the 
rate of gas absorption in the mould. The Associa- 
tion, moreover, was breaking new ground in studying 
the properties of the comparatively neglected metal, 
titanium. Its density was not much more than 
half that of steel and it had a very high melting 
point (of over 1,700 deg. C.). Metals which main- 
‘tained a high strength at high temperatures and 
were not too heavy were required in increasing 
amounts for gas-turbine blades, combustion cham- 
bers and other purposes. The Association had 
shown that, contrary to current opinion, the tensile 
strength of this metal could reach a value of nearly 
70 tons per square inch, combined with good 
ductility without measures being taken to obtain 
high purity. It was at present comparatively 
expensive to produce, but it should be remembered 
that when aluminium had been first produced it 
had cost 17s. a lb., with the value of the shilling as 
it then was. Now, however, the cost was only 
about 1s. a lb. 


DEVELOPMENTS IN CABLE AND WIRELESS 
CoMMUNICATIONS. 

Some of the developments which have taken 
place in cable and wireless communications during 
recent years were described by Colonel Sir Stanley 
Angwin, K.B.E., in a lecture delivered before the 
Royal United Service Institution on Wednesday, 
February 8. He said that in 1945 there were 
150,000 miles of British-owned submarine telegraph 
cable, nearly all of which was unloaded. The 
slowest of these cables could take only 27 words 
per minute, while the fastest were capable of 
handling over 200 words per minute. These cables 
were supplemented by a commercial wireless net- 
work, which was operated on the original Marconi 
system using relay stations with automatic re-trans- 
mission, so as to increase the effective working 
hours. In 1938, the total ‘‘ wordage ” carried by 
both systems was 231 million, a figure which had 
risen to 704 million in 1944, when cable interrup- 
tions were at their maximum. In 1948, the “ word- 





age was 624 million, of which 402 million were sent 
by cable and 222 million by wireless. Some 80 per 
cent. of the total telegraph traffic between this 
country and the United States was, however, carried 
by cable. To overcome or reduce the effects of fading 
on the reception of long-distance telegraphy and 
telephony, the multi-unit steerable antenna system 
(Musa) had been devised. In this, use was made of 
a number of aerials spaced at regular intervals over 
a distance of two miles along the great circle path 
between the terminals. Fading was also being 
countered to some extent by a more suitable 
selection of frequencies and by employing auto- 
matic relay stations. It might be possible to bring 
about a revolutionary change in the technique of 
long-distance telephony and telegraphy by using 
repeaters in cables laid at ocean depths. In this 
connection the electrical problem was to design a 
repeater using 20 valves or more, which would be 
supplied with grid and filament currents from the 
shore end. These valves must be capable of con- 
tinuous operation without attention for ten years or 
more, and the cable itself must be capable of with- 
standing about 1,000 volts. This problem was well 
within sight of solution. The mechanical problem 
was to provide a container which could be sunk to 
a depth of 3,000 fathoms and be capable of with- 
standing a pressure of 4 tons per square inch. 
Where a multiplicity of valves had to be employed, 
the difficulty was less to secure a long life than to 
counteract random failures. Here such devices as 
the transistor might play a part, as might the use 
of new synthetic materials, which would be designed 
by the chemist and physicist for a particular elec- 
trical purpose. The best results in cable and radio 
would be obtained by determining the capabilities 
and defects of both systems and co-ordinating them 
to meet public requirements. 


Tue ExxcrricaL RESEARCH ASSOCIATION. 

The annual general meeting and luncheon, of the 
Electrical Research Association were held under the 
chairmanship of Mr. R. Lee at the Connaught 
Rooms, Great Queen-street, London, W.C.2, on 
Friday, February 10, when it was announced that 
Lord Citrine, chairman of the British Electricity 
Authority, would be the president of the Association 
for 1950-51. The principal guest at the luncheon 
was Professor Sir Lawrence Bragg, O.B.E., F.R.S., 
who said that although the war had helped to raise 
the status of research, it was still essential to 
understand the conditions under which it could 
flourish. In his opinion, some free-lance work, 
independent of formal short- or long-range projects, 
was desirable in research associations as well as in a 
university, even though the main concern of the 
former must be governed by programmes drawn 
up or approved by committees representing sec- 
tionalinterests. Lord Citrine said that the financial 
support given to the Association by the B.E.A. was 
now higher than that formerly contributed by the 
supply side of the electrical industry. The B.E.A. 
would continue to co-operate with.existing bodies, 
but in the future money might have to be spent 
more conservatively on capital developments, since 
certain new ideas might overtake them when 
brought to fruition; the proper functions of the 
E.R.A. were therefore likely to be concerned more 
with the electrical sciences than with generation. 
Nevertheless, he hoped that the question of the 
proposed new laboratories at Leatherhead, first 
mooted in 1944, would be re-examined during his 
term of office, especially as the capital sum involved 
was now estimated at 600,000/., instead of the 
former one million pounds. At the meeting after the 
luncheon, the following were elected or,re-elected to 
serve on the Council ; Mr. J. K. Brown, Mr. W. N.C. 
Clinch, Mr. A. Collins, Sir John Dalton, Mr. J. Eccles, 
Mr. T. E. Goldup, Mr. O. W. Humphreys, Mr. C. W. 
Marshall and Mr. W. 8. Sawtell; Mr. H. Astbury 
was elected chairman in succession to Mr. R. Lee. 

W. H. Fox Tatsor, F.R.S. (1800-1877). 
On February 11, the 150th anniversary of the 
birth of the famous pioneer of photography, William 
Henry Fox Talbot, was commemorated at Laycock 
Abbey, where he was born and died, and which pro- 
vided many subjects for his camera. An only 
son and possessing ample means, Fox Talbot was 





educated at Harrow and Trinity College, Cambridge, 
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and became known for his work in mathematical 
physics and astronomy. He was made a Fellow of 
the Royal Astronomical Society at the age of 22, and 
a Fellow of the Royal Society when 31. During 
1833-34, he served as M.P. for Chippenham. It 
was at about this. period that he visited Italy and, 
on October 1, 1833, when trying to sketch scenery 
round Lake Como with the aid of a Wollaston 
camera lucida, that he conceived the idea of making 
permanent the pictures which the lens threw upon 
the paper. From this sprang his “ photogenic 
drawing.” Other inventors had been striving to 
do much the same, and on January 7, 1839, Arago 
had communicated Daguerre’s invention of the 
daguerrotype to the Paris Academy of Sciences. 
Eighteen days later, Faraday described to the 
Royal Institution Talbot’s independent invention, 
and, in the following week, Talbot sent to the 
Royal Society a paper entitled ‘‘ Some Account of 
the Art of Photogenic Drawing.” Daguerre used 
silvered plates which he sensitised with iodine and 
subsequently developed by mercury vapour, while 
Talbot produced a sensitive paper which he 
developed with gallic acid and fixed with hypo- 
sulphite of soda. Improvements speedily followed, 
by Talbot himself and others. Of his writings 
the most interesting is The Pencil of Nature, 1844-46, 
the first book ever illustrated by photographs pro- 
duced without any aid from the artist’s pencil. 
In his lifetime, Talbot was honoured by the award 
of a Royal Medal and the Rumford Medal of the 
Royal Society, and his discoveries were recognised 
in other ways. In recent years, in 1934 and 1939, 
and now again in 1950, commemorations have been 
held, recalling his notable achievements in an art 
which to-day is the rival of printing itself. 


LENGTH oF PuBLIC-SERVICE VEHICLES. 


A considerable divergence of opinion has existed in 
the past regarding the maximum-permitted lengths 
of public-service vehicles for use on the roads of this 
country. One school of thought has maintained, 
mainly on the grounds of road safety and traffic 
congestion, that the permitted overall lengths of 
these vehicles should not be increased, while others, 
notably the operators and manufacturers, have held 
the view that a maximum length of 30 ft. should be 
allowed. To clarify matters, the Ministry of Trans- 
port has sent to all representative bodies concerned 
a letter dated February 9, which sets out the present 
position and contains certain definite rulings. The 
letter points out that, after having given full con- 
sideration to the observations put forward by the 
various bodies, the Minister of Transport has been 
confirmed in his previous conclusion regarding 
double-deck four-wheel vehicles, namely, that the 
permitted maximum length should be increased from 
26 ft. to 27 ft. The manufacturers’ and operators’ 
associations have already been informed accordingly, 
but the making of the necessary amending regula- 
tions was deferred pending a final decision in respect 
of four-wheel single-deck vehicles. There was, 
apparently, considerable opposition from some bodies 
to the Minister’s original proposal that the length 
of these vehicles should be increased from 27 ft. 6 in, 
to 28 ft., while others maintained that a maximum 
length of 30 ft. should be allowed. The letter 
points out, however, that the Minister can see no 
prospect of any further consultations resolving 
these differences of opinion and has decided, there- 
fore, that the national interest can best be served 
by allowing an increase in the permitted maximum 
length of single-deck vehicles from 27 ft. 6 in. to 
30 ft. overall. The letter encloses two draft amend- 
ing regulations, one of which indicates amendments 
to the Motor: Vehicles (Construction and Use) 
Regulations and the other to the Public Service 
Vehicles (Condition of Fitness) Regulations, and 
invites the bodies concerned to submit their observa- 
tions by March 4. The increased lengths will apply 
only to those vehicles registered for the first time 
on, or after, June 1, 1950, and there is little doubt 
that they will prove invaluable as they will allow 
a considerable increase in the seating capacity of 
single-deck vehicles and in the comfort of double- 
deck vehicles. They will also permit the manufac- 
turers to achieve a greater measure of standardisa- 
tion and assist materially, therefore, in the produc- 
tion of vehicles for the export markets. 


PRESIDENTIAL JEWEL OF 
THE NEWCOMEN SOCIETY. 


Wuen, in 1949, the Newcomen Society for the 
Study of the History of Engineering and Technology 
visited Holland, they were received by the Dutch 
society, Genootschap voor Geschiedenis der Genees- 
kunde, Wiskunde en Natuurwetenschappen (Society 
for the History of Medicine, Mathematics and 
Natural Sciences), whose range of interests most 
nearly corresponded with their own. In the course 
of the various receptions and visits that had been 
arranged, it was felt by the then President of the 
Newcomen Soc‘ety (Dr. A. P. Thurston, M.B.E.) 
that there was a need for some special badge or 
other emblem of office whereby the President 
might be readily distinguished, and he offered to 





the Council of the Society to supply an appropriate 
jewel. The offer was gladly accepted, and, at the 
meeting held at the Science Museum on February 8, 
Dr. Thurston invested his successor, Dr. C. H. 
Desch, F.R.S., with the jewel illustrated above. 
From its inception in 1920, the Newcomen Society 
has always been characterised by a spirit of keen 
collaboration, and this, with the regard for tradi- 
tion and historical continuity that is inherent in 
all its activities, is well typified in the design and 
production of the jewel. The centrepiece, as will 
be seen, is the badge of the Society, adopted by 
the Council in 1921—a griffin, emblematic of vigi- 
lance, ‘‘represented as looking backward while 
yet going forward,” to quote the description in 
Vol. II of the Transactions ; and, beneath it, the 
motto devised by the late Colonel E. Kitson Clark, 
**ActorumM Memores Smmut ArrectamMus AGEN- 
pA,” which he rendered freely as “ mindful of 
what has been done, we strive after the things yet 
to be done.” The badge that has been incorporated 
in the jewelis the actual one worn by the late Mr. 
Arthur Titley, founder and its first President of the 
Society. It is mounted in a silver gilt frame, de- 
signed by Mr. A. S. Crosley, one of the present 
honorary secretaries of the Society, and based upon 
the design of a cut-steel frame for a Wedgwood 
cameo, made in the works of Matthew Boulton and 
illustrated in the biography, Matthew Boulton, which 
was written by Dr. H. W. Dickinson, the other 
honorary secretary of the Society, in 1936. Over 
the shield is the word ‘‘ President,” and on the back 
is an inscription recording that it is the “ Personal 
badge of A. Titley, Past President, 1920—Mounted 
and presented by A. P. Thurston, President, 





1947-49.” 
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EXHIBITION OF FRENCH 


SCIENTIFIC INSTRUMENTS. 


On page 159, ante, we referred to an exhibition of 
French scientific instruments which was opened 
at the Science Museum, South Kensington, London, 
8.W.7, on Thursday, February 9, and will remain 
open until Sunday, February 26. In what follows 
we give short accounts of some of the interesting 
apparatus shown. Before doing so, however, we 
may say something about the general arrangement 
of the display, which gives a good idea of the present 
position of this branch of French industry. 

A large proportion of the apparatus is exhibited 
by the Centre National de la Recherche Scientifique 
(C.N.R.S.). In fact, the accounts of their display 
occupy about one-third of the catalogue. This 
body is a French Government department, and was 
established in 1939 by the amalgamation of two other 
bodies) which had been engaged previously on funda- 
mental and applied research, respectively. The 
activities of the Centre cover aii branches of what is 
commonly included under the term science, but 
philosophical, philological and economic investiga- 
tions are also undertaken, It has its own research 
institutes in Paris and the provinces; and also 
subsidises workers in university laboratories, in 
independent organisations, such as the Institut 
Pasteur, and in industry. 

A less extensive display is that of the Office 
National d’Etudes et de Recherches Aeronautiques 
(O.N.E.R.A.). This body was formed in 1946 to 
develop, direct and co-ordinate scientific and 
technical research in aeronautics. Its field of 
activities is divided between five scientific direc- 
torates: aerodynamics, power and propulsion, 
materials, general physics and strength of materials. 
In addition, a flight research division is maintained 
for air-borne tests and liaison exists, through an 
Advisory Council, with organisations which are using 
the results of its work. The Commissariat a 
L’Energie Atomique, which was formed in 1945, to 
carry out research on atomic energy and to act as 
adviser to the Government in this field is also 
represented. Finally, space has been taken by 
some of the leading French instrument manufac- 
turers, although the exhibition is not to be regarded 
as a trade show. 

Among the numerous exhibits of the Centre 
National de la Recherche Scientifique (C.N.R.S.) 
mention may be made of the polar recorder for 
attachment to cathode-ray oscillographs, which is 
illustrated in Fig. 2, opposite. .This instrument, 
which was designed by Messrs. Calaora and 
Levavasseur, of the Laboratoires du Centre de 
Recherches Scientifiques Industrielles et Maritimes 
de Marseille, consists of a rotating camera, which 
can be fitted to a standard cathode-ray oscillograph 
and used for recording curves by employing polar 
co-ordinates. The electronic spot, which is con- 
trolled by the phenomenon under investigation, 
travels across a fixed diameter of a fluorescent screen 
so that an image is formed on the camera film. 
The axis of rotation of the camera is eccentric to 
that of the cathode-ray tube, so that it is possible to 
use the whole width of the screen of the latter for 
recording and, as shown in Fig. 3, to extend the 
recording curve over 180 deg. This recorder has 
been designed for use in experiments on the luminous 
emissions of lamps and the directivity of loud- 
speakers, microphones and aerial systems. It can 
be employed also for studying the transmission, 
reflection and scattering of ultra-sonic waves 2 
air and water, and the reflection and scattering 0! 
light or sound waves by surfaces of different kinds, 
the original distribution of which may have been 
polar. 

Another device shown by C.N.R.S. was invented 
by M. Gavreau, of the Marseille laboratories, and # 
illustrated in Figs. 4 and 5, opposite. It is intended 
to protect technicians and other workers from dan- 
gerous noises, especially those which occur suddenly, 
as well as those of high pitch and in the supersonic 
range. The model shown in Fig. 4 consists esse? . 
tially of a headpiece made up of successive layers of 
flexible material, felt and iron arranged so. a8 t¢ 
constitute a low-pass acoustic filter. Such a filter 
does not cause appreciable attenuation of the low 
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and voice frequencies, but cuts out those frequencies 
which give rise to harmful shrillness. The second 
type of filter shown, which is illustrated in Fig. 5, 
completely eliminates harmful noises, but also 
attenuates voice frequencies to some extent. We 
understand that the device has been found particu- 
larly effective in the laboratories of the Centre de 
Recherches Scientifiques Industrielles et Maritimes, 
where experiments on large ultrasonic generators are 
being carried out. 

The Bellevue Laboratories of the Centre National 
de la Recherche Scientifique are showing an 
improved form of the Farkas brake, which is exten- 
sively used in France for road vehicles. This, it is 
claimed, enables complete security to be obtained by 
employing a combination of hydraulic and mechani- 
cal control. As will be seen from Fig. 6, the brake 
comprises four floating segments, which are shaped 
to fit the drum, a stop a, a regulating device b 
and connecting straps c. The segments can be 
operated both mechanically and hydraulically 
through the lever d; the braking ratios of both 
systems being identical. The mechanism is, how- 
ever, arranged so that mechanical actuation always 
lags slightly behind hydraulic actuation. It is 
claimed that in this way the higher efficiency and 
better balance of the hydraulic transmission are 
fully utilised, while at the same time complete 
security is ensured owing to the greater reliability 
of the mechanical transmission. 

The Bellevue laboratories are also showing an 
apparatus devised by MM. Guillard and Forrer for 
determining the Curie point of magnetic alloys. This 
consists essentially of a permanent magnet or 
electromagnet the pole pieces of which are shaped 
80 that there is considerable variation of the field 
strength along its axis. The substance under investi- 
gation is placed in a smatl quartz crucible, which is 
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heated in an electric oven. This crucible is then 
suspended in the air gap of the magnet from two 
tightly-stretched tungsten wires. The magnetic 
attraction creates a couple which is opposed by the 
torsion couple of the two wires; and the angle 
between these couples is measured by the deflection 
of a beam of light which falls on a mirror fixed to the 
suspension system. The temperature of the speci- 
men is measured by a thermocouple, which is con- 
structed so as not to introduce a disturbing torsion 
couple into the system. A second galvanometer 
with a large mirror, and the deflection of which is 
proportional to the temperature, is mounted on the 
base of the apparatus. By combining the torsional 
movement of this instrument with that of the 
magnetometer proper it is possible to trace the 
curve showing the Curie point on a ground-glass 
screen. 

The pneumatic micro-manipulator invented by 
M. de Fonbrune and exhibited by the Etablisse- 
ments Beaudouin, 3, Rue Rataud, Paris, 5e, is an 
ingenious instrument, which has been designed for 
moving small objects through very short distances in 
three planes and, in particular, for adjusting slides 
or altering the position of specimens when they are 
being examined under a microscope. It consists of 
the manipulator proper, which is shown on the left- 
hand side of Fig. 1, and of the receiver, which can be 
seen in the centre of the same illustration. The 
manipulator comprises three pumps, which are 
arranged on approximately orthogonal axes. The 
piston rods of two of these pumps, which are hinged 
at the base and are slightly inclined to the horizontal, 
are connected through well-lubricated linkages and 
joints to the operating rod, which can be seen in a 
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vertical position in Fig. 1. This rod, which can be 
moved freely in all directions like a “‘ joystick,” 
adjusts the positions of the piston in one or other 
of two of the pumps according to the plane in which 
it is moved. The piston of the third pump is 
attached directly to the “‘ joystick ” and its position 
is altered by turning the screw, which is connected 
to the knob on the top of the latter. By holding 
this knob between the finger and thumb the operator 
can thus simultaneously control the movement of 
all three pistons, both in amount and direction. 

The receiver consists of three hermetically-sealed 
metal bellows (similar to aneroid barometer cap- 
sules), each of which is connected through rubber 
tubing to one of the pumps on the manipulator. 
They therefore expand or contract as the pressure 
in the system is increased or reduced by moving 
the pistons. These bellows are arranged approxi- 
mately at right angles to each other and are attached 
to bars to which the tongs holding the “‘ micro tool ” 
are secured. As will be seen from the illustrations, 
the bellows, bars*and tongs are carried in a frame 
which can be adjusted on a base plate and the whole 
assembly can be centred in the field of the micro- 
scope. 
The “ micro-tool”” can thus be moved in accord- 
ance with the movements of the joystick, irrespective 
of the position of the image shown by the magnifying 
system or its optical axis. The vertical movement 
is obtained by the screw action of the joystick and 
can be effected at a speed which depends on careful 
handling. The other movements are affected by 
transmitting the movement of the pistons through 
sliders of the gimbal type and can be adjusted so 
that the ratio varies between 40 to 1 and 1,200 to 1. 

The glass “‘ tools ” used in this micro-manipulator 
can be made in a “ micro-forge,” which is being 
exhibited by the same firm. « This consists of four 
main units: a microscope and its lamp; a heater 
for heating the tools; a vice for holding the 
latter and altering their position in the field of 
the microscope; and a cabinet, in which the 
ancillary apparatus is housed. The heater consists 
of a filament of platinum alloy, which is held 
in position between the objective of the micro- 
scope and the lamp in the form of a V by two 
spring tongs. The arms supporting these tongs are 
insulated from each other and cam be arranged so 
that the filament lies either vertically or horizontally 
in the field of the microscope. The air necessary 
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when the forge is used for certain classes of work is 
forced on to the heater through a pipe which 
terminates in two curved branches, one on each 
side of the filament, the air flow being adjustable by 
a valve. The supports of the tongs and the curved 
branches are pivoted horizontally and can be 
moved as a whole so that the filament follows a 
curve which is tangential to the optical axis. The 
positions of the filament and the air branches can 
also be adjusted vertically and horizontally by 
means of screws. 

The small cylindrical vice, in which the “ tool” 
that is being forged is held by a spring, is fixed to a 
circular table which can be placed with its axis 
either horizontal or vertical in front of the lamp 
casing. Both the table and vice can be rotated 
independently or can be moved as a whole with the 
work either vertically or laterally by actuating the 
appropriate adjusting screws. It is thus possible 
to forge the small tools required for use in the 
manipulator by turning them in the field of the 
heater filament. The current necessary for operat- 
+ing the micro-forge can be supplied at either 110 or 
220 volts through a flexible cable and a main switch. 
Other switches control the supply to the blower and 
enable the illumination of the microscope to be 
adjusted to two values. 

Among the apparatus shown by the Société de 
Commentry-Fourchambault et Decazeville, 84, Rue 
de Lille, Paris 7e, mention may be made of the 
micro-mechanical testing machine illustrated in 
Fig. 7, on this page. It is designed for making 
tensile tests on thin metal wire and strips and on 
textile fibres and tissues of all kinds. The deforma- 
tion of the test piece is amplified mechanically and 
deflects a spring which enables an optical record to be 
made on sensitised paper. This record is in the form 
of a graph on which the force applied to a wire run- 
ning at a constant speed until breakage occurs is 
shown as a function of the elongation. The usual 
mechanical characteristics can also he deduced from 
it. The material can be drawn through the apparatus 
at a speed which can be varied from 1 mm. to 
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300 mm. per minute ; and the forces to which the 
material is subjected, ranging from a few grammes 
up to 100 kg., can be accurately evaluated by tsing 
one of a series of 13 springs. The amplifier can also 
be adjusted so that elongations of from 0-5 per 
cent. such as would be obtained with piano wire, to4 
1,500 per cent., which would be reached by crude 
nylon, can be accurately measured. 

The same firm are showing a “‘ thermo-balance,” 
the object of which is to facilitate continuous 
weighing processes and at the same time to render 
them both more accurate and more sensitive. It 
has been designed particularly to provide a method 
of analysing the thermal transformations which 
occur in a solid or liquid and are accompanied by 
gas or vapour loss. The apparatus registers 
the variation in mass which takes place in a given 
time in the solid or liquid phase during the course 
of a heating process, when this process is carried 
out at a constant temperature or in accordance 
with an a priori time law, owing to the tempera- 
ture being maintained constant by an accurate 
regulator. Compared with the traditional form of 
balance, it is claimed that the ‘ thermo-balance ” 
has the advantage that the ordinary knife-edge is 
replaced by a suspension which is free from solid 
friction. Any disturbance due to hot-air currents is 
eliminated by covering the balance by a bell-shaped 
vessel. The movement of the beam, which is suitably 
damped, enables the variation in mass to be regis- 
tered photographically on a time curve, the points 
on which are accurate to 0-1 milligramme, while the 
graph itself is sufficiently clear to enable it to be 
used for elaboration by the derived-curve method. 
This thermo-balance has been specially designed for 
the study of the corrosion of alloys, the calcination of 
ores, the coking of coal, etc. 

A pantograph for cutting out relief maps is being 
shown by M. P. Richarme, 113, Boulevard Beau- 
marchais, Paris 3e, and is illustrated in Fig. 8. As 
is well known, relief maps can be produced either 
by laborious manual methods or by means of 
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Fie. 9. STRoporAMA FOR HiGH-SPEED 
CINEMATOGRAPHY ; RECHERCHES MECANI- 
QUES ET PHyYSIQUEs. 


apparatus shown, which has been developed from 
an earlier model made while the inventor was a 
prisoner of war in Germany, consists of a metal 
frame, which has been designed so that it can 
be erected on a table in a few minutes and easily 
dismantled for transport in a long flat case. In 
addition to the frame, it is provided with a tool 
and cutting wire which remove horizontal layers 
from the mass of clay forming the embryo model 
to a depth indicated by the contours of an ordi- 
nary map. These contours are traced out by 4 
stylus and transmitted to a graduated scale, the 
pointer of which raises or lowers the cutting tool. 
The roughly shaped contours obtained in this way 
are subsequently smoothed by hand. 

In order to overcome some of the difficulties 
experienced with high-speed cinematography, M. 
Libessart, while working in England with the Minis- 
try of Home Security, invented a device for pro- 
ducing the successive trains of sparks required in 
this work. His apparatus has been developed by 
Recherches Mechaniques et Physiques, 2, Rue 
Danton, Levallois-Perret, Seine, who are showing 
an apparatus capable of producing up to 10 timed 
sparks which can be used for high-speed cinemato- 
graphy at speeds up to 100,000 exposures per second. 
The Boys’s method is employed in the construction 
of this apparatus and by providing up to 10 images 
on one film it is possible for rapidly moving pheno- 
mena to be measured with extreme. accuracy. 
Several patterns of this equipment, to which the name 
Stroborama has been applied, are available, but all 
consist of a device for discharging in cascade across 
a common spark gap a number of condensers, which 
have been charged in parallel up to 10 kV. These 

harges are triggered by a second device con- 





complicated and expensive machine tools. The 


sisting of a jet of air which has been rendered 
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conducting by ionisation by an electric spark. One 
pattern of these instruments incorporates a record- 
ing arrangement in which use is made of a con- 
denser spark flashing over a Bakelite guide. This 
flash is so brilliant that direct recording is possible 
at distances up to 10 m. from the apparatus. 
Stereoscopic records can also be obtained by incor- 
porating a double spark gap in the discharge circuit. 
An essential feature of two other types of Stroborama 
is the inclusion of condensers with capacities of as 
high as 4 microfarads, which discharge through 
small gas tubes. These tubes are filled with xenon 
or neon gas under pressure and are placed at the 
face of a projector, as shown in Fig. 9, opposite, so 
that they produce an intense and concentrated light, 
which can be used for distant and stroboscopic work. 
They can also be used for direct cinematography 
at 10,000 frames per second. 

The molecular pump, which is constructed by 
Etablissements Beaudouin, Paris, consists essenti- 
ally of a forged Duralumin disc, 12 mm. thick, which 
rotates between two fixed end plates of the same 
metal, the gap between them being about 0-003 mm. 
wide. Four symmetrical S grooves, the sections of 
which increase rapidly from the preparatory cham- 
ber towards the high-vacuum end, are cut in these 
plates. The rotating parts of the pump, as well as 





the squirrel-cage motor and the gearing driving the 
disc, are mounted in an airtight housing which 
can be easily separated from the body of the pump. 
This disc is secured to a cone which, in turn, is 
clamped to an axle made of Duralumin of special 
composition. All the parts are, in fact, made of 
light alloy that has been thermally stabilised so 
that their coefficients of expansion are nearly equal. 

Two models are being shown, one of which has a 
disc 300 mm. in diameter running at a speed of 
6,000 r.p.m. This has a pumping speed of 25 litres 
per second at below 10-*mm. of mercury. In the 
second model the disc is 400 mm. in diameter and, 
when running at the samespeed, the pumping speed 
is 40 litres per second at 10-* to 10-* mm., 90 litres 
per second at 1C-* to 10-* mm., and 120 litres per 
second at 10-* mm. and below. 





PROPERTIES OF SEMI-CONDUCTING MATERIALS.—A con- 
ference on the properties of semi-conducting materials, 
with the emphasis on the conductive properties of non- 
metallic solids, is to be held at the University of Reading 
from July 10 to 15, under the auspices of the Inter- 
national Union of Physics in co-operation with the Royal 
Society. Further particulars can be obtained from 
Dr. H. K. Henisch, Department of Physics, The Univer- 
sity, Reading, Berkshire. 





ALUMINIUM PREFABRICATED 
SCHOOL BUILDINGS. 


Towarps the end of the Second World War, the 
Bristol Aeroplane Company, Limited, Filton House, 
Bristol, in common with the whole of Britain’s aircraft 
industry, were faced with the problem of converting 
their factories to peace-time uses and providing, so far as 
possible, employment for those engaged in war produc- 
tion. Accordingly, they set up a new company known 
as the Bristol Aeroplane (Housing) Company, Limited, 
and converted their Banwell and Oldmixon factories at 
Weston-super-Mare for the production of aluminium 
pre-fabricated houses. These two factories were built 
as part of the war-time “shadow” scheme and from 
1940 onwards produced a steady output of Bristol 
aircraft, first Beauforts, a torpedo bomber developed 
from the Blenheim, and later, Beaufighters. The 
conversion of the shops began as Beaufighter production 
slowed down, and the first Bristol “‘ A.I.R.O.H.” 
aluminium house was delivered to a site in the City of 
Bristol in September, 1946. From that time onwards, 
production increased steadily to a k output of 
approximately 200 houses a week and by May, 1948, 
a Government contract for 11,250 houses had been 
completed. The Bristol Aeroplane Company then 
started a new venture, namely, the construction of 
permanent prefabricated aluminium buildings for use, 
primarily, as schools, and by March, 1949, the first 
Bristol aluminium school, Lockleaze Primary School, 
Bristol, was opened. Since that time, some 70 school 
buildings have been completed on site, 31 are in the 
course of erection, while another 60 are scheduled for 
erection in the near future. Furthermore, the Govern- 
ment of Victoria, Australia, have placed an order for 
100 schools, 26 of which have already been dispatched. 

The system of construction used in the new buildings 
is a logical extension of the principles used in aluminium 
houses. Instead of delivering classrooms to the site in 
complete sections, however, wall and roof units and 
other main components have been standardised so 
that they can be packed flat, thereby economising in 
shipping space. A photograph of a typical school 
building is reproduced in Fig. 1, on this page, from 
which it will be seen that, although unusual, the appear- 
ance is not unattractive. The main structural frame- 
work of the external wall panels consists of aluminium- 
alloy extruded side columns connected by extruded 
transoms. The external faces of the panels are formed 
from 20-gauge aluminium sheet joggled to give addi- 
tional strength, and the internal faces from } in. thick 
hard-board to a height of 8 ft. 1} in. above site level and 
4 in. fibreboard above this level. The intervening 
cavity is filled with bitumen-bonded glass wool, which 
is claimed to provide a thermal insulation equivalent to 
a 1l-in. cavity wall. When wall panel units are used 
for kitchens, technical rooms, laboratories, etc., the 
hard-board surface is covered to a suitable height with 
20 or 24 gauge aluminium sheeting. 

The roof trusses, which are of the built-up type, 
are spaced approximately 4 ft. apart, and are available 
in spans of 16 ft. 3 in., 24 ft. 3 in., 32 ft. 3 in., and 
40 ft.3in. Aluminium-alloy extrusions form the main 
structural members and the design is arranged so that 
the roof may be erected easily on site. The roof pitch is 
12 deg. 30 min. and the top surface is covered with 
20-gauge aluminium sheeting backed by 4-in. thick 
millboard, the two layers being riveted to the top 
of the roof framework. The ceiling is formed by } in. 
fibreboard secured to the ceiling purlins by spring 
clips, but whereas the roof sheeting is riveted to the 
trusses at the factory, the ceiling boards are installed 
on the site. Thermal insulation is provided by a 
layer of bitumen-treated glass wool having a thickness 
of 1 in., which is laid over the whole length of each roof 
unit immediately above the ceiling framing. The 
corridor and cloakroom units, of lean-to form, are 
located beside the main structure. The roof has a 
pitch of 1 deg. and can be supplied in spans of 
8 ft., 16 ft., and 20 ft. The components forming the 
roof of these units are similar to those forming the main 
roof but are made as flat panels, while the thermal 
insulation, like that for the wall panels, is enclosed 
within the framework. The 20-ft. span can be fitted 
with domed roof-lights comprising hardwood frames 
raised above the outer roof cladding. 

The partition panels are available in heights of 
12 ft. 9 in., 9 ft. 3 in. and 8 ft. 3 in. In general, they 
are of similar construction to the wall panels, the main 
columns of the framework being aluminium-alloy 
extrusions. These are connected horizontally and 
vertically with rolled-aluminium channel-section mem- 
bers at approximately 18-in. centres, and each face 
of the framework so formed is fitted with }-in. thick 
hard-board to a minimum height of 8 ft. 1} in., the 
surface above this height being finished with } in. 
fibreboard. The intervening space is filled with 
bitumen-treated glass-wool thermal and acoustic 
insulating natal and, as in the case of the wall 
panels, when the partitions form part of a kitchen, 
technical room or laboratory, the hard-board is covered 
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with aluminium sheeting. Where structurally neces- 
sary, the partitions are strengthened by the addition of 
suitable diagonal bracing, to act as internal wind- 
braces ; otherwise, external wind-braces of the buttress 
type, illustrated in Fig. 1, are fitted. These are built 
up from aluminium-alloy extrusions covered on both 
faces with 20 gauge aluminium sheeting. 

As previously nientioned, the Banwell and Old- 
mixon factories of the Bristol Aeroplane Company 
have been converted for the production of the school 
buildings. Although the processes used during their 
manufacture are, in general, quite straightforward, 
much ingenuity has been shown over certain details, 
The door and window frames, for example, are built up 
from aluminium-alloy extrusions which are joined 
together at the corners by a low-temperature brazing 
process developed originally by the British Oxygen 
Company, Limited, Bridgewater House, St. James’s, 
London, 8.W.1. A typical door frame in the course of 
being brazed is shown in Fig. 2, on page 189. The glaz- 
ing is held in position by lengths of aluminium glazing 
bead and instead of putty, a plastic material known as 
Prestik is used. This material, which is manufactured 
by the B.B. Chemical Company, Limited, Leicester, is 
supplied in rolls from which the required length of 
strip is cut and folded round each edge of the glass. 
The glass is then placed in the window frame and is 
locked in position by the aluminium glazing bead. 
The complete process is exceptionally simple and 
saves considerable time over the traditional method. 
The extrusions for the wall panels, window and door 
frames, etc., are drilled by Wadkin radial drilling 
machines, turnover jigs being employed so that the two 
sides can be drilled at one setting. The rivet holes 
in the metal cladding and lighter frame members are 
pierced in a series of presses, the rolled channel-section 
members being pierced, cropped and formed at the 
ends in a single press operation. All components 
exposed to the weather are immersed in a bath of 
Pylumin solution, a proprietary composition developed 
by the metal finishing division of the Pyrene Company, 
Limited, Great West-road, Brentford, Middlesex, 
which gives a highly corrosion-resisting bond for paint. 
After treatment, the components are washed, dried, 
dipped in a bath of grey primer paint and finally 
stoved in a gas-fired stoving oven. 

Although designed primarily for use as schools, the 
buildings have many other possible applications and 
already have been used in various gp of Britain in 
connection with the pit-head bath scheme. Other 
potential uses include clinics, military -accommodation 
units, canteens, office buildings, and hostels, to mention 
but a few. The buildings are designed as permanent 
structures and it may be noted in this connection that 
the grants made by the Ministry of Education are on 
the same basis as for traditional buildings, namely, 
thirty years, 


LAUNCHES AND TRIAL TRIPS. 

M.S. “ INLAND.”—Single-screw cargo vessel, built by 
Messrs. Goole Shipbuilding and Repairing Company, 
Limited, Goole, for Messrs. Axel Brostrom & Son, 
Gothenburg, Sweden. Main dimensions: 200 ft. by 
33 ft. by 18 ft. 6 in.; deadweight capacity, 1,500 tons 
on a draught of 16 ft. 5 in. Nohab two-stroke single- 
acting Diesel engine to develop 900 b.h.p. at 225 r.p.m. 
and a speed of 10 knots in loaded condition. Launch, 
January 21. 

S.S. ‘“‘ Tomas TompPpion.”’—Single-screw trawler, built 
by Messrs. Cook, Welton and Gemmell, Limited, Bever- 
ley, Yorkshire, for Messrs. H. Croft Baker and Sons, 
Limited, Grimsby. Main dimensions: 171 ft. (between 
perpendiculars) by 29 ft. 6 in. by 15 ft. 6 in.; fishroom 
capacity, 13,000 cub. ft. Triple-expansion engines and 
one oil-fired boiler, supplied and installed by Messrs. 
Charles D. Holmes and Company, Limited, Hull. Launch, 
February 6. 

M.S. “* SycaMORE.”’—Single-screw vessel for the car- 
riage of citrus fruits, general cargo and twelve passengers, 
built by the Burntisland Shipbuilding Company, Limited, 
Burntisland, Fife, for the East Mediterranean /United 
Kingdom service of Messrs. Johnston Warren Lines, 
Limited (Managers: Messrs. Furness, Withy and Com- 
pany, Limited), Liverpool. Main dimensions: 363 ft. 
(overall) by 51 ft. 3 in. by 30 ft. 9 in.; deadweight 
capacity, 4,600 tons on a loaded draught of 21 ft. 74 in. ; 
gross tonnage, 3,342. Rowan-Doxford four-cylinder 
opposed-piston Diesel engine to develop 3,300 b.h.p., con- 
structed by Messrs. David Rowan and Company, Limited, 
Glasgow. Speed, 14 knots. Trial trip, February 11. 

M.S. ** CINGALESE PRINCE.”—Single-screw cargo liner, 
to carry twelve passengers, built and engined by Messrs. 
Vickers-Armstrongs Limited, Walker, Newcastle-upon- 
Tyne, for the Prince Line, Limited, London, E.C.3. First 
vessel of an order of two. Main dimensions: 440 ft. by 
63 ft. by 41 ft.; deadweight capacity, about 10,500 tons 
on a loaded draught of 28 ft. 9 in.; gross tonnage, 8,700. 
Vickers-Doxford six-cylinder oil engine, to develop 
6,600 b.h.p. and a service speed of 15 knots, Launch, 
February 16. 








LABOUR NOTES. 


Tue claims recently put forward on behalf of em- 
ployees in the engineering ind for an all-round 
increase of 20s. a week were , in the main, on 
the substantial gross profits which firms in the industry 
were stated to have making ae ag 4 past two 
to three years. However that ma: Engineering 
and Allied Em » National Federation stated last 
week that the profits in the industry had been exag- 
gerated—the individual employees, and the 
unions which look after their interests, appear to have 
been experiencing their — Sore coe the 
recent post-war years, An editorial article of some 
length in the ted Engineering Union’s 
Monthly Journal for Fe' ives a number of 
details of the improvements which have taken place, 
and contrasts these advantages with the conditions 
which existed after the termination of the 1914-18 war. 


The full employment policy of the Government has 
meant, the article states, that “‘ the total of unemploy- 
ment has been kept to about 300,000, and has not 
risen in any year above 362,000, which is a negligible 
total having regard to the fact that over 22,000,000 
persons have been kept fully employed, although, 
moving from job to job, many of these have been 
registered for very brief periods as workless.” The 
average level of unemployment in the A.E.U. was 
only 4,781, or 0-59 per cent. of their membership, 
during the post-war years 1945-49, and that figure 
includes the temporary unemployment due to the coal 
crisis in the early part of 1947. During the whole of 
those four years, the A.E.U. paid out in unemployment 
benefit only 178,3441., whereas during the 18 months 
following the end of the first World War, between 
July, 1920, and December, 1921, the Union distributed 
nearly 2,500,000/. 





It is the employment policy of the Government, 
together with the freedom from industrial disputes 
consequent upon the betterment of industrial relations, 
which has saved the A.E.U. not only vast amounts in 


the payment of benefit, the article continues, but has pre 


enabled the Union to build up substantial reserves, 
owing to the ability of their members to pay full 
contributions. ‘‘ Unemployment and under-employ- 
ment in the past has meant that members were absolved 
from the payment of contributions.” 





As to individual members, the article, continuing its 
comparison between the two -war periods, shows 
that employees have benefited considerably, but the 
article takes no account of the decline in the value of 
money, which has arisen during the intervening years. 
Illustrating how the — wage figure for the Union’s 
members declined m 4/, 8s. 4d. in June, 1920, to 
31. 1s. 6d. in August, 1922, and to 2/. 16s. in September 
1922, the article shows that this was due to small 
deductions, varying from 3s. to 5s. 6d. a week. Com- 

ing these figures with those relating to the 44 years 
ollowing the second World War, the article describes 
the contrast as “‘ startling.” The general wage figure, 
which stood at 4/. 11s. 6d. in May, 1944, rose by 4s. 6d. 
in April, 1945, by 6s. in April 1946, and by 5s. in 
October, 1948, at which date the figure stood at 51. 7s. 
Other advantages which the engineering employees 
have received during recent years are listed as “ 
minimum base rate, a 44-hour week, a guaranteed 
week, payment for Bank Holidays, and other improve- 
ments, too.” 





The rejection by the Engineering and Allied Em- 
ployers’ National Federation of the engineers’ wage 
claims for an increase of 20s. a week all round, which 
the unions requested should be paid out of profits, 
formed the main item on the agenda of the committee 
of the Confederation of Shipbuilding and Engineering 
Unions which met in York on February 14. They 
decided to recommend to the full meeting of the 
Confederation’s executive council on the following day 
that the individual unions should be requested to con- 
sider the situation and report their views to the next 
meeting on March 9. The executive council decided 
to accept that recommendation. The advantages of 
this step are that the Trades Union Congress, and those 
unions who are reluctant to act a to the Govern- 
ment’s policy of wage restraint, w be given more 
time to formulate their line of action, and that the reply 
of the shipbuilding employers to a similar wage claim, 
which is expected to be available early in March, could 
be considered at the same time. 





The national committee of the Amalgamated 
ineering Union, which is the highest delegate 
'y of that Union, is due to meet on March 2, and 


it is expected that the future course of action of the | am 


Union on the engineers’ wage claims will be decided 


then. The A.E.U. is the largest of the 37 unions 
affiliated to the Confederation and their decisions 
will consequently have considerable influence on the 
policy to be adopted by the Confederation. In all, 
some 30 engineering unions are concerned in the 
engineers’ wage claims. 
Strike action by during the last few days is 
ceed _ a ey the production of the 
= : A sate C 7, 
Limited, Glasgow. » See 150 operatives os al 
at the company’s Government shipbuilding yard are 
concerned.. They complain that a new working 
scheme in their workshop affects them adversely. 


—_——__— 


A dispute which arose at the Dagenham works of 
the Ford Motor Company Limited, over the dismissal 
of a shop steward, continues. The shop stewards’ 
committee at the works decided at a meeting on 
Tuesday last to tender 21 days’ notice to strike, to 
operate as from February 16. According to a statement 
by the company, the shop steward concerned was 
dismissed because he contravened the procedure agree- 
ment in force at the works by endeavouring to persuade 
another employee to restrict his output. It is under- 
stood that the strike notice covers a change in the 
procedure agreement, a wage increase of 20s. a week, 
regrading in the works, and the reinstatement of the 
shop steward concerned. 





Efforts were made by conciliation officials of 
British Railways on February 13 to settle the dispute 
which has arisen among railway shopmen at Doncaster 
and Ranskill over piecework rates. They reviewed the 
difficulties, which have arisen, owing to the introduction 
of the new rates, with tatives of the shopmen, 
and, it is understood, agreed that the Railway Execu- 
tive should be asked to hear the men’s case. Mean- 
while, the men concerned, to the number of about 
6,000, have expressed their determination to refuse to 
accept piecework, overtime, or Sunday work, as a 
test against the bringing into force of the new rates, 
which they claim affect their earnings adversely. As 
stated on page 162, ante, the rates to which exception 
is taken were introduced as the result of agreements 
prea the oe Executive, the Confederation of 

ipbuilding and Engineering Unions, and the National 
Unbe of Railwaymen, in an endeavour to smooth out 
certain existing anomalies. 





The traffic-receipts income of British Railways con- 
tinues to decline, although the rate of the fall appears 
to be easing. During the first four-weekly of 
the present year, to January 29, the total traffic- 
receipts income of the railways amounted to 22,017,000/. 
against 22,282,000/. for the four weeks ending on 
January 30, 1949, a decline of 265,0007. The total 
income from this source for the four weeks ending on 
January 30, 1948, was 23,617,000/., so that, in two 
years, the traffic-receipts income received during corre- 
—— four-weekly periods has declined 
t 1,600,000/. Passenger fares appear to give the 
most cause for alarm. In spite of the increase in rates 
in the autumn of 1947, the income of British Railways, 
from this source, declined from 7,624,000/. during the 


“se four-weekly period ending on January 30, 1948, to 


6,425,000/. for the corresponding period in 1949, and 
to 6,078,000/. for the four weeks ending on January 29, 
1950. The decline in income from this one source over 
corresponding four-weekly periods was 1,546,000/. in 
two years, 

Comparison of the figures for the first four-weekly 
period of 1949 with those for the corresponding period 
of 1950 shows that the income received by British 
Railways for the carriage of minerals, coal and coke, 





and parcels conveyed by train, has increased 
during 1950 in each instance. ights for the carriage 
of minerals rose from 2,339,000/. in January, 1949, to 


2,359,000/. in January, 1950; for coal and coke, 

ights received increased from 5,260,000/. in January, 
1949, to 5,407,000/. in January, 1950; and for parcels 
con by train, the income went from 
1,940,000/, in January, 1949, to 2,040,000/. in January, 
1950. On the other hand, income received from the 
carriage of merchandise and livestock declined from 
6,318,0002. in January, 1949, to 6,133,000/. in January, 
1950, a loss of 185,000/. 





Coal output during the first six/weeks of this year, 
to February 11, amounted to 25,629,900 tons, of which 
24,309,900 tons was deep-mined and 1,320,000 tons 
opencast. These figures show a slight improvement 
on the production attained during the nding 
period, to February 12, 1949, when the total output 

27,700 tons: 24,025,800 tons deep- 





F 
to 
endiied 1,101,900 tons opencast, 
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DESIGN OF TAIL PIPES FOR JET 
ENGINES INCLUDING REHEAT.* 


By Jonn L. Epwarps, B.Sc., A.M.I.Mech.E. 


In the propulsive duct, commonly known as the 
“ramjet” or “athodyd,” the velocity energy of a 
high-speed air stream is converted to pressure-energy 
by means of a suitable duct ; heat is supplied to the 
compressed air, and this heated air is then expanded 
in the form of a high-velocity jet. The increase in 
thrust is given by the product of the mass flow of 
air, and the difference in velocities between entry and 
exit ; it is necessary to project the duct at a high for- 
ward speed before any thrust can be obtained, and, 
except at very high speeds, the thermal efficiency is low. 
A possible application of the propulsive duct, however, 
is to append it to the exhaust of a gas-turbine engine, 
and by adding more heat to eject the gas stream to 
atmosphere at an increased velocity, increase the 
total thrust. This is the principle of “ exhaust 
reheat ” or “ after burning.” c 
_ If the exhaust system of a normal turbo-jet is altered 
in such a way that the temperature of the gases passing 
through the propulsive nozzle is increased, then, for a 
given size of nozzle, the mass flow will fall and the 
pressure in the exhaust cone will rise. This will result 
im compressor conditions moving nearer the surge 
point, and a decrease in the pressure drop across the 
turbine. If the power output of the turbine is to be 
maintained, a severe increase in entry temperature will 
be necessary, with obvious mechanical complications. 
If, however, concurrently with the increase of tempera- 
ture at the jet, there is an increase in the area of the 
propelling nozzle, the rate of mass flow and the turbine 
pressure drop may be'left unchanged. The compressor- 
turbine edaubiastion is thus unaffected by the applica- 
tion of reheat, but unless there is some means of reducing 
the nozzle size for normal running, a severe loss in thrust 
ean be ex when the engine is operated without 
reheat, © obvious solution is a variable nozzle, 
which, however, presents practical difficulties. 

The thermodynamic efficiency of any cycle depends 
on the temperature ratio, or, alternatively, the pressure 
Tatio, of the operating points. With a fixed heat 
supply and a fixed exhaust pressure, the higher the 
pressure of the gases before heat is supplied, the 
greater will be the thermal efficiency. This pressure, 
im the case of subsonic flow, is limited to that given 
by the critical pressure ratio, and can only be obtained 
by diffusing the gases entering the reheat zone to 
the lowest possible Mach number, and highest ible 
Pressure, before adding heat. In the theoretical survey 
Which follows, the usual symbols are employed : 


A denotes area, 


P,T ,, . total pressures and temperatures, 
P,t ,, static pressures and temperatures, 
Vv »» velocity, . 





* Sectional lecture delivered at the Royal Aeronautical 
Society, London, on December 6, 1949. Abridged. 
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Wa >» air mass flow 

Wy =, fuel mass flow, 

Y »» the ratio of specific heats, 2 * 
‘v 

(’) ,, conditions with reheat, 

M »» Mach number, 

D » diameter, 

l » length, 

F » thrust, 

and p » density. 
Fig. 2, on 192, shows a reheat pipe and the 


reference stations selected. Fig. 3 shows the cycle 
on a temperature-entropy diagram. The air enters 
the compressor at atmospheric pressure—possibly 


with pre-compression due to the forward speed of the | P 


aircraft—and is compressed with some increase of 
entropy. Heat is then applied at nominally constant 
pressure, and the gases are expanded through the 
turbine to point (1). The turbine-outlet pressure 
and temperature have been selected as fixed datum 
points. With the normal engine the gases would 
now be expanded through the propelling nozzle to 
form the propulsive jet. With reheat, however, the 
gases, after diffusion to point (3), are heated to the 
temperature of point (4), at the expense of some loss 
in total pressure, and are then expanded through 
the propelling nozzle to (5). The increase in tempera- 
ture makes more energy available for conversion to 
kinetic energy, but it increases also the amount of heat 
rejected in the wake, with a resultant increase in 
thrust at the expense of a decrease in thermal efficiency. 

If all losses are neglected, and the Mach number in 
the propelling nozzle is assumed to be less than 1, and 
the same with and without reheat, the turbine condi- 
tions being maintained steady by a variable nozzle, 
a simple relationship between the proportionate thrust 
increase and nozzle size can be obtained. For a 
given Mach number, the non-dimensional mass flow 
remains constant, and therefore : 


(Wat WIVT _ (Wh+WOVT 





(1) 


As Ps ALPS 

Neglecting the fuel flow into the tail pipe, we obtain : 
t 7 

As = Ts. ’ . » (2) 
As “T; 


In the same way, the non-dimensional velocities 
with and without reheat are equal, thus 
a vi 
vt, V0 
The thrust for a given mass flow under static condi- 
tions is directly proportional to the jet velocity, and 
therefore :— 





Yr vi T% 

F. .Y; T° 
Thus, the thrust and, nozzle size increase directly. as 
the square root of the absolute gas temperature. The 


(3) 





To “ VAMPIRE’’ AIRCRAFT. 


fuel consumption is given by the expression :— 


Wy X calorific value = (Wa + W}) x Cp X (TZ — T;). 
e e o 


(4) 

Fig. 4 shows the percentage thrust increases and Fig. 5 
the specific fuel consumption calculated from these 
equations for a Goblin engine. For an increase of 


30 per cent. in sea-level static thrust, a reheat specific 
fuel consumption of 4-20 Ib. per lb. thrust per hour 
would be required. The higher thrust will, however, 


reduce the time to climb to a given altitude, thus 
tending to reduce the effect of the higher specific fuel 
consumption. 

So far, perfect conditions have been assumed. In 
ractice a fundamental loss is incurred whenever heat 
is supplied to a moving gas stream. As a particular 
example, it is proposed to consider a thrust increase 
of 30 per cent. applied to the Goblin engine. Fig. 4 
shows that an ideal temperature ratio of 1-68 will be 
required. The actual temperature will be higher, 
when all the necessary adjustments for the various 
losses have been made, but this quick estimate serves 
as a guide. It is assumed that the area of the com- 
bustion zone is constant, that the gases entering and 
leaving this zone are evenly mixed as regards tempera- 
ture and velocity, and that all heat is supplied before 
the gases pass point (4). Neglecting friction losses, from 
considerations of momentum, continuity and state :— 

wv; wy, 


3 
—— +peAg= (5) 
7 3 As 





+ Dg Ag’ 
W = psAs Vs = pe Aa Ve (6) 


Re . (1) 


(8) 


Since 


it can be shown that : 
He i+yM 
% 1+ y MY 
From general gas dynamic theory, the expressions 
for the velocity and total temperature are 


(9) 





as Jivteie ‘ (10) 
14%—) 
2 
dis esutettadudiien (11) 
14+%—1 
2 
whence we obtain 
M, (1 ++ ut)! a, (1 +%o wy) he 
1+yMj 1 +yM} Ts 
; (12) 
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3. TEMPERATURE /ENTROPY DIAGRAM 
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po ied 
y-l.aty-1 


Py; _1+yMj 


P, 1+yM? 





Sr tee (13) 
1+ r= Mi} 

From equations (12) and (13), Fig. 6 has been plotted 
showing the relationship between temperature ratio, 
inlet and outlet Mach numbers, and the percentage 
total pressure loss; from these curves the following 
conclusions can be drawn: (a) the lower the inlet 
Mach number the smaller is the loss in total pressure 
due to, combustion ; (6) if the inlet Mach number is 
higher than 0-35, it will not be possible to exceed a 
temperature ratio of 2-3 before choking occurs at the 
end of the combustion zone, and the pressure will 
rise at the turbine outlet accompanied by a general 
increase in pressures and temperatures throughout the 
engine ; (c) at the inlet Mach number of 0-5, neglecting 
skin friction and “cold” losses, the maximum per- 
missible temperature ratio would be 1-46 if an increase 
in engine temperature were to be avoided. Fig. 7 
shows the increase of thrust which would be obtained for 
various inlet Mach numbers neglecting frictional losses. 
For the desired thrust increase of 30 per cent., the 
maximum inlet Mach number possible would be about 
0-36; this, however, would not only give choking 
at the end of the tail pipe, but at a temperature ratio 
of 2-2 would use nearly all the available oxygen. For 
the particular case considered, an outlet Mach number 
of 1-0 combined with a loss in total pressure of 15 
cent. would give a static pressure in the nozzle less 
than atmospheric impossible condition. 
The true maximum line for the Goblin is shown in Fig. 7 
and indicates a maximum inlet Mach number of only 
0-34. Maximum economy would be obtained by 
dropping the inlet Mach number to the lowest possible 
value. Below a Mach number of 0-2, however, this 
would require very large tail-pipe diameters. An inlet 
Mach number of 0-3 was therefore selected for the 
Goblin, requiring a temperature ratio of 1-77. 

In ——— of air flow ducting, losses will be incurred 
due to friction and eddy formation. The skin-friction 
losses on the walls of the tail pipe and inner cone have 
been analysed and found to be very small. In the 
reheat installation on the Goblin, the gas diffuses 
from the turbine outlet to the ing of the reheat 
combustion system, through a gently-expanding 
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annular passage, and it appears that only small diffusion 
losses are actually incurred. When combustion takes 

lace in a moving gas stream, a stable flame cannot be 
lormed unless the gas velocity is less than the flame 
velocity. Flame velocities of 25 to 30 ft. per second 
can be e generally, well below that of the gases 
in the tail pipe, even after diffusion. Some form of 
stabiliser must therefore be used, which will allow 
eddies to form, reducing the local gas velocity so that 
continuous burning can take place. Inevitably, such 
a stabiliser must introduce losses. 

To determine the “ cold ” losses, tests were run on a 
given nozzle, and the results were corrected for changes 
in jet-pipe temperature. The introduction of an 
obstruction in the tail pipe will tend to increase the 
pressure drop from the turbine to the nozzle for a 
given gas flow; if no change is made in the size of the 
propelling nozzle, this will lead to a decrease in the 
pressure ratio across the turbine and a drop in engine 
speed. If the speed is to be restored, the turbine entry 
temperature must be raised by increasing the amount 
of fuel, which will not only increase the total tempera- 
ture of the gases in the propelling nozzle, but may give a 
greater thrust. For any given speed, assuming the 
nozzle conditions to be sub-sonic, the mass flow, static 
pressure in the nozzle, and nozzle area, are known. 
It is possible, therefore, to select a range of values 


V 
of T, and evaluate wT which leads to —= and 
AD V T 


ae from which a curve of thrust against temperature 


can be drawn. From test-bed measurements of jet- 
pipe temperature and thrust, with and without 
stabilisers and without reheat, a correction can be 
applied to the thrust, based on the jet-pipe tempera- 
ture, which allows comparisons under identical tem 

ture conditions, and an evaluation of the “ cold ” loss. 
In the calculations which follow, a conservative value 
for the cold losses of 1-5 per cent. is taken, based on 
an analysis of test results; the fitting of a variable 
nozzle may, however, increase this value. 

An examination of the thrust res which can 
be expected over the speed range entails the calculation 
of the total pressure at the propelling nozzle, due 
allowance being made for variation in the cold and 
momentum-pressure losses. Both sub-sonic and 
choking conditions of the nozzle must be considered. 
It is ible to obtain conditions where the nozzle 
is culten before the application of reheat, but sub- 
sonic afterwards; no gen formula is given for 
this case, but it can be worked out from first principles. 
Under sea-level static, i.e., sub-sonic, conditions, the 
static pressure in the nozzle is atmospheric and the 


value for we is immediately available. The 
value for the pressure ratio, and hence the total pres- 
the 





sure upstream of the nozzle, can be obtained from 
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(Wa + Wp VT; = 1-645 . (4) 
y—1 
Y 


As Ds 
@) 
Ps 
Application of the fixed cold loss and variable 
momentum-loss correction from Fig. 6 will then give 
the total at the nozzle, with varying degrees 
of reheat. It can be shown that the proportionate 
thrust increase is given by the expression : 
i 
e oe Se wove, /2. -. (15) 
F (Wa+ Wy Vs T; 
VT, 
Under most flight conditions the nozzle is choking. 
From a knowledge of the engine thrust, mass flow; 








forward speed and nozzle size, the total pressure can 
be calculated from the formula 
Ps [ se | 
— =0-°798}1 — . » (16) 
Pa As Pa 
where fq is the atmospheric pressure. 
The pro rtionate thrust can then be calculated 
from the following equation : 
Feros _ 
F gross 
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where : 


1 Pafy +1 m6 

a hj tI - SE (22 "hah 

Vy y+) { P\ 2 
is the thrust factor. Changes in altitude affect the 
proportionate thrust increase slightly, but, in general, 
to an extent less than 2 percent. Fig. 8 thus shows 
the variation in the ionate thrust increase for 
a given temperature ratio with forward speed, at all 
altitudes up to 50,000 ft., for a Goblin engine with 30 








per cent. reheat. 

It remains to determine the size of the — a 
temperatures of the gases passing through the 
nozzle are so high that both the gas constant and the 
ratio of specific heats may have altered a jably 
Fig. 9 shows the variations in the gas constant ft 
against overall fuel/air ratio, while the mn 
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If the reheat system is to function smoothly, a stabl® 
flame must be formed, which will burn steadily over 
a wide range of mixture strengths and mass flows ; 
it must be easily ignitable, and combustion must be 
efficient. The method of flame stabilisatio: should 
avoid high losses when the reheat system is not 
operating. The high temperatures at which combus- 
tion is initiated will aid vaporisation, widen the 
stability limits and tend to produce a short flame. 
Conversely, the high proportion of nitro in the 
gases, together with the presence of carbon dioxide and 
water, tends to slow down the reactions, to increase 
the flame length and to narrow the stability band. The 
final combined effect will probably not be serious. The 
effect of velocity will be to concentrate the fuel around 
the stabiliser. With increasing amounts of reheat 
fuel, the rich extinction point will occur earlier at high 
velocities than at low. Summarising, it can be said 
that the only practical approach to the problem of 
stabiliser design, or methods of fuel injection, is that 
of trial and error. 

Under atmospheric conditions, although cool flames 
form at temperatures up to 700 deg. C, no true combus- 
tion will take place until about 800 deg. C is reached. 
Some form spark ignition is therefore essential. 
Fuel injection for reheat can be carried out quite satis- 
factorily using plain jets; atomisation is a function 
of the gas velocity, the jet size and the fuel ure. 
The major disadvantage ap to be uneven fuel 
——— ae jet pipe. This ean be overcome, to 

Ome extent, by placing the jets well upstream of the 
stabiliser, but then radial localication ‘of the inflam- 
mable mixture will be difficult, and ignition will occur 
only when quite a large proportion of the gas in the jet 
pipe is above the weak limit, implying a sudden rise 
in thrust, with no control, at low t boosts. 

The easiest way of determining the combustion-zone 
volume is by considering the combustion intensity I, 





which can be written in the form :— 


Wa 


calorific val 
I = Reheat fuel/gas ratio x >. ms catanacst te 


volume 


If the weight of the reheat fuel is neglected, this is 
constant for any given system. No correction will be 
n for altitude and forward speed, other than 
that which may be caused by changes in combustion 


(23) 


characteristics due to low pressures, since the ratio sal 


is constant for all conditions of flight when the nozzle 
is choking. A very approximate method of determining 
the minimum combustion-zone diameter involves an 
assumption of effective flame velocity. It is thought 


that a figure of 30 ft. per second is probably not unrea- 
sonable. Some aa of voueditien is-onitiel if 
the flame is to be self-supporting, and the shape of the 
flame is envisaged as a hot central core—the piloting 
zone—surrounded by a conical envelope of flame. The 
solid angle of this envelope will be determined by the 
resultant of the gas velocity and the flame velocity. 
A number of trial calculations have indicated that the 
volume thus obtained would give a longer tail pipe 
than that forecast by considerations of combustion 
gpa. Thus, if the tail pipe is made shorter than 
is called for on a basis of flame speed, the flame will 
not reach the sides, and all the fuel must be burnt in 
an inflammable core. The fuel in the outer layers 
would be wasted. ; 

In the reheat system on the Goblin, a V-shaped 
ae pipe Hy ag args Seong 
ing spra: into the hot gases upstream 
this ring ; the combustible mixture so formed eddies 
around the stabiliser and gives a self-piloting flame, 
with good stability characteristics. Although two plugs 
were fitted, one was quite sufficient to give smooth 
ignition, with a thrust increase of only 100 to 150 Ib. A 
variable nozzle has not been fitted, since the design 
difficulties have not yet been overcome. The thrust 
increase was limited, therefore, by the thrust available 
without reheat, which had to be sufficient for take-off. 

Ground tests were run on the standard engine to 





ber of such tests were carried out with three nozzles, 
differing in diameter by } in., which gave three points 
on the general temperature/thrust curve. Preliminary 
analysis, based on thermocouple readings, gave very 
erratic results, and it soon became obvious that some 
datum other than turbine-outlet temperature would 
have to be chosen. Since it was a reasonable assump- 
tion that, at a given engine speed and fuel flow, tem- 
peratures le be identical, engine fuel flow was 
selected as a datum and thrusts were com at 
equal engine consumptions. From a knowledge of 
the thrust, mass flows, and nozzle size, the necessary® 
temperatures for determining combustion. efficiency 
could be calculated by a method of successive approxi- 
mation. The efficiency was calculated by obtaining 
from Fig. 10 the ideal engine and reheat consumption, 
corresponding to the calculated temperature, thence 
finding the ratio of ideal to actual fuel flow. 

Flight tests were then carried out on a Goblin- 
engined Vampire, modified to incorporate a reheat 
system. A photograph of the aircraft and reheat 
installation is reproduced in Fig. 1. The fuel system 
comprised two Lucas pumps, supplying fuel through 
two branches, to the normal engine control box. 
and to a specially-designed reheat shut-off cock and 
control box, operated by a single lever in the pilot’s 
cockpit. A thrust increase of 13 per cent. at sea-level 
was obtained, which would increase to nearly 20 per 
cent. at 400 m.p.h. and 25 per cent. at 600 m.p.h. 
These thrust gains resulted in an increase of over 40 
m.p.h. in maximum forward and a 30-per cent. 

uction in the time to climb to operational height. 
There was no sign of “ rich-extinction ’’ when the air 
flow was cut down by reducing the engine speed, and 
“* weak-extinction”” only occurred when the fuel was 
shut off altogether. Aircraft handling was affected to a 
certain extent, since, in order to get the extended tail 

ipe into the Vampire, it had been tilted upwards 6 deg. 
From the | itudinal axis of the engine; this gave a nose- 
up change of trim. There was aslight vibrationwith re- 
heat in operation but otherwise the aircraft was normal ; 
the tail pipe showed no indication of overheating. 
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CONSIDERATIONS IN THE 
OPERATION OF AN OVERSEAS 
MAIL SERVICE,.* 

By James Gray, C.B.E., B.Sc. 


(Concluded from page 166.) 

A MORE serious and perplexing experience has been 
the repeated fractures of piston rods at the crosshead 
connection in double-acting engines. Figs. 19 and 20, 
herewith, show the design of piston rod, crosshead 
block, and the single crosshead shoe‘with slipper guides. 
The first failure was experienced in August, 1942. 
The ship had been in service from January, 1936. 
From the commencement of service until the fracture, 
the distance travelled by the ship had been approxi- 
mately 528,000 nautical miles, with approximately 
153,000,000 revolutions of the engines. 

War demand and other preoccupations prevented 
full investigation. The broken piston rod was renewed, 
and ambient damage was made good without interrup- 
tion of service. The incident was accepted as an 
extraordinary mishap, an assumption based upon 
experience of 14 ships in the same service for periods up 
to seven or eight years. These ships had a total of 
202 piston rods of similar design. Aggregate mileage 
and revolutions were approximately 4,927,000 and 
1,644,000,000. The length of service of so many rods 
supported the belief that the failure was a peculiar 
accident and not the first demonstration of serious 
constitutional weakness. 

In January, 1943, a second piston rod broke in the 
same vessel. The news was received from abroad. 
Before the vessel returned, the upper nut of a similar 
piston rod in another ship was found to be hard to 
move. The cause was found in large ares of the piston- 
rod thread having broken away, apparently by fatigue. 
The pieces of the first broken rod were then examined 
to identify whether common cause could be established. 
The fracture was transversely across the rod at the 
section approximately level with the upper face of the 
lower nut—the plane of the lower face of the crosshead 
block. Heavy “firing” and tearing showed on the 
plain portion of the rod and on the inside of the cross- 
head block. These observations led to the conclusion 
that the nuts had slackened in service, in spite of regular 
and frequent crankcase examinations, and that, for some 
time before fracture, the rod had been moving in the 
crosshead block with each stroke, though skilled and 
experienced operating engineers had failed to detect 
any indication of such movement before the smash. 
The slackening of the nuts and the consequent move- 
ment with each stroke being accepted, the resulting 
failure by transverse fatigue starting at the root of the 
screw thread at the smallest section appeared to be a 
reasonable conclusion. 

The phenomenon in the second ship suggested that, 
owing to imperfect mating and varying pressures 
between the screw thread of rod and nut throughout 
the length of the screw, the sections more heavily 
stressed had failed in series and allowed the nuts to 
slacken. Alternative surmise suggested distortion of 
the body of the nut under working stress. It was 
thought that, in the second instance, incipient failure 
similar to that in the other ship had been discovered 
and prevented. Each of these surmises was ultimately 
discarded in the light of further experience. When 
the original ship returned, it was found that the second 
fracture was similar to the first in detail. In both cases, 
the upper nut had been displaced about 1 in. up the 
rod by the blows which occurred as a consequence of 
* fracture. The degree of the erratic forces following 
fracture is illustrated by the fact that the connecting 
rod was not only bent, but compressed, on a diameter 
of 9} in., to the extent of about 1 in. in the length of 
7 ft. 8 in. The upper nuts of the piston rod were 
cut open, and the screw threads were examined. 
Destruction was so severe that it was not possible to 
distinguish with certainty between shearing of the 
screw threads and failure by fatigue. i 

The screw threads had been cut with normal work- 
manship. The theory suggested that, if even contact 
could be provided between the screw threads throughout 
their length and over the full width of the flanks, the 
failures could be prevented. Examination by micro- 
meter and microscope was directed towards improve- 
ment. The apexes of the rod threads were removed 
and flanks of the threads on the rods were ground to 
form. Later, a device was introduced to roll the roots 
of the threads. The benefit of rolling in relation to 
fatigue failure has been abundantly demonstrated in 
laboratory tests with small screws; the technique of 
Tolling a screw thread 6 or 7 in. diameter has its pro- 
blems peculiar to the greater dimension. 

The rods had been made of plain carbon steel with 
the following physical properties: ultimate tensile 
strength, 33 tons per square inch; yield strength, 20 

* The 22nd Thomas Lowe Gray Lecture, delivered at 


the Institution of Mechanical Engineers, London, 8.W.1, 
on Friday, January 20, 1950. Abridged. 








tons per square inch; elongation, 22 per cent.; Izod 
impact value, 15 ft.-lb. At a later date, it was decided 
to try mi -molybdenum steel providing: 
ultimate tensile strength, 45 tons per square inch ; 
yield strength, 34 tons per square inch; elongation, 
22 per cent. ; Izod impact value, 40 ft.-Ib. 

From August, 1942, to March, 1945, three more rods 
broke, making a total of five. All fractures were at 
the same place and each showed similar features. 
During this period, whenever opportunity offered, 
screw threads were carefully examined for fault, and 
nuts and locking plates for sign of movement. Faults 
in the screw threads were frequently found in the form 
of short lengths parted by fatigue fracture. Slack nuts 
and locking screws were not infrequent, and, in all 
cases, there was evidence of the nuts working on the 
faces of the crosshead block. All rods in fault were 
replaced by new rods with more accurately mated 
screw threads. 

Experience with the manganese-molybdenum alloy 
was disappointing. A fracture occurred in one case 
after only 15 weeks’ service, and about 8,000,000 
revolutions. It is an accepted fact that, while a plain 


Fig.19. ‘Fig. 20._; 










































































test-piece under fatigue will in general show a fatigue 
limit bearing a definite relation to ultimate stress, 
the effect of a stress raiser lowers the fatigue strength 
of alloy steel in greater. proportion than in the case of 
low-carbon steel. Small-scale labora’ tests showed 
absolute notched fatigue superiority of about 10 per 
cent. in the alloy steel in conjunction with the lower 
fatigue-stress/ultimate-stress ratio of the alloy steel. 
anaes each laboratory test established superiority 
of the alloy steel, full-scale experience directed otherwise 
— use was pre ; ied. inte 
origins 0 igue in service are not 
identified and uced in the laboratory. In 
service, fatigue is associated with stress raisers arising 
from design, workmanship, or corrosion, causing highly 
localised surface stress, tearing no direct relationship 
with functional stress, and consequently requiring 
extremely small amplitude of movement to establish 
the strain which starts .. The rupture develops 
without change in the structure of the material imme- 
diately adjacent to the fracture. Laboratory fatigue 
tests are more or less similar in repetition ; numbers of 
reversals are plotted as abscisse with fracturing 
stresses as tes, At about 10,000,000. reversals, 


.|the fore-and-aft direction 





the curve becomes horizontal. If the specimen endures 
a stress for 10,000,000 reversals, it should endure that 
stress for an infinite number of reversals. The law has 
not been a) t in the failures of piston rods. When 
the first failure occurred, each of the 20 piston rods in 
the ship had made about 150,000,000 double-strokes. 
A possible explanation of the difference between 
laboratory test and service experience is that the 
particular stress concentration resulting in fracture had 
only been established when the nuts were set up at the 
previous overhaul. 

Throughout the investigations, careful watch and 
check was made upon alignment. A more elaborate 
check was made when the vessels were laid up for recon- 
ditioning after war service, but on no occasion was any 
error found, either in running gear or in structure, to 
suggest cause of failure. In March, 1945, a piston rod 
broke in the plane of the upper face of the upper nut. 
Prejudice from the tentative theory of slackened nuts 
and tension fatigue first directed towards identification 
of an independent accidental cause. This was the 
first failure of the kind in an te of 200 piston 
rods, some of which had made nearly 250,000,000 
revolutions. Other rods soon failed with fracture 
in the same place. Reason suggested a common 
cause for both types of fracture. Fracture in the 
upper position was found to concur with improved 
finish and mating of the screw threads. 

The calculated working stress in the rod, from 
cylinder pressure.and inertia forces, checked by strain 
gauges, showed approximately + 34 tons per square 
inch. Small test-pieces indicated that fatigue stresses 
of this order should leave ample margin in fatigue. 
The influence of dimension in relation to the stress of 
fatigue failure with a stress raiser is still an object of 
laboratory research. There is some indication that 
while, in general, fatigue resistance diminishes as 
dimension increases, the decrease falls rapidly with the 
increase of dimension and that, above a moderate 
dimension there may be little or no decrease. Possibly 
each form of stress raiser will have its own law. 

Fractures at other positions in upper and lower screw 
threads followed. Figs. 21 to 24, o ite, show 
examples. Of the total failures, one-half were similar 
to the first, as shown in Fig. 21. The question to be 
answered was whether the fracture was due to excessive 
working stress, or to erratic and possibly inevitable 
secon stress. Increase of section was not easy 
to provide in existing engines and the need for increase 
had not been discovered. Fillets were improved 
and care was given to the formation of screw threads, 
especially to rolling at the roots. 

e suggestion of erratic stress, in conjunction 
with a review of all the failures in the search for common 
origin, led to the assumption that the failures were 
caused by the cantilever action of the fixture of the 
piston rod in the crosshead block. The path of the 
fatigue fracture was not confined to one direction, 
although more frequently it was found to be athwart- 
ship. The rod is long in relation to its diameter, the 
ratio between the length from piston to crosshead block 
and diameter of the body varies between 20 and 23. 
Vibration arising from forces acting on the piston 
appeared a probable cause, especially on the upward 
compression stroke. The effect of cylinder wear 
appeared to be of small importance, as the maximum 
difference of piston “ wander” between a worn and 
an unworn cylinder did not exceed 2mm. Whatever the 
origin of the bending forces, the fractures taken in the 
group justified the assumption that the stress was 
caused by the rigidity of the attachment of the piston 
rod to crosshead block. 

In early marine steam engines, it was customary to 
guide the piston crosshead assembly with tail rods and 


‘| with side guides at the crosshead slippers. Later 


practice discarded these, leaving fore-and-aft location 
of the reciprocating. assembly solely to the piston in 
the cylinder, with clearance between bottom end 
bushes and crank webs. The crosshead Diesel engine 
imposed new conditions. Economy in overall length 
required relatively short crankpins. Greater clearance 
of piston in the cylinder was called for by higher 
temperatures, and aggravated by increased rate of 
cylinder wear. Piston cooling called for telescopic 
supply-pipes, which require accurate location of the 
reciprocating in relation to the cylinder and guide 
structure, if failure is to be avoided. These considera- 
tions direct towards locating the moving assembly in 
y the crosshead slipper. 
On the other hand, the exact location of the crosshead 
psc ord prevents the crosshead block from adapting 
itself to any erratic movement of the piston rod. 
Ball-and-socket connection piston rod and 


‘| crosshead block was the evident. means to eliminate 


the rupturing stresses. To this solution there were 
two major objections: space available in existing 
engines would not a design with satisfactory 
for overhaul, and there was the extrem? 

y in providing and maintaining fit in a ball-nnd- 
socket joint necessary to withstand the heavy recipro 
cating forces. 
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The insertion of an articulating gudgeon between 
crosshead shoe and crosshead block, ean ee 


a com ¢ i other 
that in the fore-and-aft line. Relief of the crosshead 
slippers at the forward and after ian. ge for the whole 
depth, except a few inches at the level of the crosshead 
dgeon, would provide some accommodation, in the 
aa 7 direction, of crosshead to piston rod, and 
still leave sufficient length to locate the assembly. 
Figs. 25 and 26 show the original crosshead and Figs. 
27 and 28 the articulated crosshead with the modified 
crosshead slipper, the relieved portion of which is 
shown. 

The articulated crosshead was tried on the testbed, 
and in 1946 it was fitted in one unit of an eight-cylinder 
engine. After five months, during which the engine 
made over 10,000,000 revolutions, the vessel was 
released from war service for reconditioning. When 
dismantled, the gudgeon was found to be burnished, 
indicating that the crosshead block had rotated on the 
fore-and-aft axis of the articulating gudgeon, and had 
thus relieved transverse bending of the rod. 
Wear of the gudgeon was negligible, and no fault 
was found in piston rod or nut attachment. While 


Fig. 21. Fig. 22. 
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the absence of fault could justify no conclusion, it was 
decided to alter the remaining 15 cylinders in similar 
fashion. The alteration was completed when the 
ship re-entered service in July, 1947. The articulated 
crosshead has since been fitted in three other vessels 
in service, with a total of 46 cylinders, and two other 
Vessels, with a total of 36 cylinders, will shortly enter 
service. At all examinations, nuts have shown no 
sign of ing, and locking arrangements have been 
undisturbed. In the original design, when a rod is 
dismantled, fretting is always found on the faces of 
the nuts and crosshead blocks, and between the body 
of the rod and the bore of the crosshead block. The 
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the crosshead block in an athwartshi: 
er © ience is i 
the relief 


have a circumferential fatigue crack the usual form. 
ie? foul lay a ximately evenly on the fore-and-aft 


articulated crosshead had been fitted two years, and 
the crosshead slipper had been relieved six months 
before the discovery. It is reasonable to assume that 
the crack had started before the alterations were made. 

Some comment upon personnel may be appropriate. 

me geen and shipowning i share 
| other industries the bane as as the benefit of 
aang y the individuals of their staffs. Speci- 
jion is the immediate interest of the organisation 
and the easiest course for the individual, but it does not 
always equip him for higher authority. The wider 
pose control the individual may be required to exercise, 
© more necessary is range, at the expense of ible 
depth of knowledge. Development may be in breadth 
or in depth. It is lack of breadth of outlook, with its 
accompanying wisdom and capacity for decision, that 
so often makes it difficult to fill the higher executive 
positions. 

Those in executive control of the shipowner’s technical 
staff should constitute the link which reviews and adapts 
the separate traditions of shipowner and shipbuilder 
and determines the value of capital expenditure in its 
relation to running costs. For example, the saving 
achieved by lower specific fuel consumption has to be 
balanced against extra allowance for capital deprecia- 





NOTES ON NEW BOOKS. 


“ Vitesse” : The Story of “ Continental Express.” By 
Aytoun Exxis. Published by Burrup, Mathieson 
and Company, Limited, 6 and 7, Queen-street, Len- 
don, E.C.4, for Continenatal Express, Limited. 
[Complimentary.] 

In our issue of December 16, 1949, we recorded the 

centenary celebration of Messrs. Continental Express, 

Limited, the firm who, originally ‘‘ Friend and Com- 

pany, Proprietors of Continental Daily Parcels Ex- 

press,” used the Dover-Ostend packet route to operate 

a daily parcels service between London and the Con- 

tinent 35 years before the General Post Office began to 

carry parcels. Though handicapped by a lack of 
original records in the company’s own archives, Mr. 

Aytoun Ellis has m » by much industrious 

research in the British Museum, the Public Record 

Office, the records departments of the Post Office and 

H.M. Customs, and the National Maritime Museum, to 

gather sufficient material to make a connected account 

of considerable interest, and to illustrate it adequately. 

Since 1923, the Continental Express has been a sub- 

sidiary of the Proprietors of Hay’s Wharf, Limited, 

one of whose directors, Admiral Sir Aubrey Smith, 
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tion and higher cost of upkeep. Alternatively, the 
provision of ample working space and generous means 
of overhaul may incut capital expenditure that is 
small in its incidence in relation to resulting benefit in 
revenue. The executive should have proper experience 
in builders’ practice if faults are to be unde 

and obviated in future design. As a corollary, builders’ 
personnel should be intimately acquainted with faults 
which occur in service, and the conditions of correction. 
The incidence of two world wars has profoundly 
chan; the circumstances of the sea-going engineer. 
The British mercantile marine has ever been a great 
school for training competent mechanical engineers. 
‘In the old days of long hours and poor quarters, sea- 
going engineers did much of the overhaul. They 
were familiar with each detail of construction, but 
opportunity for family life was severely restricted. 
Different conditions prevail to-day. Pay is approxi- 
mately four times that prevailing before the 1914-18 
war, a ratio which compares favourably with that in 
other occupations. Annual leave has increased three- 
fold. Covenanted benefit has been established for 
sickness, and for periods of preparation for examina- 
tions for certificates of competency. The accommo- 
dation of a junior engineer to-day compares favourably 
with that of a chief engineer in the first decade of the 
century. Coincidently with these improvements, the 
proportion of engineers holding first-class certificates 
in several of the principal liner companies has dropped 
from approximately two-thirds to than one-third 
of the total staff. The engineer is on leave for the 
greater part of the time spent in the home port. Those 
who remain in the ship are fully occupied in tending 
the necessary port services. They have little oppor- 
tunity to in’ their operating experience by dis- 
covery in overhaul. The loss is to the industry in 
general, and to the sea-going engineer in particular. 
Accumulation of experience is confined to operation— 
experience which can be adequately acquired in a few 
years. Lack of wider development will tend to confine 
recruitment from the oes staff to positions of 
higher authority in the industry to the younger men 
not set in, and satisfied with, routine conditions of 
operation only. 

This is a period of change. The impact upon the 
sea-going engineer has been great. The art of engineer- 
ing is a complex of person and material. The skill 
of the sea-going engineer as measured by certificates 
of competency has diminished in conjunction 
improvement of amenity and remuneration. The sea- 

i must assess his circumstance to-day 
and decide whether he is satisfied to be an operator, 





The rod had a total service of ten years ; the 


and leave the creative part of his art to others. 


with | transmission, had to be o 


K.C.V.O., who is also chairman of the Dover Harbour 
Board, has contributed an informative foreword. 





Testing Machine Tools. For the Use of Machine Tool 
Makers, Users, Inspectors and Plant Engineers. 
Dr. Gro. Scuitesincrr. Fifth edition. The Machi- 
nery Publishing Company, Limited, National 
House, West-street, Brighton, 1. [Price 17s. 6d.] 


Tas book is well known to machine-tool makers 
and to many users, but the latter class is so numerous 
that there may well be a large number to whom it is 
still unfamiliar. It received an indirect advertisement 
when the Institution of Mechanical Engineers and the 
Institution of Production Engineers jointly published 
Acceptance Tests for Machine Tools in 1940, as the tests 
recommended were based on the limits laid down by 
Dr. Schlesinger, information about which was first 
made generally available in the Priifouch fiir Werkzeug- 
maschinen, published in Berlin in 1927. The first 
English edition was published in 1932 and the fact that 
a fifth edition has now appeared is evidence that the 
value of the book is appreciated. Modifications have 
been made, but the work still shows a general re- 
semblance to the original German model. Evidence 
of progress in content and usefulness is given by the 
fact that a German edition of 1931 contained 56 pages, 
the English, fourth, edition of 1945 containing 94, and 
the present issue 100. The main difference between the 
two latter is that a new section dealing with acceptance 
tests for woodworking machines has been added. This 
contains ten charts relating to the machines most 
commonly used in patternmakers’ and carpenters’ 
shops. The introduction to this new edition is signed 
by Dr. Schlesinger so that he was evidently able to 
compile the additional material before his death in 
October of last year. To any machine-tool user to 
whom this book is unfamiliar, but who employs the 
Acceptance Tests of the Institutions of Mechanical and 
Production Engineers, it may be said that Dr. Schlesin- 
ger’s compilation is greatly more detailed and explana- 
tory and covers far more ground, and that its format 
makes it much more convenient in use. Some may 
consider it an objection that tolerances are given in 
metric measure, but numerous conversion tables show- 
ing inch equivalents are appended. 


Electric Cables. By F. W. Matn. Third edition. Sir 
Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 12s. 6d. net.] 


Tue third edition of a book on electric cables first 
published in 1922 must obviously differ in so many 

ts from its progenitor as to make comparison 
difficult, if not impossible. The aim in both cases, 
however, has been to give the young engineer a 
practical guide to this important type of electrical 
equipment and, at the same time, to try to interest 
the general reader. The field covered is wide, so 
that the treatment is somewhat superficial, although 
information seems to be given on most branches 
of the subject. Descriptions of the latest Bnd 
materials used and of cables employed for different 
purposes are included. The author’s style is, how- 
ever, diffuse and much more information could have 
been compressed into the 100 odd pages allowed 
by the exercise of greater conciseness. Alternatively, 
the treatment of some of the sections could well have 
been made more detailed, even if certain digressions, 
such as the lengthy paragraph on direct-current 
The whole art of 
ing monographs of this kind is knowing what to 
leave out and the author has not quite learnt it. The 
book will be found useful as an introduction to a 





difficult subject. 
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THE AUTOMATIC GUIDING 
OF ASTRONOMICAL 
TELESCOPES. 


Tue form of mounting usually employed for sup- 
ing large astronomical telescopes, known as an 
atorial mounting, enables the instrument to be 

directed towards any star or other celestial object 
which appears above the horizon by turning the 
telescope tube about two axes at right angles to 
each other. One of these axes, known as the polar 
axis, is set parallel with the axis about which 
the earth makes its diurnal rotation, as a result of 
which the stars appear to rotate about the earth 





can generally be kept stationary in the field of the 
telescope with sufficient accuracy for visual observa- 
tions, since the astronomer can make manual 
adjustments from time to time, as may be required. 
The displacements of the image which occur are 
quite small, amounting to only a fraction of a 
degree, and are due to variations in atmospheric 
refraction, flexure of the telescope tube, errors in 
the driving gears, and other causes out of the 
control of the most accurate driving clock ; but they 
are sufficient to interfere seriously with modern 
astronomical work in which the star image must 
be kept stationary for several hours on a photo- 
graphic plate or the slit of aspectrograph. This has 
been done in the past by hand “‘ monitoring ”’ of the 
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Fig. 1. 


from east to west. If, therefore, the telescope is 
turned about the polar axis at the same rate as the 
earth, but in the opposite sense, it can be kept 
directed to the same celestial object for some hours. 
The other axis, known as the declination axis, is 
used for setting the telescope to the angular elevation 
of the star it is desired to observe above, or its 
depression below, the celestial equator. For any 
particular star, the setting in this axis may be 
Tegarded as constant, being unaffected by the 
Totation of the earth; but it is affected by certain 
disturbing influences which will be mentioned later. 

The rotation of the telescope is effected by a 
driving cleck working through gearing and con- 
trolled by an isochronous governor, instead of by a 
pendulum or balance wheel, since the movement 
must proceed continuously and not in a series of 
short steps. With this arrangement, a star image 





13-tn. ASTROGRAPHIC TELESCOPE EQUIPPED WITH EXPERIMENTAL GUIDING APPARATUS, 


image continuously throughout the whole of a long 
exposure, and, although very good results have been 
obtained, it will be obvious that the work is 
extremely tedious and not altogether satisfactory. 
It is to avoid this work, and at the same time to 
secure greatly improved results, that the apparatus 
described below has been devised. The develop- 
ment work has been carried out as part of the 
research programme of the Telecommunications 
Research Establishment of the Ministry of Supply, 
at Great Malvern, Worcestershire, the Chief Super- 
intendent of which is Mr. W. J. Richards, and the 
description has been prepared by Mr. T. G. Thorne, 
A.C.G.I., B.Sc., of that Establishment. The article 
is published by permission of the Chief Scientist, 
Ministry of Supply, and of the Controller of the 
Stationery Office. 

The apparatus referred to detects the displace- 





ment of the star image from its original position 
along two co-ordinates at right angles and produces 
electrical impulses which are used to reduce the 
displacement to zero. To demonstrate its possi- 
bilities under practical working conditions, the 
Astronomer Royal permitted the apparatus to be 
fitted to the 13-in. astrographic telescope at the 
Royal Observatory, Greenwich. Fig. 1 is repro- 
duced from a photograph showing the two axes 
of the telescope and the breech ends of the two 
tubes, one of which is used for visual purposes 
and the other for photography, together with the 
automatic-guiding apparatus as arranged for experi- 
mental . This equipment produces an 
electrical signal the amplitude of which is propor- 
tional to the angular displacement of the star 
image in a direction tangential to the movement of 
the telescope in right ascension, i.e., about the 
polar axis, and this signal is used to control an 
electrical servo system. It may here be desirable 
to explain that the right ascension of a star is the 
angular distance between the meridian containing 
the star and the vernal equinox, this being the point 
at which the sun crosses the equator on March 21 
each year. The angle is measured in hours, minutes 
and seconds from zero at the equinox, increasing 
towards the east. An analogous angular measure- 
ment which is sometimes more convenient to employ 
than right ascension, and is frequently used below, 
is known as the hour angle of a star and is measured 
in the same units but between the meridian of the 
observatory and that of the star. In this case, 
however, the meridian of the observatory is taken as: 
the zero and the hour angle is measured towards 
the west. Itis not difficult to see from the foregoing: 
that the hour angle of a star and its right ascension 
are, together, equal to the hour angle of the vernal 
equinox. 

To keep the installation described below as simple 
as possible, as its purpose was mainly to demonstrate 
the principles involved, the automatic correction 
was confined to the polar axis and not applied 
to the declination axis. In this connection, how- 
ever, it must be borne in mind that the amount by 
which the driving motor must be speeded up or 
slowed down to move the star image a given distance 
in the direction of right ascension depends upon 
the angle of declination to which the telescope is set. 
The movement would be zero at 90 deg. declination, 
since the axis of the telescope tube would then 
coincide with the polar axis and rotation in this. 
axis would not affect the position of the image. 
At zero declination, however, the tube axis would 
be at right angles to the polar axis and the effect. 
would be a maximum. In general, the correction 
that must be applied to the movement of the tele- 


Lael where 6 is the angle of declina- 


cos § 


scope varies as 
tion. 

The telescope selected for the experimental investi- 
gation of the automatic guiding apparatus is parti- 
cularly well suited for the purpose, since, in addition 
to the 13-in. telescope which is used for photographic: 
work, there is on the same axis a 10-in. visual tele- 
scope, incorporating cross-wires in the eyepiece 
that can be used conveniently to check the accuracy 
with which a star is being followed. The two 
telescopes can be seen in Fig. 1, that to which the 
small finder is attached being used for visual! 
observations, while the unit for detecting misalign- 
ment is enclosed in a light-tight bag attached to the 
breech end of the 13-in. instrument. The polar 
and declination axes will be recognised and the smalk 
motor used for rotating the telescope about the 
polar axis can be seen in the foreground attached 
to the pedestal. 

The method used to detect misalignment of the 
star is shown diagrammatically in Fig. 2, page 198. 
Light from the star passes through the fixed gear- 
wheel A, and is brought to a focus on the plane of the 
graticule B, which has alternate transparent and’ 
opaque spokes. The light then passes on to a photo- 
electric cell, where it is converted into an electrical’ 
signal. The gearwheel C, which is fixed to the grati- 
cule, engages A and the axle of C is made to rotate 
about A, as shown by the dotted circle. The light 
from the star is thus chopped by the graticule. 
When the star is exactly in the centre of A, the- 
path of the image of the star on the graticule is- 
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shown by the lower of the two dotted circles in 
Fig. 3, and the resultant output of the photo-cell 
is a square wave of equal on and off periods, as 
shown in Fig. 4 (a). When the star moves from 
the centre of A, the path of the star image on the 
graticule becomes an eccentric circle and the output 
waveform, as shown in Fig. 4 (6), is cramped 
together when the star image is passing inside its 
correct path and opened out when passing outside 
its correct path, i.e., the photo-cell signal is fre- 
quency modulated. The cycle of modulation is 
repeated every revolution of C about A, and the 
depth of the modulation is proportional to the mis- 
alignment. The phase of the frequency modulation 
with respect to the position of C around A is deter- 
mined by the angular direction of the misalignment. 

With the graticule at the prime focus of the 
telescope, the frequency-modulated wave is given 
approximately by the expression :— 


5-84 Ld 
hao f= 41 - Tor RO 2 Sm + #} on] 
where 
fg = the frequency at which the star light is chopped 


by the graticule. 
Sm = the frequency at which C rotates about A. 
L = the focal length of the telescope in feet (11-25 ft.). 
d = the misalignment of the star in seconds of arc. 
R = the radius in inches of the circular path of the 
star image on the graticule (1 in.). 
¢ = the time in seconds, and 
¢@ = the angular direction of misalignment. 

The camera is shown fitted to the telescope in 
Fig. 5, opposite, and Fig. 6 shows it removed from 
the telescope so that more detail can be seen. These 
illustrations show the photo-multiplier, graticule 
and its driving motor. The graticule has 18 spokes 
and the gear ratio of A to C is 1-5:1. In one 
revolution of C about A, the light is chopped 
(1-5 + 1) 18 = 45 times. The motor rotates at 
22-5 cycles per second, so that frequency modula- 
tion is repeated at 22-5 cycles per second and the 
carrier frequency is 45 x 22-5 = 1,012-5 cycles 
per second. Inserting these values in the above 
equation gives 

f = 1,012-5[1 — 6-56 x 10-* dcos (45 wt + ¢$)] 

The amount of light received from a star is very 
small and considerable amplification would be 
needed with the usual photo-electric cell having a 
sensitivity of 20 micro-amperes per lumen. For 
example, the light collected from a second-magni- 
tude star with a 13-in. telescope is 3-4 x 10-* 
lumen, so that the output across a megohm load in 
the photo-cell circuit is only 6-8 x 10-" volt. The 
development, however, of the photo-multiplier tube, 
such as the R.C.A. 931, which comprises a photo- 
electric cell and a secondary-emission multiplier in 
one glass envelope, greatly reduces the amount of 
amplification needed. The sensitivity of the R.C.A. 
931 is of the order of 5 amperes per lumen, and this 
gives an output of 0-17 volt across a megohm load 
from a second-magnitude star. 

Before the output from the photo-cell can be 
used to control a direct-current motor which drives 
the telescope in hour angle, it must be de-modulated 
and a direct-current error signal obtained which is 
proportional to the misalignment of the star along a 
co-ofdinate tangential to its movement in hour 
angle. Misalignment in declination will also pro- 
duce a frequency-modulated wave and it is essential 
that this should not produce a direct-current signal 
at the motor; otherwise any slight misalignment 
in declination when the telescope is set on a star 
will result in it being driven off the star in hour 
angle. 

The methed in which the direct-current control 
signal is obtained is illustrated by the block 
schematic diagram, Fig. 7, opposite. The output 
from the photo-cell is amplified by amplifier A and 
passed to the detector C, together with a sine-wave 
generated by a phonic wheel in the camera, and 
amplified by B. The phonic wheel can be seen on 
the motor shaft in Fig. 6. The number of teeth is 
such that the frequency is 1,012-5 cycles per second, 
i.e., the same as the carrier frequency of the photo- 
cell output. The phase of this synthetic carrier is 
adjusted so that when added to the photo-cell 
output, the frequency modulation is converted to 
amplitude modulation which is then de-modulated 
to produce a sine wave of 22-5 cycles per second, 
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This sine wave is amplified by D and passed to a 
phase-sensitive rectifier E, where a direct-current 
signal proportional to the misalignment along a 
co-ordinate tangential to its movement in hour 
angle is obtained. 

This phase-sensitive rectifier is, in effect, a switch 
controlled by a waveform obtained from the square- 
wave generator F (Fig. 7). This generator is 
triggered at a repetition rate of 22-5 cycles per 
second by impulses from a second phonic wheel 
on the motor shaft. The phase of the square wave 
is adjusted by moving the phonic wheel pick-up 
coil until it coincides with that of a signal due to 
misalignment in right ascension. 

In Fig. 8, a is the input to the phase-sensitive 
rectifier when there is misalignment in hour angle 
and 6 is the switching waveform which allows the 
input to be connected to the output during the 
period A B, but disconnects it during the period 
BC. The output, shown at c, has a direct-current 
component which is the error signal of the servo 
system. When the misalignment is in declination, 
the output of the phase-sensitive rectifier is as 
shown at d. After switching by 5, the output is 
as shown at e. This signal has no direct-current 
component and so will have no effect on the hour- 
angle motor. Similarly, an input waveform due to 
misalignments in hour angle and declination when 
switched will have a direct-current component 
which is proportional to misalignment in hour angle 
only. 

The method used to convert from frequency to 
amplitude modulation gives an output which is 
proportional to the amplitude of the first-order 
side band of the frequency-modulated signal. The 
amplitude of this side band does not vary linearly 
with misalignment but follows a Bessel function of 
the first order and first kind. This means that, 
although, at small misalignments, the output is 
approximately linear with misalignment, at large 
misalignments it becomes non-linear, and the output 
has a maximum value when the misalignment is 
66 seconds of arc. A still further increase in mis- 
alignment results in a decrease in the output signal 
which becomes zero at 132 seconds of arc. For 
the telescope to pull-in and lock-on to a given star 
it must originally be directed to the star accurately 
to within 132 seconds of arc. 

A block schematic diagram of the servo loop is 
shown in Fig. 9, on page 200. The misalignment 
signal is fed through a resistance R, to the input of 
the amplifier A, which supplies field current to the 
servo motor. The armature is fed through a resist- 
ance from a 24-volt direct-current supply. This 
motor is, in fact, a motor-generator and the generator 
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is used for supplying a signal proportional to the 
output velocity for stabilising the servo loop. The 
generator is connected to the input of the ampli- 
fier A through the condenser C and resistance R,. 
The motor shaft is coupled through reduction 
gearing having a ratio of 215,000: 1 to the polar 
axis of the telescope. This reduction ratio was 
chosen so that, when following a star, the servo 
motor rotates at a convenient speed of 150 r.p.m. 

When a star is being followed, the motor is 
rotating at practically a constant speed and the 
generator is producing a steady direct-current 
voltage. If the condenser C were short-circuited, 
then, in order that the input to the amplifier shall 
have the small value required to produce sufficient 
torque to overcome friction, the generator voltage 
must be opposed by an error voltage. With the 
condenser C in circuit, the steady direct-current 
voltage from the generator is prevented from 
reaching the input of the amplifier. No steady 
opposing error voltage is therefore needed, with the 
exception, of course, of the small amount to over- 
come friction. The telescope thus follows the star 
with a very small lag. In Fig. 9, 

6, = the hour angle of star in radians, 

6, = the hour angle of telescope in radians, 

€ = the error in hour angle in radians, = 6, — 6, 
p = differentiation with respect of time, 

G = the error voltage per radian misalignment along 

axis of telescope, 

K = the generator voltage per radian per second, 

N = the reduction-gear ratio, and 

3 = the declination of the star. 

The angular movement of the telescope with 
respect to the star is « cos 8, which makes the direct- 
current misalignment signal Ge cos 8 volts. Since 
the amplifier A has a very high gain, the input 
voltage required to produce the maximum torque 
of the motor is so small that the point B can be 
considered to be at earth potential. The current 
preduced in R, by the misalignment voltage must 
equal the current through R, and C due to the 
generator voltage, i.e., 


GecosS5 NKp@, 
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This is the equation of a resonant system in which 
the resonant frequency f, is given by 
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and the damping A by 
2A xin = 


R, G cos § 


Asuitably damped response at a desired frequency 
can be obtained with suitable valves for the various 
factors. For the response to be the same with 
stars of different declinations the value of Go 

1 
must be kept constant. This can be done by 
making G inversely proportional to cos 5, or N or K 
proportional to cos 6. 

The performance of the apparatus, i.e., the accu- 
racy with which a telescope follows a star, depends 
upon mechanical friction ; the resonant frequency 
which determines the ability to follow rapid changes 
in refraction caused by atmospheric irregularities ; 
and the amplitude of noise signal, which depends 
upon the resonant frequency of the system, and the 
magnitude of the star. The effect of friction is 
kept small by using a high-gain servo amplifier. 
The random motion of the star caused by atmo- 
spheric irregularities varies from night to night but 
it is quite common for it to reach an amplitude of 
+ 5 seconds of arc. The amplitude of the error 
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which occurs when the servo is following these 
motions depends upon the resonant frequency of 
the servo system. If, for example, the resonant 
frequency is the same as the frequency of the 
disturbance, the amplitude of the disturbance will 
be halved, with a critically damped system. A 
reduction of amplitude of the disturbance to 4th 
requires a resonant frequency which is three times 
the disturbing frequency. On the other hand, 
increasing the resonant frequency increases the 
amplitude of the noise due to the “shot ” effect at 
the cathode of the photo cell. This noise is due 
to the fact that electrons are discrete particles 
emitted from the cathode in a random way, so that 
the resultant cathode current has a random or 
statistical variation. 

The R.M.S. value of the noise current I,, is given 
by the expression 


In = 3-18 x 10-1 I Af amperes 





where 


I = the mean cathode current in amperes, 
Af =the frequency bandwidths of the system in 
cycles per second, 
= 2 f, with a critically-damped servo system. 





Fie. 6. Dertarts or Error-Detrectina EQuirMEnNtT. 


Thus the signa] from the photo-electric cell is propor- 
tional to the light received from the star, whereas 
the R.M.S. noise is proportional to the square root 
of the light from the stars. Since, with different 
stars, the gain of the amplifier has to be adjusted 
to provide a given output for a constant performance 
of the servo system, the R.M.S. noise is inversely 
proportional to the square root of the brightness 
of the star. 

This noise produces a random movement of the 
telescope which is indistinguishable from the 
movement of the star in the field of view of the tele- 
scope due to atmospheric irregularities. The 
optimum resonant frequency is that at which the 
star movement due to the cathode noise is equal 
to that caused by the atmospheric irregularities. 
Since the amplitude of the atmospheric irregularities 
varies from night to night, the optimum resonant 
frequency is not a fixed value for a given star. 
Under conditions when the disturbances produced 
by atmospheric irregularities were small, the star 
Polaris (magnitude 2-12, declination 89 deg. 01 min.) 
was followed with an accuracy of better than one 
second of arc, with a resonant frequency of 7th cycle 
per minute. Increasing the resonant frequency to 
0-25 cycle per second resulted in a random error 
due to shot noise having a maximum amplitude of 
three seconds of arc from the mean position. Since 
the amplitude of the movement of the telescope due 
to shot noise is inversely proportional to the slope 
of the error signal-misalignment curve, a much 
improved performance could have been obtained by 
increasing this slope. This can be done by the use 
of an optical magnification system, or by increasing 
the modulation index of the frequency-modulated 
signal by an increased number of spokes or a de- 
creased radius of the path of the star image on 
the graticule. The only other effect of this increased 
slope is to decrease the maximum permissible 
misalignment of the telescope for pulling in. 

In conclusion, it may be stated that the results 
obtained show thatitis possible to guide astronomical 
telescopes accurately provided there is a star of 
sufficient magnitude for the movement due to the 
shot noise of the photo-cell to be negligible. The 
larger the telescope, the more difficult it will be to 
follow rapid atmospheric wander, owing to the low- 
frequency flexural resonances and the large inertia 
of the moving part. These difficulties could be 
overcome, when the telescope is used for photo- 
graphic work, by making two servo motors move 
the relatively light photographic plate in two 
co-ordinates at right angles so as to follow the 
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atmospheric wander in hour angle and declination. 
In this case, the error-detecting equipment will 
have to be fitted to one side of the plate holder and 
determine the misalignment of a star at the edge of 
the field of view. The telescope itself could be 
rotated about its polar axis either by a clock- 
controlled motor or by a servo system controlled 
by the steady component of the misalignment 
signal in hour angle, as indicated in Fig. 10. 
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Fundamental Techniques in the Frequency Adjustment of 
Quartz Crystals. By LELAND T. Sogn and CATHERINE 
BarcLay. National Bureau of Standards Circular 
No. 480. Superintendent of Documents, United 
States Government Printing Office, Washington 25, 
D.C., U.S.A. [Price, 10 cents] 

Quartz crystals have now become indispensable 
components in practically all electronic equipment 
requiring precise frequency control. Ideally, the 
vibration of a given specimen excited in a specified 
manner should be confined to a single mode so that, 
at each assigned temperature, it will operate at 
one particular frequency. Should it then become 
necessary to alter this frequency, either a fresh 
crystal has to be substituted or the existing crystal 
has to be re-dimensioned. If the new fundamental 
frequency is required to be more than about 1 per 
cent. lower than the original fundamental frequency, 
the former alternative must be adopted, whereas 
no similar restriction applies to the adjustment to 
higher frequencies. The object of this circular is 
to describe suitable techniques for changing the 
natural vibration frequency of a quartz crystal 
plate from one value to another. 

To proceed intelligently, the operator should 
understand the basic theoretical principles and these 
are outlined in the introduction. About 10 per cent. 
of all crystalline substances exhibit electrical polari- 
sation when strained by the application of pressure, 
and it is this piezo-electric effect that provides the 
requisite coupling between an electrical circuit and 
the mechanical properties of a crystal. Quartz is 
the most satisfactory material for the purpose, 
having extreme physical stability and superior 
elastic properties, while naturally occurring speci- 
mens of adequate size and purity are plentiful. 
Certain desirable features, such as small frequency 
drift with temperature and weak coupling to 
unwanted modes, can be secured by appropriate 
cutting of the original crystal, and illustrations of 
standard types of crystal cuts are given. In actual 
practice, the main mode associated with a specific 
cut is often coupled with other secondary modes. 
Thus, in cuts most commonly used at high fre- 
quencies, the thickness shear is the desired mode ; 
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but low-frequency flexural and face-shear vibrations 
may also be present and, if harmonics of these 
coincide with the high-frequency shear, they become 
extremely troublesome. Moreover, as the tempera- 
ture coefficients of these face shear and flexural 
modes are not the same as for the thickness shear, 
a crystal may perform satisfactorily at one tempera- 
ture and quite unsatisfactorily when the tempera- 
ture alters by only a few degrees. Correct dimen- 
sioning is shown to be as important as correct 
orientation if desirable frequency-temperature char- 
acteristics, erratic amplitude jumps and unwanted 
modes of oscillation are to be avoided. It is also 
pointed out that, when the frequency of a crystal 
has been raised by reducing its thickness, it may 
also be necessary to modify its edge dimensions in 
order to raise flexural] and face-shear harmonics the 
same amount. 

The actual technique of frequency adjusting is 
discussed in considerable detail. Frequency changes 
of the order of a few kilocycles per second are most 
readily accomplished by etching in solutions of 
fluorides and other chemicals. When more extensive 
frequency changes are required, hand grinding is 
the established procedure. Useful hints on materials 
and methods for carrying out this process, and for 
checking its progress, are given. A final adjustment 
by etching is recommended, since it improves the 
activity and stability of the specimen and counter- 
acts the ageing factor. Should the grinding be 
carried too far, loading of the crystal to lower its 
natural vibration frequency, by increasing its 
inertia without affecting its elastic response, can 
be resorted to. The most satisfactory material for 
the purpose is solder, and instructions are given for 
its application and remova]. To test the perform- 
ance and check the activity of a quartz crystal 
after frequency adjustment, a high-frequency oscil- 
lator is indispensable, and the diagram of a suitable 
circuit for the purpose is included. The hand 
finishing of quartz crystals is an art demanding 
skill which can only be acquired by practice. The 
clear and comprehensive directions contained in this 
circular provide the inexperienced operator with 
that appreciation of the factors involved which is 
an essential preliminary to success. 


Fire in Buildings. By Eric L. Birp, M.C., A.R.I.B.A., 
and STaNLEY J. Docking, M.A., A.R.I.B.A. Adam 
and Charles Black, Limited, 4, 5 and 6, Soho-square, 
London, W.1. [Price, 15s. net.] 

Tuts book is important by reason of its message, 

the timing of its publication and its deliberate appeal 

to a specific section of the community. Its aim is 
the awakening of “ fire consciousness ” and this 
theme runs through the book with a spirit which has 
something of the fervour of a crusade. The wastage 
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of life and property caused by fire is even now not 
generally realised. The authors endeavour to 
show that planning and research can reduce this 
wastage. Their analyses of the causes of fire, of 
how and why outbreaks spread, and of the behaviour 
in fire of various materials and different types of 
constructions are well done, and their review of the 
“‘ case histories ” of past fires should be instructive 
not only to those with an active concern in fire 
prevention but to the general public as well. The 
style of the whole work is sufficiently readable 
to encourage the hope that it will attract attention 
beyond the specific circle, namely, architects, for 
whom it is primarily intended. 

It is, perhaps, hard on the authors and publishers 
of the book to offer the criticism that it would have 
been more useful if it had appeared earlier, especially 
as, in a factual sense, it is so up to date ; neverthe- 
less, it is a pity that a work which aims at educating 
the large bedy of architects and planners who will 
be responsible for rebuilding the damaged towns of 
Britain should make its appearance so late in the 
day, when a considerable amount of planning is 
already in progress. However, it is better late than 
never. It is the first book, we believe, in this 
particular field and even if, through lack of time, 
it does not succeed in carrying all of its principles 
into the buildings pow about to be erected, its 
influence should represent a big step in the right 
direction. The book is written by architects for 
architects, so that the authors have been able to 
assume that their readers will have a basic know- 
ledge of building construction ; consequently, the 
central theme is not overloaded with technical 
details. Such technical data as do appear relate 
mostly to fire research and are essential for the 
purpose ofthe argument. Anexcellent bibliography 
provides reference to the various authorities from 
whom the facts have been obtained. Attention 
may be drawn to an evident error in Fig. 2, on page 
91, where a temperature of 300 deg. F., obviously 
should read 1,300 deg. Apart from that, the only 
adverse comment that we have to make is that 
many of the half-tone illustrations are too small 
to show detail and that, as they are grouped on 
art-paper plates, some of them are rather incon- 
veniently remote from the text to which they refer. 
This, however, is only a minor defect in a book that 
should prove to be of real value to designers of 
buildings of all types, but especially of large 
factories. 





NEw SINGLE-PHASE HOUSE SERVICE METER.—The 
introduction of a new single-phase house service meter 
which is the result of joint research by Messrs. Ferranti, 
Limited, Hollinwood, Lancashire, and British Insulated 
Callender’s Cables, Limited, Norfolk. House, Norfolk- 
street, London, W.C.2, is announced. 
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VIII.—Tue Arrcrart Inpustry. 


For the aircraft industry, 1949 was a turning 
point. Since the war, the industry has been suffer- 
ing from an immense handicap due to the concentra- 
tion upon fighters and light bombers during the war. 
The transition from war to peace production, 
marred by the melancholy history of the Tudors, 
was difficult. United States manufacturers, on the 
other hand, were able to enter the post-war period 
with civil aircraft types far in advance of the British, 
largely owing to their concentration during the war 
on heavy bombers and transport machines. They 
gained so dominating a position that, in order to 
run competitive services, British airline and charter 
operators were forced to buy American aircraft. 
American Skymasters, followed by Constellations 
and, more recently, Canadian Argonauts, have 
equipped all the leading world air lines. American 
dominance has still to be shaken ; indeed, in 1949, 
British aircraft imports amounted to 17-41. millions, 
two and a half times as much as in 1948. There is 
now every prospect, however, that, as a result of a 
bold decision taken as far back as in 1945, Britain 
will be pre-eminent in the civil aircraft field in the 
very near future. It was then decided that, since 
Britain could not hope to overtake the Americans 
in reciprocating-engine types, the future of the air- 
craft industry should be staked upon the evolution 
of the gas turbine. At some considerable risk, the 
time for design and development was curtailed by 
about two years and, as a result, Britain has, in 
1949, three civil gas-turbine air-liners which will be 
in operation at least two years before any compar- 
able American machine. 

The outlook for military aircraft production is 
less promising. In 1949, there was a notable 
expansion of output, and the amount being spent 
on military aircraft at the present time is con- 
siderable. The Air Estimate (Royal Air Force) vote 
for 1949-50 visualised an expenditure of 50-71. mil- 
lions, as compared with 37-21. millions in 1948-49. 
To re-equip R.A.F. squadrons entirely with jet air- 
craft as quickly as possible, some of the war-time 
shadow factories were reopened, and overtime work- 
ing was resumed in several aircraft and engine 
factories. Under the defence plans for Western 
Europe, the task of re-equipping the air forces of the 
other nations falls largely upon the British industry. 
Fighters are now being shipped in larger numbers, 
and many licences to build aircraft of British design 
have been granted. In 1950, however, activity in 
the aircraft industry will be rather lower than in 
1949. As a result of the cuts in capital investment, 
announced in September, the Ministry of Supply and 
the British Overseas Airways Corporation have had 
to cut down expenditure upon aircraft ; both civil 
and military orders to aircraft manufacturers have 
been reduced, and some aircraft firms have already 
been obliged to suspend employees. : 

At the annual show of the Society of British Air- 
craft Constructors at Farnborough, in September, 
considerable interest centred on three jet-engined 
machines, namely, the De Havilland Comet, the 
Vickers Viscount and the Armstrong Whitworth 
Apollo, It is upon these aircraft, and upon the new 
Handley Page Hermes and Marathon turbo-propeller 
versions, that British success in the civil aircraft 
field in 1952 will depend The Comet, described in 
ENGINEERING of August 5, on page 128, is a medium- 
range to long-range 36-passenger machine, designed 
for a cruising speed of 490 m.p.h. at an altitude of 
40,000 ft. and has a payload of 12,000 Ib. It is 
now ready for quantity production and the first 
deliveries should be made in 1950. The British 
Overseas Airways Corporation, who hope to begin 
the world’s first jet airline service in 1952, after 
giving the Comet a full year’s operational tests, 
have ordered 14, and the Ministry of Supply, two 
more. Canadian Pacific Airlines have already given 
a firm order for two, and will probably take many 
more if the performance of the machine proves satis- 
factory. According to the de Havilland Company, 
it will be necessary to sell 100 Comets to recoup the 
development expenditure and cover costs. This is 
not an easy undertaking, but when it is remembered 


that more than 156 American Constellations have 
been sold since 1939, it is not an impossible one. 
In spite of the benefits which the smooth-running 
turbo-jet engine confers, it has not altogether won 
over the air-line operators, who are showing some 
hesitation in placing firm orders. Turbo-jet aircraft 
suffer at present from the drawback that they give 
an economic performance only at heights and speeds 
much greater than those now usual in civil opera- 
tion. This makes for ground-control difficulties and 
introduces pressurisation problems ; but these are 
not formidable, and the Canadian Pacific Airlines’ 
decision to fly the Comet on the 6,000-miles route 
between Vancouver and Tokyo, in stages of up to 
2,000 miles, proves that doubts about the com- 
mercial feasibility of the aircraft are being allayed. 


TABLE I.—United Kingdom: Imports of Aircraft. 


Number. | 


| 1947. | 1948. | 1949. 





Value (£1,000). 








1947. | 1948. | 1949. 











Complete air-| | | 
c ..| 343 | 78 | 106 | 1,982] 3,865 | 9,080 
Parts ae — | 1,830 | 8,237 | 8,282 
Total 343 | 73 | 106 | 8,762 | 7,108 | 17,362 
' 








TABLE II.—United Kingdom: Number Employed in the 
Manufacture and Repair of Aircraft (Thousands). 








- | Total. | Men. | Women. 
1948—June .. hs | 141-6 120-6 21-0 
September .. iS 43-5 122-7 20-8 
December 146-8 125-8 21-0 
1949—January 148-8 127-4 21-4 
February | 149-6 128-1 21-5 
March. . | 150-2 128-7 21-5 
Apeil ae 150-4 128-8 21-6 

_— o) .-| 150-7 129-0 21-7 

June .. a .-| 150-8 129-0 21-8 

July .. .-| 150-7 129-0 21-7 
August es ..| 151-2 129-5 21-7 
September .. <i] 152-3 130-4 21-9 
October oe 4 152-5 130-4 22-1 











TABLE III.— United Kingdom: Deliveries of Aircraft. 





Index of Airframe 

















| Number. Structure Weight.* 
i | For For 
| Total. Export. | Total. Export. 
| | 
1946 pe 54 Cid — | 100 | _ 
1947 62 CO —_— | 115 | — 
1948 37 2 CO a4 50 
| 
1948—October 24 23 CO 55 45 
November E 27 | 2 65 20 
December -| 26 | 2 90 60 
| 

1949—January ae 42 | 384 | 150 110 
February me 39 | 34 | 110 | 85 
March .. 42 35 125 | 90 

April 28 |; #18 70 25 

May 69 | 68 | 120 120 

June 47 | 46 85 80 

 . eee 39 39 60 60 
August .. a | 4 50 50 
September 30 30. | 50 50 
October | 30 30 60 60 
November --| 22 22 70 70 








* The monthly average of deliveries (for home and export com- 
bined) in 1946 is taken as 100. This applies both to the index of 
total deliveries and to the index of export deliveries. 

Turbo-propeller aircraft, with their lower cruising 
altitudes, may be expected to commend themselves 
readily to airline operators. The medium-range 
Vickers Viscount, which first flew 18 months ago, 
should go into quantity production shortly ; the 
Apollo, which has made its first flight, is slightly 
smaller, and is still undergoing trials, but deliveries 
could probably be made earlier than for the Vis- 
count. However, neither Vickers-Armstrongs Limi- 
ted nor Sir W. G. Armstrong Whitworth Aircraft, 
Limited, have firm orders so far from the British 
airline Corporations, and, though some overseas 
buyers are interested, negotiations are difficult 
since firm delivery dates cannot be promised 
while the British Corporations hesitate in coming 
to a decision. Where public money is used to 
develop aircraft, manufacturers are under an obliga- 
tion to meet home needs first. The difficulties 
besetting jet-engined aircraft, however, are purely 
temporary, and there is little doubt that they will 
supplant reciprocating engine types in the next few 
years. They offer the prospect of substantial 





and the de Havilland Engine Company now claim 

that the Comet, upon a typical stage length of 

1,500 to 2,000 miles, can be expected to be about 

20 per cent. cheaper to operate per ton-mile than 

the most modern aircraft of its class at present in 

service ; also, since more ton-miles a year can be 

flown, it should yield a higher revenue. 

The biggest threat to the Comet, Viscount and 

Apollo is, perhaps, the possibility of converting 

existing piston-engined aircraft to use gas-turbine 

engines. Both Armstrong-Siddeley and Rolls- 

Royce turbo-propeller engines have already been 
successfully tried out in Dakotas, of which well over 

1,000 are known to be in operation. American 
manufacturers, who say that they cannot catch up 
with British gas-turbine civil-aircraft development 
for at least 18 months, are likely to convert existing 
types wherever possible. At present, only one 
turbo-propeller engine is commercially available— 
the Allison T38—-but work is going ahead on its 
adaptation to the Convair liner and the Lockheed 
Constellation. The Boeing Airplane Company, how- 
ever, have decided to design a completely new 
aircraft, and have abandoned earlier plans to con- 
vert their XB-47 Stratojet bomber to a transport 
machine. Prototype construction has not yet 
begun, and it is unlikely that a start will be made 
until Congress decides whether or not Federal 
subsidies will be forthcoming. 

Mr. W. E. Beall, vice-president of the Boeing 
Company, said in October that ‘‘ No company can 
risk its capital in the building of a whole new type 
of airplane such as the jet transport.” As things 
stood, he thought, the American industry would 
lose world markets to British jets ; indeed, the com- 
petition with foreign airlines would force American 
airlines into “buying British.” Pan-American 
Airways are already reported to be showing great 
interest in the Comet. Prospects for British manu- 
facturers in the American market are not, perhaps, 
so favourable as this might imply. American 
national pride is an obstacle in itself, and American 
aircraft manufacturers will doubtless do all that 
they can to prevent Britain from gaining a foothold. 
The American Civil Aeronautics Administration 
does not recognise a British certificate of airworthi- 
ness and, therefore, can refuse to license British 
aircraft. It has not yet set up performance and 
operating standards for jets, and the present regula- 
tions, based on reciprocating engine types, penalise 
jet aircraft ; to give the pilot a wide margin, they 
base cruising speeds on a percentage of the top 
speed, but the jet must, to be efficient, fly near its 
maximum speed. While American manufacturers 
have no jet aircraft in production, amendments to 
the regulations can and probably will be delayed. 
The de Havilland Company have already experi- 
enced considerable difficulty in having the 11-seater 
Dove approved in America, though no similar 
machine was manufactured in America and it was 
wanted by American operators. 

Mr. Beall claimed that the British lead in jet- 
engined aircraft was due to State subsidies ; this, 
however, is not always true. The de Havilland 
Company bore the full development charges for the 
airframe of the Comet, described as the greatest 
technical and financial venture in their history. 
The Ministry of Supply granted the company 
priority in scarce materials, but neither they nor 
the British Overseas Airways Corporation under- 
took to purchase the machines unless they met the 
stipulated performance guarantees. The develop- 
ment of the Ghost turbo-jet engine was subsidised, 
but this applies also to all American turbo-jet 
engines. 

In answer to a Parliamentary question, Mr. G. R. 
Strauss (Minister of Supply) declared that the total 
expenditure incurred by his Department on the 
development of the Comet (mainly on the develop- 
ment of the Ghost engine) was 41. millions, exclusive 
of the cost of basic research and wind-tunnel tests. 
This figure seems colossal, but it includes the price 
of the two Comets on order for the Ministry, and 
also expenditure on three prototypes of the DH108. 
A second of these has now come to a tragic end, but 
they have certainly helped to provide valuable 
experience of aerodynamic problems for the Comet. 
The de Havilland Company’s financing of aircraft 





saving in costs ; the de Havilland Aircraft Company 





development is, however, exceptional. 
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Generally, the cost of development of modern civil 
aircraft is beyond the resources of the aircraft 
manufacture and the United States may be expected 
to fall into line with the British practice, which is 
working tolerably well. The Ministry of Supply 
acts on behalf of the Government and is responsible 
for ordering and contributing towards the cost of 
new prototype civil development machines. When 
the development of new types is over, the State 
airline corporations now have powers to order their 
aircraft direct from the manufacturers. The Gov- 
ernment have shown no hesitation in accepting the 
risk involved in developing civil jet airliners. 

The cuts in expenditure on civil aviation by 
330,000/., made recently, will not mean any limita- 
tion of the Government’s responsibility for the 
development of jet aircraft ; indeed, one effect of 
the cuts is to hasten development of three types. 
The Bristol Aeroplane Company stated, on February 
1, that the Government had given instructions to 
economise in expenditure on new civil aircraft, and 
that the British Overseas Airways Corporation and 
the Ministry of Supply are reviewing the possibility 
of ing at once with the final version of the 
Bristol 175, fitted with Bristol Proteus propeller- 
turbines, omitting the intermediate version with 
Bristol Centaurus engines, which were described m 
ENGINEERING of October 27, on page 444. The 
B.O.A.C. hope to secure the economies called for, 
and to accelerate the introduction of the latest 
version of the aircraft. Twenty-five 50-seater Bristol 
175 ainliners are on order for the B.O.A.C. 

If the Government are to be criticised at all for 
their support of jet-engined aircraft, it is because 
they may have gambled too heavily. It is by no 
means certain that the large public expenditure on 
the Brabazon and the Saunders-Roe Princess flying 
boat will have been justified. Development work 
on the 130-ton Brabazon, which is now expected to 
cost 12]. millions, is not affected by the cuts. The 
Brabazon I, which made its maiden flight in October, 
will not go into passenger service, but will be used 
to gain the experience of very large aircraft which 
will be required before the Brabazon II, powered 
by eight Bristol Proteus turbo-propeller engines, 
can go into production. The Brabazon cannot enter 
into commercial service until the distant future, but 
the Saunders-Rve Princess-class ten-engined flying 
boat is now nearing the stage at which it will be a 
commercial proposition. Originally, it was hoped 
to start flight trials at the end of 1950, but, because 
of a delay in the production of the Proteus engines, 
it has been necessary to postpone them until the 
following summer. Whether the outlay on the 
Brabazon will be recovered is doubtful ; apart from 
the initia] 127. millions, it is probable that the pro- 
duction model, designed to carry 100 passengers, will 
cost 2]. millions, or four times as much as the Boeing 
Stratocruiser, which carries 75 passengers. The 
B.0.A.C., moreover, have already pointed out that 
they can only run it economically with a special 
subsidy. The Saunders-Roe flying boat has rather 
better prospects. The initial cost, 5/. millions, of 
which the company bears 31. millions, is considerably 
less than for the Brabazon and a flying boat should 
attract more custom on ocean routes than a land 
machine. 

The future of the British aircraft industry is thus 
heavily staked on the successful evolution of jet- 
types. The speed of the advance in gas-turbines is 
best realised when it is considered that, in 1945, 
when the first post-war display of the Society of 
British Aircraft Constructors was held, there were 
only five aircraft engined with gas-turbines—all 
turbo-jets. In 1949, there were 15 machines with 
turbo-jets and eight with turbo-propellers. Twelve 
of the gas-turbined aircraft made their appearance 
for the first time. Moreover, of the piston-engined 
aircraft on view (other than helicopters), only two 
made their appearance for the first time and both 
were developments of earlier types. By 1952, most 
of the 2,000 aircraft owned by international airline 
operators will be due for replacement. The new 
British jet types should then enter the market 
under the most favourable circumstances, whatever 
happens in the American market. European air- 
lines, at present operating largely with converted 
military transport aircraft such as Dakotas and 
Skymasters, and British Empire airliners, hitherto 





forced to huy Constellations and Stratocruisers. 
may be expected to welcome the new British tvpes 
which are both economical to operate and reasonably 
priced. The Vickers Viscount will probably sell at 
well under 400,000/., and the Comet will probably 
be even cheaper. 

For the aircraft industry, however, the question 
of price is not so vital as technical suitability and 
excellence, on which depend high speeds, high 
carrying capacity and reliability ; indeed, the air- 
craft industry, more than any other producer of 
capital goods, enjoys the advantage that demand 
is largely dependent upon the pace of technical 
advance. Nevertheless, close attention has been 
paid to costs, and the industry was singled out by 
the Lemon Committee as one in which much progress 
had been made with simplification of design and 
standardisation, in spite of rapid technical advances. 
The standardisation committee of the S.B.C.A. 
has secured, since 1939, the adoption of standards 
for about 6,000 items of structure and equipment, 
as well as of systems and techniques. 

Though the British aircraft industry cannot 
expect to achieve pre-eminence in the civil aircraft 
field until 1952, it has made a notable contribution 
to exports in 1949 with certain types of piston- 
engined aircraft. More than 200 de Havilland 
Doves have now been sold overseas, and the Bristol 
170 freighter is in service in many parts of the 
world. Australia has taken at least six, Arabia 
five and West Africa two. For the present, at any 


Page works to the Ministry of Supply stated that 
they expected that two-th'2s of tne operatives at 
Cricklewood would become redundant, and the 
effect of the cuts on the Bristol Aeroplane Company 
will probably be even more serious. Messrs. Short 
Brothers and Harland, of Belfast, who have digs. 
missed 700 employees over the past few months, 
are expected to dismiss more shortly ; their shortage 
of orders is due mainly to a decision of B.O.A.C. to 
cease using flying-boats for the time being. 

Faced with redundancy, the personnel of the 
aircraft industry have been complaining about the 
importation of foreign aircraft. Table I, herewith, 
shows the imports of aircraft at the record level of 
17-41. millions in 1949, as recorded in the T'rade and 
Navigation Returns. While British manufacturers 
still have no aircraft which will compete with the 
Stratocruiser and Argonaut (Canadair IV), this is 
perhaps inevitable. Imports are likely to be con- 
siderably less in 1950 than in 1949. The 22 Argo- 
nauts ordered from Canada on September 30, 1948, 
had all been delivered by December, 1949—eight 
months ahead of schedule. It is expected that the 
rising proportion of imports to exports—8 per cent. 
in 1946, 15 per cent. in 1947, 27 per cent. in 1948 
and 50 per cent. in 1949—will soon be reversed. 

Activity in the industry in 1950 is expected to 
be less than in 1949; in October of that year, 
according to the Monthly Digest 6f Statistics, 152,500 
persons were engaged in the manufacture and repair 





of aircraft, 9,000 more than the year before (Table 
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rate, it is the military side which keeps the aircratt 
industry at a high level of activity and which con- 
tributed most to the export success achieved in 
1949. Here again, gas-turbine engines are setting 
the In 1949, Britain’s first jet-engined 
bomber, the English Electric Company’s Canberra, 
appeared, together with new and improved versions 
of the Gloster Meteor and the de Havilland Vampire ; 
so did two new fighters, the Hawker 1052 and the 
Supermarine 510, both of which are believed to be 
capable of reaching the speed of sound, and the 
first British jet night-fighter, the de Havilland 113. 
The Canberra, now in quantity production, is 
powered by two Rolls-Royce Avon turbo-jet engines 
and is stated to rely for defence on the highest 
possible performance and altitude, which presum- 
ably means that it will not carry guns. Great 
secrecy has been observed over the bomber plans of 
the Royal Air Force. Two years ago, the Ministry 
of Supply announced that designs for jet bombers 
requiring unorthodox wing shapes were under 
consideration, and that orders for two such aircraft 
were to be placed shortly. No announcement has 
been made, but presumably further orders for 
bombers have been given since that time. As far 
as fighters are concerned, it is the Government’s 
policy to re-equip squadrons as quickly as possible 
with jet aircraft; this work is now nearing com- 
pletion. The R.A.F. regular squadrons have already 
received jet aircraft, and auxiliary squadrons should 
all have them within twelve months. 

It was recently announced by several aircraft 
firms that the Government’s decision to reduce 
orders for military transport and civil aircraft in 
order to secure economies in public expenditure is 
likely to result in serious cuts in employment. The 
industry is quite rightly concerned lest the reduction 
in employment that it is forced to make will affect 
the efficiency of its research and development 
departments, and lest skilled teams should be broken 
up by the transfer of key men to other industries. 
The Air Council have decided that the cuts should 
consist of reduced orders for transport aircraft. The 
firms most severely hit are, therefore, the Bristol 
Aeroplane Company and Messrs. Handley Page. 
A deputation of shop stewards from the Handley 


Il). Published figures of aircraft deliveries are not 
very satisfactory, since they exclude aircraft built 
for the Navy and the R.A.F. Table III, on page 
201, from the same source, shows that the index 
of airframe structure weight in the first eleven 
months of 1949 (1946 = 100) averaged 87, as com- 
pared with 75 in 1948. This, however, under- 
estimates the increase in output, since military 
production for the home market, which is not 
included in the Table, rose substantially. The index 
of export deliveries (comprising mainly military 
craft) stood at 73 in the first eleven months of 1949, 
as compared with 50 in 1948. Table IV, above, 
taken from the Trade and Navigation Returns, shows 
that exports of the aircraft industry (34-2J. millions) 
were 32 per cent. higher than in 1948, and more 
than 11. million above the industry’s target. This 
1949 record figure brings the total] exports since the 
war to 1001. millions. Two-thirds of the export 
sales arise from direct orders secured by the manu- 
facturers from overseas buyers, the remainder being 
sales effected between the British and foreign 
Governments. Substantial sums also accrue from 
the building of British aircraft and engines abroad. 
These earnings should be even higher in 1950. 
Thereafter, as rearmament programmes near com- 
pletion and building under licence extends, there 
will be some falling off. This, at a time when mili- 
tary demand at home will also be at a low level, 
is particularly serious for the industry, since it will 
not be until 1952 or 1953 that Britain will be ready 
to make a bid for supremacy in the civil airliner 
field. This presumably was what was meant by 
Mr. J. Mathews, secretary of the trade union side 
of the National Council for Civil Air Transport, 
when he said, on February 6, that “‘ We are afraid 
there may be some redundancy for the time being.” 
The future of the industry, if not bright for 1950 
and 1951, is promising thereafter. The market 
for civil aircraft can never be large, but it will 
be at its maximum in 1952, when military demand 
will be at its lowest. It is a market that is not 
likely to be shared ; the winner is the maker or 
nation who achieves technical superiority. In 
1952, British manufacturers, with their jet aircraft, 





should begin to dominate world markets. 
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THE PELLETING OF 
GRANULAR MATERIALS. 


By A. Srewarr. 
(Concluded from page 177.) 


In the pressing of a powder mass to form a pellet 
the early stages cause the breakdown of the unstable 
packing arrangements, often known as “ arches ” 
or “ bridges,” which occur in random packing. This 
will occur while the applied pressure does not amount 
to more than a few hundred pounds per square inch, 
and when this stage is completed the closest packing 
possible without deformation or fracture will be 
attained. As the pressure is further increased the 
particles will at first suffer elastic deformation, which 
will end in either brittle fracture or plastic deforma- 
tion. It would be expected that both these processes 
will occur together. 

Sodium chloride pressed to 8,000 Ib. per square 
inch forms a pellet which can be readily crumbled 
between the fingers. In Table I the results for sieve 
analysis and a microscope examination before and 
after pressing to this pressure are given. 


TABLE I 








After Pressing. 


| Before Pressing. 








Retained on 60 | 
B.S.8. .. am 97 per cent. 

Retained on 75 | 
BS.S. .. 

Size range 





96% per cent. 


x 0-025 in. 


oe 3 per cent. } 34 per cent, 
-| 0-030 in. x 0-020 in. | 0-0475 in. 
to | to 
0-020in. x 0-0175in. 0-025 in. x 0-015 in. 


Predominant size | 0-020 in. x 0-020 in. | 0-020in. x 0-0175in., 
| 





The gross sieve analysis indicates that some 
slight reduction in particle size has been effected, 
while the microscope has shown that the size range 
has been widened at both ends. This simultaneous 
grinding and aggregation is what is known to occur 
in deep-bed crushing to which the pelleting opera- 
tion is somewhat analogous. 

Lead is readily obtainable as a powder and as 
spheres of uniform size (i.e., lead shot) and some 
experiments have been made with these materials. 
The powder all passed through a 60 B.S. sieve 
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Fig. 14. 
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(250 microns). Pellets were pressed, using shot 
of various sizes and the powder, and the changes in 
pellet density as the pressure increased, were followed 
in all cases. On extrusion, the powder was found 
to have formed a pellet having considerable mechani- 
cal strength and of apparently homogeneous struc- 
ture. A pellet formed from lead powder at a pres- 
sure of 6,000 Ib. per square inch is shown on the left 
in Fig. 11. The pellets formed from the shot could 
barely stand up to extrusion without falling into 
pieces or could be easily broken up under finger 
pressure. One of these pellets, which was pressed 
at 12,000 Ib. per square inch, is shown in the centre 
of Fig. 11. These pellets clearly showed the 
boundaries between the constituent particles, the 
spheres now having become polyhedra, as shown, 
to a larger scale, on the right in Fig. 11. Close 
examination of the areas over which these polyhedra 
had been in contact showed that they had the 
appearance of freshly fractured surfaces. 

The weakness of these pellets, it is suggested, is 
a structural one due to the presence of planes of 
bedding and to the absence of interlocking across 
these ‘planes, as will occur in a random packing. In 
the shot assemblies the planes of weakness are not 
all at right angles to the mould axis, but if a material 
such as graphite or china clay, which has a plate- 
like crystal form, is pressed, a similar structural 
weakness is found with planes perpendicular to the 
mould axis only. These pellets split up into a 
large number of laminz, somewhat curved in form. 
Fig. 12 shows the lamine from a graphite pellet. 
In the case of spherical shot, the contact surfaces 
between the shot after compression are not newly 
formed surfaces but the original outer surface of the 
shot, so no matter what care is taken in cleaning 
the shot there will be oxide films between them 
which may play some part in lowering the cohesion. 
To iJustrate the form of structural weakness which 
occurs in a regular array and the form of inter- 
locking which leads to improved mechanical strength, 
the two-dimensional forms are shown in Figs. 13 and 
14. Forces A or B in the first case, Fig. 13, will 
cause slipping along the planes aa or bb, but in the 
second case, Fig. 14, there are posuch planes along 
which slipping can occur. 

An examintion of the strength of thin disc pellets 
of sodium chloride of different: grists confirm these 
observations onlead. The breaking strength of the 














GRAPHITE PELLET BROKEN INTO 
LAMIN2. 
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Fig. 15. 
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disc pellet was measured by applying a load to the 
centre while the pellet was supported round the 
edges as shown in Fig. 15. It is assumed that the 
pellets rupture by brittle fracture and so break when 
the tensile stress has reached the ultimate value ; 


then s « where s is the ultimate radial or tan- 


gential stress and L and ¢ are the breaking load and 
the thickness, respectively. 

Table II gives the details of these tests made on 
three samples of sodium chloride, one with particles 
from 500 to less than 16 microns (30 to 240 B.S.S.), 


TABLE II.—Strength of Disc Pellets of Sodium Chloride 
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Pressed in 14-mm. Diameter Mould. Pellet Weight 
0-5 gm. 
ta Breaking Tests. 
Pressi Breaking 
nae. Sample. Load, —- 78 x 10-3. 
Ib. per sq. in. L gms. . 
) 
| A 1,830 0-173 62-2 
| Be 1,595 0-172 54-0 
12,580 1,565 0-170 54-2 
Ct 1,600 0-177 51-1 
1,655 0-183 49-5 
A 2,450 0-136 132-6 
Bt 2,180 0-156 89-6 
23,750 2,415 0-157 97-8 
| 2,285 0-157 92-7 
ze: 2,280 0-159 90-8 
| 2,150 0-160 82-5 
' 
* All passing 72 B.S.S. and retained on 100 B.S.S. 
+ All passing 200 B.S.S., and 75 per cent. passing 240 B.S.S. 
Sieve Sizes of Materials Used. Sample A. 
BS. 
Sieve | 30/60 | 60/72 | 72/100 | 100/150} 150/200} 200/240) << 240 
Size 
| | | 
Percen- 
in | 
range ..| 14 12 27 | 24 9 2 12 




















a second with particles between 210 and 150 microns 
(72 to 100 B.S.S.), and a third with all its particles 
less than 76 microns and most of them less than 
66 microns. At both the pressing pressures em- 
ployed, the pellets formed from the most hetero- 
geneous samples were stronger than those formed 
from the other two. These experiments show that 
the interlocking of particles plays a part in giving 
mechanical strength to the pellets. The use of 
uniformly sized materials should be avoided if 
ible if strong pellets are required. 
Pf a tension is applied to a solid body, the body 
is not torn into separate until some critical 
value of the stress is reached, and the forces which 
oppose the separation are the cohesive forces which 
act between the individual molecules forming the 
body. . If two bodies are brought into contact, as 
for example the particles in a powder, and it is then 
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found that some definite force is required to separate 
them, we may say that the two bodies cohere. We 
here assume that the bodies are free from any surface 
layers of moisture and the like which could possibly 
cause them to stick tegether by a surface-tension 
effect. There is frequently confusion between the 
terms cohesion and adhesion and reference may be 
made to a useful discussion of these terms by 
Delattre.* In the present case, cohesion will be 
taken to mean the action opposing the separation of 
bodies of the same nature or opposing the separation 
of molecules of the same body. 

The fact that solid bodies in close contact cohere 
strongly has been known for a long time ; Newton 
commented on it in his Opticks.t It has been 
pointed out} that the surface of a crystal must differ 
in the closeness of packing, and therefore in density, 
from the interior, since in the former case the atoms 
or molecules are attracted from below and not from 
above and, since there is no essential difference 
between cohesive forces and those of chemical 
affinity, the surface will then possess some residual 
affinity; when two such surfaces are brought 
together therefore cohesion would be expected. 
The cohesion between quartz fibres, and between 
quartz spheres has been studied by Tomlinson§ ; by 
using fairly high temperatures to dry out the quartz 
and by discharging any stray electrostatic charges 
by having some radioactive materials present, he 
claimed to show that cohesive forces acted between 
the fibres (or spheres) once they had been brought 
into contact. Similar results were reported by 
Bradley||, but Stone suggested that the forces 
Opposing separation of the quartz in Tomlinson’s 
experiments were not true cohesive forces but were 
due to surface-tension effects of moisture films. 
Tomlinson repeated his work, improving the method 
for ensuring that moisture was removed, and claimed 
that, far from causing the cohesion between the 
bodies, moisture actually had the effect of lowering 
the effective forces. Reference may also be made 
to the experiments of Obreimoff** in which thin 
sheets of mica were partly split off a block of the 
massive material by a wedge and on removing the 
wedge the thin sheet was joined up again to the 
block as if it had never been parted at all. In this 
case the surfaces can get into really intimate con- 
tact so that the cohesive forces are brought fully 
into play. 

If two pieces of crystalline material with plane 
faces and with their lattices correctly oriented are 
brought together it can be readily appreciated that 
they could fit together to give a perfect joint. If, 
however, the lattices were rotated slightly this perfect 
joint would be impossible and it may be supposed 
that the atoms on or near the two surfaces move 
out of their original equilibrium positions and 
form an intermediate layer between the two lattices. 
This layer would lack the complete regularity of the 
crystals and may be more like a liquid or an 
amorphous solid in its properties. This inter- 
crystalline layer is most probably present in such 
crystalline aggregates as are formed from a saturated 
solution or on solidification from the liquid phase, 
but a mechanism for their formation in a pressed 
pellet is less obvious. Most solids, and definitely 
all those which have been polished or rubbed, have 
the so-called Beilbytt layer which may in the pressed 
pellet provide the inter-crystalline cement postu- 
lated above. Beilby showed that the surface layer 
of a polished solid had a glass-like character and 
lacked an obviously crystalline structure. He con- 
sidered that some of the surface atoms had been 
torn off and the underlying atoms smoothed over 
the surface to form this amorphous layer. In the 
early stages of pressing, the particles are pushed one 
over the other under quite considerable loads so 
that the conditions for polishing are actually present. 





* Delattre, Rev. Gen. du Caoutchouc, vol. 20, page 162 
(1943). 
t Newton, Opticks, 3rd ed., 1721, page 363. 
Richards, Chem. Rev., vol. 2, No. 3, 1925.) 
t Desch, Trans. Farad. Soc., vol. 24, page 60 (1928). 
§ Tomlinson, (a) Phil. Mag., vol. 6, page 695 (1928) ; 
(6) Phil. Mag., vol. 10, page 541 (1930). 
i Bradley, Phil. Mag., vol. 13, page 853 (1932). 
{ Stone, Phil. Mag., vol. 9, page 610 (1930). 
** Obreimoff, Proc. Roy. Soc., 127A, page 290 (1930). 
tt Beilby, “The Aggregation and Flow of Solids” 
«London, Macmillan). 
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Crystals while growing from a solution often 
show a tendency to grow from preferred faces ; for 
example, rod-like and plate-like crystals are to be 
considered in this class. It is possible that the 
cohesion is greatest on the faces which do grow, 
and so in the case of a plate-like crystal the cohesion 
per unit area will be smaller between the faces of 
greatest area than between the other faces. This 
would help to explain the splitting of graphite 
pellets along the bedding planes which usually lie 
in a direction normal to the applied pressure. 

Bowden* has investigated the frictional forces 
between surfaces and has supported the theory that, 
instead of being due to the interlocking of surface 
asperities as suggested by Coulomb, friction is 
caused by an actual welding together of the sliding 
surfaces. Bowden has measured temperatures at 
the contact areas and shown that they are high 
enough to produce melting and so to give welding of 
the surfaces. Such local melting would give a 
mechanism for the formation of the intercrystalline 
layers linking adjacent crystals, since there must be 
considerable frictional forces between particles 
during the pressing of a pellet as mentioned above. 

In order that the cohesive forces between two 
bodies may be as great as possible, the area of con- 
tact should be a maximum. Normally two bodies 
only make contact with one another at a few high 
points on their surfaces, but various methods of 
increasing the number of such areas of contact are 
available. In welding, for example, the two sur- 
faces may be melted and flowed together and then 
allowed to solidify again. A somewhat similar 
result is obtained by wetting the surfaces with some 
solvent which is later removed by stoving. The 
simplest way in which the area of contact may be 
greatly increased, however, is by plastic deformation 
of the solid particles. 

Plastic deformation may take place in a crystal 
by a simple slipping along crystal planes or by a 
second mechanism involving greater changes in the 
structure. Discussing the latter method, Joffeft 
states: “‘The crystal becomes pulverised and the 
small fragments slip and turn in a quite irregular 
manner, while they continue to adhere to each 
other. The process of plasticity does not affect 
the transparency of the crystal ; consequently there 
are no holes of the dimensions of a wavelength of 
light or more produced in the destruction. Further- 
more, the cohesion does not drop in value in a 
crystal so destroyed but, on the contrary, the 
rupture of a plastically deformed crystal requires a 
higher tension than for a single crystal.” A defor- 
mation of this type will allow of distortions which 
fill up the voids and so give the high pellet densities, 
of the order of the absolute powder density, often 
obtained in practice. it also gives the enormous 
increase in areas of contact between particles to 
which are due the high mechanical strengths 
acquired by pressed pellets. 

In the pressing of materials which contain some 
solvent, as, for example, black powder, pelleting 
will be assisted by the action of solution followed 
by recrystallisation. This process will, of course, 
take some time and will result in a gradual increase 
in mechanical strength while the pellets are in 
storage, especially if this is accompanied by the 
loss of solvent. The action of the solvent may 
result in the migration of material in the pellet, or, 
more simply, will be analogous to the action of sur- 
face solvents in assisting cohesion. Liquids may 
also have a lubricating action which, by reducing 
friction between mould and pellet or between 
particles, will help to give increased pellet density 
compared with the unlubricated case. In the 
presence of an excess of liquid, contact between the 
particles may be prevented or the pressure on some 
of the particles may become a hydrostatic one, which, 
as Bridgman observed, does not give pelleting, and 
so there may be no pelleting at all; or, if there is, 
the pellet will be weak. In the case of black- 
powder pelleting, the charcoal will tend to absorb 
some of the moisture present and so the particles 
become soft and easily broken up or deformed. This 
may be expected with any absorbent material. 





* Bowden and Leben, Proc. Roy. Soc., 169A, page 371 
(1939). 
t Joffe, ‘‘The Physics of Crystals” (McGraw-Hill, 





New York) (1928). 
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While comminution does play some part in the 
pelleting process, it does not explain the mechanica] 
strength of the pellets. In addition, it is dificult 
to conceive of a grinding process alone leading to 
pellet densities close to the absolute density of the 
material being pressed. This means that some form 
of plastic deformation plays some part in the process 
and this is well seen with lead shot. Such a deform. 
ing process could cause the particles to interlock in 
such a fashion that the whole mass was effectively 
“keyed ” together. As in the grinding process this 
requires that the changes in shape be of a very 
particular form and it seems that a cohesive proves 
is much more likely. The interlocking of the 
particles, however, must not be ignored as it is 
most probable that the interlocking and intertwining 
gives the pellet a certain amount of structural 
strength. The greater strength of the pellets formed 
from lead powder compared with those formed from 
shot may be influenced by the fact that the shot 
has the lower specific surface and by the fact noted 
above that the plastic deformation of the shot does 
not lead to the formation of new surfaces ; the lack 
of surface asperities is not favourable to local 
fracture which will form new and clean surfaces. 

The fact that solid particles will cohere may be 
accepted and this cohesion, along with the idea of 
plastic deformation, can be taken as forming the 
basis of the mechanism of pelleting. The empirical 
relationships between density and the other pellet 
parameters will be explained if the plastic deforma- 
tion of bodies is fully understood and amenable to 
mathematical treatment. These two ideas will 
explain Spring’s observations that soft materials 
appear to cohere more readily than do harder ones. 

It is now apparent that soft materials deform 
plastically more readily than do harder ones, the 
deformation required to increase the areas of con- 
tact at surfaces of cohesion being obtained at lower 
pressures. It may be noted that, since the 
mechanical strength of a pellet is a function of both 
area of contact between particles and of the cohesive 
forces, a pellet may lack mechanical strength either 
because of low contact area or because of low 
intrinsic cohesion. Thus a material which does not 
pellet well because of its hardness (for example, 
some forms of silica) lacks the necessary contact 
area, while soft materials such as sodium bicar- 
bonate probably form poor pellets because of the 
weak nature of the intrinsic cohesive forces. 

Walker’s division into three classes is more 
difficult to explain on this theory, but it is possible 
that the two classes of curves may be due to differ- 
ences in the ease of plastic deformation caused by 
simple slip and will probably be explicable in terms 
of crysta) form. Ammonium chloride which Walker 
puts in Class 3 has been examined, and it was noted 
that if a pellet is polished with rouge and then 
lightly etched with water the crystal boundaries are 
once again brought up. The fact that some materials 
will fracture or flow, depending on whether the 
applied force is dynamic or static, is well known and 
so Class 2 should be readily explained. 





Swiss CopyInc LATHES.—The arrangements for 4 
special display of copying lathes, made by Messrs. 
George Fischer, Limited, Schaffhausen, Switzerland, have 
now been completed by Messrs. Sidney G. Jones, Limited, 
8, Balham-hill, London, S.W.12. The display will be 
held on the firm’s premises from February 27 until 
March 2 and will be formally opened by Mr. M. F. 
Rothenbuhler, First Secretary, Swiss Legation. 





PHYSICAL SOCIETY’s EXHIBITION.—The 34th annual 
exhibition of scientific instruments and apparatus ar- 
ranged by the Physical Society will be held at the Imperial 
College of Science and Technology, Imperial Institute- 
road, London, S.W.7, from Friday, March 31, to Wed- 
nesday, April 5. The morning session from 10 a.m. to 
1 p.m. on the first day will be reserved for Fellows of the 
Society and the Press, but the exhibition will also be 
open on that day from 2 p.m. to 9 p.m. On Saturday, 
April 1, and Wednesday, April 5, the exhibition will be 
open from 10 a.m. to 1 p.m. and from 2 p.m. to 5 p.m., 
but on Monday, April 3, and Tuesday, April 4, the after- 
noon session will continue until 9 p.m. A handbook 
containing descriptions of all the items to be displayed 
will be available at the beginning of March and can be 
obtained from the Physical Society, 1, Lowther-gardens, 
Prince Consort-road, London, S.W.7, price 68., post 
paid. 
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MANCHESTER-SHEFFIELD-WATH 
RAILWAY ELECTRIFICATION, 

Ir is a milestone in railway-engineering history that, 
in 1936, the directors of the then London and North 
Eastern Railway approved a scheme for converting 
the main line between Manchester to Sheffield, with 
the branch to Wath-on-Dearne, to electric traction. 
The reasons for this decision were the heavy coal and 
mineral traffic carried, the exceptional geographical 
features of the route and its favourable position with 
regard to power supply. Incidentally, it was estimated 
that, asa result, the ing capacity of the main line, 
particularly through the Woodhead Tunnel, would 
be increased by about 25 per cent. and that the life of the 
steel rails on that section would be extended from 
3 to 17 years. 

Preliminary work on the scheme was well in hand 
at the outbreak of war, many of the structures for 
carrying the overhead electric wires having been 
erected and orders had been placed for the cables 
and substations, as well as for the overhead-line —_ 
ment, locomotives and multiple-unit rolling stock. In 
addition, the construction of a new motive power 
depot at Darnall, near Sheffield, had been begun. All 
work, however, was stopped on the outbreak of war, but 
operations were resumed in the late summer of 1947, 
since when, as we were able to ascertain from a recent 
inspection, good progress has been made. A map of 














FOR OVERHEAD EQUIPMENT. 


the scheme, which involves 75 miles of route and a 
track mileage of 330, is given in Fig. 1. It is hoped 
to open the electrified lines in three stages: from 
Wath to Dunford Bridge in March, 1951; from 
Dunford Bridge to Manchester (London-road), through 
the Woodhead Tunnel and including the Glossop 
branch, the connections to Stalybridge and Levens- 
hulme, and the locomotive depot at Reddish in March, 
1952; and from Sheffield (Rotherwald Sidings) to 
Barnsley Junction (Penistone) and from Levenshulme to 
Manchester (Central), including Trafford Park sidings, 
by the end of that year. 

The conversion has caused a great deal of inter- 
esting and difficult civil engineering work, of which 
the most important to be completed so far is the new 
single-line tunnel, 330 yards long, at Thurgoland. This 
tunnel, the construction of which was necessitated by 
the fact that the original double-line tunnel.did not 
allow sufficient headroom for the overhead electric 
equipment for two tracks, was begun in November, 
1946, and traffic passed through it for the first time 
in October, 1948. The original tunnel has now been 
converted to take up-traffic only. This has been done 
by moving the track to the centre, where the headroom 
and lateral clearance meet all requirements. 

Considerations of clearance have also necessitated 
the lowering of the track under a number of masonry- 
arch bridges, while the arches of others have had to 
be demolished and replaced by flat-deck structures. 


In all, 44 overbridges have been dealt with in this 
way and on 22 of these prestressed-concrete beams 
have been used in order to secure the necessary head- 
room by reducing the depth. These prestressed beams 
are of a new type in which both untensioned twisted 
high-strength wires and tensioned plain wires are used. 
At Gilroy-lane and at Hound hill, on the Worsborough 
branch, near Barnsley, the bridges have, in addition, 
been designed, so that the superstructure can be varied 
to counteract the subsidence which is expected, owing 
to the presence of mine workings. For this purpose, 
three jacking pockets have been left at the top of each 
masonry abutment and the superstructure itself is 
mounted on steel jacking beams cased in concrete. A 
photograph of the Gilroy-lane bridge, which gives a good 
idea of its appearance after reconstruction, is repro- 
duced in Fig. 3, on 206. It is worthy of record 
that when this method of construction is used it is 
possible to carry out the work without “ obtaining 
possession” of the line, except while the original 
arch rings are being demolished. 

The most important civil-engineering work in the 
conversion, however, is the construction of a new 
double-line tunnel under the Pennines between Wood- 
head and Dunford Bridge. This tunnel, the position 
of which is shown on the map, Fig. 1, will replace 
the two existing single-line tunnels, one of which was 
built over 100 years ago and the maintenance of which 
has become uneconomical. On the completion of the 
new tunnel, which will be straight except for a 600-ft. 
length of 40-chain curve at the west end and will be 
just over 3 miles long, the old down-line tunnel will 
be closed, but that carrying the up line may continue 
to be used for east-bound traffic. The present position 
of the work is that the approaches have been cleared 
and pilot tunnels, which have a cross section about 
one- of that of the final section of 31 ft. by 24 ft. 
high, are being driven from both ends. At Wood- 
head an ativance of about 1,550 ft. has been made, 
while at Dunford Bridge, where the position is more 
difficult owing to the illustrated in Fig. 4, 

206, being 60 ft. below ground level, about 500 
has been excavated. In addition, the centre ventilati 
shaft of three has been sunk to a depth of about 225 ft. 
out of a total of 500 ft. from hill-top level to that of 
the tunnel. As this work proceeds, the shaft is heing 
lined with concrete and, when completed, it will be 

ible to begin driving the main tunnel both ways. 

other shafts, which will subsequently be used for 
ventilation, are also to be sunk. 

Exeavation of the rock is being carried out by blast- 
ing and it is not expected that this work will be com- 
pleted without difficulty, as geological surveys show 
that beds ef shale intersect the sandstone 
formation and faults are therefore likely to be en- 
countered. It is estimated, that the tunnel will be 
completed in 1952, after more than a million tons 
of soil and rock have been removed. In connection 
with its construction it will also be necessary to, re-build 
both Woodhead and Dunford Bri stations, as well 
as a number of road and rail bri The general 
scheme for constructing the new tunnel was 
under the direction of the civil engineer, British Rail- 
ways, Eastern Region. The detailed were made, 
— the 


work is being supervised by Sir William 
Halcrow and Partners, Caxton-street, London, S8.W.1, 
and the contractors are Messrs. Balfour Beatty and 








Company, 66, Queen-street, London, E.C.4. 
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erection of the various substations and the installation | 
of the transmission network and overhead collecting 
equipment. Power for operating the electrified sections 
will be obtained from the mains of the British Elec- 
tricity Authority through three substations—at Gorton, 
Neepsend and Aldham Junction, ively. These 
three stations will be interconnected by 33-kV cables 
which will be run alongside the track on concrete posts. 
These cables will loop into eight other substations, 
which will be at ing distances. Each of these 
substations will be equipped with 33-kV switchgear for 
controlling the pri supply and with mercury-arc 
cain" for cuvuth verting the incoming three-phase 
current into direct-current at 1,500 volts. The total 
capacity of this converting plant will be 47,500 kW and 
all the substations, except that at Barnsley Junction, 
where there will be three, will contain two rectifier 
units with the necessary auxiliaries. The direct- 
current supply to the overhead collecting equipment 
will be given through quick-acting circuit breakers, 
which will be installed both in the substations and in 
the intermediate track-sectioning cabins. Neither the 
substations, nor the track-sectioning cabins will nor- 
mally be attended, but will be remotely supervised and 
operated from a control station at Penistone. The 
pilot cables necessary for this i aw will be carried 
on the same posts as the 33-kV cables mentioned 
above. The main contractors for the substations 
are Messrs. Bruce Peebles, Limited, Edinburgh, and 
for the cables Messrs. W. T. Henley’s Telegraph 
Works, London. 

The 1,500-volt overhead collecting equipment, 
which is being installed by British Insulated Callender’s 
Cables, Limited, Norfolk-street, London, W.C.2, and 
the erection of this is proceeding at a satisfactory 
rate. It will be generally similar in design to that used 
on the Liverpool-street-Shenfield electrified line,* and 
will consist essentially of a main catenary of hard-drawn 
stranded copper from which an auxiliary catenary will 
be suspended by solid-copper dropper wires. A solid 

ved cadmium-copper contact wire, with which the 
pantograph collector will make contact, will be sus- 
pended the auxiliary catenary. Over sidings, 
the collecting equipment will consist simply of a 
main catenary collecting wire. collecting 
systems will be supported on steel gantries which 
will be spaced about 210 ft. apart on straight runs. 
As will be seen from Fig. 2, they will normally con- 
sist of two masts in concrete foundations and a 
bridge member spanning the electrified tracks. At 
complicated junctions, and where there are large 
groups of sidings, compound structures with three or 
more masts will, however, be used. Where, moreover, 
space is not available between the tracks for the 
masts, the overhead equipments will be supported on 
cable head spans which will cross all the tracks and 
will be attached to tall masts erected in the cess. 
Where subsidence of the track due to colliery workings 
is likely, the bridge member can be raised as shown in 
ig. 2 and the masts are su on adjustable 

i to permit lateral movement. At each struc- 
ture the overhead lines for each track will be regis- 
tered by steady arms which will be attached to insula- 
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Fig. 5. 


tors. These insulators in turn will be secured to the 
masts or to vertical brackets between each track, 
which will be attached to the bridge member of the 
structure. 

The overhead equipment will be anchored to blocks 
containing 35 cubic yards of concrete at intervals of 
about a mile. Two of these blocks will also be provided 
at each end of the 200-ft. overlap spans, which will be 
erected at each substation and track-sectioning cabin 
to ensure that the pantograph is smoothly trans- 
ferred from one contact wire to another. These over- 
lap spans will also be provided at sectioning points 
so that the line can be isolated for repairs and main- 
tenance. The return current to the substations 
will be taken through the running rails, each joint in 
which will therefore be provided with a stranded- 
copper bond. 

The conversion to electric traction will necessitate 
the alteration of the existing direct-current track 
circuits to alternating-current circuits of the condenser- 
fed type with impedance bonds ; and the outward dis- 
placement of the distant signals so as to give increased 
braking distances. These signals will also be con- 
verted to colour lighting. This work will be carried 
out partly by Messrs. Siemens and General Electric 
Railway Signal Company, Limited, East-lane, Wem- 
bley, Middlesex, and partly by the Railway Executive's 
own staff. The colour-light signals will be of the 
multi-unit type using 25-watt 12-volt lamps and, where 
a distant signal is carried below a stop signal, the latter 
will also be converted and the two combined. In 





* See ENGINEERING, vol, 168, page 325 (1949). 


places where it will be necessary to fix the new 
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signals on the structures for the overhead-line equip- 
ment they will be housed in cages suspended from 
the latter. Colour-light signals will also replace the 
existing semaphore signals where the masts of the 
overhead-line equipment obstruct the view. New 
signal boxes for colour-light signalling will be con- 
structed at each end of the new Woodford Tunnel ; 
and an electric token system will also be installed at 
these places to enable emergency single-line working 
to be effected through the tunnel. 

At Wath and Wombwell, where the electric and 
steam locomotives will be interchanted, colour-light 
signalling with alternating-current track circuits will 
also be installed and, like the points at these places, 
will be remotely operated by miniature switches. 
These switches will be mounted on panels and will be 
electrically interlocked with the mechanical-lever 
frames. Similar arrangements are already in use at 
Rotherwood and Orgreaves, near Sheffield, where 
locomotive interchange will also take place. Other 
signalling works will be carried out at the new electric- 
locomotive sheds at Darnall and Reddish, as well as 
in connection with the widening of the line over the 
Wicker Bridge at Sheffield and with the interchange 
facilities at Barnsley Junction. It will also be necessary 
to “immunise” the electro-pneumatic direct-current 
signalling equipment between Manchester and Newton 
and at Elsecar Junction against stray traction current. 
All the new signalling equipment and track circuits 
will be supplied with power at 660 volts from the trac- 
tion substations. This will be stepped down to 110 
volts at the various points of use. 





FEB. 24, 1950. 


ENGINEERING. 


207 








Motive power for the electrified lines will be provided 
by 85 mixed-traffic locomotives, which will haul all 
types of passenger, freight and mineral trains and will 
also be used for banking and shunting duties. In 
addition, the local passenger service between Manchester 
(London Road), Hadfield and Glossop will be provided 
by eight three-coach multiple-unit trains. 

The mechanical portion of the locomotives, of which 
there will be two types, are being built in the Gorton 
Works of the Railway Executive, while the electrical 
equipment is being supplied by Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manches- 
ter, 17. Of these locomotives, 58 will be of the double- 
bogie four-axle type and will have a continuous rating 
of 1,360 h.p. at 56 m.p.h., and a one-hour rating of 
1,868 h.p. at 45 n.p.h. The maximum tractive effort at 
starting will be 45,000 lb., the weight in working order 
being 88 tons and the maximum speed 65 m.p.h. It 
is interesting to record that a prototype locomotive 
of this type was completed at Doncaster in 1941 
and ran trials on the Manchester-Altrincham line 
in that year, and in 1947. It has since been in use on 
the Netherlands Railways, where it has run over 
200,000 miles, hauling 400 to 500-ton international 

nger trains and 1,500 to 2,000-ton mineral trains 
a Amsterdam and Maastricht. As a result of 
the experience gained during these trials, it will be 

ible to include a number of improvements in the 
new locomotives, a photograph of one of which, in the 
shops at Gorton, is a in Fig. 5, opposite. 

The remaining 27 locomotives, the construction of 
which will follow at a later date, will be of the double- 
bogie six-axle type and will have a continuous rating of 
2,298 h.p. at 46 m.p.h., and a one-hour rating of 
2,490 h.p. at 44-3 m.p.h. Their maximum tractive 
effort at starting will be 45,000 lb., the weight in working 
order being about 102 tons and the maximum _— 
90 m.p.h. These locomotives, which will be fitted 
with an electric boiler for heating, will normally haul 

nger trains. The performance of both types 
will be identical on the lowest speed combinations ; 
and both will be equipped with electro-pneumatic 
control gear and regenerative and Westinghouse air 
braking. Facilities for vacuum braking both passenger 
and freight trains will also be provided. 

The open-saloon multiple-unit stock will be similar 
to that being employed on the Liverpool Street-Shen- 
field electrified lines, except that both first- and third- 
class accommodation will be provided. The coaches 
are being built by the Metropolitan-Cammell Carriage 
and Wagon Company, Limited, Saltley, Birmingham, 8 
while the electrical equipment is being supplied by the 
General Electric Company, Limited, M House, 
Kingsway, London, W.C.2. Each unit will comprise a 
motor coach and driving trailer and will be capable of 
an acceleration of 1-2 m.p.h. per second. 

Finally, it may be mentioned that a maintenance 
depot for the electric locomotives and multiple-unit 





trains is to be built at Reddish, near Manchester, in | P®P© 


the position shown in Fig. 1. The main building will 
be 400 ft. long with four tracks, between which there 
will be specially-wide pits. Two of these pits will be 
provided with overhead electric equipment and the 
others will be spanned by a 50-ton crane. Compressed 
air and direct current at 50 volts will be provided for 
testing purposes at the side of each track. The 
equipment will also include several special portable 
appliances to assist maintenance. A second depot, for 
the inspection of locomotives only, will be constructed at 
Wath and, possibly, a third at Darnall, near Sheffield. 





ELECTRIC GENERATING PLANT FOR SOUTH AFRICA.— 
The fourth 47-MVA3,000 r.p.m. turbo-alternator con- 
structed by the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, for installa- 
tion in the Orlando power station, Johannesburg, was 
recently shipped from this country. A fifth set of 
the same rating is approaching completion and a further 
five 37-MVA sets are being built by the same firm, bring- 
ing the total capacity of the station up to 422-5 MVA. 





THE WOMEN’S LEGION SCHOLARSHIP IN AERONAUTICAL 
ENGINEERING.—The second award of the Women’s 
Legion Scholarship in Aeronautical Engineering will be 
made in June, 1950. The scholarship is open to girls, 
aged 16 to 20, who are British subjects by birth, and 
both of whose parents are British subjects by birth. 
The scholarship is worth 1502. The winner, who will be 
chosen by a selection board composed of representatives 
of the Royal Aeronautical Society, the Society of British 
Aircraft Constructors, the Guild of Air Pilots and Air 
Navigators, the Women’s Legion and the Women’s 
Engineering Society, will be able to train for aeronautical 
research, design or production engineering, or as a 
i d ground engi Application forms, which 
must be completed by April 30, 1950, can be obtained 
from the Secretary, Women’s Engineering Society, 35, 
Grosvenor-place, London, S.W.1. 








THE INSTITUTE OF METALS. 


Tue annual general meeting of the Institute of 
Metals will be held in London, on Wednesday, Thurs- 
day and Friday, March 29, 30 and 31. The meeting 
opens at 10.30 a.m. on the first day, at the Café Royal, 
Regent-street, London, W.1, when the business will 
include the presentation of the reports of the Council 
and of the honorary treasurer, the election of officers 
for 1950-51, the presentation of the first award of the 
W. H. A. Robertson Medal and Premium, and the 
induction of the new President, Mr. H. 8S. Tasker, B.A., 
who will read his presidential address. At 12.30 for 
1 p.m., a luncheon will be held at the Café Royal, at 
which the Institute of Metals Platinum Medal for 1950 
will be presented to Professor Albert Portevin. At 


3.30 p.m., a general meeting of members will be held| po 


at the Institution of Mechanical Engineers, Storey’s 
Gate, St. James’s Park, S.W.1, when Dr. E. Scheuer 
will present his paper, “‘ Modern Billet Casting, with 
Special Reference to the Solidification Process,” after 
which there will be a joint discussion on three papers, 
namely, ‘‘ Grain Refinement of Aluminium and its 
Alloys by Small Additions of Other Elements,” by 
Mrs. M. D. Eborall ; “‘ Mechanism of Grain Refinement 
of Sand Castings of Aluminium Alloys,” by Mr. A. 
Cibula ; and “‘ Effect of Grain-Size on Tensile Proper- 
ties of High-Strength Cast Aluminium Alloys,” by Mr. 
A. Cibula and Mr. R. W. Ruddle. 

The whole of the second day, Thursday, March 30, 
will be devoted to a symposium on “ Metallurgical 
Aspects of the Hot-Working of Non-Ferrous Metals 
and Alloys,” to be held at the Institution of Mechanical 
Engineers, Storey’s Gate, 8.W.1 Four papers will be 
discussed at the morning session, from 10 a.m. to 1 p.m., 
and four in the afternoon, from 2.30 to 5. Individual 
authors will not present their papers, but Dr. C. J. 
Smithells, M.C., will act as rapporteur at the morning 
session and Mr. G. L. Bailey will be rapporteur in the 
afternoon. The four morning papers are as follows: 
“The Hot-Rolling of Aluminium and Its Alloys,” by 
Mr. F. Kasz and Major P. C. Varley ; “ The Extrusion 
of Aluminium Alloys,” by Mr. Christopher Smith ; 
“The Hot-Forging and Hot-Stamping of Aluminium 
and Its Alloys,” by Mr. F. E. Stokeld; and ‘“ The 
Hot-Working of Magnesium and Its Alloys,” by Mr. 
R. G. Wilkinson and Dr. F. A. Fox. The four afternoon 
papers comprise: ‘‘ The Hot-Working of Copper and 
Copper Alloys,” by Dr. Maurice Cook and Mr; Edwin 
Davis; ‘The Hot-Working of Tin Bronzes,” by Mr. 
D. W. D. Showell; ‘“‘ The Hot-Working of Lead and 
Lead-Rich Alloys,” by Mr. L. H. Back; and “ The 
Rolling of Zinc and Zinc-Rich Alloys,” by Mr. C. W. 
Roberts and Mr. B. Walters. At 8 p.m., a conversa- 
zione will be held at the Institute’s offices, 4, Grosvenor- 
gardens, S.W.1. 

The last session will be held at the Institute’s Offices, 
from 10 a.m. until 1 p.m., on Friday, March 31. Three 
rs will be discussed, namely, “* The Application of 
X-ray Methods to the Determination of Phase Boun- 
daries in Metallurgical Equilibrium Diagrams,” by 
Professor E. A. Owen and Mr. D. P. Morris; ‘‘ The 
Mechanism of Deformation in Metals, with Special 
Reference to Creep,” by Dr. W. A. Wood and Mr. 
W. A. Rachinger; and “ Recrystallisation of Single 
Crystals After Plastic Bending,” by Mr. R. W. Cahn. 





FILM ON WELDED STRUCTURES.—A 35-mm. sound film 
of structural engineering work being carried out at Margam 
by Messrs. Dorman, Long and Company, Limited, 
Middlesbrough, for the Steel Company of Wales, Limited, 
was shown at the British Council Theatre, 6, Hanover- 
street, London, W.1, on Monday, February 13. T 
film, which lasts about 35 minutes, deals mainly wi 
the fabrication and erection of the large all-welded plate 
girders being used in the construction of a melting 
shop, including the 90-ton units 110 ft. long by 12 ft. 5 in. 
deep, described and illustrated in ENGINEERING, vol. 167, 
page 185 (1949); these are believed to be the largest 
all-welded girders ever made. A 16-mm. version of the 
film may be borrowed free of charge by approved applic- 
ants from Messrs. Dorman, Long, Zetland-road, Middles- 
brough. 





GENERATING PLANT EXTENSIONS.—During the past 
three months, the British Electricity Authority have 
received the consent of the Minister of Fuel and Power 
to carry out extensions to eight power stations, thus 
increasing the aggregate installed capacity of the country 
by 621-5 MW. These extensions include three 60-MW 
sets at Tilbury ; two 60-MW sets at Carmarthen Bay, 
South Wales ; and one 60-MW set at Brimsdown, near 
Enfield ; at Chadderton, Oldham; at Littlebrook C, 
Kent ; and at Staythorpe, Derbyshire. A 51-5-MW set 
is also to be installed at Clarence, Dock, Liverpool, and a 
30-MW set at Woolwich. Oarmarthen Bay, Chadderton, 
Littlebrook C, Tilbury and Staythorpe are new stations 
which are not yet in commission. Staythorpe, however, 
is expected to begin generating within the next few 
weeks. 





1,000-TON TESTING MACHINE FOR 
STRUCTURES. 


ARTICLES published in ENcInzERING from time to 
time have described large structure-testing machines 
built by Messrs. W. and T. Avery, Limited, Soho 
Foundry, Birmingham, 40. On page 134 of our 122nd 
volume (1926), for example, an article on a testing 
machine of 1,250 tons capacity was published. This 
machine was built to the order of Messrs. Dorman, 
Long and Company, Limited, Middlesbrough, primarily 
for testing full-size bridge members and other structural 
components for the Sydney Harbour Bridge. Again, 
on page 79 of our 165th volume (1948), an article 
appeared on a structure-testing machine of 150-tons 
capacity, built for Messrs. Short and Harland, Limited, 

lfast. This was a vertical type of machine, but it 
incorporated many of the principles employed in the 
machine which is the subject of the present article. 
The requirement which has arisen for such machines, 
particularly in the aircraft industry, is due to the direct 
stimulus of the 1939-45 war, when novel forms of air- 
craft construction made full-scale type tests imperative. 

The new machine, of 1,000 tons capacity, has been 
built for a Ministry of Supply establishment. Its 
design reflects the progress that has been made since 
1926 in load application and measurement. Careful 
attention has been given to the influence of end condi- 
tions, and provision is made for pin-ended, encastre 
and intermediate combinations so as to reproduce, as 
far as possible, representative conditions. For example, 
under the full load of 1,000 tons, a 3-in. concentricity 
is allowed for, thus giving a bending moment of 3,000 
ton-in. ; alternatively, an angularity of 1 in 20 would 
produce a shear force of 50 tons at full load. The 
machine is intended for fundamental research into the 
structural components of aircraft, and the large 
dimensions have been chosen to permit the testing of 
large box sections, panels, struts, sections of wing and 
fuselage, and und i components under com- 
ese and on the oe side of the machine various 
t of joints can be tested so as to veri igners’ 
ps aot om The importance of oast tate oe be 
appreciated when it is recalled that the factor of 
safety for airborne structures is necessarily lower than 
that of static structures, due to weight restrictions. 

Fig. 1, herewith, is a general view of the main 
part of the machine, and Fig. 2 is a view from the 
opposite end. Figs. 9 and 10, on page 212, show an 
elevation and plan, ively. The main dimensions 
are 75 ft. 6 in. length overall, 16 ft. 6 in. breadth, 
15 ft. 1 in. height above ground level, and the total 
weight of the installation is estimated to be nearly 
250 tons. 


In the main frame is located, and guided by a novel 
arrangement of ground rollers, a moving crosshead 
which is coupled to four tension bars, which, in turn, 
are roller-guided and pass through the machine and 
stationary crosshead to the moving arm crosshead 
to which are also coupled four packingless rams and 
cylinders, each being capable of the maximum output 
of 250 tons, the rams being arranged in cruciform. 
There is a fifth ram and cylinder coupled to the centre 
of this moving crosshead, which is used for quick 
off-load setting of the crosshead and also forms an 
integral part of the recoil system. It will be observed, 
therefore, that the frame is used on the one side for 
compression testing and on the other side for tension 
testing between shackles, the maximum length of 
specimen for the former being 30 ft. 3 in., and for the 
latter 26 ft. 3 in., the stroke of the ga rams being 
5 ft. 0 in. Figs. 5 and 6, on Plate VI, which accom- 
panies this issue of ENGINEERING, show the middle 
crosshead. Fig. 4, on page 209, is a part-sectional 
elevation. 

The machine is mounted on a heavy steel grillage 
grouted in the concrete foundations at its final site. 
This grillage has been carefully designed to react the 
bending moments and shear forces which will arise 
when testing structures, as previously mentioned, 
under known or unknown eccentric conditions. By 
a judicious use of steel joists used as flexure plates, the 
contraction of the frame under load has been allowed 
for and the machine can be considered as anchored 
at the main compression crosshead. The long com- 
pression struts which form the longitudinal members 
of the frame are of fabricated construction, and the 
two upper members have been specially cambered so 
that the deflection occurring due to their own weight 
when erected ensures that they are truly horizontal, 
and all four members have been stress-relieved. Two 
lateral loading frames are provided, mounted on rail 
tracks for convenience, which incorporate a hydraulic 
ram and cylinder mounted on gimbals for limited 
angular application, and are designed to produce a 
maximum force of 25 tons with a stroke of 2 ft. By 
this means the structural component under test can 
also be loaded laterally, either by a pull upwards or 
correspondingly downwards by the counterpart ram 
and cylinder, which are located in the frame of the 
machine underneath. 
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The machine is operated by hydraulic pressure up to 
1} tons per square inch and, owing to the varying 
delivery required, the oil is supplied by motor-driven 
pumps at about 1,000 Ib. per square inch, after. which 
the pressure is stepped up by means of duplicated 
intensifiers, the arrangement being such that, for the 
minor chart capacity of 500 tons output, one pump only 
(generally) and two straining cylinders are required, 
whereas for the full output of 1,000 tons all four 
cylinders and both pumps will be in operation. The 
hydraulic gear and the control panel have been designed 
for a variety of duties, such as maintaining constant 
load or strain on a specimen for long periods automatic- 
ally, varying the load cyclically on a specimen between 
pre-determined limits, and providing varying rates of 
loading and unloading under manual control. 

The main compression frame comprises four similar 
com ion struts terminating in two crossheads 
forming the fixed tension and compression anchorages. 
The compression crosshead also carries the main and 
return cylinder, while the tension crosshead carries the 
statio tension shackle, as shown in Fig. 3, opposite. 
The frame of the machine is rigidly anchored at the 
compression crosshead only, the remainder of the 
structure being restrained laterally, but being rela- 
tively free longitudinally in order to accommodate 
the strains produced by load. The main rams are 
connected to a ram crosshead which transmits the 
force produced by the rams to the moving tension and 
compression crosshead by means of four tension rods. 
The moving tension and compression crosshead is fitted 
with split collets which engage in grooves machined at 
intervals in the tension rods. The moving crosshead 
is provided with means for power adjustment to 
accommodate varying lengths of specimen, and with 
means for reacting the lateral components of the shear 
force and moments induced by eccentric or angular 
loading of compression specimens. Provision is made 
for the accommodation of an elastic bar for the measure- 
ment of transients by means of strain gauges within 
the moving crosshead. 

The load is measured by the use of packingless rams 
and cylinders coupled hydraulically to a pendulum 
dynamometer. The main cylinders are four in number 
and two load ranges are available by the use of two or 
four main cylinders. In addition to indicating the 
load on a large-diameter chart, the pendulum dynamo- 
meter also operates load-extension and load-time 
recorders. 

Two bridge-type gantry frames with self-contained 
hydraulic loading cylinders and rams are provided 
for the purpose of applying lateral loads. These frames 
are adjustable along the length of the machine and 
may be parked alongside the main cylinders when not 
in use, enabling unrestricted widths of specimen to be 
accommodated. Two adjustable beams fitted with 
rams provide for the reactions produced by the lateral 
loadi 


gear. 

Load is applied by the four main rams designed for a 
maximum working pressure of 3,360 lb. per square 
inch. A further double-acting return and setting cylinder 
provides for traversing the main rams and moving 
crosshead at low pressure in either direction. The 
return cylinder is designed to absorb and transmit 
the forces due to the energy of recoil on breaking a 
specimen. 

The load-indicating cabinet also houses the hydraulic 
controls and indicators and the electrical controls, 
enabling all the functions of the machine to be under 
the effective control of a single operator. The opera- 
tions which may be performed include: loading at 
controlled ; loading and maintaining load at a 
pre-set limit; load maintaining for long periods ; 
strain maintaining for long periods; unloading at 
controlled speeds; repeated loading between pre-set 
upper and lower limits at controlled loading and 
unloading speeds; and forward and reverse power 
traverse. 

The main hydraulic pressure is provided by a pair of 
variable-displacement a feeding into a twin- 
cylinder continuous intensifier of 4:1 pressure ratio. 
Traversing pressure is provided by a fixed-displacement 
pump. These pumps, together with the necessary 
sae ly servo and pilot pumps, are mounted on a 
main baseplate, together with the intensifier, supply 
tank, and main valve gear. 

Turning now to the construction in detail, the four 
main compression struts are identical in construction, 
and are fabricated from rolled-steel plates. The 
ends are machined and bolted to the tension crosshead 
and cylinder crosshead, adequate fixing being provided 
to resist the stresses produced by recoil. The whole 
compression-frameé assembly is anchored rigidly at the 
cylinder crosshead, and is supported from the founda- 
tions along its length and at the tension end by means 
of flexure plates carried from the foundation crossbeams. 
By this means the whole assembly is restrained laterally 
but is free longitudinally to deflect under load, thus 
preserving uniform distribution of stress on the four 
compression struts. The flexure plates supporting the 
tension crosshead are designed to support that part 
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of the weight of the specimen which is transmitted to 
the tension crosshead, in addition to the weight of the 
crosshead itself and the tension fittings. 

The four tension. rods which transmit the force 
exerted by the main rams to the adjustable middle 
crosshead are supported throughout their length by 
anti-friction rollers. The extreme ends of the rods 
are supported by double rollers arranged so as effec- 
tively to locate the rods in all directions. These rollers 
run on tracks machined on the flange of a rolled-steel 
joist, rigidly located and bolted in position. Adjust- 
ment of the rods for alignment is provided by eccentric 
shafts secured by locknuts. Intermediately, the rods 
are supported by a simpler t; of roller bracket, 
designed so as to pass the middle crosshead without 
dismantling. The rollers for the lower rods run on 
tracks provided on the side reaction rails, and are 
fitted with eccentric adjustment. The rollers for the 
upper rods run on a machined track formed on the 
flanges of rolled-steel joists which are suspended from 
the upper compression struts. 

The middle adjustable crosshead carries the tension 
and compression fittings and auxiliary load-measuring 
gear. It is arranged to be clamped to the main tension 
rods at intervals, and can be traversed along the 
machine by power. The crosshead receives the load 
from the specimen and transmits it to the tension rods 


by means of eight pairs of locking collets which engage 
in grooves machined at intervals of 2 ft. 3 in. along the 
length of the rods, Each pair of collets is hinged from 
a fulcrum pin and opened and closed by links attached 
to crossheads operated by opposed screws. A floating 
nut operates two screws together and equalises the 
locking force between the upper and lower collets. 
The floating nuts are operated in pairs by right- and 
left-hand worm gearing and a floating worm shaft 
extending from face to face of the crosshead and ter- 
minating in a square suitable for fitting a crank handle. 
Each worm shaft therefore operates four pairs of 
collets together, two such shafts being provided. 
Tension and compression loads are received by two high- 
tensile steel castings designated the tension and com- 
pression yokes respectively. These yokes are machined 
to receive the appropriate fittings and are tied together 
by four high-tensile steel tension bolts. Each yoke 
is supported from the reaction saddle by flexure plates 
designed to transmit the lateral loads and moments. 
Between the compression yoke and the crosshead 
casting (Fig. 4), accommodation is provided for alter- 
native auxiliary load-measuring gear in the form of a 
steel cylinder for attaching electric-resistance strain 
gauges. Two steel castings fitted with hardened-steel 
hemispherical seatings, and accommodating a hardened- 





steel spherically-ended cylinder, are provided for use 
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with strain gauges. An initial load is applied to the steel 
cylinder by means of four steel coil springs in compres- 
sion fitted between the back of the tension yoke and the 
crosshead casting. Two pairs of pin-jointed tension 
shackles are provided, one set for use up to 500 tons load, 
and one set for use up to 1,000 tons load. The following 
compression fittings are provided: one pair of spheric- 
ally-seated platens 3 ft. in diameter, equipped with 
hardened-steel faceplates ; one pair of rectangular steel 
platens, 4 ft. 0 in. by 6 ft. 0 in., which may be attached 
to the spherical platens, or rigidly fixed to the com- 
pression yoke ; and one pair of attachments for steel 
balls, including one pair of seatings and 6-in. diameter 
balls for loads up to 1,000 tons, and one pair of seatings 
and 4-in. diameter balls for loads up to 500 tons. 

The saddle for the middle crosshead is specially 
designed to react the shear forces and moments pro- 
duced by eccentricity or angularity of compression 
loading with a minimum of friction. The tension and 
compression fittings associated with the middle cross- 
head are carried from two yokes tied together by four 
tension rods. This forms a rigid frame capable of 
transmitting the loads to the middle crosshead proper. 
The two yokes are also provided with heavy flexure 
plates designed to transmit the shear forces and 
moments to the reaction saddle. Both flexure plates 
are designed to carry the full 50 tons shear and the 
resulting component of the 3,000 in.-tons moment acting 
together in the same direction. 

The flexure plates are mounted on a reaction saddle 
which is arranged to transmit the forces from the 
flexure plates to the three reaction rails. Figs. 7 and 8, 
on Plate VI, show the saddle and the rails, respectively. 
The saddle is provided with six hardened and ground 
shoes, each complete with a chain of hardened and 
ground rollers running on the tracks of the reaction 
rails. The design limits the load on the rollers to not 
more than 5 tons per linear inch of contact. The shoes 
are located in the saddle by machined tenons and high- 
tensile steel screws. The arrangement is such that each 
set of three shoes transmits the forces from the adjacent 
flexure plate. The reaction rails are arranged to receive 
the resolved forces in vertical and horizontal directions. 
The central rail receives the horizontal components and 
the two side rails the vertical components. The rails 
are steel castings and are each in four sections joined 
by fishplates and bolts. They are provided with 
hardened and ground steel tracks throughout their 
length. The rails are bolted to a series of cross-beams 
by high-tensile bolts and a central tenon. 

The crossbeams of the grillage are heavy-section 
steel joists suitably stiffened and machined for receiving 
the rails. They are extended to carry the rail track 
for the lateral-loading frames. Six longitudinal joists 
Support the cross-beams and distribute the load to a 
sufficient area of foundation. Both the cross and 
longitudinal joists are embedded in the concrete 
foundation up to the floor level indicated in Fig. 9. 
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The saddle and middle crosshead are traversed along 
the rails by power at a speed of about 4 ft. per minute. 
| A roller chain round four pinions located at the 
|four corners of the saddle, and is carried in guarded 
| channels down the length of the machine. The chain 
|is driven by reduction gearing and a motor, located 
at the cylinder end of the machine. An electro- 
magnetically operated dog clutch is arranged to 
disengage the gearing automatically so that the saddle 
may be moved by hydraulic power. Control is by 
means of push-button stations mounted at intervals 
down the length of the machine. A slipping clutch is 
provided to protect the gearing in the event of obstruc- 
tion. 

The gear for applying lateral loads consists of two 
identical gantry frames fitted with hydraulic hoists 
and two adjustable reaction beams for reacting the 
loads to the foundations. The gantry comprises a 
travelling frame built up from rolled-steel sections 
and running along a rail track down the sides of the 
machine. The frame is propelled along the rails by 
two hand cranks which drive two of the track wheels 
through roller-chain gearing. The track comprises 
two flat-bottom rails bolted to the reaction cross-beams 
below the machine. By this means the forces produced 
are reacted to the foundation without being transmitted 
through the machined frame proper. A hydraulic 
cylinder and ram fitted with a tail rod and shackle 
provide the lifting force. The cylinder is mounted on 
gimbals so as to allow a limited degree of angular 
freedom. It is capable of exerting a maximum force 
of 25 tons over a stroke of 2 ft. The reaction beams 
are in the form of fabricated steel beams which engage 
in the side reaction rails, and are each fitted with a 
hydraulic cylinder and ram and tail rod fitted with a 
shackle. 

The cylinder is mounted on gimbals and the ram 
has a stroke of 6 in. Power is supplied from self- 
contained hydraulic pressure pumps, motor driven 
and mounted on the travelling frame. The pumps 
work at a maximum pressure of 3,360 lb. per square 
inch, the oil being led to two pairs of control valves. 
The admission valves are of the constant-flow type, and 
allow the straining speeds to be controlled from zero 
to 6 in. per minute, the excess delivery being by-passed 
to exhaust at a pressure slightly in excess of the actual 
working pressure. The release valves serve to remove 
the load when required. As the cylinders and rams 
are fitted with hydraulic leathers and packings, the 
load may be maintained for long periods with little 
attention. The magnitude of the load on each ram 
is at all times indicated by pressure gauges graduated 
from 0 to 25 tons by 0-1-ton divisions. The motor 
starters are contained in a panel carried from the 
uprights, power being obtained from plug sockets, 
fitted at intervals down the machine, by means of a 
flexible cable. 








(To be continued.) 
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PRIZES FOR SHIPYARD 
APPRENTICES. 


Tue Worshipful Company of Shipwrights announce 
that, in 1950, they will again offer four prizes (of sums 
up to 501., 401., 301. and 25/., respectively) to shipwright 
and plater apprentices from any shipbuilding or ship- 
repairing firm in the United Kingdom. Any appren- 
tice who succeeds in winning the first prize in three 
successive years, will receive a silver medal awarded 
by H.M. the King, as Permanent Master of the Com- 
pany. In addition, there are several other prizes, 
these including the Torrey Prize, instituted by the 
Court of the Company in memory of the late Major 
Gerald E. Torrey, who, when Prime Warden, initiated 
the prize scheme. A booklet, giving details of the 
prizes and of the conditions of entry, may be obtained 
on application to Mr. Gilbert Findlay, honorary Clerk 
to the Company, at 24, St. Mary Axe, London, E.C.4, 
to whom also firms who wish to enter candidates 
should apply for the necessary forms. These forms, 
when completed, should be sent to the chairman of the 
appropriate Local Committee, to reach him not later 
than the end of April. The final examination of candi- 
dates will be held in London on Friday, June 23, 1950. 

The chairmen of the Local Committees are as follows : 
for Scotland, Sir Harold Yarrow, Bt., Scotstoun, 
Glasgow, W.4; for Northern Ireland, North-west 
England and North Wales, Mr. H. Flett, Messrs. Alfred 
Holt and Company, India-buildings, Liverpool, 2 ; 
for the North-east and East Coast of England, down to, 
but excluding the Thames estuary, Mr. G. Wigham 
Richardson, Armadores House, Bury-street, London, 
E.C.3 ; and for the rest of England and Wales, including 
London and the Thames estuary, Mr. J. A. Milne, C.B.E. 
Messrs. J. Samuel White and Company, Limited, 
Cowes, Isle of Wight. 





CuicaGoO INTERNATIONAL TRADE Farr.—One of the 
main purposes of the International Trade Fair to be held 
in Chicago from August 7 to 19, is to assist Western 
European countries in need of dollars to sell their goods 
in the United States. Accordingly, a large propor- 
tion of space at the Fair will be allotted to Western 
European exhibitors. A feature of the Fair is the 
formation of a European Trade Fair Board under the 
auspices of O.E.E.C. (Organisation for European Econo- 
mic Co-operation), with Mr. F. Berbigier as Commissioner 
General. The aim of the Trade Fair Board is to co- 
ordinate the efforts of Western European exhibitors and 
to ensure that everything possible is done to give the 
maximum display to American buyers. United Kingdom 
exhibitors may obtain general information concerning 
the Fair from the Exhibitions and Fairs Division of the 
Board of Trade, Horseferry House, Thorney-street, 
London, S.W.1. They can also book space through Mr. 
A. P. Wales, 16, Shelton-street, London, W.C.2. 
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BRITISH STANDARD 


SPECIFICATIONS. 

The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De: ent of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Cesspools.—The Council for Codes of Practice for 
cpeating under We gle of the Micky of Works 
operating er the wgis of the Mini of Wor 
has issued, in final form, British Standard Code of 
Practice C.P. No. 302.200 relating to Is. The 
use of a cesspool is not considered to be a desirable 
method of dealing with sewage and the Code does not 
recommend it where connection to a sewer or the instal- 
lation of a septic tank or other small treatment plant is 
possible. It is recognised, however, that, in some cases, 
no other method is practicable and it is to give guidance 
Sieh une ok cenerl-npursionn, ovectonhy ond 

types impervious, overflowing an 
pervious—are defined and described, but only the first 
is dealt with in the Code, since the others are not recom- 
mended. Advice is given on the selection of a suitable 
site, and methods and materials of construction and of 
emptying and disposal of the contents are described. 
[Price 2s., postage included.]} 

Cast-Iron Pipe Flanges and Fittings——Two further 
specifications have been issued in the series of standard 
a for the petroleum industry. These are 

.S. No. 1575, covering cast-iron pipe flanges and 
flanged fittings, Class 125 ; and B.S. No. 1576, concern- 
ing cast-iron pipe flanges and flanged fittings, Class 250. 
Class 125 is so called because flanges and fittings 
ranging from 1 to 12 in. in diameter are suitable for 
use in connection with a maxim - saturated — 
service gauge pressure of 125 lb. per square inch. 
Sialindip. chan 900 to Go came eben de Honaee and 
fittings of from 1 to 12 in. in diameter, for use with a 
gauge pressure of 250 lb. per square inch. Both 
specifications have been prepared after careful considera- 
tion of the American Standards Association specifica- 
tions for these products. The two publications furnish 
full details for the design and construction of flanges 
and flanged fittings and provide detailed tables giving 
= the requisite dimensions for pipe diameters of from 

in. to 48 in. Data regarding marking and the weights 
of the fittings are given in appendices. [Price of each 
specification, 7s. 6d., postage included.] 

Laboratory Safety Precautions.—The first two sections 
of a new specification, B.S. No. 1121A, covering safety 
precautions in the use of laboratory chemicals for 

ical is, have now 5» > published. 
Both are contained under one and the same cover. 
Section one deals with general requirements and 
section two with the handling and use of perchloric 
acid. The purpose of the ification is to provide 
that working conditions and procedure in laboratories 
are such that the chances of serious accidents are 
minimised. The specification is also intended to serve 
as a medium of instruction in the safe handling of 
laboratory chemicals. Further sections will be issued 
from time to time. [Price ls., postage included.] 

Copper Sheet and Strip for Roofing.—The increasing 
use of copper sheet and strip in building, for purposes 
such as roof coverings, flashings, weatherings, gutters 
and —_— courses, has given rise to a demand 
for a specification for such material, and this has now 
been published as B.S. No. 1569. This controls the 
quality, mechanical properties and dimensional tbler- 
ances of material in thicknesses of up to No. 18 S.W.G. 
and in widths of up to and including 48 in., supplied 
flat or in coil form. [Price 1s., postage included.] 





CONTRACTS. 


MESSRS. HARLAND AND WOLFF, LIMITED, Belfast, have 
received an order from the Union-Castle Mail Steamship 
Company, Limited, 3, Fenchurch-street, London, E.C.3, 
for two passenger and cargo liners of about 17,000 tons 
gross, for the round Africa service. 


Messrs. TUBE INVESTMENTS LIMITED, The Adelphi, 
London, W.C.2, unce that tracts for 470,000 ft. 
of locomotive boiler and flue tubes, placed by the Indian 
Government, are now being completed by the firm’s 
subsidiary companies, Messrs. HOWELL AND COMPANY 
LIMITED, Sheffield, and TuBEs LimirEep, Birmingham. 


Messrs. HEAD WRIGHTSON AND COMPANY, LIMITED, 
Thornaby-on-Tees, announce that their subsidiary com- 
Pany, HEaD WRIGHTSOY ALDEAN, LIMITED, has obtained 
a@ contract from the Aberdeen Harbour Board for an 
aluminium opening bridge of the bascule type to be 
installed at Victoria Dock, Aberdeen. The bridge will 
give a clear opening of 70 ft. and it will carry two lines 
of road traffic, or one line of road traffic and one of rail 
traffic. Work on the bridge, which will cost approxi- 
mately 88,0001., is to begin immediately. The structure 
is expected to take some two years to complete. 








BOOKS RECEIVED. 


Gas Turbines and Jet Propulsion. By G. GEOFFREY 
SmirH. Fifth edition. Iliffe and Sons, Limited, 
Dorset House, Stamford-street, London, S.E.1. 
[Price 21s. net.] 

Ministry of Transport. Report of the Working Party on 
Fire Prevention and Fire Fighting in Ships in Port. 
H.M. Stationery Office, Kingsway, London, W.O.2. 
[Price 9d. net.) 

Ministry of Transport. Railway Accidenis. Report on the 
Collision which occurred on 4th October, 1949, near 
Oakley Station, London Midland Region, British 
Railways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. net.) 

Department of Scientific and Industrial Research. National 
Building Studies. Technical Paper No. 3. Investiga- 
tions on Granulated Blastfurnace Slags for the Manufac- 
ture of Portland Blastfurnace Cement. By Dr. T. W. 
PaRKER and R. W. Nurse. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 9d. net.) 

Department of Scientific and Industrial Research. Report 
of the Building Research Board. With the Report of the 
Director of Building Research. For the Year 1948. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. 6d. net.) 

Modern Works Management. By G. SAMUEL MASON. 
Second edition. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 15s. net.] 

Definitions and Formule for Students. Applied Mechanics. 
By Dr. E. H. Lewrrr. Second edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 1s.] 

Ministry of Education. Science Museum. Aeronautics. 
Heavier-than-air Aircraft. A Brief Outline of the 
History and Development of Mechanical Flight with 
Reference to the National Aeronautical Collection. By 
M. J. B. Davy. Part I. Historical Survey. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
2s. 6d. net.) 

Highway Research Board. Ourrent Road Problems. 
No. 8-R. Revised edition. Thickness of Flexible 
Pavements. Offices of the Board, 2101, Constitution- 
avenue, Washington 25, D.C., U.S.A. 

The Ohio State University. Engineering Experiment 
Station. Bulletin No. 139. Researches on Ohio Crude 
Oils. Part I. Classification and Evaluation of Ohio 
Crude Oils. By Proressors EDWIN E. SmirH and 
L. K. Herndon. Part Il. An Investigation of the 
Gasoline Fractions Obtained from a Corning Grade 
Crude Oil. By CHARLES W. CoNnKELIN and THomas H. 
Wison. The Director, Engineering Experiment 
Station, The Ohio State University, Columbus, Ohio, 
U.S.A. [Price 75 cents.) 

Development of Aircraft Engines. By PROFESSOR ROBERT 
SCHLAIFER. Development of Aviation Fuels. By 8. D. 
HERON. Two Studies of Relations Between Government 
and Business. The Harvard Business School, Soldiers 
Field, Boston 63, Massachusetts, U.S.A. [Price 
5.75 dols.] 

The British Electrical and Allied Industries Research 
Association. Technical Report No. L/T 186. Impact 
Testing. Critical Résumé. By W.LETHERSICH. [Price 
15s.) No. L/T 213. The Measurement of the Coefficient 


Method. By W. LETHERSICH and Dr. H. PELZER. 
[Price 68.] No. Q/T 108. Design of a Capacitive 
Voltage Transformer. By Dr.-TECHN. E. BILLIa. 
[Price 12s.] Offices of the Association, Thorncroft 
Manor, Dorking-road, Leatherhead, Surrey. 

The Cooper Union for the Advancement of Science and 
Art. The Director’s Report for the Ninetieth Year 
ending June 30, 1949. The Director, The Cooper 
Union for the Advancement of Science and Art, 
Cooper-square, New York, U.S.A. 

The Design of Marine Water-Tube Boilers. By L. BAKER, 
Charles Griffin and Company, Limited, 42, Drury-lane, 
London, W.C.2. [Price 45s. net.) 

First Year Applied Mathematics. By NORMAN CANNELL. 
University of London Press, Limited, Little Paul’s 
House, Warwick-square, London, E.C.4. [Price 
108. 6d. net.) 

The Materials Handling Manual. (Volume III). By 
M. M. WILLIAMSON and G. W. WILLIAMSON. Paul 
Elek (Publishers), Limited, Diamond House, 38, 
Hatton-garden, London, E.C.1. [Price 30s. net.] 

Roads: the New Way. By HaroLtp NocKo.tps. British 
Road Federation, Limited, 4a, Bloomsbury-square, 
London, W.C.1. [Price 2s.] 

Differential Equations. By Proresson Harry W. 
REDDICK. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 3 dols.] Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 24s. net.] 

Mitleilungen der Versuchsanstalt fiir Wasserbau und 
Erdbau an der Eidgenéssischen Technischen Hochschule 
in Zirich. Struktur und Schwindunt hungen an 
Ziegeleitonen. By PROFESSOR R. HAEFELI and G. 
AMBERG. A.G. Gebr. Leemann, Stockerstrasse 64, 

Ztrich 2, Switzerland. [Price 6 francs.] 











PERSONAL. 


Mr. J. Ramsay GEBBIE, O.B.E., B.Sc., M.I.N.A., of 
Messrs. William Doxford and Sons, Limited, Sunderland, 
has been elected President of the Shipbuilding Con. 
ference. He succeeds Mr. H. B. ROBIN ROWELL, C.B.E., 
A.F.C., D.L., M.I.N.A., who has completed two years of 
office. MR. CHARLES CONNELL, M.A. (Cantab.), M.I.N.A,, 
chairman of Messrs. Charles Connell and Company, 
Limited, Scotstoun, has been elected vice-president, 


Smr R. WaLEY Cowen, K.B.E., has retired from the 
chairmanship and the board of Anglo-Egyptian Oilficlds, 
Limited, St. Helen’s Court, Great St. Helen’s, London, 
E.C.3. StmR FREDERICK GODBER has been elected 
chairman in succession to Sir Waley. 


Mr. JoHN Hirconcock, B.Sc., formerly a member of 
the Mond Nickel Company’s development and research 
department staff, and, since 1946, personal assistant to 
Mr. I. A. Bailey, managing director of Messrs, Henry 
Wiggin and Company, Limited, Wiggin-street, Birming- 
ham, has now been appointed to the newly-created post 
of assistant managing director of Messrs. Wiggin. 


Mr. JouN R. PHEeazey, M.I.Mech.E., M.1I.P.E., works 
director of Standard Telephones and Cables Limited, 
Connaught House, Aldwych, London, W.C.2, and vice- 
president and European director of manufacture of the 
International Standard Electric Corporation, has been 
made President of the Engineering and Allied Employers’ 
London and District Association. 


Mr. A. J. HarBy, D.S.O., O.B.E., B.A. (Cantab.), 
A.M.LC.E., has been appointed traffic manager of the 
Steel Division of the Steel Company of Wales Limited, 
in place of Mr. W. B. Draper, who has left to take up a 
position with the Brush Electrical Engineering Company, 
Limited. 


Mr. E. R. SEADEN, B.Sc. (Eng.) (Lond.), formerly 
senior engineer, Birmingham district office lighting 
section, British Thomson-Houston Company, Limited, 
has been appointed senior lighting engineer, London 
district office. Mr. H. B. MELLOR, previously senior 
lighting engineer of the firm’s Leeds office, has now joined 
their Birmingham office as senior lighting engineer, 
Midlands. 


Mr. G. P. TINKER, who has been a director of Messrs. 
Birlec Limited, Birlec Works, Tyburn-road, Erdington, 
Birmingham, since 1946, has been appointed managing 
director in succession to the late Mr. A. GLYNNE 
LOBLEY. 


Mr. E. R. Harr, M.Inst.P., secretary and general 
manager of Messrs. Dussek Bitumen and Taroleum 
Limited, Empress Wharf, Bromley-by-Bow, London, 
E.3, has been elected to the board of the company. 
Mr. E. A. DEACON, A.M.I.E.E., and Mr. Eric A. DUSSEK 
have been appointed associate directors. 


Mr. E. J. Wappineron, A.C.A., and Mr. R. P.-H. 
Yaprp have been appointed directors of Messrs. Vickers- 
Armstrongs Limited, Vickers House, Broadway, London, 
8.W.1, with effect from March 1. Mr. Waddington will 
retain the office of secretary of the company. 


Mr. E. S. WappINGTON, F.S.E., M.Inst.W., A.I.E.E., 
of the industrial department, Philips Electrical Limited, 
Century House, Shaftesbury-avenue, London, W.C.2, has 
been appointed to the executive committee of the Inter- 
national Welding Congress of 1951. 


Mr. WALTER T. F. Hassan, A.M.I.Mech.E., has been 
appointed chief engineer to Messrs. Coventry Climax 
Engines Limited, Widdrington Road Works, Coventry, 
and to their associate company, Messrs. Coventry Diesel 
Engines Limited. 


Mr. Hector McNEIL, general manager, Messrs. Bab- 
cock and Wilcox, Limited, has been elected a director of 
the firm. 


Mr. J. R. Hupson, lately works manager of the Moss 
Gear Company, Limited, Tyburn, Birmingham, 24, who 
has been directly connected with the company for the 
past 30 years, has been elected to the board and will 
now hold the position of works director. Mr. Hudson is 
succeeded as works manager by Mr. T. W. Moore, for 
many years night-shift superintendent, who has been 
35 years with the firm. 


Mr. A. E. McConneELL, M.B.E., has retired from the 
position of manager of the Belfast office of the Mctro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, and has been succeeded by MR. 
S. McCRACKEN, M.I.E.E., who has been at the Belfast 
office since 1934. 


Mr. M. J. BuckmasTER has been appointed public 
relations officer of the Ford Motor Company, Limited, 
Dagenham, Essex. He has been 21 years with the 
company. 


Messrs. WOLF ELECTRIC Toots LIMITED, have 
opened a Canadian branch, at 2271, Bloor-street West, 
Toronto, 9. The management is in the hands of MR. 
JOHN BEST. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—A strike of over 200 maintenance men 
at Colvilles’ Dalzell Works, in sympathy with 35 who 
had been declared redundant, threatened to affect pro- 
duction at the end of last week, but, otherwise, melting- 
shop and rolling-mill outputs are on a very good level. 
Raw materials are circulating freely, scrap in particular 
being plentiful. Despite a general stringency in coal 
supplies, deliveries are adequate for steelmaking. Out- 
lets, in the aggregate, are sufticient to absorb the capacity 
ingot production, but out-of-balance trade conditions 
continue to disturb the industry. The demand for plates 
and sheets appears to be insatiable at present, while 
longer-term prospects suggest that similar conditions 
will prevail well into the remainder of the year. Some 
orders for new ships have been particularly gratifying, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Supplies of local brands of pig iron 
have been fuller, but more hematite iron is needed. Iron 
and steel scrap is fairly plentiful, and the production of 
steel is being maintained at recent high levels. A full 
effort is being made to expand export business, especially 
in specialised types of steel and their products. The 
prospect of concluding some useful business in Canada, 
in agricult hine parte. has prompted a director of 
Messrs. Hattersley and Ridge, Limited, to fly to Canada. 
Leading makers of heat-resisting steels of the new types, 
Messrs. Wm. Jessop and Sons, Limited, have dispatched 
a representative, by air, to Belgrade with the object of 
securing business encouraged by the Anglo-Yugoslav 
trade agreements. An important contract for seven 
electric railway motor coaches for Portugal is being 








as steelmakers are well aware that their prosperity is 
closely linked with shipbuilding activity. Heavy ton- 
nages of black and galvanised sheets are moving off into 
home consumption, while export orders are also numer- 
ous. Tube strip and medium plates are a firm trade. 
Slackness in sections and small bars causes uneasiness, 
but while operations are largely on a day-to-day basis, 
works are being kept going remarkably well. Re-rollers 
have received a modest allocation of Swedish and Dutch 
bi-lateral trade-agreement tonnages. 


Scottish Coal.—Despite a promising start immediately 
after the New Year holiday, production at the collieries 
has since declined, outputs falling short of the standard 
in the corresponding period a year ago. In a recent 
11-day fortnight the weekly production averaged 470,600 
tons, against 482,500 tons in the same period in 1949. 
The decline, in conjunction with spells of cold weather, 
has made for tightness in consumer supplies. A week of 
heavy strike losses in Ayrshire recently accentuated the 
stringency in that area, and a switch of tonnages from 
Fife had to be made to bridge one ortwo gaps. Anumber 
of large firms encroached heavily on reserves, but the 
situation is now almost back to normal. An interference 
with scheduled arrangements in the export trade has now 
been rectified, and the usual weekly shipments of about 
3,000 tons of washed smalls and large steam coal are 
under regular despatch to Eire. Last year exports from 
Ayr and Troon totalled 279,320 tons (mostly for Eire) 
as against 173,950 tons in 1948. Graded fuel for indus- 
trial users falls short of general requirements, and most 
firms have to accept a higher proportion of dross than 
they welcome. A strong effort to maintain deliveries 
to the domestic trade has met with considerable success. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—The improvement in the coal- 
export trade continued last month. Official figures, 
issued by the Docks and Inland Waterways Executive in 
the past week, showed that, in January, the six principal 
South Wales ports shipped 405,471 tons of coal and 
coke for foreign destinations compared with 348,868 
tons in the corresponding period of last year. Shipments 
coastwise also showed improvement, from 270,641 tons 
in January, 1949, to 271,878 tons last month. Patent- 
fuel deliveries, moreover, were on a better scale. Exports 
for some weeks past, however, have been considerably 
hampered by the acute shortage of supplies. This was 
brought about by the spell of cold weather which not 
only stimulated the demand from inland but caused 
operators to concentrate as much coal as possible into 
this section as a precaution against any transport hold 
up due to bad weather. Consequently, the amount of 
coal which could be spared for shipment not only pre- 
cluded any further expansion in foreign business, but 
held up deliveries already arranged. This was particu- 
larly the case with the French trade. In the past week, 
however, more cargoes have been dispatched to this 
market. Nevertheless, shippers were only handling 
quantities which should have gone out in January. The 
February programme had not yet been begun. There 
has been some activity in the Argentine trade, while 
cargoes have been made available for Italy. A good 
activity continues to centre in the home trade, and, 
once again, operators are encountering a keen demand 
and are unable to accept all the business available. 
The inquiry for cokes is actively maintained, while a 
cargo of 9,000 tons of patent fuel, for delivery to 
Pakistan, has been arranged. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange, states 
that, last week, business in tin-plate was generally 
quieter in tone. The export market also was moderately 
active, but fairly numerous orders were booked. On 
the other hand, there is no relaxation in the demand for 
steel sheets and the orders on makers’ books will keep 
them fully employed for some time ahead. Increased 
supplies of iron and steel scrap are being sought after by 


e ited by Cravens Railway Carriage and Wagon Com- 
pany Limited, Darnall, Sheffield. It has been secured 
through the General Electric Company, in face of keen 
competition from several European firms. Each coach 
is designed to seat 60 persons and to travel at speeds of 
up to 65 m.p.b. Deliveries are expected to be com- 
pleted by the end of March. Generally, the steel trades 
of Sheffield are very busily employed, and there is a very 
active state in the light and heavy engineering works. 
South Yorkshire Coal Trade.—The production of coal 
improved again, but sagged during the period of Don- 
caster Races. Gradually the opencast sites have become 
workable after the floods but opencast coal of the better 
qualities has been scarce. Railway locomotive hards 
are in sustained request and industrial steams are keenly 
sought to avoid further withdrawals from reserves. 
House coal, after recent scarcities, is available a little 
more freely. Coking coal is in strong request and hard 
coke is in fairly good supply. Gas coke is active and 
plentiful. The shortage of suitable grades is retarding 
despatches to the Humber ports for export. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—A steady tone pervades the market. 
Iron and steel producers have good bookings and expand- 
ing business encourages the expectation that the aggre- 
gate tonnage output in the near future will exceed the 
recent heavy total make. Many descriptions of material 
are still urgently needed in very large quantities for home 
purposes, and the rising trend of exports is marked. 
Most plants in operation are running to capacity limit 
and the increased tonpage production enables much 
better handling of delivery obligations than for some 
time. Customers are, in fact, now receiving regular 
deliveries of their allocated tonnages. Supplies of raw 
material from home sources remain at a satisfactory 
level and the continuation of large imports of foreign 
iron ore is assured. The considerable parcels of fron and 
steel scrap, which merchants are able to provide for 
prompt delivery, are readily taken up. Indeed, still 
larger deliveries would be very acceptable. While the 
pig-iron position is considered to be rather easier the 
needs of home consumers leave no surplus tonnage 
available for export. Plants providing semi-finished and 
finished commodities have a lot of work in hand. 

Foundry and Basic Iron.—Both low- and high-phos- 
phorus grades of foundry pig iron are in greater demand 
than sellers can provide and the complaint of incon- 
venience ioned by inadequate deliveries continues. 
All the make of the Tees-side basic blast-furnaces is 
needed for immediate use at adjoining steel plants. 


Hematite, Low Phosphorus and Refined Iron.—A rather 
greater tonnage of East-Coast hematite is available for 
distribution, but deliveries do not yet cover all the 
requirements of customers. There is a continued ready 
sale for blast-furnace product low in phosphorus. Orders 
in hand for refined iron keep manufacturers very actively 
engaged and the inquiries circulating promise to lead to 
substantial buying. 


Manufactured Iron and Steel.—Activity at semi- 
finished and finished ironworks is increasing. In some 
departments, manufacturers are well sold, but, in other 
branches of the industry, producers are still in a position 
to guarantee fairly early attention to new business. 
Steel-melting shops are very busily employed. The huge 
make of ingots is eagerly taken up and the demand for 
sheet bars and slabs, small squares and flat billets 
practically absorbs the supplies. On the other hand, 
the other classes of steel semies, although freely offered, 
attract little attention, as users are extensively bought. 
The commitments of finished-steel producers are still 
heavy, but the pressure for the outputs of the light re- 
rolling mills is somewhat easier. The make of the heavy 
rolling mills, however, continues in very strong request 
and a rising proportion of their impressive programmes is 
intended for export. Considerable business with the 








the steelworks, where the requirements are heavy. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section: Monday, February 27, 5.30 p.m., Victoria- 
embankment, W.C.2. Discussion on ‘ Mobile Radio 
Power-Packs,” opened by Air-Commodore R. L. Phillips. 
North-Eastern Centre: Monday, February 27, 6.15 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘ Fault-Throwing 
Tests on the 132-kV Grid System,” by Mr. W. Casson 
and Mr. F. H. Birch. North-Western Centre: Tuesday, 
February 28, 7 p.m., Engineers’ Club, Manchester. 
Annual University Lecture on “‘ Radio Astronomy,” by 
Dr. A. C. B. Lovell. Southern Centre: Wednesday, 
March 1, 6.30 p.m., University College, Southampton. 
“ Development and Design of Electrical Control Gear 
for Machine Tools,” by Mr. A. R. H. Thorne. Scottish 
Centre: Wednesday, March 1, 7 p.m., Heriot-Watt 
College, Edinburgh. Lecture: ‘“‘ Some Electromagnetic 
Problems,” by Professor G. W. O. Howe. Institution: 
Thursday, March 2, 5.30 p.m., Victoria-embankment, 
W.C.2. ‘“‘ Electrical Methods of Measuring Mechanical 
Quantities,” by Mr. F. J. Woodcock. 

“INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, February 27, 7.15 p.m., College of 
Technology, Manchester. ‘‘ Industrial Heat Treatment,” 
by Mr. J. McHenry. Nottingham Section: Wednesday, 
March 1, 7 p.m., Victoria Station Hotel, Milton-street, 
Nottingham. Annual Meeting. Glasgow Section : Thurs- 
day, March 2, 8 p.m., 39, Elmbank-crescent, Glasgow. 
Discussion on ‘“ Foremanship,” opened by Mr. H. 
Gardner. 

JuNIOR INSTITUTION OF ENGINEERS.—Sheffield Sec- 
tion: Monday, February 27, 7.30 p.m., 198, West-street, 
Sheffield. ‘‘ Mechanical Aids in the Operation of Rolling 
Mills,” by Mr. J. S. Mayne. Midland Section: Wednes- 
day, March 1, 7 p.m., James Watt Memorial Institute, 
Birmingham. ‘‘ American Archzology,” by Mr. F. A. 
Fry. Institution: Friday, March 3, 6.30 p.m., 39, 
Victoria-Street, S.W.1. Film Evening. 


Royal Socrery OF ARTS.—Monday, February 27, 
8 p.m., John Adam-street, W.C.2. Cantor Lecture IT. 
“ Public Lighting,” by Mr. J. M. Waldram. 


INSTITUTION OF CIVIL ENGINEERS.—W orks Engineering 
Division: Tuesday, February 28, 5.30 p.m., Great 
George-street, S.W.1. (i) “‘ Driving and Lining of the 
Clunie Tunnel on the Tummel-Garry Hydro-Electric 
Project,” by Mr. C. F. Grundy. (ii) “‘ The Maullardoch- 
Fasnakyle-Affric Tunnels,” by Mr. E. C. Dillon. Asso- 





Dominions has been put through and the pressure on 
he sheet and plate mills is extremely heavy. 





ciation of London Students : Wednesday, March 1, 6 p.m., 
Great George-street, S.W.1. 
Consulting Engineer,” by Mr. J. A. Johnston. 


“The Functions of the 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 


February 28, 6.30 p.m., Caxton Hall, Victoria-street, 
8.W.1. 
neer,” opened by Dr. E. Carr. 


Discussion on “‘ Copper and the Sanitary Engi- 


INSTITUTION OF MECHANICAL ENGINEERS.—South 


Wales Branch: Tuesday, February 28, 6.30 p.m., South 
Wales Institute of Engineers, 
“ Brection of a Modern Boiler Plant,” by Mr. J. S. Gray. 
Institution: Friday, March 3, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. 
ings,” by Mr. D. F. Denny. London Graduates’ Section : 
Wednesday, March 1, 7 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. 


Park-place, Cardiff. 


* Friction of Flexible Pack- 


Joint Meeting with the INSTITUTION OF 
ELECTRICAL ENGINEERS (London Students’ Section) and 


the RoyaL AERONAUTICAL SoctETy (Graduates’ Section). 
Three papers on “‘ Some Engineering Problems in Aircraft 


Design.” AUTOMOBILE DIviIsion.—Birmingham Centre : 
Tuesday, February 28, 6.45 p.m., James Watt Memorial 
Institute, Birmingham. “Petrol Injection as Applied 
to Road Vehicles,” by Mr. R. Barrington and Mr. E. W. 
Downing. 


INSTITUTE OF FUEL.—Midland Section: Wednesday, 
March 1, 2.30 p.m., Queen’s Hotel, Birmingham. Dis- 
cussion on “‘ Domestic Fuel.” 


i ENGINEERING SocieTy.—Wednesday, 
Bey ail 9, The Temple, 24, Dale-street, Liver- 
pool. “ Diesel Propulsion for Cargo Vessels,” by Mr. 
A. G. Arnold. 


INSTITUTE OF INDUSTRIAL SUPERVISORS.—Birmingham 
Section: Wednesday, March 1, 7.30 p.m., Chamber of 
Commerce Building, New-street, Birmingham. ‘“‘ Pro- 
duction Planning and Control,” by Mr. T. G. Roche. 


Royal Socrery.—Thursday, March 2, 4.30 D.m., 
Burlington House, Piccadilly, W.1. (i) “‘ The Perme- 
ability of Porous Materials,” by Mr. E. C. Childs and 
Mr. N. C. George. (ii) “‘ The Adsorption of Vapours on 
Mercury: Part IV—Surface Potentials and Chemi- 
sorption,” by Mr. C. Kemball. 


ROYAL AERONAUTICAL SOCIETY.—Thursday, March 2, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“‘ Design for Maintenance,” by Mr. R. E. 
Bishop. 
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SIMPLIFICATION FOXES 
TOP MANAGEMENT, 
SAYS RESEARCH CHIEF 


THOSE conservatively-minded members of the 
Institution of Mechanical Engineers (or the survi- 
vors of them) who, in 1939, feared that the Insti- 
tution was becoming Americanised because the 
familiar octavo Proceedings, so convenient to hold 
in the hand, whether bound or not, had given place 
to the quarto which has since been standard, must 
have experienced a revival of their fears when they 
saw the title of the paper (‘‘ Simplification Creates 
New Problems for Top-Management ”’) that Dr. H. E. 
Merritt presented at last Friday’s meeting. The new 
doctrine of ‘‘ Simplification,” so much emphasised 
in the report of Sir Ernest Lemon’s committee, has 
evidently done more than merely to “create New 
Problems for Top-Management ”; it has created a 
precedent of unknown potentialities and dangers, 
though, somewhat to our own surprise, the inno- 
vation received no comment in the ensuing dis- 
cussion—possibly because the discussion itself, as 
soon became evident, had beenso carefully organised. 
It is intriguing, however, to speculate on how far 
this once staid Institution may be expected to go 
along the perilous road of snappy titling. Will 
it progress, through such intermediate stages as 
we have ventured upon at the head of this article— 
but set in display type, of course, and followed by 
a bold-face summary of such telegraphic conciseness 
as will make it unnecessary for most of the members 
to read the paper at all—to something on the lines 
of that classic of Yankee journalism, ‘‘ OYSTER 





BARS JAM PROBE ”’?; which, on examination, 
proved to refer to the refusal of a certain civic 
dignitary, Colonel Oyster, to agree to a proposed 


97 | inquiry into traffic congestion in his “‘ burg.” 


Those, however, who, managing to overcome any 
repugnance that the title may have induced, 
attended the meeting, found (as was to be expected) 
that Dr. Merritt certainly had something to say, 
even though the expression of it tended at times to 
lapse into the terminology with which management 
consultants clothe the mysteries of their craft. An 
abridgement of the paper is given on page 222. 
It was concerned, as the author explained, with 
the effect of simplification on, more particularly, 
complex proprietary engineering products, attention 
being directed especially towards ‘‘the new prob- 
lems and responsibilities with which simplification 
confronts topmanagement, partly in the closer 
control of line of products, but chiefly in the 
integration of the design, production and marketing 
functions.” 

‘* Specialisation,” as defined in the Lemon 
Report, ‘‘is the process whereby particular firms 
concentrate on the manufacture of a limited number 
of products or types of products. Simplification 
is the process of reducing the number of types of 


6 products made (or called for) within a definite 


range. Standardisation is the process of defining ‘ 
and applying the ‘ conditions ’ necessary to ensure 
that a given range of requirements can normally 
be met with a minimum of variety, and in a repro- 


20 | ducible and economic manner on the basis of the 


best current technique.” The first two definitions 
are straightforward, and definite, but we suspect 
that the composition of the third may have involved 
a certain amount of argument among the members 
of the Lemon Committee ; the more so because, as 
Dr. Merritt observes with much truth, “‘ standardi- 
sation ’’ has been ‘‘ variously and confusingly inter- 
preted, sometimes as the process of evolving and 
defining standards, sometimes as the process of 
eliminating varieties, or in extreme cases as the 
process of design itself.” It seems likely that some 
of this confusion of thought may have arisen 
because so many men—particularly, perhaps, engi- 
neers—are liable to assume that they know precisely 
what each of the three words means. This is a 
fundamental difficulty, almost comparable with that 
of determining how given colours appear to each of 
several persons. 

This comparison must not be pushed too far or 
it will become misleading. Though the persons 
viewing them are different, the colours remain the 
same; whereas, in attempting to make similar 
assessments of management problems, it is more 
than likely that both the persons and the condi- 
tions are different. It should be remembered, too, 
that, while the undertakings in which most of the 
contributors to the discussion are normally engaged 
are beyond the average in size, the greater part of 
British manufacturing industry consists of much 
smaller units, in which the relative significance to 
be attached to design, production and marketing 
may vary over a very wide range. We have 
wondered sometimes whether sufficient regard was 
paid to this basic consideration by those responsible 
for the inception of the British Institute of Manage- 
ment. The natural tendency in any such organisa- 
tion is to try to formulate principles, and a curri- 
culum, applicable to the whole field to be covered 
and, in course of time, to try to apply the same 
type of cultivation over the whole of it. If Dr. 
Merritt’s paper had been presented to an old-style 
informal meeting, of the kind that the “top 
management ” of the Institution appear to have 
discontinued, it may be that the discussion would 
have proceeded along quite different lines. 

As it was, the discussion was opened by Sir Cyril 
Hurcomb, K.B.E., chairman of the British Trans- 
port Commission, and continued, among others, by 
Sir Ewart Smith, who is a director of Imperial 
Chemical Industries, Limited ; Major-General J. S. 
Crawford, C.B., C.B.E., a director of Guy Motors, 
Limited, and leader of the Productivity Group who 
produced the report on ‘ Simplification in Indus- 
try”; Mr. D. B. Mirk, industrial consultant ; 
Mr. Bertram White, technical director of the Federa- 
tion of British Industries, who was secretary of 
General Crawford’s Productivity Group; Mr. B. L. 
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Metcalf, of the National Coal Board; Mr. E. L. 
Diamond, assistant technical director of the British 
Standards Institution ; and Mr. J. M. Newton, of 
Metropolitan-Vickers Electrical Company. It will 
be seen, therefore, that most of the speakers were 
concerned, in their normal avocations, with large- 
scale rather than small-scale industrial activities, 
in which any effective simplification is likely to 
return dividends in more attractive proportion to 
the effort expended than can be expected in small 
engineering works ; but which, on the other hand, 
are more exposed to the gradual accretion of uneco- 
nomic designs, practices and products than are the 
small businesses, merely because the initiation of 
proposals for extensive reform are likely to be left 
to the higher levels of management to originate. 

This is not to say, however, that no simplification 
that is worth while takes place in the smaller engi- 
neering works—which, in the aggregate, represent 
the greater part of the industry ; nor would it be 
correct to assume that simplification—or, for that 
matter, co-ordination between the design, produc- 
tion and marketing functions—is something new. 
The desirability of simplification, and many of the 
problems associated with its attainment, must have 
been encountered by Julius Cesar when he was 
fitting out his Continental levies for the occupation 
of Britain. What is relatively new is that so many 
more people are talking about it, and that so much 
more pressure is being exerted, on almost a national 
scale, to force consumers to accept simplified pro- 
ducts in the sacred name of efficiency. Mass effici- 
ency of production is being exalted, but it is probable 
and, indeed, inevitable that an unknown number of 
small individual consumers’ efficiencies is being 
sacrificed in the process. A primary requirement, 
therefore, seems to be to educate the consumer out 
of the widespread belief that he is the best judge 
of what he really wants. The belief is not always 
well founded, but it would be dangerous to assume, 
after the apparent manner of some Government 
spokesmen, that British industry as a whole would 
benefit by re-organisation on American lines. It is 
only fair to say that Dr. Merritt himself did not 
advocate anything of the sort; but there is un- 
doubtedly a tendency in some quarters for admira- 
tion of American mass production to distort 
perspective. Even Americar industry does not 
consist entirely of large units, and the credit for its 
higher average output per man is by no means all 
to be attributed to superior management ; a great 
deal is due to the fundamentally different outlook 
of the ordinary man on the shop floor. 

We would not suggest for a moment that such 
discussions as that on Dr. Merritt’s paper serve no 
useful end, but it does appear that there is a certain 
conflict of purpose between the various organisa- 
tions which have been brought into being or stimu- 
lated into greater activity by the fact that Britain’s 
national trading accounts are showing a heavy 
balance on the wrong side ; for example, between 
the advocates of ever more simplification and 
standardisation, and the equally earnest promoters 
of more individuality in design, with the object of 
attracting custom by offering ‘‘ something different.” 
Not so long ago, British manufacturers were being 
reproved for reluctance to meet consumers’ wishes. 
Now, it seems, they are being urged in the opposite 
direction, or, rather, in both directions. Simplifi- 
cation and standardisation cannot be entirely 
divorced, and the farther they are carried, the 
harder it becomes to initiate changes and the 
more costly does the change become when at 
last it is made. One speaker in the discussion 
suggested that the fear of stagnation, as a possible 
result of more widespread standardisation, might 
prove to be exaggerated and, to some extent, he 
may be right; the number of components, and 
finished products also, which must be replaced 
because they cannot be economically repaired or 
reconditioned, is increasing steadily and this factor 
may operate to facilitate change. It must never 
be forgotten, however, that British trade has 
been built up on individuality. As Mr. J. M. 
Newton pointed out, the reduction of locomotive 
types on the British Railways from the present 400 
or so to a mere dozen, while certainly to the advan- 
tage of British Railways, will not help the loco- 
motive builders to secure orders from overseas. 





THE ROAD RESEARCH 
BOARD. 


In May, 1946, the title of the Road (Materials and 
Construction) Research Board was altered to the 
Road Research Board. The original body was set 
up in 1933, and, until the war period, confined its 
activities to the field covered by its original title. 
During the war, the Laboratory, which the Board 
controls, was called upon to undertake a variety of 
investigations having little or no relation to its pro- 
per sphere of work, and of which some account was 
given on page 44, ante. In 1946, when it was able 
to return to its proper function, it was decided that 
its scope should be enlarged to include problems of 
road safety and the flow of traffic. That full atten- 
tion is being given to this additional field of work is 
made clear by the report* of the Board for the year 
1948, which has just been published. 

It is in every way desirable that questions of 
road safety should be investigated by an impartial 
scientific body. Good work in this field has been 
done by various specialist associations, but the 
activities of these are almost necessarily influenced 
to some extent by the legal and emotional aspects 
of the question of road accidents. It is not necessary 
to suggest that the Road Research Board is indiffer- 
ent to the humanitarian considerations involved 
in the deaths of large numbers of children on the 
roads, but the first, most useful, step in attempting 
to reduce those numbers is to find out why the 
accidents occur. The reasons are, unfortunately, 
many and they can be elucidated and classified only 
by extensive controlled observations. Sir Frank 
Smith has stated that the losses due to road acci- 
dents amount to some 1001. million a year, which is 
equal to the cost of road construction and main- 
tenance, so that, quite apart from humanitarian 
considerations, the subject of road safety is a highly 
proper one for investigation by the Board. 

Reference is made in the early part of the report 
to the “‘ compelling need to build up a foundation 
of fundamental knowledge.” An illustration of 
such a policy in action is furnished by the work 
which has been done in connection with pedestrian 
crossings. As, to be effective, these crossings should 
be clearly visible to both drivers and pedestrians, 
experiments were carried out which showed that the 
most effective arrangement was to use alternating 
black and white stripes on the road surface. It 
may be considered obvious that a conspicuous 
pattern of this kind will be more easily seen than 
the beacons now in use; but scientific fact is not 
based on opinions about what is obvious and a series 
of observations were carried out from a moving car, 
by day and by night and in various weather con- 
ditions, to determine the recognition distances for 
unlighted beacons and stripes. These showed that 
the stripes were superior and other observations 
showed that they led to better observance of the 
crossings for at least four months after marking. 

To fulfil their purpose pedestrian crossings must 
be used by pedestrians and respected by drivers. 
It is a matter of everyday observation that both 
these ends are attained to some extent, but by no 
means completely. To obtain some specific informa- 
tion, observations on pedestrian behaviour were 
made in two towns, in each case over a period of a 
week ; in one town the observations were carried out 
during a “road safety week.” The ‘‘ behaviour 
index ” (defined as the number of pedestrians using 
a crossing, divided by the number of pedestrians 
crossing on or within 10 yards of a crossing, multi- 
plied by 100) averaged, for the “‘ safety week ” town: 
men 39, women 56, and children 66; for the 
other town, the average figures were men 25, 
women 31, and children 48. The useful conclusions 
to be drawn from these results are that the consider- 
able amount of propaganda which is being directed 
to the instruction of children in “‘ road sense ” is 
having useful effect and that the institution of 
formal “‘ road safety weeks” has an influence on 
all types of pedestrian. It would be desirable, how- 
ever, to know if that influence is lasting. It would 
have been informative also if the report had stated on 





* Report of the Road Research Board, with the Report 
of the Director of Research for the Year 1948. H.M. 
Stationery Office. [Price 2s. net.] 





what type of crossing the observations were 
made. 

This particular matter is by no means the most 
important of those dealt with in the report. It 
has been selected for mention here because it bears 
on one of the basic questions of road safety. here 
are three methods of attempting to reduce the 
number of road accidents. They have been specified 
by the terms “education,” “‘enforcement ” and 
“engineering.” The institution of a safety week 
is an example of education, and the observations on 
pedestrian crossings show that this may be of some 
effect. They do not show, however, how long the 
effect lasts ; perhaps the Road Research Board will 
attempt to find out. The term “enforcement ” js 
self-explanatory. It would be possible to introduce 
regulations making it an indictable offence to cross 
a road other than at a pedestrian crossing, but it 
does not follow that it would be possible to ensure 
that they are obeyed. If, however, the matter is 
approached from the point of view of “‘ engineering,” 
conditions might be improved without imposing 
new regulations on anybody. The report, as already 
quoted, states that “‘ striped markings led to better 
observance of the crossings by both pedestrians and 
motorists.” Figures for the number of accidents 
to people crossing roads are not given, but pre- 
sumably they are sufficiently large to form an 
important item in the total. If they can be reduced 
by the “engineering” expedient of replacing 
beacons, one step in reducing the total number of 
accidents can be taken at relatively little expense. 

This question of the possibility of reducing the 
number of road accidents by “engineering” 
developments, that is, by means of improved lay- 
outs and by arrangements which enforce physical 
controls, in place of those exercised by exhortation, 
is one which properly falls within the ambit of the 
Road Research Board, and the information given 
in the report about traffic flow, skidding, vehicle 
lighting, braking characteristics, and other matters 
may most usefully be studied from this point of 
view. It is recorded, for instance, that in restricted 
areas the accident rate depends more on the fre- 
quency of side turnings than on the traffic flow, 
but that in unrestricted areas the opposite is the 
case. The reason for this may be said to be fairly 
clear; a vehicle turning left from a stream of 
traffic may collide with another vehicle enter- 
ing from the side road, or with crossing pedes- 
trians. As the accident rate, defined as the number 
of vehicles involved in personal-injury accidents 
per million vehicle-miles, is 7-5 on restricted roads, 
compared with 3-5 on unrestricted roads, this 
‘‘side-turning ” class of accident may usefully be 
studied in detail. As vehicles must turn into side 
roads and pedestrians must cross them, the matter 
is not amenable to control by regulation. An 
“* engineering ” method of reducing the number of 
accidents of this type consists in the multiplication 
of the number of traffic lights. Examination of 
existing arrangements in terms of accident re- 
cords may suggest additional cases in which lights 
should be installed, but considerations both of 
convenience and cost prohibit their use at every 
turning. The valuable investigational work being 
carried out by the Board will, however, establish 
proper data on which individual cases can be 
considered and may suggest alterations in traffic-flow 
arrangements which woiild eliminate particularly 
dangerous traffic junctions. 

The section of the report dealing with materials 
and methods of construction necessarily covers a 
large number of detail matters which do not lend 
themselves to comment in general terms. They 
may be divided into four main groups, soils, con- 
crete, bituminous materials and surface dressings. 
In connection with soil compaction, which is an 
important aspect of the first group, it is a little 
surprising to read that ‘‘sheepsfoot rollers are as a 
rule less effective than other types of plant for 
compacting soils in this country.” In view of the 
important position this type of implement has 
taken in the United States, it might have been 
expected that it would have been found useful here. 
The matter is apparently one of soil consistency, 28 
it is stated that such rollers “are useful for 
compacting clay soils in countries with an arid 





climate.” 
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NOTES. 


Tue InstTITUTION OF MECHANICAL ENGINEERS. 


THE main business of the meeting of the Institu- 
tion of Mechanical Engineers held ‘on Friday, 
February 17, was the reading and discussion of the 
paper on management problems due to “‘ simplifica- 
tion,” which was presented by Dr. H. E. Merritt, 
M.B.E., D.Sc. (Eng.). An abridged version of the 
paper appears on page 222 of this issue. Earlier in 
the meeting the secretary read the list of retiring 
officers and members of Council, together with the 
Council’s nomination list, and the President, Dr. 
H. J. Gough, C.B., F.R.S., presented the prizes 
awarded for the 1948-49 session. The Council nomi- 
nation list contains the following: President, Dr. 
§. F. Dorey, C.B.E., Wh.Ex., F.R.S.; vice-presi- 
dents, Mr. A. C. Hartley, C.B.E., B.Sc. (Eng.), and 
Mr. P. L. Jones, M.C., B.Sc., Wh.Ex.; members of 
Council, Mr. Desmond Carter, Mr. T. A. Crowe,M.Sc., 
Mr. C. K. F. Hague, Vice-Admiral( E) the Hon. D.C. 
Maxwell, C.B., C.B.E., Professor H. W. Swift, M.A., 
D.Se. (Eng.), Dr. D. F. Galloway, B.Sc. (Eng.), 
Wh.Sc., Mr. Hal Gutteridge, Mr. B. L. Metcalf, Mr. 
H. Sammons, Professor D.G.Christopherson, O.B.E., 
B.A., M.Sc. (associate member of the Institution), 
and Mr. E. L. Jones (associate member). No addi- 
tional nomination coming from corporate members 
present, the President said that the list would go 
forward for balloting in the usual way. Dr. Gough 
then presented the prizes, the names of the recipients 
of which were given on page 157, ante (issue of 
February 10); in addition, Mr. C. C. Pounder, 
M.I.Mech.E., was awarded the James Clayton 
Prize, value 1,4501., ‘‘for his contribution to the 
development of engineering science by way of 
design and investigation, communicated in part in 
a paper during 1949”; also the Hele-Shaw medal 
and prize for England and Wales were awarded to 
Mr. P. H. W. Bridge, and for Northern Ireland to 
Mr. J. H. McClean. Lieut.-Colonel D. S. Kennedy, 
D.S.O., a member of the committee of management 
of the Institution Benevolent Fund, gave a short 
address on behalf of the Fund. 


EXPERIMENTAL WorK IN Atomic Puysics. 


In a report which has been issued by the Ministry 
of Supply on the first year’s working of Bepo 
(British Experimental Pile), the larger of the two 
atomic piles at Harwell, it is stated that the produc- 
tion of radio-isotopes began on February 28, 1949, 
after initial tests had been in progress since July 3, 
1948. The experience gained during this period 
has enabled the metallurgical and engineering divi- 
sions of the Atomic Energy Research Establishment 
to develop an improved cartridge consisting of an 
uranium rod encased in aluminium. This can 
withstand higher temperatures than those hitherto 
in use and will thus enable the energy available in 
the pile to be increased and the scope of the experi- 
mental work that can be performed with it to be 
extended. At present, the pile is being mainly 
used for producing radio-isotopes, studying the 
effects of neutrons and y-rays on materials and carry- 
ing out experiments in nuclear physics and on 
neutron diffraction. The radio-isotopes produced 
have been used for many medical, industrial and 
research purposes, the largest of the irradiations 
carried out being the source of y-rays prepared 
for the trials held by the Royal Navy in May, 1949, 
with H.M.S. Arethusa. Since the trials this source 
has been returned to the pile and is now the equiva- 
lent of 400 gm. of radium. The study of the effects 
of radiations on materials is giving essential infor- 
mation about substances which may be used in 
other piles, including those which may be designed to 
produce useful power. It also helps to increase the 
knowledge of the changes in the chemical properties 
of the materials so treated. In most of the nuclear 
physics experiments a narrow beam of neutrons is 
allowed to escape from the centre of the pile through 
a small hole in the concrete and sicel shield and is 
used to study the characteristics of various reac- 
tions, such as the process of fission itself. For some 
of these experiments the speed with which the 
neutrons move is important. Two deyices have, 
therefore, been designed to produce a beam of 
neutrons with a particular speed and are now in use. 





RoyaL Untrep Service InNstTIrurion. 

A review of the position of science to-day in 
relation to military strategy was presented to the 
Royal United Service Institution on Wednesday, 
February 15, by Dr. O. H. Wansbrough-Jones, 
O.B.E., in a paper entitled “‘ Present Science and 
Future Strategy.” The development of any science, 
he said, tended to follow a “‘ growth” curve, de- 
veloping slowly at first, then with a rapid expan- 
sion, and finally slowing down. By estimating the 
approximate position that the branch of science 
had attained on its ‘‘ growth ”’ curve, it was possible 
to get some idea as to which branches of science were 
most likely to make major contributions to military 
strategy. Thus, chemistry had passed its rapid 
expansion period, which took place approximately 
between 1850 and 1930, and made only minor 
contributions to the recent war effort, whereas in 
the 1914-18 war, near the peak of its development 
period, the impact of chemistry on the war was 
considerable. Nuclear physics was well established 
on the steep part of the growth curve at the begin- 
ning of the second World War, and during the war 
much scientific effort was concentrated on the atomic 
bomb. Since then, detailed knowledge of the struc- 
ture of the atom had greatly increased. Of all 
sciences, biology showed the biggest growth rate at 
the moment, and might therefore play an important 
part in future war. The balance between effence 
and defence in bacteriological warfare, however, 
appeared to be much closer than in the atomic 
weapon. Aeronautics was reaching the end of its 
expansion period and was less likely to make such 
striking advances in the future. Returning to the 
atomic weapon, Dr. Wansbrough-Jones considered 
that no forecasts could at present be made on the 
likelihood of the construction of the hydrogen bomb, 
or, if it was made, the possibilities of defence against 
it ; it was impossible to speculate on the strategical 
significance of the hydrogen bomb. There were no 
scientific limits to its possible size, although there 
might be technical limitations. Considering general 
strategy, he thought that the role of the atomic 
weapon was less foreseeable now than it was a few 
years ago ; as weapons became more complicated, it 
was possible that the chances of finding defence 
measures would be increased. 


EINsTEINn’s GENERALISED THEORY OF GRAVITATION. 


The text of the new appendix which contains the 
full mathematical development of Professor Ein- 
stein’s new theory relating gravitation with electro- 
magnetism has recently been received in this country 
from the United States. It will be incorporated in a 
revised edition of Professor Einstein’s book, The 
Meaning of the Universe, which will be published 
early in April by Messrs. Methuen and Company, 
Limited, 36, Essex-street, Strand, London, W.C.2, 
at a price of 7s. 6d. The publishers believe that 
this will be the first publication, in the United 
Kingdom, of the new theory. A 14-page appendix 
to the third edition has recently been published in 
the United States by the Princeton University 
Press, Princeton, New Jersey, U.S.A., and is the 
result of 30 years’ work. Professor Einstein, it is 
stated, has emphasised that the new theory has 
still to be confirmed experimentally, but feels 
intuitively that he is on the right track. The New 
York Times describes the work as bridging “‘ the 
last gap that now separates the infinite universe of 
the stars and galaxies and the equally infinite 
universe of the atom.” 


New. River Tyne TUNNELS. 


It has been announced that the work of excava- 
ting the twin tunnels for pedestrians and cyclists, 
which has been in progress under the River Tyne 
between Howden and Jarrow near Newcastle for 
the past 2} years, has now been completed. It 
will, however, be about a year before the tunnels 
are opened to the public. Excavation has been 
carried out from both banks, and a junction was 
made in the tunnel which will be used by pedes- 
trians as Jong ago as May, 1949. The walls and 
floors are now being concreted as a preliminary to 
tiling and the installation of the necessary artificial 
lighting. In the cyclists’ tunnel, the break-through 
was effected in November. The tunnels are 900 ft. 
long and open out at each end into a chamber from 


which an escalator 170 ft. long will take users up a 
30-deg. slope to the surface. There will also be a 
lift. The escalator and its machinery are now being 
installed at the Jarrow end, but at the Howden 
end the chamber remains to be completed. The 
scheme also included the construction of a vehicular 
tunnel which would have done much to relieve the 
present ferry service below Newcastle. This work 
has, however, been postponed by the Treasury, 
although, as The Times points out, it would pro- 
bably have been truer economy to utilise the 
experience of the labour force which has been 
engaged on the smaller tunnels. These have been 
driven under compressed air mainly through silt, 
but when the time comes it may be possible to lower 
the vehicular tunnel into the rock outcrop a few 
feet lower down. The consulting engineers for the 
present tunnels are Messrs. Mott, Hay and Anderson, 
Iddesleigh House, London, 8.W.1, and the con- 
tractors are Messrs. Charles Brand and Son, Limited. 


Tue GEOLOGICAL SURVEY. 


In its report for the year 1947, the Geological 
Survey Board stated that work on the six-inch pri- 
mary geological survey of Great Britain had been 
seriously curtailed by demands on the staff in con- 
nection with special coal surveys, water supply, town 
planning and hydro-electric schemes. The same 
statement is repeated in the report for 1948 (H.M. 
Stationery Office, price 6d. net) which has recently 
been published. It is added, however, that “there 
is reason to believe that the existing shortage of 
trained geologists may be made good in the near 
future.” The basis for this optimistic forecast is 
not given. Little is said in the report about the 
coal investigations, which are being conducted in 
conjunction with the National Coal Board, as they 
were dealt with in the »previous report. Some 
information is, however, given about the hydro- 
geological survey. The southern counties, the Mid- 
lands, South Yorkshire and North and South Wales 
have been dealt with, but information about the 
rest of the country is still incomplete. It is not 
anticipated that field surveys will reveal the exist- 
ence of important new water-bearing beds, but basic 
data about position, fluctuation and extraction are 
necessary in planning the conservation and proper 
use of ground water. The Minister of Health may 
now define an area and issue a licence for the 
development of water resources, and in the selection 
of areas the Ministry is being advised by the 
Board. A section of the report deals with the 
work of the Geological Survey in connection with 
atomic energy investigations. The matter was first 
handled in 1941 when a précis of available informa- 
tion on the uranium resources of the world was pre- 
pared for the Lord President of the Council. 
Inquiries from Tube Alloys Directorate had so 
increased by 1944, that it was necessary to establish 
a special department for work on radioactive ores 
and this has continued in operation now that 
research and development in the field of atomic 
energy has been transferred to the Ministry of 
Supply. The work of the department is directed 
towards the discovery of radioactive mineral de- 
posits capable of furnishing uranium and thorium 
ores to the British market. As, and when, requested 
by appropriate authorities of the British, Dominion 
and Colonial Governments, arrangements are made 
to examine any occurence which appears to be of 
significance ; naturally, nearly all of these are 
situated overseas. During 1948, more than a 
thousand samples were reported on. It is added 
that recruitment for atomic-energy investigations 
has been given priority over other spheres of geo- 
logical survey work, in some cases to the detriment 
of the latter, and it was not expected that this state 
of affairs would be modified in 1949. 


THe Hyprocen CooLtine oF ELECTRIC 
GENERATORS. 

Some interesting information regarding the cooling 
of electrical machinery by hydrogen was given in a 
lecture by Mr. D. F. Davidson, which was recently 
delivered to the London Technical Group of the 
Electrical Power Engineers’ Association. He said 
that the chief points of interest at present were 
whether this system of cooling would become 





standard on the larger rotating machines, whether 
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it would also be used on smaller machines, and 
whether the pressure of the gas would be increased 
above that requisite to cause a plenum. Since 
windage and ventilation losses (which formed 50 per 
cent. of the total losses) were proportional to the 
density of the cooling medium and the density of 
hydrogen at atmospheric pressure was 1/14th that 
of air, a reduction of 90 per cent. in such losses was 
obtainable. With hydrogen cooling at a pressure 
of } lb. per square inch, for which most of the 
American machines had been designed, at least a 
20 per cent. greater output was obtained than with 
air-cooling. On the most recent machines, however, 
pressures up to 15 lb. per square inch were being 
used. For each pound of pressure rise the electrical 
output could be increased by about 1 per cent. for 
the same temperature rise in the windings. Reduc- 
tions in winding temperature of one-third had been 
obtained by increasing the hydrogen pressure from 
4 Ib. to 15 Ib. per square inch, thus increasing the 
gas consumption from 1 cub.-ft. to 3 or 4 cub. ft. 
per megawatt. Operation at 25 Ib. per square inch 
was under consideration. At the lower pressure an 
increase in the full-load efficiency of 0-7 per cent. 
was obtainable with a 60-MW, 3,000-r.p.m. machine, 
and of 0-45 per cent. with a 100-MW, 1,500-r.p.m. 
unit. The improvement was greater at lower 
loads, being 1-5 and 0-65 per cent., respectively, 
at half outputs. For a 60-MW machine the net 
saving in operation costs, at a load factor of 80 per 
cent. and coal costing 55s. per ton, was estimated at 
3,6001. per annum. MHydrogen-cooled units with 
outputs up to 176 MVA at 1,800 r.p.m. were now 
being built, and simplification of the gas-control 
and sealing systems would reduce the economic 
limiting size below the present figure of 50 MW at 
3,000 r.p.m. In the author’s opinion, all future 
60-MW, 3,000-r.p.m. sets in this country would be 
hydrogen-cooled, owing to their higher efficiency 
and quieter running, greater output per pound of 
active material, increased insulation life, reduction 
of fire risk and of maintenance, and simplified 
foundations. 


THe “ AquiTanta.” 

In the late afternoon of Tuesday, February 21, 
the Cunard White Star liner Aquitania arrived at 
Faslane, in the Gareloch, to be broken up. It had 
been announced, a week earlier, that she had been 
sold, for this purpose, to the British Iron and Steel 
Corporation (Salvage), Limited, following a previous 
statement, about three months ago, that she was 
to be withdrawn from service on December 1, when 
she completed her 442nd voyage. With her dis- 
appearance from the North Atlantic there passes 
an era as distinctive as that of the paddle steamers 
with which the Cunard Line began their service in 
1840, for she is the last of the four-funnelled express 
liners ; the last large vessel, we believe, to be 
propelled by direct-drive turbines; and the last 
of her type to have Scotch boilers. Built by Messrs. 
John Brown and Company, Limited, on the berth 
at Clydebank on which the Lusitania had been 
built before her, the Aquitania sailed from Liverpool 
on her maiden voyage on May 30, 1914; but she 
made only three round voyages as a passenger liner 
before being taken up by the Admiralty, on the 
outbreak of war, and fitted out as an armed mer- 
chant cruiser. Her service in this capacity was 
short, for she was back in Liverpool a few weeks 
later for repair, after having rammed the Leyland 
liner Canadian off the Tuskar. The damage to 
her bow having been made good, she was being 
taken out of dock into the Mersey when she 
stranded on a sand bank, setting the bottom up un- 
der the boiler rooms, and necessitating a longer stay 
in dock. She was then converted into a transport, 
and conveyed many thousands of troops to the 
Dardanelles. In 1916, she was a hospital ship, 
and, in 1918, a transport again, making nine voyages 
across the Atlantic with American soldiers. After 
the war, she was fitted to burn oil fuel and became 
one of the most popular vessels on the North 
Atlantic service, regularly exceeding her original 
designed speed of 23 knots.. She was used as a 
transport again in the Second World War, and 
subsequently repatriated many thousands of Cana- 
dians; a service which is to be commemorated, 
it is understood, by mounting.one of her bells in 
the cathedral at Halifax, Nova Scotia. 


LETTERS TO THE EDITOR. 


THE SOLUTION OF ENGINEERING 
EQUATIONS. 


To THe Eprror oF ENGINEERING. 


Sir,—My attention has been drawn to a problem 
discussed in your issue of January 6, on page 5, 
ante, concerning the calculation of the base line of 
two rods, pivoted at some point along their lengths 
and standing on a horizontal plane so that they lie 
in a vertical plane with the upper ends vertically 
above the lower ends, given their lengths and the 
height of the pivot above the base line. The solution 
there given involved an algebraic equation of the 
eighth order, and an alternative solution by succes- 
sive approximations was described. The true 
nature of the problem was obscured, however, by 
the numerical form in which it was stated ; actually, 
the eighth-order equation is of a particular type 
that can be made to depend upon a quartic equation 
which can be completely solved. 

If we call the lengths of the rods m and n, where 
m> n, and h is the height of the pivot above the 
base line, we define a quantity k by 

m*? — n? 
= —— e 
Then the base line s is given by 
s/n - oe 
where z is a function of k only, and may be shown 
by simple geometry to be the appropriate root of 
the equation 
2° (2 — x) 
@-iF ~ 

This form leads to asimple graphical] solution, since 
the left-hand side of the equation can be plotted as 
a function of x, from which the value of x for a given k 
can be directly read. It also shows that 1 — x & 2, 


os 1 
xz->2—- when k->0, and z->1-+-—— when 

s Vie 
k>c. 


On expansion, we obtain a quartic equation, the 


relevant root of which can be obtained as follows : 
We first find a positive quantity p, given by 


es tafi+k , 
[; 54 x)| 


from which we compute q, where 
a 


k. 


We now put 





L= —— 
l++¢tovVi+?e 
and 


1 
a 
a+V1+¢@ 
then, finally, 


eml+L++/L?+mM. 

The solution has been put in a form that is com- 
pletely free from small difference difficulties and is 
equally convenient for computation over the whole 
range of k. 

In the problem given, with m = 6, n = 4, and 
h=1, it gives k= 20, p = 3-9562, q = 10-098, 
L = 0-04684, M=0-04939 and zx = 1-2740; 
whence 8s = 3-793. 

Yours faithfully, 
G. MILLINGTON. 
Marconi’s Wireless Telegraph Company, Limited, 
Baddow Research Laboratories, 
Chelmsford, Essex. 
February 14, 1950. 





To THE EpiTor oF ENGINEERING. 


Str,—The method given by Mr. A. N. Black, in 
his letter printed on page 102, ante, of solving cubic 
and exponential equations on a slide rule is simple, 
rapid, and practical. In discussing e* — 2z = 1, 
Mr. Black states that an uncertainty is inherent in 
the equation; but the only apparent uncertainty 
is the usua] doubt regarding fourth figures on a slide 
Tule. 





He further states that the solution of this equation 
by the method suggested by me and the solution by 


formula may lead to difficulty ; but it is not clear 
to which formula he refers, and, as I have not found 
any uncertainty in my method for equations of this 
type, Ishould welcome any example which Mr. Black 
would give illustrating the difficulty which he 
mentions. 
Yours faithfully, 
W. R. Mrronect, 
College of Technology, Belfast. 
February 18, 1950. 





TOGGLE LINKAGES, 
To THE EprTor OF ENGINEERING. 


Smr,—Mechanisms, the operation of which js 
initiated by mechanical trigger action, such as 
electrical switches and the like, usually incorporate 
toggle linkages for this purpose. Frequently, the 
speed with which such a mechanism can respond 
is of importance and the few considerations below 
may be of interest to some of your readers. 

The figure shows a typical toggle arrangement, 
the force F lifting a mass m which is suspended 
from pin C, by pushing B towards A. Initially ¢ 
is at a distance s from the dead point D, which is to 
be regarded as small compared with the toggle-link 
length 1 ; may be called the toggle setting. The 
motion of pin C is to be described by the co-ordinate 
x, being the distance from D. The horizontal com- 
ponent of the motion of C can be neglected during 
the “break-up” of the toggle. An elementary 
analysis of the forces acting on C shows that the 


m d*z x 
ne = 2F(2—) 
ae Vt -2 
Since s is small compared with /, z*can be neglected 


[x 


i 


equation of motion is 


$ 
B 
A +4 > 
(004) 

during the early stages of the motion, simplifying 
the equation to he = (= Let the mass m 
start its motion from z= s at the instant ¢ = 0. 
The subsequent motion is therefore described by 


x = scosh (=*) t, or, up to quadratic terms in 
™m 


t by z=8+ (=*) #2. The acceleration during 
break-up is, therefore, a = (= ; 

If, on the other hand, the force F had been 
acting directly on m, the equation of motion would 


have been simply maz =F, with the solution 
xa=s+} (=) #2. The acceleration in this case is 
™m 


a=>-. 


™m 

Hence, the interposition of the toggle linkage 
between the operating force and the mass to be 
moved reduces the initial acceleration by a factor 
equal to the toggle setting. If the mass is at first 
in the dead point D, s is zero and no finite force 
can accelerate the mass. The acceleration is simply 
proportional to the toggle setting. 

If relatively high forces and masses are involved, 
the pins at A, B and C (usually of equal size) will 
be big and their friction should be taken into account 
by subtracting the friction circle diameter from s ; 
if this diameter is larger than s, the mechanism will 
stall. 

The equation of motion can be made dimension- 


less by introducing J as unit of length and T= 
as unit of time. 
This time T gives a rough estimate of the toggle 


break-up time. 


Yours faithfully, 
K. K. ScHILLER. 
Ferguson Pailin Limited, 
Higher Openshaw, 
Manchester, 11. 





January 4, 1950. 
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“THE MAUDSLAY SCHOLARSHIP. 


To THE EpiTor oF ENGINEERING. 


Sm.—In your issue of February 3, on page 114, 
ante, you reviewed the booklet issued by the 
Maudslay Society to mark the establishment of the 
Maudslay commemorative Scholarship. It is appro- 
priate that the award of this scholarship should have 
been entrusted by the Maudslay Society to the 
Junior Institution of Engineers. Not only was this 
Institution started by a group of young men em- 
ployed in the famous works established by Henry 
Maudslay in 1810, but it has always been conducted 
by, and on behalf of, men with a forward rather than 
a backward outlook on life, though a fair number 
of grey heads may now be seen at its meetings. 
Consequently, we may hope that the Maudslay 
Scholarship will take a unique place among engineer- 
ing prizes by serving the purpose that Whitworth 
had in mind when he founded his Scholarships in 
1868. His aim was definitely to enable genuine 
works apprentices to supplement their practical 
knowledge by a course of scientific study, and thus 
to become all-round engineers capable of becoming 
leaders in industry. Unfortunately, Whitworth 
did not confide the management of the scholarships 
to any engineering body, but to the officials of the 
Board of Education. These naturally adopted the 
views of teachers, with the result that the competi- 
tion for the scholarships has since been restricted 
to students from a particular kind of school, and 
these valuable prizes are now obtainable, I under- 
stand, by young men who have never seen the inside 
of an engineering works. The apprentice has been 
squeezed out, and Whitworth’s insistence on a know- 
ledge of craftmanship as a condition of entry is no 
longer honoured. His munificence has been diverted 
more and more to the production of men who are 
more likely to try to earn a living by teaching 
engineering than by practising it. 

Sir James Swinburne, F.R.S., whose eminence as a 
scientific engineer gives weight to his opinions on 
education, pointed out the tendency of the quality 
of teaching to deteriorate in an address that he 
gave to some engineering students many years ago. 
“The teaching of science is wholly unpractical,” 
he said, and contmued: “This is not due to a 
curious perversity among schoolmasters in general 
or science teachers in particular; it is a perfectly 
natural, and, I believe, unavoidable result. If you 
imagine a school or college which somehow came 
into existence and gave a good education, teaching 
the things that are useful in a useful way, and 
imagine that, after a time, new masters have to be 
chosen out of the old pupils—who will get the 
appointments ? . . . The ablest practical men will 
have gone out into the world, doing its work, and 
80 will many of the less able practically-minded men. 
The able men with a slightly unpractical bend 
will thus become candidates for the new posts. 
The next generation of teachers is thus less practical, 
and the education becomes more and more unprac- 
tical as time goes on . . . The so-called ‘scientific 
man ’ thinks that engineers and manufacturers are 
ignorant and unscientific, and that their practical 
knowledge is of no account ; and that the cure for 
all industrial evils is more technica] education, 
more universities and more power to the science 
masters ... It is no good being able to design 
most complicated alternating-current machinery, 
or being able to explain it with a wilderness of 
clock-faces and several issues of the technical 
journals unless the machine, when made, is cheaper 
than its rivals. Every design, every engineering 
manufacture, and every piece of engineering is 
only a question of price. It is unpleasant, perhaps, 
but it is a hard fact and we have to face it.” 

The action of the Maudslay Society should tend 
to ensure that a Maudslay Scholar will be recognised 
as a real mechanical engineer who is just as much at 
home in the workshop as in the laboratory, and who 
could, if necessary, handle a chisel or a machine tool 
with the same expertness as a mathematical expres- 
sion. That is, I suggest, the sort of man by whem 
Maudslay would have wished his name to be 
commemorated. 

Yours faithfully, 


ENGINEER. 
February 13, 1950. 





STRESS CORROSION IN 
RADIAL-FLOW STEAM 
TURBINES. 


By G. H. Wray, M.I.Mecz.E., 
M.I.Chem.E., F.1.M. 


(Concluded from page 171.) 

THE general evidence arising out of these investi- 
gations pointed to the existence of a potential source 
of failure in the blade-ring assembly, primarily due 
to a condition of internal stress in the dovetail blade 
fixture. There were two main lines of approach 
by which this might be overcome, namely, by 
changing the steel for one which would withstand the 
cold-work effects of dovetail rolling without increas- 
ing its liability to stress corrosion under steam- 
turbine conditions ; and by subjecting the completed 
blade rings to a suitable stress-relieving treatment 
to remove the internal stresses. 

Experimental work has been carried out on the 
possibility of changing the steel for blade rings, by 
substituting one which would withstand cold-rolling 
without increased susceptibility to stress corrosion. 
The results suggest that such a steel possibly exists 
in the well-known 12 to 14 per cent. chromium 
class, but difficulties have been encountered in 
obtaining the high-tensile strength requirements 
while still retaining the necessary high degree of 
ductility. 

Stress relieving removes internal stresses, which 
may be of the magnitude of 30 tons per square inch, 
and the marked susceptibility to stress corrosion 
of the cold-worked material is also removed. The 
presence of pronounced internal stress in the 
dovetail fixture of blade rings that are not stress- 
relieved is important apart from the stress-corrosion 
aspects, as, although the stresses imposed in service 
may be counterbalanced to some extent by internal 
stresses of the opposite sign, they may, instead, be 
additive to the internal stresses if these are of the 
same sign. With any particular metal or alloy, 
the resistance to corrosion fatigue, and, in some 
respects, to stress corrosion also, will depend largely 
on the resistance of the material to ordinary corro- 
sion in the particular environment under the 
conditions of test. In cold-worked metals, a vary- 
ing degree of internal stress will exist from crystal to 
crystal, and electro-chemical couples will be set in 
operation and lead to preferential corrosion. Cold 
working reduces the resistance of a metal to corro- 
sion; by stress-relieving, this adverse tendency is 
removed. 

Careful attention has been directed to the most 
suitable heat treatment to employ as a production 
method, for removing the residual stresses left by 
the cold-rolling operation in Cr-Mo steel blade-rings, 
and experiments have been carried out to determine 
the lowest temperature which can be employed to 
provide effective stress relief when the rings are 
subjected to heating for a suitable period in an oven. 
Stress relief is dependent on the creep properties of 
the material, as it is by creep that internal stress is 
relieved, assuming the time of exposure to the 
temperature and the rate of cooling to be the same. 
Creep in steel may be defined as the slow continuous 
plastic deformation that occurs with time under a 
continuously applied stress at temperatures above 
approximately 300 deg.C. The higher the tempera- 
ture employed, the more rapid and complete will 
be the relief of residual stress. In the case of 
blade rings, however, this temperature is limited 
by its effect on the mechanical properties of the 
steel; and, to avoid any possibility of reduction 
of these properties, the tempering temperature of 
the steel must not be approached. Table I, here- 
with, shows the creep strength of nickel-chromium- 
molybdenum and chromium-molybdenum steel at 
various temperatures. 

An examination of these data indicated that a 
stress-relieving temperature between 450 deg. C. 
and 550 deg. C., with an exposure time of from five 
to ten hours, would produce the desired result. 
Stress-relieving tests were carried out by the 
National Physical Laboratory on the same radial- 
flow blade-ring which they had used for determining 
the magnitude of internal stress in the ring as 
received. The heat treatments were made by heat- 





ing portions of the ring in air in an electric furnace, 
the area of the ring under treatment being pro- 
tected from undue oxidation by coating with a 


TABLE I.—Time Yield in Tons per Square Inch. 


(Stress producing deformation of one-millionth of an inch 
per inch per hour.) 








Temperature, deg. C. Ni-Cr-Mo. Cr-Mo. 
300 42-5 43-0 
400 22°5 21-5 
500 10-0 7-3 
550 4-0 4-0 
600 1-0 1-0 








borax preparation. The temperature was con- 
trolled to + 5 deg. C., and the first heat-treatment 
was for five hours at 450 deg. C. The opposite side 
of the ring was then placed in the furnace, and this 
portion was heat-treated for five hours at 580 deg. C. 
In each case, the ring was furnace-cooled from the 
stress-relieving temperature. The following are ex- 
tracts* from the National Physical Laboratory 
report after their internal stress measurements had 
been made on the stress-relieved portions of the 
blade ring, using the X-ray method of examination. 


** ErFect oF HEAT TREATMENT AT 450 DEG. C. 


“The heat treatment at 450 deg. C. produced no 
change in the difference in lattice spacing between 
the directions O A, O B, neither when measured in 
the X OZ plane nor in the YOZ plane. The 
internal stresses therefore remained S (X) = S (y) = 
30 tons per square inch compression. 

“There was, however, some evidence of a slight 
tendency to recovery. The above stresses refer to 
mean values. The diffraction rings were, however, 
markedly diffuse. It is probable that part of this 
diffusion arises because the lattice spacing varies 
about a mean in the area irradiated by the X-rays. 
This variation would indicate that the stress varied 
about a corresponding mean value within the same 
area. 

‘* It was noted that the diffusion of the diffraction 
rings was slightly less after the heat treatment 
although the mean diameters were unchanged. This 
observation probably means that some stress relief 
has occurred locally at points particularly heavily 
stressed, the mean stress, however, remaining 
unchanged. 


‘* Errect oF HEAT TREATMENT AT 580 pc. C. 


“This heat treatment produced marked changes. 
The difference in lattice spacing in the directions 
OA, OB disappeared. Therefore the internal 
stresses were completely removed, giving 8 (xz) = 
S (y) = Zero. 

“Also, the diffusion of the diffraction rings 
referred to above was simultaneously removed. 
Therefore not only were the mean stresses reduced 
to zero, but also there were no residual fluctuations 
about the zero value. 

‘* The stresses are so completely relieved by 5 hours 
heat treatment of the ring at 580 deg. C. that it is 
probable that lower temperatures could be employed 
for major stress relief. For a reasonable time of 
heating, however, it would appear that a higher 
temperature than 450 deg. C. would be necessary.” 

Investigations were then continued at the Brush 
Company’s works to ascertain the lowest tempera- 
ture at which stress relieving is effective as a means 
of preventing stress corrosion. These experiments 
were carried out on specimens cut from 10 mm. 
dummy-bladed rings in Ni-Cr-Mo and in Cr-Mo steel 
to ascertain the effect of stress relieving for a period 
of ten hours under various conditions oftemperature . 
in the temperature range from 450 to 550 deg. C. 
The efficacy of these treatments, in each case, was 
determined by subjecting the stress-relieved speci- 
mens to stress-corrosion tests by immersion in 
standard caustic solution in a pressure chamber at 
430 deg. F., and 350 Ib. per square inch pressure. 
The test specimens were examined microscopically 
after 14 days test, and again at intervals of one, two 
and four months. The stress-corrosion test, in the 
case of the specimens which had been stress-relieved 
at 510 deg. C. for ten hours, was continued and 





* Reproduced by permission of the Director of the 
National Physical Laboratory. 











218 


ENGINEERING. 





FEB. 24, 1950. 





covered a total period of two years. The results of 
these tests are shown in Table II, below. 


TABLE II.—Resulis of Stress-Corrosion Testis. 





Stress-Relieving Heat 


Stress-Corrosion Test 
Treatment. Results. 





Nickel-Chromium-Molybdenum Steel. 


Deg.C. Time, hours. 

400 12 Cracked in 14 days. 

420 12 ae » 1 month. 

450 12 ae 

470 12 Incipient cracking in 4 months. 

510 10 No cracking in 2 years. 
Chromium-Molybdenum Steel. 

400 12 Cracked in 1 month. 

420 12 % » 2 ow» 

450 12 Incipient cracking in 4 months. 

470 12 No cracking in 4 months. 

510 10 * ra »» 2 years. 








Similar test specimens, which had not been stress- 
relieved, were included in the test chambers at the 
same time for control-test purposes, and dovetail 
corner cracking was found to have occurred in these 
specimens on examination after 14 days. The 
results of experimental] work indicated that heat 
treatment at 510 deg. C. would be effective in remov- 
ing the residual stresses and leaving the blade rings 
in a satisfactory condition of equilibrium. This 
temperature does not approach nearer than 115 deg. 
C. to the original tempering temperature of the 
steel, and consequently leaves a wide margin in the 
operation of stress relieving as a production process. 

Toexamine the possible distortion effects of stress 
relieving complete blade rings, a number of rings 
of different diameters were heat-treated for 24 hours 
at 580 deg. C., and furnace-cooled. This higher 
temperature (approximately 50 deg. below the tem- 
pering temperature) and long soaking period were 
employed to ensure that the rings were thoroughly 
and completely stress-relieved. During the heating 
cycle, the rings were supported on a steel plate of 
heavy section, and embedded in sand. A record 
of their dimensions was made before the treatment, 
and these dimensions were carefully checked after 
the rings were removed from the oven. The results 
showed that stress relieving does not result in any 
abnormal ovality of the finished ring. 

A series of tests were carried out to ascertain the 
effect on the mechanical properties, with particular 
reference to the Izod impact value, of low-tempera- 
ture heat treatment such as that to which com- 
pleted blade rings would be subjected during stress- 
relieving. The test pieces were maintained at 
510 deg. C. for ten hours, followed by slow cooling. 
The results of these tests are given in Table III, 
below. The specimens were tangential test-pieces, 


TaBLeE Ill.—Effect of Stress Relieving on Mechanical 
Properties of Chromium- Molybdenum Steel. 








0-2 
cent.) Max. | Elonga-| Reduc- 
oa PProof | Stress, | tion | tion of m1 
Stress, | Tons per| per Area, ft-lb. 
Tons per| sq. in. cent. | per cent. — 
sq. in. 
iain 49-8 64-2 18-5 56-0 | 42-40-39 
E+. Cycle 
Heated at 510 
deg. C. for ten 
hours .. --| 49-3 63-6 20-0 58-0 | 48-37-35 
Heated at 510 
deg. C. for 15 
hours .. --| 49°8 64-4 19-0 55-0 | 36-40-48 




















? in. square in section, cut from a ring forging 35 in. 
outside diameter. When machined, they were 
0-564 in. in diameter, with a gauge length of 2 in. 
The analysis showed, per cent., C, 0-36; Si, 0-21; 
Mn, 0-69; S, 0-013; P, 0-019; Ni, 0-15; Cr, 
2-48; Mo, 0-54. The steel was oil-hardened at 
900 deg. C., tempered at 615 deg. C., and furnace- 
cooled. 

A comprehensive series of tests were carried out 
on Cr-Mo specimens not stress-relieved and stress- 
relieved, respectively, by applying bending loads, 
and also loads in tension, to the dovetail fixture of 
dummy-bladed ring specimens, and on specimens 
taken from newly manufactured blade rings from 
stock. A range of tests was also carried out to 
determine the comparative loads required to move 


the roots of the turbine blades by sliding movement 
in a circumferential direction in the ring dovetail, 
the blade roots being pushed against the direction of 
rotation in service. The question of what influence 
stress-relieving has upon the grip between the blade 
roots and the ring dovetail is an important one, as 
any relaxation of the grip would lessen the rigidity 
of the blade-ring construction and, in service, might 
tend to circumferential creeping of the blades round 
the ring under the influence of centrifugal stresses. 
The results showed an increase in the strength and 
mechanical rigidity of all the stress-relieved speci- 
mens as compared with that of the specimens 
which had not been subjected to stress-relieving. 

It has been shown that the value of the residual 
stresses in the rolled dovetail-of completed blade 
fings is of the order of 30 tons per square inch. 
Under adverse conditions of steam alkalinity in 
service, stress-corrosion cracking of the rolled dove- 
tail fixture might occur, the period necessary for 
such cracking to develop depending upon a variety 
of factors, to which reference has been made. The 
susceptibility to stress corrosion due to internal 
stresses in the blade rings may be satisfactorily 
remedied by suitable stress-relieving treatment at a 
temperature of 510 deg. C. This treatment also 
leaves the rings, in their entirety, in a condition of 
equilibrium and stability, in that they go into service 
in a reasonably stress-free condition and are not 
liable to any distortion resulting from gradual 
re-distribution of internal stresses during service. 

Tests carried out to ascertain the effect on the 
mechanical properties of low-temperature heat 
treatment, such as that to which completed blade 
rings would be subjected during stress-relieving, 
show that no reduction occurs in the mechanical 
properties originally possessed by the steel before 
stress-relieving. A range of tests conducted to 
determine what influence stress-relieving would have 
upon the grip of the ring dovetail at the blade roots 
gave no indication of any weakening of the fixture, 
or any relaxing of the grip at the blade roots. 
Every method of test employed indicated that an 
increase in grip followed upon stress-relieving, and 
that this process, in removing the cold-work stresses, 
confers increased rigidity upon the dovetail fixture 
as a whole. The following heat-treatment cycle 
was adopted as part of the manufacturing process : 
a heating time to the stress-relieving temperature 
(510 deg. C.) of seven to eight hours; maintain at 
510 deg. C. + 5 deg. C. for ten hours ; a slow cooling 
rate from the stress-relieving temperature of 20 deg. 
C. per hour, to prevent the re-introduction of interna] 
stress. 

The first of the series of blade rings to go into 
service with stress-relieved dovetails has now been 
running satisfactorily for four years ; and, while it 
is early yet to make any general survey, the evidence 
of the service results to date strengthens the con- 
clusions arising out of the metallurgical investiga- 
tions, and supports the course of action taken. 





THE DE HAVILLAND “ HERON” AIRLINER.—A new 
airliner designed for use on feeder services is being 
built by the de Havilland Aeroplane Company, Limited, 
Hatfield, Hertfordshire. The Heron incorporates 
many of the structural components of the de Havil- 
land Dove, which is designed for similar duties, but 
the Heron, with accommodation for 14 to 17 passen- 
gers, is larger, and has certain simplified features. 
For this reason it is expected to cost less to operate 
than the Dove. Four Gipsy Queen 30 unsupercharged 
ungeared engines drive de Havilland constant-speed 
propellers. Two versions of the aircraft will be built, 
one with a fixed and one with a retractable undercarriage. 
The recommended cruising speed of the fixed under- 
carriage version is 160 m.p.h. at 8,000 ft. at 60 per cent. 
of take-off power, the maximum weak-mixture cruising 
speed being 177m.p.h. The all-up weight is 12,500 lb. 
With 14 passengers and baggage, giving a payload of 
3,420 Ib., the Heron is estimated to have a still-air range, 
without allowances, of 400 miles; with the standard 
allowances decided by the Society of British Aircraft 
Constructors (page 696 of our 168th volume (1949) ), the 
corresponding practical stage distance is 150 mies. 
With full fuel tanks (300 gallons) and a payload limited 
to 1,750 Ib., the maximum still-air range is 1,250 miles, 
and the practical stage length is 850 miles. The per- 
formance with a retractable undercarriage is, of course, 
improved, a maximum stage length of 975 miles being 
obtained at a recommended cruising speed of 175 





m.p.h, 


FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 





Tuis list will appear regularly in the last issue of each 
month. Organisers are invited to send to the Editor 
particulars of forthcoming events. 





DISPLAY OF MACHINE TOOLS.—Monday, February 27, 
to Thursday, March 2, in London, on behalf of Messrs, 
George Fischer Limited. For particulars, see page 204, 
INTERNATIONAL AGRICULTURAL MACHINERY EXuislI- 
TION.—Tuesday, February 28, to Sunday, March 5, at 
Exhibition Park, Paris. Apply to Salon de la Machine 
Agricole, 38, rue de Chateaudun, Paris. 

BAKELITE LIMITED.—Thursday, March 9, to Friday, 
March 17, at premises of British Colour Council, 13, 
Portman-square, London, W.1. Exhibition of Bakelite, 
Warerite and Vybak plastics. Apply to Messrs. Bakelite 
Limited, 18, Grosvenor-gardens, London, 8.W.1. (Tele- 
phone: SLOane 9911.) 

LErezia Spring Fair.—Sunday, March 5, to Sunday, 
March 12. Organisers: Leipziger Messeamt, Leipzig C.1, 

INTERNATIONAL SPRING Farr.—Sunday, March 12, to 
Sunday, March 19, at Vienna. Agenis: British Austrian 
Chamber of Commerce, Incorporated, 29, Dorset-square, 
London, N.W.1. (Telephone: PADdington 7646.) 

CONFERENCE ON “ ADVANCED STUDIES IN ELECTRICAL 
ENGINEERING.”—Monday, March 13, Institution of 
Electrical Engineers, Savoy-place, Victoria-embankment, 
Lendon, W.C.2. Afternoon session, 2.30 p.m. to 4.45 
Pp.m.; evening session, 5.30 p.m.to8p.m. Details from 
the secretary of the Institution. (Telephone: TEMple 
Bar 7676.) 

COLOGNE TRADE Fatr.—Sunday, March 12, to Tuesday, 
March 14. Organisers : Messe-und-Ausstellings-G.m.b.H., 
Messeplatz, Cologne-Dentz, Germany. 

CONFERENCE ON ‘“ RUBBER AS AN ENGINEERING 
MATERIAL.” —Friday, March 17, Over-Seas League Head- 
quarters, Over-Seas House, St. James’s, London, S.W.1. 
Held under the auspices of the Institution of the Rubber 
Industry. 12, Whitehall, London, S.W.1. Information 
from the secretary of the Institution. (Telephone: 
WHitehall 5012.) 

GENEVA INTERNATIONAL MOTOR EXHIBITION.—Thurs- 
day, March 16, to Sunday, March 26. Particulars obtain- 
able from the Secretariat-General, 1, Place du Lac, 
Geneva, Switzerland. 


ROYAL NETHERLANDS INDUSTRIES FalR, UTRECHT.— 
Tuesday, March 21, to Thursday, March 30. Agent: 
Mr. W. Friedhoff, 10, Gloucester-place, London, W.1. 
(Telephone : WELbetk 9971.) 


FourTH NATIONAL PLASTICS EXPOSITION.—Tuesday, 
March 28, to Friday, March 31, at the Navy Pier, Chicago, 
Illinois, U.S.A. Information obtainable from the Society 
of Plastic Industry, Incorporated, 295, Madison-avenue, 
New York 17, U.S.A. 

INSTITUTION OF NAVAL ARCHITECTS ANNUAL GENERAL 
MEETING.—Wednesday, March 29, to Friday, March 31, 
on board the Wellington, at Temple Stairs, Victoria- 
embankment, W.C.2. Particulars from the secretary of 
the Institution, 10, Upper Belgrave-street, London, 
S.W.1. (Telephone : SLOane 4622.) 


INSTITUTE OF METALS ANNUAL GENERAL MEETING.— 
Wednesday, March 29, to Friday, March 31, in London. 
For particulars, see page 207. 

CHEMICAL SOCIETY ANNIVERSARY MEETINGS.—Wed~ 
nesday, March 29, and Thursday, March 30, at the 
University, Edinburgh. Information from the secretary 
of the Society, Burlington House, Piccadilly, London, 
W.1. (Telephone: REGent 1675.) 

GERMAN INDUSTRIES Fair, HANOVER.—Light Indus- 
tries Fair: Wednesday, March 29, to Sunday, April 2. 
Heavy Industries Fair: Wednesday, May 3, to Sunday, 
Mayi14. Organisers: Deutsche Messe- und Ausstellungs- 
A.G., Hanover, Germany. <Agenis: Messrs. Eppac 
Limited, 2, 3, and 5, Studio-place, Kinnerton-street, 
London, 8.W.1. 

Roya INSTITUTE OF CHEMISTRY ANNIVERSARY 
MEETINGS.—Friday, March 31, and Saturday, April 1, 
in Glasgow. Apply to the secretary of the Institute, 
30, Russell-square, London, W.C.1. (Telephone: 
MUSeum 1761.) 

PuysicaL Society EXHIBITION.—Friday, March 31, 
to Wednesday, April 5. For details, see page 204. 

BRITISH AUTOMOBILE AND Motor CYCLE SHOW.— 
Saturday, April 15, to Sunday, April 23, at the Grand 
Central Palace, New York. Organisers: The Society 
of Motor Manufacturers and Traders, 148, Piccadilly, 
London, W.1. (Telephone: GROsvenor 4040.) 

Lyons INTERNATIONAL Fain.—Saturday, April 15, to 
Monday, April 24. Agents: Messrs. Robert Brandon 
and Partners, Limited, 45, Dover-street, London, W.1. 
(Telephone : REGent 0901.) 

Swiss INDUSTRIES Fair.—Saturday, April 15, to 





Tuesday, April 25, at Basle, Switzerland. Agenis: Swiss 
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Division Economique, 


Legation, 18, Montagu-place, 
London, W.1. (Telephone: PADdington 0701.) 


EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Test GEAR FOR THE RADIO, TELEVISION AND TELE- 
COMMUNICATIONS INDUSTRY.—Monday, April 17, to 
Wednesday, April 19, at Grosvenor House, London,W.1. 
Particulars from the Radio and Electronic Component 
Manufacturers’ Association, 22, Surrey-street, Strand, 
London, W.C.2. (Telephone: TEMple Bar 6740.) 


MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, April 18, to Saturday, April 29, at City Hall, Deans- 
gate, Manchester. Organisers: Provincial Exhibitions, 
Limited, City Hall, Deansgate, Manchester. 


Lrfce INTERNATIONAL Fatr.—Saturday, April 29, to 
Sunday, May 14, at Coronmeuse, Liége, Belgium. Apply 
to the Foire Internationale de Liége, 32, Boulevard de la 
Sauveniére, Liége. 


BrRUsSEIS INTERNATIONAL F'atr.—Saturday, April 29, 
to Sunday, May 14. Information from the Palais du 
Centenaire, Brussels, Belgium. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS, ANNUAL 
Tour.—Sunday, May 7, to Friday, May 12. Visits to 
vehicle manufacturers, works, and operating establish- 
ments in Scotland. Details from the secretary of the 
Institute, 174, Palace Chambers, Bridge-street, London, 
8.W.1. (Telephone: WHItehall 8971.) 


BRITISH INDUSTRIES F'aAIR.— Monday, May 8, to Friday, 
May 19, at Earl’s Court, W.14, and Olympia, W.14, 
London ; and Castle Bromwich, Birmingham. Particu- 
lars from the Director, British Industries Fair, Board of 
Trade, Horseferry House, Thorney-street, London, 8.W.1. 
(Telephone: VICtoria 6800); and general manager, 
British Industries Fair, 95, New-street, Birmingham, 2. 
(Telephone : Midland 5021.) 


INTERNATIONAL TRADE Fair.—Saiturday, May 13, 
to Monday, May 29, at Porte de Versailles, Paris. 
Organisers; Foire de Paris, 23 rue Notre Dame des 
Victoires, Paris. (Telephone : Gutenberg 39-20.) Agent: 
Mrs. M. Hyde, 14-15, Rugby Chambers, Rugby-street, 
London, W.C.1. (Telephone : CH Ancery 6794.) 


CANADIAN INTERNATIONAL TRADE F alr, bi _ 
Monday, May 29, to Friday, June 9. 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
8.W.1. (Telephone: WHItehall 8701.) BriITIsH TOOL, 
MACHINE-TOOL AND SCIENTIFIC-INSTRUMENT SECTION : 
Apply to Room 347, Third Floor, Victoria House, South- 


ampton-row, London, W.C.1. (Telephone: HOLborn 
4667.) 


ROYAL AGRICULTURAL SOCIETY’s ANNUAL SHOW.— 
Tuesday, July 4, to Friday, July 7, at Kidlington, 
Oxford. Apply to Royal Agricultural Society, 16, 


Sa nek ea, London, W.C.1. (Telephone : MUSeum 
905.) 


FESTIVAL OF BRITAIN, 195i1.—Details obtainable from 
the secretary, Festival of Britain 1951, 2, Savoy-court, 
Strand, London, W.C.2. (Telephone: WATerloo 1951, 
Extension 102.) 





THE BARSI RAILWAY. 





2-8-2 LOCOMOTIVES FOR 2-FT. 6-IN. 
GAUGE : BARSI RAILWAY. 


THe accompanying illustration shows the first of 
three 2-8-2 locomotives which are being built by the 
Hunslet Engine Company, Limited, Leeds, for the 
2-ft. 6-in. gauge Barsi Light Railway, India. For 
many years the railway has made considerable use 
of large rigid-frame steam locomotives for the principal 
passenger and freight services. Five 2-8-2 engines 
were brought into service in 1925, and shortly before 
the war two 4-6-4 nger locomotives were acquired. 
As part of the sallengte standardisation policy, boilers 
of the same type as those fitted to the 4-6-4 locomotives 
are being used on the new engines, thus providing a 
design of greater power than the original 2-8-2, with 
improvements in detail. 

The new design, désignated class F, incorporates 
superheating. The maximum axle load is only 6-8 
tons, but the locomotives develop a maximum tractive 
effort of 17,300 lb. at 85 per cent. of the 160 lb. per 
square inch boiler pressure; the factor of adhesion 
is 3-5. The weights per foot run of wheelbase and 
overall length are exceptionally low, tending to make 
the locomotive suitable for a low Cooper bridge loading. 
Two outside 15}-in. by 18-in. cylinders drive the third 
pair of coupled wheels, 2 ft. 10 in. in diameter, this 
pair of wheels being flangeless. The rigid wheelbase 
is 9 ft. 7 in., the locomotive wheelbase 22 ft. 10 in., 
engine and tender wheelbase 42 ft. 5} in., overall 
length 51 ft. 2 in., adhesion weight 27 tons, locomotive 
weight 38} tons, and tender weight 23 tons. 

Poor water conditions and low axle loading limited 
the boiler pressure to 160 Ib. per square inch ; the bad 
water also led to the incorporation of top feed, the 
fitting of a Hulburd mechanical boiler cleaner, and to 
the use of copper for the main internal steam pipe. 
The inner copper firebox has Muntz Nicro side stays 
in the flame area. The barrel has a mean inside dia- 
meter of 4 ft. 1 in., and contains 97 steel tubes of 
1} in. outside diameter and 15 flues of 5} in. outside 
diameter, 12 ft. 6 in. long. These give a heating sur- 
face of 813 sq. ft., and with 75 sq. ft. from the firebox 
the total evaporative surface is 888 sq. ft. The grate 
area is 20-5 sq. ft. and the superheating surface 
177 sq. ft. A Melesco superheater is fitted. Boiler 
fittings include a Joco regulator, two 2}-in. Ross 
safety valves, two hot-water injectors, and a steam 
stand having two injector steam cocks, an ejector cock, 
sight-feed lubricator cock, and control cocks to the 
soot blower, electric-lighting turbo-generator set, pres- 
sure gauge, two whistles, and the blower. 

The locomotive has outside plate frames, { in. thick, 
in two parts, connected in front of the throatplate by 
cast-steel cross stretchers. The cast-steel axleboxes 
with gunmetal bearings run in cast-steel hornblocks 
with adjusting wedges on the front face. All boxes 
have laminated springs, and these are compensated, 
first, the leading truck and the leading coupled boxes, 
and, secondly, down each side, the intermediate, 
driving and trailing coupled springs. Suspension of 


Inside-admission 8-in. diameter piston valves are 
located above the cylinders and are actuated by 
Walschaerts gear giving a maximum travel of 3} in., 
corresponding to a cut-off of 77 per cent. The steam 
lap is ? in. and the lead 4 in. A steam brake operates 
blocks on the leading, intermediate and driving coupled 
wheels only ; and vacuum equipment is fitted to the 
bogie tender and for the train. Lambert wet sanding 
is applied to the leading coupled wheels and hand sand- 
ing to the trailing coupled pair. Calthorp and Jones 
central buffing and drawgear is included, and has auto- 
matic radiating gear with enough play for hauling 


trains over curves of 150 ft. radius. 





CONFERENCE ON CIVIL 
ENGINEERING IN THE COLONIES. 


THE success of the first Conference on Civil Engineer- 
ing Problems in the Colonies, held in July, 1948, has 
encouraged the promoters, the Institution of Civil 
Engineers, to arrange similar conferences in alternate 
years. Accordingly, the second conference will be held 
at the Institution, Great George-street, London, 8.W.1, 
from July 3 to 7. On the first day, the registration and 
information bureau will be open in the afternoon. 
There will be an informal gathering at 4.30 p.m., when 
tea will be served. At 5.30 p.m., a lecture on “ Public 
Health Engineering” will be delivered by Professor 
G. M. Fair, of Harvard University. The formal opening 
of the conference will take place at 10.15 a.m., on 
Tuesday, July 4, after which two papers will be 
presented and discussed, namely, “‘ Railway and Dock 
Problems in East Africa,” by Mr. J. R. Farquharson, 
C.B.E., B.Sc., and “‘ Notes on Colonial Harbours and 
Wharves,” by Mr. R. D. Gwyther, M.C., M.Sc. In 
the afternoon, visits will be paid to the factory of the 
Concrete Development Company, Iver, Buckingham- 
shire, and to the Road Research Laboratory, Harmonds- 
worth. 

The second technical session will take place at 
10 a.m. on Wednesday, July 5, when the speakers on 
the subject of “‘ Engineering Research and the Colonial 
Engineer ” will comprise Dr. W. H. Glanville, C.B.E. 
(Director, Road Research Laboratory); Dr. F. Y. 
Henderson (Director, Forest Products Research Labor- 
atory); Sir Claude Inglis, C.I.E. Hydraulics 
Research Organisation); Dr. F. M. Lea, O.B.E. 
(Director, Building Research Station); and Dr. B. A. 
Southgate (Director, Water Pollution Research Labora- 
tory). In the afternoon visits will be paid to the 
Bankside generating station, now under construction, 
the works at the South Bank site of the 1951 Exhibition, 
and the Building Research Station, Garston. On 
Thursday, July 6, there will be no technical session, 
but visits to the Forest Products Research Laboratory 
and the Thames-side works of the Port of London 
Authority, have been arranged. 

The third and final technical session will be held at 
10 a.m. on Friday, July 7, when three papers will be 
presented and discussed, namely, “‘ Investigations and 
Constructions of Tropical Water Supplies,” by Mr. 
D. 8. Bulbin, B.Sc. ; “ Survey and Design of Low-Cost 
Roads for Colonial Conditions, with Special Reference 
to the Principles of Soil Mechanics,” by Mr. A. J. 
Mitchell, O.B.E. ; and “ Problems Encountered in the 
Construction of the Livingstone Airport, Northern 
Rhodesia,” by Mr. W. R. Scott. In the evening, at 
8 o ’clock, an official reception will be held at the 
Institution. 

Civil engineers having colonial connections who are 
not attached to the Institution will be welcomed at the 
conference. A capitation fee of 31. 3s. (41. 4s. if accom- 
panied by a lady) will be payable by corporate members 
and students of the Institution. In the case of non- 
members, the corresponding capitation fees will be 
51. 5s. and 61. 6s., respectively. These fees will include 
the costs of the visits, and a copy of the Proceedings 
of the Conference. The Proceedings will also be avail- 

able, when published, to those unable to attend the 
conference ; the pr.ce will be 15s. a copy, post free, 
to corporate members and students, and ll. 2s. 6d. to 
non-members. In addition to the contributions men- 
tioned previously, a paper, entitled “‘ Armoured Rubber 
Hose as Pressure Water Main,” will be printed, 
without discussion, in the Proceedings. Persons intend- 
ing to participate in the conference should obtain 
application forms from the secretary of the Institution, 
Great George-street, London, S.W.1. 





TWENTIETH-CENTURY PHYSICS AT THE SCIENCE 
MvusEuM.—A model of the graphite low-energy experi- 
mental pile (Gleep), which is installed at Harwell, has 
been lent to the Science Museum, South Kensington, 
London, S.W.7, by the Ministry of Supply and is now 
on exhibition on the second floor. Aston’s original mass- 


spectrograph of 1919 and part of Cockcroft and Walton’s 
apparatus, with which artificial disintegration by purely 
electrical means was first achieved in 1932, are also on 
view as are a number of other exhibits relating to the 














the trailing truck is independent. 








development of atomic physics. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ CHUNGKING.”—Single-screw cargo and passen- 
ger liner, accommodating 42 first-class and 525 steerage 
passengers, built and engined by Messrs. Scotts’ Ship- 
building and Engineering Company, Limited, Greenock, 
to the order of The China Navigation Company, Limited, 
London, E.C.3, for their Far-Eastern service. Main 
dimensions: 450 ft. (between perpendiculars) by 62 ft. 
by 35 ft. to upper deck; gross tonnage, 8,000 ; dead- 
weight capacity, approximately 7,400 tons on a draught 
of 23 ft. 3in. Scott-Doxford six-cylinder opposed -piston 
reversible oil engine to develop 6,500 b.h.p. at 115 r.p.m. 
and a speed of 15 knots. Launch, January 19. 

M.S. “ BRITISH DEFENDER.”—Single-screw oil tanker, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the British Tanker Company, 
Limited, London, E.C.2. First vessel of an order for 
four. Main dimensions : about 435 ft. (overall) by 56 ft. 
by 36 ft. 1 in.; deadweight capacity, approximately 
8,300 tons on a draught of 25 ft. Doxford three-cylinder 
opposed -piston balanced oil engine to develop 2,250 b.h.p. 
at 100 r.p.m. and give a speed of 11 knots. Launch, 
February 2. 

M.S. “ Auratr.”—Single-screw cargo vessel, to carry 
twelve passengers, built by Messrs. William Gray and 
Company, Limited, West Hartlepool, for Messrs. Van 
Nievelt, Goudriaan & Co’s Stoomvaart Maatschappij, 
N.V., Rotterdam. Main dimensions: 435 ft. (between 
perpendiculars) by 59 ft. 6 in. by 27 ft. 6 in. to upper 
deck; deadweight capacity, approximately 9,150 tons 
on a draught of 24 ft. 4 in. Six-cylinder two-stroke 
single-acting direct-reversible cross-head type engine, 
to develop 3,200 b.h.p. at 115 r.p.m., supplied by the 
Machinefabrick Gebr. Stork & Co., N.V., Hengelo, 
Holland. Launch, February 2. 

8.8. “ Gyroroma.”—Twin-screw oil tanker, built by 
Messrs. Joseph L. Thompson and Sons, Limited, Sunder- 
land, for the Anglo-Saxon Petroleum Company, Limited, 
London, E.C.3, for their service to Lake Maracaibo, 
Venezuela. Main dimensions: 405 ft. 10 in. (between 
perpendiculars) by 62 ft. 6 in. by 21 ft. 6 in. to harbour 
deck; deadweight capacity, 8,000 tons on a draught of 
18 ft. 9 in. Twin-screw triple-expansion engines, sup- 
plied by Messrs. Smith’s Dock Company, Limited, South 
Bank-on-Tees, Yorkshire, and two Babcock and Wilcox 
water-tube boilers. Launch, February 6. 

M.S. “Dame CAROLINE HASLETT.”—Single-screw 
collier, built by Messrs. Hall, Russell and Company, 
Limited, Aberdeen, for the London Division of the 
British Electricity. Authority, London, W.1. Main 
dimensions: 260 ft. (between perpendiculars) by 
39 ft. 6 in. by 18 ft. 6 in.; deadweight capacity, about 
2,700 tons. British Polar eight-cylinder marine Diesel 
engine, to develop 1,180 b.h.p. at 225 r.p.m., constructed 
by Messrs. British Polar Engines, Limited, Glasgow, and 
installed by the shipbuilders. Trial trip, February 14. 

S.S. “* PoLDEN.”—Single-screw collier, built by Messrs. 
Ss. P. Austin and Son, Limited, Sunderland, for the 
British Electricity Authority, London, W.1. Second 
vessel of an order forfour. Main dimensions: 224 ft. by 
36 ft. by 16 ft. 3in.; deadweight capacity, about 1,700 
tons. Triple-expansion superheated-steam engines and 
two forced-draught boilers, constructed by the North 
Eastern Marine Engineering Company (1938), Limited, 
Sunderland. Speed in service, 10 knots. Launch, 
February 16. 

M.S. ‘‘ ProspectTor.’”—Single-screw vessel for the 
carriage of ore (bauxite) in bulk, with accommodation 
for twelve passengers, built and engined by Messrs. R. 
and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the Pan Ore Steamship Company, 
Incorporated, Panama City, Panama. First vessel of 
an order for two. Main dimensions: 447 ft. (overall) 
by 60 ft. by 29 ft. 6 in. to upper deck; deadweight 
capacity, about 7,500 tons. Hawthorn-Doxford five- 
eylinder oil engine to develop 3,400 b.h.p. at 135 r.p.m. in 
service. Launch, February 17. 

M.S. ‘* PortTsMOUTH.”—Single-screw self-trimming col- 
lier, built by Messrs. John Crown and Sons, Limited, 
Sunderland, for Messrs. Stephenson Clarke, Limited, 
London, E.C.3. Main dimensions: 253 ft. 6 in. (between 
perpendiculars) by 38 ft. 34 in. by 22 ft. 9 in. to raised 
quarter-deck ; deadweight capacity, 2,500 tons on a 
summer draught of 17 ft. 4 in. Sulzer eight-cylinder 
single-acting marine-type Diesel engine, constructed by 
Messrs. George Clark (1938), Limited, Sunderland. 
Launch, February 17. 





GEORGE MONTEFIORE PRIZE.—Details of the com- 
petition for the prize known as the Foundation George 
Montefiore, which is awarded every five years and on 
this occasion will have the value of 25,000 Belgian francs, 
have been issued by the Association des Ingénieurs 
Electriciens Sortis de L’Institut Electrotechnique Monte- 
fiore, Rue Saint-Gilles 31, Liége, Belgium. The award 
is made by a jury of five Belgian and five foreign electrical 
engineers on work which has been carried out during the 
last five years and must be submitted before December 31. 





LABOUR NOTES. 


INCREASING output in the foundries and its relation 
to working conditions forms the subject of an editorial 
article by Mr. J. Gardner, general secretary of the 
Amalgamated Union of Foundry Workers, in the 
Union’s Journal for January, 1950, published last 
Friday. He opposes the suggestion that greater pro- 
ductivity in the foundries must precede improvements 
in working conditions and welfare activities, because 
of the increases in overhead costs which would arise from 
their adoption. After emphasising that no useful 
purpose is served by taking a purely negative attitude 
to increased productivity, and that such has never 
been the policy of the Union, he states that it is neces- 
sary to get a proper evaluation of what increased 
productivity may mean in the circumstances of the 
present time. 


Referring to the observations of the Union on the 
report of the steel-founding productivity team, Mr. 
Gardner recalls the Union’s criticism that protection 
against injury and ill-health, particularly against sili- 
cosis and respiratory and rheumatic diseases, to say 
nothing of cancer and dermatitis, was of such urgency 
as to merit at least as much attention as the recom- 
mendations of the productivity team for improved 
output did. Increased mechanisation and greater 
speeds, he continues, would intensify the generation of 
dust, but steel founders, with some honourable excep- 
tions, have a long way to go to provide safeguards to 
health and against accidents equal to the technical 
advances which have taken place in production pro- 
cesses. Provisions for health and safety are like 
equipment for improved production: they may be 
looked upon as overhead costs or they may be regarded 
as new capital investments made for the purpose of 
drawing increased profits from the products of labour. 


It is a common restrictive practice in industry, 
Mr. Gardner states, to keep down overhead costs so 
that profits may be higher, even if this is achieved at 
the expense of safe and healthy working conditions. 
In the employees’ view, it is not good morality to 
consider productivity merely as a matter of new 
methods of production, without giving attention to the 
safety and health of the operatives involved. The 
annual report of the Chief Inspector of Factories gives 
evidence that it is appreciated in industry that good 
working conditions improve productivity. It shows 
that established standards of safety and health are far 
from equal to the recommendations of the “ Garrett 
Report.” The Union does not dispute there are diffi- 
culties in the way of the full implementation of the 
recommendations in that report, but many of these 
difficulties, the Union considers,’are due to a disre; 
of those recommendations, and even resistance to them. 


il 


Mr. Gardner states that it has happened in a few 
instances that employees themselves have expressed 
a lack of enthusiasm for the Garrett recommendations. 
Members of the Union should see that that does not 
happen. It is not the employees, however, who resist 
compulsory regulations to enforce the standards set 
out in the Garrett report. Until employers’ associa- 
tions show less regard for their backward members 
by insisting on voluntary action on the lines laid down 
in that report, they must accept responsibility for 
unsafe and unhealthy foundries which are a drag on 
production and a menace to health. Mr. Gardner 
recalls that, in commenting on the report of the pro- 
ductivity team, the Union observed that “higher 
productivity can be obtained by increased use of 
power tools, by increased standardisation, by the 
mechanisation of production and of handling equip- 
ment, by simplification of the job, by improved organi- 
sation of labour, and of the job sequences, and by the 
application of greater efficiency at every stage. 
this has been said in memoranda of our Union, but 
much more was said.” 


The Government’s lack of co-operation with ship- 
builders in the issuing of licences in respect of foreign 
orders was referred to by Mr. R. Cyril Thompson, a 
director of Messrs. John Crown and Sons, Limited, 
Sunderland, when speaking at the launching of the 
motorship Portsmouth from the firm’s shipbuilding 
yard on February 17. He said that during the past 
five years a good number of orders from overseas had 
been received by British shipbuilders, which might 
have been placed in Belgium, Sweden, Germany, or 
Holland. In this connection, British firms were faced 
with the position that the Government would not 
always co-operate by issuing licences for forei; 
orders. is seemed completely incomprehensible. 
British shipbuilders took the view that no licences 
whatever should be necessary for the securing of foreign 
orders. British firms, Mr, Thompson stated, considered 
that they should be allowed to book such orders 
straight away. 





Commenting on the ibility of a slump in the 
shipbuilding industry, Mr. Thompson said that three 
conditions were essential for the prevention of such 
an occurrence. In the first place, shipbuilders should 
install completely up-to-date equipment ; secondly, 
there must be the fu co-operation from employees 
engaged in the industry ; and, lastly, every possible 
effort must be made to maintain the level of orders 
from abroad. If these conditions were achioved 
there would be no need for a depression in the ship. 
building industry. 


Strict conformity with the Ministry of Labour 
regulations, restricting the use in foundry work of 
certain kinds of sand, having proved to be impractic. 
able, the Minister has issued revised draft regulations 
(H.M. Stationery Office, Draft Statutory Instrumenis, 
price ld.). It may be recalled that, with a view to 
reducing silicosis risks among foundry operatives, 
regulations to prohibit the use of parting materials 
containing more than 3 per cent. of silica, or compounds 
of silicon calculated as silica, were first suggested about 
five years ago. 


The Ministry pro that the new draft regulations 
should apply to “ al factories in which there is use of a 
parting material in connection with the making of metal 
castings,” and the use of material containing compounds 
of silicon, calculated as silica, to the extent of more 
than 3 per cent. by weight of the dry material, would be 
prohibited. But this prohibition would not apply to 
natural sand, or to certain other substances, if the 
material in question ‘‘ does not contain an admixture 
of any other silica.” The object of the publication 
of the new draft regulations at the present juncture is 
to provide an opportunity for the submission of objec- 
tions and amendments. Any such communications 
must be sent to the factory department of the Ministry 
of Labour and National Service not later than April 15. 


Civilian staffs employed in Government Departments 
declined in number by 6,110 during the three months 
ending on January 1, 1950, the total staff on that date 
aggregating 687,891 persons, compared with 694,001 on 
October 1, 1949. According to the current quarterly 
return of the Treasury (H.M. Stationery Office, Cmd. 
7887, price 1d.), most Government Offices were affected 
by the reductions. The War Office staff declined in 
number during the three months from 33,475 to 33,198, 
a loss of 277 ; and that of the Air Ministry from 25,048 
to 24,639, a loss of 409. Non-industrial civil servants 
engaged at the Ministry of Supply increased in number 
by 18 to a total of 20,071 on January 1, 1950, and 
certain minor Departments in the defence group of 
Ministries (not mentioned by name) increased their 


gard | staffs by 29, to a total of 783. The number of civilians 


employed at the Admiralty increased from 30,332 on 
October 1, 1949, to 31,340 on January 1, 1950, an 
addition of 1,008 persons. 


Staff employed by the Post Office declined in number 
during the three months from 248,169 to 247,541, a 
difference of 628. Among the Government Offices 
concerned with trade, industry and transport, mention 
may be made of the Ministry of Civil Aviation, the staff 
of which declined by 99 to a final total of 5,364 ; and 
the Ministry of Fuel and Power, the staff of which fell 
to 6,828, representing a loss of 22 persons. On the 
other hand, the Department of Scientific and Industrial 
Research increased its staff to a final total of 2,667. 
Reductions also occurred at the Board of Trade and 
the Ministry of Transport. Staffs at the Ministry 
of Supply, other than r een engaged on defence work, 
numbered 13,381 at the end of the three-monthly 
period, an increase of 12. The “ column of notes” in 
the Treasury’s quarterly returns, on the absence of 
which in the last two issues we commented, is revived in 


All| the current return. A note in that column explains 


that the Admiralty figure of 31,340 for January 1, 1950, 
includes, for the first time, members of the former 
Royal Marine Police and Police Reserves, of whom the 
Admiralty absorbed 2,552 during October, 1949. 


During a speech on the Government’s proposals 
on wage stabilisation, at Bristol on vg og Bead Mr. 
Arthur Deakin, general secretary of the port 
and General Workers’ Union, is reported to have de- 
clared his unwillingness to accept “the idea of a 
wage freeze.” He said that the trade-union movement 
had expressed its intention to act with restraint at the 
present time, and that, provided the cost of living did 
not move upwards, above 118 points, unions generally 
would not submit wage claims. But if the cost of 
living did rise beyond that figure, the right of trade 
unions to return to freedom to negotiate was reserved 
to them. Further, if it was found that the country’s 
productivity increased, “‘we must have advances of 
wages by way of payment to us for the increased 
efforts we have put in.” 
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ELECTRICAL EQUIPMENT FOR ALUMINIUM MILL. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 








Fig. 1. Moror-GENERATOR SET oN TEST. 

















Fie. 3. Controt Boarp. 








ELECTRICAL EQUIPMENT OF 32-IN. 
HOT REVERSING ALUMINIUM MILL. 


Tue 32-in. two-high reversing mill, which has been 
constructed by Messrs. W. H. A. Robertson and Com- 
pany, Limited, Bedford, for the Société Industrielle de 
PAluminium at Duffel, Belgium, for hot rolling alumi- 
nium slabs into sheets, consists of the rolling mill 
proper with a reversible roller table on each side. Since 
the cross section of the slabs is reduced as they pass 
through the mill the peripheral speed of the roller 
tables on the exit and entry sides of the rolls must 
be respectively the same as and lower than that of the 
rolls themselves. As, moreover, the entry table for 
one pass becomes the exit table for the next, and vice 
versa, the speed of each table must be reduced in turn 
and then raised. The roller-table motors must also 
accelerate, decelerate and reverse in conformity with 
the mill motor. 

The electrical equipment, which has been provided 
for fulfilling these conditions, was constructed by the 
Metropolitan-Vickers Electrical Company, L.mited, 
Trafford Park, Manchester, 17, and incorporates a num- 
ber of points of interest. It consists of a flywheel motor- 
generator set, which supplies both the main and roller- 
table motors, and the control equipment necessary for 
exercising the speed control. This flywheel motor- 
generator set, a view of which on the test bed is given in 
Fig. 1, consists of four units: a 1,200-h.p. 3,300-volt 
slip-ring induction motor, which runs at a speed of 
740 r.p.m. and is direct-coupled to a 1,250-kW, 450-volt 
direct-current generator supplying the 1,500-h.p. mill 
motor ; and a 50-kW 230-volt generator for supplying 
the two 30-h.p. roller-table motors. In addition, there 
is a steel plate flywheel with a total stored energy of 
50,000 horse-power-seconds at a speed of 750r.p.m. The 
motor is controlled by an oil circuit-breaker with a rup- 
turing capacity of 75 MVA, and an automatic liquid slip 
regulator. This regulator is interlocked with a reversing 
isolating switch, so that the set can be braked by 
“plugging”’ the motor. All three machines are 
mounted on a common welded bedplate of steel, which 
is provided with an extension so that a generator for 
supplying additional roller-table motors can be installed 
at a later date. Excitation for the main and auxiliary 
generators and for the main mill motor is obtained from 
a second motor-generator set consisting of a 175-h.p. 
380-volt squirrel-cage motor driving five exciters. 
Three of these machines supply the main and auxiliary 
generators and the main mill motor, respectively. The 
fourth is a compounding exciter, the function of which 
is to limit the peak currents of the mill motor to pre- 
determined values during acceleration and deceleration, 
or when a rolling peak oecurs. Its action is different 
depending on whether the peak is sudden or slow-rising 
and is due to the special characteristics of the machine, 
which it is the practice of the firm to incorporate in all 
their reversing mill drives. The poles of this machine 
are magnetically short-circuited by iron bridge pieces, 
the effect of which is to prevent the field increasing 
rapidly until they are saturated. The fifth unit of this 
set is a 6-kW 250-volt level compound-wound exciter 
for giving a constant potential supply to the main 
fields of the generator and mill motor exciters as well 
as to the control circuits. 

The mill motor, which is of the standard pattern that 
has been designed by the Metropolitan-Vickers Com- 
pany for use in rolling mills, is illustrated in Fig. 2. 
It has a root mean square rating of 1,500 h.p. at a speed 
of 30 to 45 r.p.m., and working and emergency peak 
ratings of 3,750 h.p. and 4,500 h.p. within the same 
speed range. It is equipped with two forced-lubricated 
mill-type pedestal bearings, which are fitted with 
thermostats, and is forced-ventilated. Owing to the 
low speed this ventilation is supplied from a separate 
motor-driven fan with an output of 15,000 cub. ft. of 
air per minute. The air is drawn in through a Visco 
self-cleaning filter which is fitted with pressure oil 
sprays for cleaning the cells. It enters the rear end 
bell of the motor and is exhausted over the commutator 
at the front end into the motor room. The two 250- 
volt direct-current roller-table motors are each rated 
at 30 h.p. at a speed of from 720 to 900 r.p.m. They are 
shunt-wound and are of the firm’s standard con- 
struction, being totally enclosed with cast-steel split 
yokes and duplicate tapered shaft extensions at both 
ends. 

The equipment for controlling the main 1,500-h.p. 
mill motor and the two 30-h.p. roller-table motors has 
been so designed that the motors can exert their 
maximum operating torque at each pass without over- 
loading and without tripping the direct-current circuit- 
breakers. These breakers are, in fact, only intended 
to protect the armature circuits of the main and 
auxiliary motors from faults. The control of all three 
motors is centralised in a simple master controller, 
from which eight speeds are obtainable in each direc- 
tion. This controller is of the lever-operated cam 
contactor type and is equipped with blow-out coils. 
Its contactors are mounted on a four-panel open- 
type black enamelled slate switch-board, which is 
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illustrated in Fig. 3, and control the main fields of the 
exciters of the main and auxiliary generators and the 
mill motor. One of these panels also carries the 
mill-motor instruments, including a two-speed Duplex 
recorder for graphically registering the mill-motor 
speed and current on a scale of either 6 in. per hour 
or 6 in. per minute. A graphic leakage recorder, 
alarms for the bearing thermostats and the leakage 
indicator alarm relays are mounted on the same panel. 
Two other panels carry the instruments for the various 
main exciter circuits and the contactors for controlling 
the exciter fields, while on another are mounted the 
contactors for the roller-table motors with the circuit- 
breaker for their auxiliary generator and the appro- 
priate instruments. The equipment also includes two 
relays, which work in association with the peak control 
exciter mentioned above. These protect the motor 
against overloads caused by fast rising and gradually 
increasing peaks respectively. The armature circuit- 
breaker for the main mill motor is of the single-pole 
solenoid-operated type with a rupturing capacity of 
4,000 amperes. It is separately mounted on a black- 
enamelled slate board which in turn is carried on an 
angle-iron framework and housed in an expanded-metal 
enclosure. 

Adjacent to the master controller is a driver’s desk, 
on which an ammeter for the main generator and speed 
indicators for the motor-generator and main mill motor 
are mounted, as well as regulators for varying the speed 
of the entry table down to 80 per cent. of the peripheral 
speed of the mill, an emergency stop button, signal 
lamps and the controls for the screw-down motors 
mentioned below. Warning that the flywheel genera- 
tor set is running below its correct speed is given by 
an alarm bell inside the desk. This is an indication to 
the operator that the rolling speed must be reduced for 
a few seconds, in order to restore sufficient energy to 
the flywheel to meet the next peak loads. 

The “ screw-downs”’ on the mill are driven by two 
50-h.p. 380-volt three-phase slip-ring motors which 
run at 740 r.p.m. and are generally similar in construc- 
tion to the roller-table motors. A 16-in. Perigrip 
brake is mounted on an extension of their shafts and 
they are controlled by a five-position steelworks type 
master controller of the pistol-grip spring-return design. 
This is mounted on the driver’s desk and gives two 
speeds in each direction. A screw-down selector switch 
is also provided on the desk, so that either the front or 
back screw-down motor, or both, can be operated. 
During simultaneous operation the two motors: are 
coupled by a 16-in. diameter magnetic clutch, which is 
supplied with direct-current from the constant-current 
exciter and has a maximum torque of 780 lb.-ft. 
Control of these motors is effected by contactors, which 
are mounted on a switchboard of open construction. 
The same board carries contactors for effecting the 
direct-on-line starting of the six squirrel-cage auxiliary 
motors, which drive the oil pumps, ventilating fans, 
air-filters and exciters connected with the plant. 

In accordance with the Metropolitan-Vickers Com- 
pany’s usual practice a combined test of the motor- 
generator, main mill motor and control gear, was made 
at Trafford Park during which the speed of operation 
of the equipment was adjusted with the help of a 
multi-element oscillograph. After tuning up the con- 
trol circuits it was found possible to reverse from the 
full speed of 45 r.p.m. in one direction to 45 r.p.m. in 
the other in 2-4 seconds without the maximum peak 
current exceeding the constant full load value. As the 
armature is 9 ft. in diameter and weighs 41 tons, these 
results may be considered highly satisfactory, even 
though the motor was not coupled to the mill. The 
makers expect that these reversal times will be main- 
tained under normal rolling conditions. 





CONCRETING IN COLD WEATHER.—A pamphlet issued 
by the Cement and Concrete Association, 52, Grosvenor- 
gardens, London, S.W.1, deals with the special precau- 
tions necessary in cold-weather concreting. For low 
temperatures, above the freezing point, it is necessary to 
extend the period of curing to reach a given strength, or, 
alternatively, the concrete can be heated and insulated, 
or rapid-hardening cement or accelerators may be used. 
For insulation, straw blankets, sacking, tarpaulins, and 
covers of waterpoof paper are used. When there is 
frost at night, the stock pile aggregates should be pro- 
tected to guard against freezing ; if they do freeze, they 
should be heated; several methods are suggested. 
Moulds and subgrades must also be protected from 
freezing, or allowed to warm up before work begins. 
‘When the air temperature is near or below freezing point, 
the temperature of the concrete in the mixer should not 
be less than 50 deg. F. Heating the ingredients before 
mixing is recommended, and can most easily be done 
by raising the temperature of the water to about 150 deg. 
F. In very severe weather it may be necessary to heat 
the concrete after it is placed, by braziers or other means, 
but care must be taken to avoid large temperature dif- 
ferences in different parts of a structure. 





MANAGEMENT PROBLEMS DUE TO 
** SIMPLIFICATION, ’’* 
By H. E. Merrirt, M.B.E., D.Sc. (Eng.). 


BEcaAvsE consistent terminology is desirable, the 
definitions given in the Lemon Report may first be 
quoted. ‘Specialisation is the process whereby 
particular firms concentrate on the manufacture of a 
limited number of products or types of products. 
Simplification is the process of reducing the number of 
types of products made (or called for) within a definite 
range. Standardisation is the process of defining and 
applying the “‘ conditions” ne to ensure that 
a given range of requirements can normally be met with 
a minimum of variety, and in a reproducible and 
economic manner on the basis of the best current 
technique.” 

A complex engineering end-product is the sum of a 
chain of manufactured materials and components ; 
each manufacturer in turn adds his contribution to the 
product of his suppliers and passes the resultant article 
forward as his own product. An arbitrary dividing 
line may be drawn between those intermediate products 
which are, or could be, the subject of national or trade 
standards, and whose manufacturers rely primarily 
upon manufacturing skill, and proprietary products 
which are the outcome of the manufacturer’s special 
engineering knowledge and skill. The proprietary engi- 
neering product, which may be an end-product or a 
component of some mechanical or functional com- 
plexity, introduces a wider range of problems when 
simplification is undertaken. 

In these cases, the demand for variety may persist 
for several reasons. A complex component or end- 
product intended for a technical market may have to 
operate in different circumstances, climatic or operating, 
and its characteristics may have to be adjusted to suit 
different associated pieces of machinery. If the pro- 
duct, although technical, is intended for a non-technical 
market, variety in external appearance or finish may 
be necessary in order that the product may make a 
sufficiently wide appeal. These things explain in part, 
although not entirely, the excessive variety of types in 
current production, to which attention is being in- 
creasingly directed. Where this variety is due, we will 
not say to bad, but rather to undeveloped management, 
it may be corrected in future by a re-examination of 
product and marketing policy ; but a residual need for 
variety and for continued technical development will 

The efficiency, or productivity, of a concern revolves 
primarily around the components which it manufactures 
domestically. A component of domestic design is 
defined by two sets of standards. The component as a 
whole, in respect of its shape and dimensions, may be 
termed a “constructional standard,” while all the 
remaining specifications which determine its properties 
such as materials, chemical or thermal treatment, 
surface finish, assembly and inspection procedures, or 
briefly all manufacturing operations carried out under 
control may be termed “ manufacturing standards.” 
In the case of a complex product, these standards may 
number many thousands, and every one is a liability. 
The triangular interaction between constructional 
standards, manufacturing standards, and scale of pro- 
duction is somewhat complex. Assume that simpli- 
fication has been effected, with a consequent reduction 
in the varieties of component to be manufactured, 
with a corresponding increase in the scale of production 
of each. The obvious benefits arising from larger 
batches or permanent set-ups will follow; but if the 
essential character of the production processes remains 
unaltered, the economies will not reach their maxima. 

The cardinal requirement for an increased scale of 
production is reproducibility. This goes farther than 
mechanical interchangeability. It means that random 
and unpredictable causes of scrap, which would dis- 
organise production, must be as far as possible eli 
minated. Between the ideal state in which every 
dimension, material, and process would be specified 
and controlled within set tolerances so that every 
combination is acceptable, and the opposite end of the 
scale where everything is left to the craftsman’s skill, 
an a network of specification and inspection 
must be developed. 

But a further complication arises. An increased scale 
of production puts an added premium on the efficiency 
of detail design. Economy of material, the avoidance of 
needless or needlessly accurate machining, and ease of 
assembly, come only from long and careful study. A 
departure from previous practice, and even insistence 
on @ higher standard than formerly on certain opera- 
tions, may lead to outweighing economies elsewhere ; 
and a design which saves material may only work if 
tolerances are accurately determined and ered to. 
Reproducibility and reliability combined with high 


* Paper entitled “‘ Simplification creates New Pro- 
blems for Top-Management,”’ read at the Institution of 
Mechanical Engineers on Friday, February 17, 1950. 
Abridged. 





performance in a product of economical design spring 
only from well-conceived constructional standards and 
refinement of manufacturing standards. 

The scope given by a greater scale of component 
production for the refinement of manufacturing pro- 
cesses may bring about profound changes in the 
organisation of production. Experience has shown 
that these changes are not always immediately appre: i- 
ated by managements whose needs have been met by 
the style of production associated with “ general envi- 
neering.” These changes arise, quite simply, from the 
transfer of skill fgom shop floor to office. General 
engineering production relies largely upon the adapt- 
ability and initiative of the craftsman; planning is 
more a matter of routing and the balancing of machine 
loading than of detailed study of operations. Drawings 
need not be overloaded with tolerances when much is 
left to the machinist or fitter, and emergencies can be 
dealt with by improvisation on the part of shop super- 
intendents and foremen, whose responsibilities include 
methods as well as control. But larger volume means 
new plant and layout, detailed planning, the design and 
provision of tooling and inspection equipment, and 
so on, and office skill must be built up to do this work. 

It does not necessarily require an enormous increase 
in the total scale of production to make these changes 
necessary or to bring up the problems to which they 
give rise. A general engineering concern, accustomed 
to working with modest batches, may devise a new 
product of standardised design for which the demand 
proves to be greater than was foreseen. In order to 
avoid interference from the normal products, a separate 
department may be established soleiy for the production 
of the new product. All the conditions for the con- 
tinuous refinement of detail by standardisation are 
then found to be present, even although they may be 
applicable only to a small fraction of the whole works. 
Some of the organisational changes which must follow 
have already been mentioned, including the institution 
of planning and technical controls. Nearly all, if not 
all the other procedures involved in production, will 
also need revision. 

The intention behind “ simplification” is, broadly, 
to secure a reduction in the number of varieties of the 
final products of any manufacturer in the chain of 
production. When, however, simplification is con- 
sidered in relation to the manufacturer of proprietary 
products, the market for which demands variety for 
any of the (good) reasons previously mentioned, a 
new design possibility must be considered. For the 
effect of simplification on productivity then centres 
chiefly round a reduction in the number of varieties of 
component of domestic manufacture. Hence, although 
simplification normally aims to reduce the number of 
varieties of final product, a better approach may in 
many cases be so to develop the design of a range or 
variety of final products that each product may be 
built up by alternative combinations of a more restricted 
range of components. At the cost of some added 
complexity in the organisation of assembly, what 
becomes a large number of final products involves only 
the manufacture of a limited number of components. 

This principle makes greater demands upon design 
skill than ever before. The design of a single machine 
for a particular p will, of course, require 4 
degree of skill proportional to its intricacy, but in 
essence it remains one problem. The conception of a 
system of components which can be arranged in a 
series of three-dimensional jig-saw puzzles to produce 
the largest number of useful combinations, each tech- 
nically efficient, requires a different and possibly higher 
degree of imagination and foresight, while the number 
of technical problems to be solved will increase with 
the number of combinations. 

The products of a manufacturing concern are defined 
by the drawings and specifications which issue from the 
drawing office. The work that lies behind that issue can 
be divided into two major and distinct kinds of activity. 
The first of these is to evolve the broad conception of the 
product and the technical characteristics, special 
features, and where necessary the range and number 
of different types and sizes to be manufactured. The 
second is to translate the broad conception into detail 
design and to determine materials, tolerances, and 
process specifications. ‘ 

Excluding for the moment matters of product policy, 
i.e., the decisions of top management on the general 
approach to the question of product selection, these 
two major activities are different in character, yet are 
closely linked. The broad conception is based on study 
of the requirements of the customer or user, combined 
with fundamental knowledge of the kind of machinery 
involved, and represents the technical solution of an 
economic problem; the design and specification 

nt instructions to guide manufacture. _ 

For the combined task hy org — _ _ 

te, and “ engineering” better describes it. 
pee longer possible to conceive, at least in the case 
of concerns which rely for their survival upon their 
engineering skill, that all the contributory activities 





can be provided solely in a drawing office, and particu- 
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larly in the kind of blind-alley drawing office of which 
there are still, unhappily, not a few survivors. Design, 
in the sense of the preparation of drawings and speci- 
fications, involves a great deal of creative thinking at 
the drawing-board, but that thinking revolves around, 
or integrates, knowledge and experience gained from 
and constantly refreshed by other sources. It is not 
the purpose of this paper to discuss the process of 
engineering development from idea to finished design, 
but it is perhaps desirable to record the minimum 
facilities which it demands. These, in the order of 
their application, are: (1) A research department 
which forms a reservoir of knowledge, collects new 
knowledge by new investigations, and converts it into 
a form which the design department can use. (2) A 
materials laboratory which advises on materials for 
new projects and, at a later stage, prepares material 
and process specifications, controls heat-treatment and 
other technical processes (machining excluded), and 
investigates failures. Such a department is often 
responsible for the inspection of incoming material. 
(3) A design department (drawing office is too narrow 
a term). On the desks and drawing-boards of this 
department all the other work of research and develop- 
ment finally converges and is converted into drawings 
and specifications. (4) An experimental department in 
which new products are built and tested (with scientific 
testing procedures, and the analysis of results, under 
the control of the research staff). (5) The inspection 
department, which supervises all inspection outside the 
province of the materials laboratory. It is proper 
that inspection should be the responsibility of the 
engineering manager and not of the production manager. 
The engineering manager is responsible for the per- 
formance of the product and for the specifications which 
are n to secure that performance. Not every 
variable can have tolerances assigned to it, and many 
tolerances may concern reasonable quality rather than 
functional necessity. In the exercise of discretion or 
the granting of concessions the engineering manager 
must be the final arbiter. ; 

Co-ordination implies management, and in the 
“ skeleton ” of an engineering department, as indicated 
above, there is a significant change from the earlier 
view of an individualist chief engineer or chief designer, 
towards the more objective and analytical approach 
suggested by the term “‘ engineering manager.” It does 
not and cannot replace creative thinking, but aims to 
supplement it by greater attention to detail and by a 
greater degree of specialisation within the engineering 


ig en as a whole. 

ere can be few, if any, manufacturers who would 
object to securing the same turnover with fewer 
varieties of product, each produced in larger volume. 
The problem is not so much to sell the idea of simpli- 
fication as to achieve it. This is possible only as the 
outcome of a long-term policy, accompanied by inten- 
sive investigations of a kind which, in particular cases, 
may not previously have been carried out. In any 
current range of varieties of a complex product, it is 
probable that although a few marginal varieties in 
small and unprofitable demand may exist, deletion 
of any of the remainder might leave a gap, embarrassing 
to the sales department, in the range offered. It may 
also be that the equipment employed in their pro- 
duction cannot conveniently be transferred to the 
others. In these circumstances, simplification will 
demand a recasting of the whole range, in order to 
cover the market requirements with fewer varieties of 
greater versatility ; and this may in turn demand new 
design conceptions, the development of new products, 
and a long-range programme for their introduction. 

It has already been said that a good new product is 
a technical solution to an economic problem. The 
conditions to be satisfied by such a solution are most 
complex. It must perform a useful and desired tech- 
nical function ; it must be technically sound ; it must 
be capable of manufacture with existing or obtainable 
facilities ; and the first cost and ing and main- 
tenance costs must be acceptable to the purchaser 
(i.e., they must be justified by results). The attempt 
to forecast the demand for the product is complicated 
by the uncertain relationship between the effect of 
volume on =~ and the effect of price on the sales 
potential. It is for these reasons that each manufac- 
turer tends to confine himself to a special market. 

The new product, in short, is the result of an idea 
which synthesises the facts of the technical, production 
and market situations, This is seen most clearly in the 
development of the small business with a single domi- 
nant head (or mers who think as one). These 
businesses usually start with a knowledge of how to 
manufacture some kind of product, and, as knowledge 
of - —— for it neha wy the ive head of 
such @ business sees new ideas for new ucts, and 
the business grows rapidly. _ 

It is well known how many once famous firms have 
ceased to exist, while the failure of many smaller firms 
after a promising start is epitomised in the north- 
country be x 5 “clogs to clogs in three generations.” 
The superficial reason is that bad management super- 











venes, ie., that the organisation could not carry on 
after the old man died. The inner reason is failure to 
continue to create new ideas which combine the three 
basic skills upon which a manufacturing business 
depends—skill in design, skill in manufacture, and 
skill in appraising the needs of the market. 

Some analysts of the art and technique of manage- 
ment have here applied the theory of division of 
labour to a case to which it does not apply. It is easy to 
say that, these three factors of design, production, and 
sales having been identified, they can be treated as 
three specialised “‘ functions ” and shown on an organi- 
sation chart by three neat rectangles joined by a line 
above them to indicate direction and co-ordination by 
a general manager. With the original founder of a 
business at its head, this works splendidly : he tells 
his three specialists what to do, and they do it. But 
his original idea in each case represents a unified 
conception, and by dividing it up in the form of 
instructions to his specialists he automatically inte- 
grates their work. 

If, however, the founder be replaced by a successor 
with less knowledge of the business and less inventive 
initiative, from whence are the ideas to come? Each 
idea must have a design, production, and selling 
quantum within it, and to synthesise those factors, 
when the background and inclinations of the specialists 
who must contribute them are different, is no easy 
task. The theoretical answer to the problem of 
co-ordination is the committee; but a committee is 
ineffective without a good chairman. 

To synthesise an idea for a product is even more 
difficult, in fact, vastly more difficult than to synthesise 
an administrative idea for which committees usually 
exist. The product idea is basically technical, and only 
the designer can bring into play the raw materials of 
engineering knowledge and Skill which are combined 
by imagination into an idea. The process of selecting, 
examining, and rejecting possible combinations, which 
precedes the emergence of the final idea, must, however, 
be controlled by converting each idea into economic 
terms, of value to the user and of production cost ; 
and this must be done within the brain which generates 
the technical idea. The initiative of the one-man 
business therefore passes to the engineering department 
of its developed organisation. 

This initiative can operate effectively only in the 
presence of full understanding by the engineering 
department of the sales and production problems. It 
cannot flourish in an isolated drawing office. This 
understanding is more than knowledge: it cannot be 
gained by a study of the statistics produced by market 
research alone, but must be supplemented by personal 
contact. Whoever designs a product must know the 
business. 

It would seem elementary that the line of products 
of any company should be kept under constant review 
by top management, but observers have reported that 
this is by no means always done. More often, it comes 
up for direct consideration either when the competitive 
situation begins to look serious, or when production 
finds itself embarrassed by the slow but cumulative 
introduction of new lines of product. Either case is 
symptomatic of lack of balanced counsels in deter- 
mining product policy ; the former can happen when 
a company relies on low-cost production to such an 
extent that it becomes technically out of date, and 
the latter when an undiscriminating sales attitude tries 
to invade every market without to production. 

There are two kinds of product control. One is the 
historical method of cost analysis, by which the returns 
from different lines of product are compared. en an 
unprofitable line is thus shown up, its future can be 
considered; but many reasons may, nevertheless, 
combine to make it difficult to discontinue it. The 
other is to provide for closer study before a new product 
is created. This study comes under two headings, 
namely, what the customer wants, and what the manu- 
facturer can offer. 

A company making a variety of products, each in 
large volume, commonly finds its customers asking for 
small but troublesome deviations from the “ standard ” 
form. It is easy but unfair to describe the customers 
as unreasonable people ; each customer probably has 
good reasons for his request at the time when he makes 
it, and only in exceptional circumstances will he ask 
for changes, if he can obtain the regular product more 
quickly and cheaply. The root of the trouble in such 
cases lies with the manufacturer for not trying hard 
enough to analyse the current demands, and to foresee 
the probable future requirements, of his customers. 
But these are largely technical problems. While the 
picture must be completed by sales statistics, the 
analysis of customers’ > mle is a technical problem, 
requiring direct contact of technicians with customers. 
The facts which must enter into the development of 
simplified products cannot be conveyed by reports, 
unless those reports are prepared by technical repre- 
sentatives ; and even then they will probably need 
to be supplemented by verbal reports to, and discussion 
with, the engineering department. If “ technical 





representative ’’ is only another name for a salesman, 
working within a watertight sales department, this 
intimate exchange of ideas is inhibited. 

The effect of a “ special’ on production is not seen 
at the time when the order is booked. The effect is 
slow and cumulative, and does not appear until the 
damage has been done, but further disturbance of 
production can be —— and on a temporarily larger 
scale, if a new line of simplified products is to be intro- 
duced. Hence the production departments are equally 
vitally interested in the future line of products, and 
should be brought in for consultation not when new 
designs are issued for planning, but in the earliest stage. 
Production planning becomes an increasingly long-range 
problem as volume increases. 

The inescapable conclusion is that better products 
can come only from better management. The present 
trend in studies in the art of management is to elaborate 
the administrative machinery of organisation and 
management ; the vital and creative spark from which 
a new business springs and flourishes, and by which an 
established business must be constantly refreshed, 
receives scant attention. This vital spark is product 
development. Engineering students find product 
development in their management syllabus, but those 
who enter management courses through other avenues 
appear to escape it. Those who, with a knowledge of 
many top managements, find among them subjects for 
this criticism, seldom base their criticism on the fact 
that the person in whom top management is focused 
is not an engineer. When the criticism is justified, it 
is usually found that the general manager was formerly 
a specialist executive and that. he approaches his wider 
responsibilities from his earlier and narrower specialist 
viewpoint. This could happen to an engineer, a lawyer, 
an accountant, or a salesman. But as engineering 
concerns tend to increase in size and to have more 
clearly-defined and more highly-specialised organisa- 
tions, the opportunities of top-line executives for 
acquiring all-round knowledge of a business diminish. 
It is therefore necessary to infuse into those courses 
of training for management not designed for engineers 
an appreciation of the problems of product policy. 
For this purpose it is not necessary to include a course 
of lectures in the technical aspects of engineering ; 
but it is necessary to inculcate an understanding of 
how engineers work and design is done. It is probable 
that only engineers can explain this, and they will 
have to do more in the field of public relations. 

The first part of top management’s problem in pro- 
duct control has already been touched upon. It 
involves the appreciation of the engineering task and 
the resources that must be brought to bear upon it. 
The foundation is provided by what may be called 
the “‘ resources for detail,” represented by competent 
unit designers, research and experiment to furnish the 
background data, and metallurgical and other technical 
staff to devise, specify, and control the technical 
operations. But these resources must be given, from 
time to time, a focal point, an idea which they at once 
refine and develop ; and these ideas can be generated 
only in creative engineering minds. The ability to 
conceive ideas is not the exclusive prerogative of engi- 
neers, or of a small section of the profession ; but even 
within the purely technical field the items within the 
repertoire of engineering knowledge offer, in their 
innumerable possible combinations, scope for embar- 
rassing fecundity. But commercially profitable ideas 
are less easy to come by, and require far more judgment. 

The problem is one of human relationships, and its 
solution rests with the ing director or general 
manager, first in his selection and then in his handling 
of his team of specialists. For, although the ultimate 
objective of all of them is the good of the concern, 
they may have different opinions on the way in which 
it is to be achieved. These spring both from what is 
expected from each department, in the narrow view, 
and from the differences in temperament which makes 
men better fitted for one job than for another. The 
natural tendency of the engineer-designer is to improve, 
which means to alter. The production manager resists 
change, naturally and properly enough ; when change 
is necessary, he expects it to be introduced only after 
careful planning. The sales manager, if his task is 
only selling, tends to identify himself with his custo- 
mers, to magnify the virtues of competitive products, 
and to press for new or modified products. 4 

In order to reconcile these views, the first ste | is 
to replace “sales” by “ marketing” in the top-line 
organisation. For “‘ marketing” implies an analytical 
approach to what the market as a whole requires, 
whereas “‘ sales ” carries with it the idea of the approach 
to the individual customer. It has its place, but only 
after the product has been designed and the marketing 
policy determined. The design-product keting 
team can now find a common problem, and can work 

ther towards a common solution. The problem is 
to find the fewest varieties of uct that can be 
regularly sold in quantities cient to keep the 
factory busy. Having defined this policy, it 15 top 
management’s job to keep attention focused on it. 
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CONTINUOUS BRIDGE IN PRE- 
STRESSED CONCRETE.* 


Ong of the first large continuous prestressed-concrete 
bridges has recently been completed at Sclayn near 
Namur, Belgium, to span the River Meuse. The 
structure has been constructed according to the prin- 
ciples recommended by Professor Gustave Magnel, 
and employs the Magnel-Blaton sandwich-plate and 
cable system. Fig. 1, herewith, shows a general view 
of the bridge nearly completed. 

The suspended approach at the far end (Fig. 1) is 
of 52 ft. 6 in. span and is made up of 16 precast pre- 
stressed beams, each containing two cables of 24 wires 
7 mm. in diameter. After placing, the beams were 
cross-prestressed by ten transverse cables each of 
eight 7-mm. diameter wires. The two main spans, 
each 206 ft. long, are continuous over a central pier. 
Fig. 4, opposite, shows a longitudinal section of one 
span. It carries a roadway 23 ft. wide and two canti- 
lever footpaths each 5 ft. 5 in. wide, as shown in 
Figs. 5, 6 and 7, which are cross-sections at three 
points along the span. (All dimensions in the drawings 
are metric.) The overall width of the bridge is 
33 ft. 9 in. 

The cross-section of the main span is that of a hollow 
box divided by two longitudinal diaphragm walls, as 
shown in Figs. 6 and 7. Transverse diaphragms are 
also provided at third points in each span. It will be 
seen that the transverse diaphragms are provided with 
openings for inspection purposes and for the passage 
of cables. The continuous girder spans are supported 
at the centre pier by a Freyssinet-type binge, and at 
the shore abutments reinforced-concrete rocker sup- 
ports are provided. 

Prestressing is by means of 36 cables each of 48 
7-mm. wires; these are evenly distributed across the 
transverse section, 12 cables being placed in each com- 
partment. The cables are continuous over the two 
spans, and are 416 ft. long between anchorage faces. 
They change direction slightly at the centre support 
but this deflection is very small and of little account. 
The anchorages themselves are Magnel-Blaton sand- 
wich platest with distribution plates of a special design 
developed for this particular contract. The tensioning 
of the main cables followed the normal technique for 
this method, i.e., stressing in pairs. Owing to the 
exceptional lengths of cable, however, two jacks were 
used one ateachend. Most of the stressing was carried 
out with jacks connected to mechanically-operated 
hydraulic pumps, but pumps equipped with relief 
valves to control the maximum pressures at the re- 
quired extension were introduced at one stage of the 
operations. The two stressing teams communicated 
with each other by field telephone, but no difficulties 
were experienced in each team selecting identical wires 
for stressing as the arrangement of the Magnel-Blaton 
cable rendered selection a simple matter. 

The contractor’s programme was"greatly facilitated 
by the fact that piers and abutments were already in 
existence, and had only to be repaired and levelled 
to suit the new requirements. The driving of the 
temporary piles and the two clusters to form the 
navigable span presented no difficulties. The latter 
was provided by wy meso rolled-steel joists which 
supported the soffit formwork. Elsewhere, formwork 
was supported on steel scaffolding erected on a plat- 
form on the temporary piling (Fig. 2). These arrange- 
ments proved satisfactory, but the beams forming 
the navigable span deflected excessively and caused 
a crack in the upper surface of the unstressed con- 
crete structure near the temporary piers. The crack 
closed up, however, and disappeared entirely by the 
time all prestressing had been completed. 

The concreting sequence was as follows : (1) support, 
including centre-hinge connections and articulated 
shore support ; (2) soffit (intrados) slab, commencing 
from the abutments and working to the centre of each 
span in suitable bays; (3) longitudinal walls and end 
blocks of beams; here the cables were inserted ; 
(4) transverse diaphragms ; (5) road slab and footpaths, 
using the same sequence as for (2). The prestressing 
of the 7-mm. cables followed as soon as tests showed 
the concrete to be satisfactory, between 90 and 110 
wires being completely stressed in a day. It was not 
possible to protect the cables by pressure grouting as 
is normally done, and formwork was therefore erected 
under the completed cables and they were encased in 
ee carefully placed and consolidated by 

and, 

The bridge was designed and constructed to meet 
the requirements of the Belgian Ponts et Chaussées and 
carries their standard road loading, which specifies a 
rolling load of 32 tons and a uniformly-distributed 
load of 110 Ib. per sq. ft. The maximum compression 





* Communication !from the Cement and Concrete 
Association, 52, Grosvenor-gardens, London, 8.W.1. 

+ See page 54, ante (issue of January 13) for a 
description of the Magnel-Blaton system for prestressing 
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CONTINUOUS PRESTRESSED-CONCRETE ROAD BRIDGE, BELGIUM. 
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(9795 2) 
is 2,160 lb. per sq. in., and tensile stresses are restricted 
to 110 Ib. per sq. in. Some 23 projects were submitted 
for this scheme by 12 contractors, but the successful 
prestressed-concrete design showed considerable savings 
in first cost over steel or reinforced-concrete construc- 
tion—approximately 8 and 20 per cent., respectively. 
The quantities of material, in round figures, were: con- 
crete, 1,215 cub. yd ; mild-steel reinforcement, 42 tons ; 
and high-tensile wire (7 mm.), 65 tons. The steel: 
concrete ratio is 1: 11-3—a low figure for such a 
structure. The works were undertaken by the Entre- 
prises Blaton-Aubert, the consulting engineer being 
Mr. Alexandre Birguer of Brussels, and Professor 
Magnel of Ghent University was responsible for pre- 
liminary technical investigations and the supervision 
of the final design. 





UNDERGROUND HYDRO-ELECTRIC 
POWER PLANTS.* 
By Josrrn D. Lewmy, M.A.S.C.E. 


Smrczk 1907, when the first underground power- 
station was placed in operation at Buchbergmuehle, 
in Germany, over 60 such plants have been built or 
are now under construction. It seems that there are 
neither geographical or climatic limitations to their 
use. From the far north, above the Arctic circle, 
like the Swedish Porjus and Harsprénget plants and 
the Russian Niva plants to Flumendosa in southern 
Italy, from Salak in the eastern Caucasus to Brommat 
in France, they span the globe. Even south of the 
equator there are such developments, namely, in 
Peru and Australia. They are to be found in all 
different elevations from 7,000 ft. above sea level, 
like the Palue plant in Switzerland, to below sea level, 
like the Niva plant on Kandalaksha Bay, northern 
Russia. They are of all different sizes from 31 h.p. 
at Friedigen, Germany, to a 2,800,000-kW project 
on the Snowy River, Australia. Neither are these 
plants governed by hydrostatic head considerations, 
since there are low-head developments utilising 17-7 ft., 
like Friedigen, up to high-head developments of 3,540 ft., 
like Tyin in Norway. The designed flows range from 
15 cub. ft. per second at Foce Ponale, in Italy, to 
14,200 cub. ft. per second at Harspranget, in Sweden. 
_ The plants are built in all types of rock formations, 
igneous, sedimentary and metamorphous. Some are 
built in excellent, hard, sound rocks like the granite in 
Sweden, which requires practically no supports, but a 
few, like Sulak, are in badly fissured and even somewhat 
disintegrated rocks, which require substantial and 
nearly continuous roof supports. From the operational 
point of view, there are run-off river and storage-fed 





* Paper presented to the Power Division of the 
American Society of Civil Engineers at the Annual 





Convention held in New York in January, 1950. Abridged. 


plants, base-load and peak-load plants, and even two 
pump-storage plants, namely, Palue, in Switzerland, 
and Coghinas, in Italy. No matter how different these 
plants are in regard to location, size, layout or operation, 
they have one thing in common : they always represent 
the most economical solution for the development of 
power resources at the particular site. Though, from a 
strategic point of view, underground plants are more 
immune to aerial bombardment than surface plants, 
this consideration has not been of much importanec 
uptonow. The majority of them were built before the 
last war; that is, before strategic bombing was 
developed 

As mentioned above, the underground power 
development is the most economical solution for a 
particular site. As an example, the Niva project can 
be considered. This plant, designed by John B. 
Egiazaroff, A.M.A.S.C.E., utilises a head of 243 ft. 
between the intake at the Niva River and Kandalaksha 
Bay. Two possibilities were considered. One, along the 
left river bank, permitted an open delivery canal 
36,000 ft. long. The other, along the right bank, 
necessitated a tunnel 23,000 ft. long. Since the nature 
of the site did not permit a surface power-house, the 
station had to be placed underground, either at the 
discharge end, thus necessitating a 23,000-ft. pressure 
conduit, or midway, resulting in a pressure tunnel of 
only 13,000 ft. and a tailrace tunnel of 10,000 ft. 

The 200,000-h.p. Niva project is of particular interest 
since it utilises nearly all t: of means for water 
conveyance. From the intake, water is conveyed 
first through a 361-ft. open unlined canal, 37 ft. 3 in. 
wide and 31 ft. 10 in. high; then through a 8,825 ft. 
horseshoe lined pressure tunnel, 21 ft. 3 in. wide and 
26 ft. 7 in. high; and, finally, through a 3,970-ft. 
covered canal, 37 ft. 3 in. wide and 42 ft. 6 in. high. 
The covered canal acts also as a forebay, and the 
covering prevents any freezing. Four vertical lined 
pressure shafte, 14 ft. 9 in. in diameter and at 36 ft. 0 in. 
centres, convey the water to four vertical 35,000-kW 
turbines, placed underground. The draft tubes dis- 
charge first to a 7,215-ft. lined tailrace tunnel, of ic- 
ally triangular section, 27 ft. 0 in. wide and 35 ft. 0 in. 
high, and then through a lined open-cut tailrace canal 
2,379 ft. long, 39 ft. wide and 25 ft. high. 

Niva is the only plant known to the author where the 
discharge is below the mean sea-level elevation. This 
permits the flowline to be maintained in the tunnel at a 
slightly higher level than the tide elevation, thus fully 
utilising the available head. The power-house is an 
excellent example of an und und installation. 
The excavation, 44 ft. wide, has only a roof arch acting 
as rock support ; the walls are unlined. Interior wall 
panels are set back from the rock and the interspace is 
used for air circulation. The power-house is connected 
to the surface by a vertical access shaft which is used 
also as an air shaft, elevator and cable shaft. 

Basically, there are two distinctly different types of 











layouts. The head development, which is used mostly 
in Sweden, places the power-house near the intake 
and has a long unlined tailrace tunnel. The tail 
development, which is used mostly in Switzerland and 
Italy, places the power-house at the tail end of the 
ressure tunnel and, therefore, has only a short tailrace. 
tween these extreme layouts, there is a wide field of 
intermediate possibilities, similar to the Niva project. 

In comparison with the conventional American type, 
consisting of a long pressure line, surge chambers, 
penstocks and power-house, underground develop- 
ments seem to have many important advantages. 
From the operational point of view the und und 
development is almost always shorter, and therefore 
it has less loss due to friction. In cold climates, opera- 
tion is not interfered with by ice conditions. Water is 
conducted beneath the surface ice to the intake, then 
past electrically-heated trashracks into the ure 
tunnel or pressure shaft and so to the turbines. Ice 
does not form in the tailrace tunnel, since the water 
will not come into contact with cold air before it 
emerges. 

From the cost point of view, underground develop- 
ments are cheaper since, instead of expensive pen- 
stocks, the rock itself is utilised in pressure shafts to 
tesist the hydraulic pressures. The power-house 
proper is 10 to 30 per cent. cheaper than a surface 
structure. Furthermore, the main e consists of 
rock excavation. Compared with parts of conven- 
tional developments like pipe lines, surge tanks, build- 
ings, which sooner or later have to be renewed, the 
excavation will last for ever; thus the maintenance 
and depreciation costs are low, resulting in low-cost 
power. From a strategic point of view, underground 
plants are immune to aerial bombardment and, if deep 
enough, would not even be affected by atomic bombs. 

The prototype of “ head development ”’ is the new 
Swedish plant. The entire available head is concen- 
trated at the intake, where the power-house is located. 
This arrangement eliminates any surge tanks or surge 
chambers, and penstocks ; permits quick closing and 
opening of turbines; eliminates penstock valves ; 
and affords an unlined tailrace tunnel. The same crew 
can operate the power-house, the dam and the intake. 
This type of development, however, necessitates a 
vertical or inclined access shaft, an elevator, sometimes 
longer transmission lines, and sometimes places the 
power-house into an inaccessible mountain location. 
A long tailrace tunnel often requires an enlargement 
to take care of surge waves, and even a vent shaft, if 
necessary. Head developments are economical in 
good rock formations when the rock does not require 
any supports or linings ; that is, when an unlined tail- 
race tunnel is feasible. 

The prototype of the “tail development” is the 
Swiss Innertkirchen plant. This type affords a short 
horizontal access tunnel and a rail connection to the 


power-house, and requires no elevator. The access 
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tunnel can be used as a cable conduit and can even be 
combined with the tailrace tunnel. Quite often, the 
access tunnel is driven from a side valley. The trans- 
mission lines are often shorter, and there is no difficulty 
in bringing the cables to the surface. However, tail 
developments require a long pressure tunnel, and 
because of hydraulic pressures, the tunnel must be 
lined. A surge chamber is usually a necessity. The 
surge enlargement of the tailrace tunnel is not always 
eliminated. Generally, if rock conditions permit an 
unlined tunnel, a head development is the more 
economical solution. 

A comparison has been made, for an American power 
development, with the cost of utilising the same site 
for underground arrangement. The unit cost used 
for this comparison are actual costs of 1948. The 
surface layout consists of 25,700 ft. of lined pressure 
tunnel, 1,000 ft. of lined steel penstock, two butterfly 
valves, a surface power-house, and 2,400 ft. of lined 
tailrace tunnel. If the same site were developed simi- 
larly to the Swedish head development, it would consist 
of 500 ft. of vertical lined intake shaft, 1,000 ft. of 
vertical lined access shafts, an underground power- 
house, and 29,200 ft. of unlined tailrace tunnel. Since 
the mechanical and electrical equipment remain the 
same, the cost comparison is mainly between the 
excavation and masonry items. Details are given in 
Table I, herewith. A saving of 2,675,250 dols. repre- 
sents a 42-3 per cent. reduction of cost in this i 
cular case. is difference would be somewhat less 
if an outdoor power plant were considered ; but even 
if the cost of the entire superstructure could be saved, 
the difference would be 2,400,000 dols., or 38 per cent. 

The plant cited has an unusually long tunnel, and 
the saving of lining is decisive. However, long tunnels 
are nothing unusual for underground developments. 
As examples, the following may be cited : Mar, Norway, 
56,760 ft.; Zerner, Switzerland, 56,000 ft.; Innert- 
kirchen, Switzerland, 32,800 ft.; Cafion del Pato, 
Peru, 30,000 ft. ; Kilforsen, Sweden, 26,400 ft. ; Porjus, 
Sweden, 26,400 ft.; Niva, U.S.S.R., 23,078 ft. The 
16 projects on the Snowy River, in Australia, involve 
86 miles of tunnels, up to 43 ft. in diameter, and 


TaBLE I.—OComparison of Costs of Conventional and 
Underground Developmenis. 





Cost 


Unit, 
Dols. 


Quantity. | 





Conventional Development. 
Excavation, 27,500 ft. of rock 
tunnel, cub. os - 
Concrete masonry in tunnel, 
cub. yards .. ox oa 
Portland cement, barrels 
Steel penstock, wt. in Ib. 
Earth excavation, powerhouse, 
cub. yal ad we “< 
Rock excavation for power- 
house, cub. yards .. wis 
; jouse founda- 
tion, cub. yards = aa 
as steel, powerhouse, 
Butterfly valves es re 
Formwork, masonry lining, ft. 
Structural steel, masonry, roof- 
ing, _ for superstructure, 
cub. ft. ee ee eo 


6,220,750 


Underground Development. 
Excavation, 29,200 ft. of rock 
tunnel, we ai ay 
Excavation three shafts, 
cub. yards .. oe aa 
Concrete masonry in tunnel, 
cub. yards... so aA 
Rock excavation of power- 
house, cub. yards .. ° 
Portland cement, barrels ~~ 
Formwork for masonry lining, 


2,728,000 
250,000 
168,000 


232,500 
85,000 


68,000 
114,000 
3,645,500 


Cement for powerhouse, cub. 














490 miles of tailraces. Another development in 
Australia, the Kiewa, has 18 miles of tunnels and 
150 miles of tailraces for its six power plants. 

The tail development does not show such a remark- 
able saving, ana because of the lined pressure tunnel 
and the surge tank, but some conclusions can be drawn 
from Swiss experience at Oberhasli, where two power 
plants were built, one immediately after the other. 
The Handeck (or Handegg) plant has a surface power- 
house with 120,000 h.p. of installed capacity, and 
Innertkirchen has an underground power-house, with 
280,000 h.p. installed capacity. The rock excavation 
for pedter Aeneuey including the power-house, valve 
chamber, entrance tunnel, ventilating shaft, and tail- 
race tunnel, amounted to 78,500 cub. yards of excava- 
tion, or about 6-15 cub. yards per i horse-power, 
while only 3-8 cub. yards of excavation were required 
per i horse-power at Handeck. The actual 





total cost, including access road and discharge canal, 
amounted to 2,300,000 Swiss francs at Handeck, or 
42 francs per cub. yard of the 55,000 cub. yards of 
enclosed space. At Innertkirchen, the 78,500 cub. yards 
of enclosed s cost 3,450,000 Swiss francs, or 47 
francs per cubic yard. 

The cost of the power-house, however, exclusive of 
electrical and mechanical equipment, was, at Handeck, 
2,300 francs for 120,000 h.p., or 19 francs per horse- 
power; and at Innertkirchen, 3,450,000 francs for 
280,000 h.p., or 13 francs per horse-power. The saving 
of 6 Swiss francs per installed horse-power represents 
31-5 per cent. 

The economic justification of a project depends to a 
large degree upon the cost of tunnelling. The cost of 
the pressure tunnels, pressure shafts, power-houses, 
access shafts or tunnels, and tailrace tunnels, depends 
on advanced methods of analysis of linings. roof arches 
and roof supports, and, consequently, on determination 
of rock stresses and rock pressures. Close computa- 
tions are only ible if the rock stresses are reliably 
known. The information should be sufficient to deter- 
mine not only the probable stresses on the rock face 
and in the lining, but also the economic cross-section of 
the tunnels suited to the particular rock formation, 
the thickness of linings, the necessary grouting pres- 
sures, the proper method of excavation and the arrange- 
ment of explosive charges, and the suitable methods to 
take care of infiltrations. A competent geologist is 
essential. Rock is a material older than steel and 
concrete, but about which much less is known. 

The first group of theories on methods of rock 
pressure computation are based on the classic hypo- 
thesis of a direct ratio between the rock pressures and 
the full height of the overlying strata. The theories 
of Culmann, Heim and Maillard, and Rziha were widely 
discussed in German literature by Wiesmann, von 
Willman, Leon and Willheim. To-day they are super- 
seded and are of use only for shallow tunnels in granular 
and uncohesive strata. The second group of theories 
is based on the Coulomb and Rankine equilibrium of 

ular materials, whereby consideration is given to 

ictional forces along -shaped boundaries, and 

are still applicable to tunnels in granular non-cohesive 
materials or soft strata. 

A third group is based on the changes in the rock 
structure and on observed deformations or assumed 

ible rock deformations. Vertical loads are not 
pendent on the height of the overlying strata. The 
fourth group takes into account the cohesive and 
shearing properties of rock strata. Protodiakonov 
developed a table of constants for various rocks and 
correlated these to the compressive strength of rock 
strata. ap a er eee ae ee 
used for deep rock tunnels, although the Komm 
theory, in Group III, results in heavily over-designed 
inings. Protodiakonov’s a h is far more flexible. 
The fifth group of theories is on actual experience, 
that is, on crushed timbering or general observation of 
the behaviour of excavated rock. The Groeger, 
Andreae, and Brandau methods, however, can be onl 
applied after an excavation has been made, and, 
since the cost of the project must be known before a 
major undertaking is , these methods are good 
only for the alleviation of local conditions along the 
tunnel, where special conditions require a special 


analysis. 

The sixth group is based on a thick beam theory ; 
the Schulz method is applicable to sedimentary forma- 
tions, particularly with thick horizontal stratification. 
The last and seventh group of theories considers rock as 
an elastic medium, and is based on the laws of elas- 
ticity. J. Schmid (1926) uses the Airy stress functions 
and the St. Venant equation ; Kuehn (1931) uses, for 
circular tunnels, differential equations which satisfy 
St. Venant’s boun condition. Kuehn concludes 
that the critical point lies not at the crown, but at or 
near the springing of the excavation. Lenk (1931) 
starts with an equation similar to that of Schmid, but 
introduces the Airy stress function round the face of the 
excavation. The latest contribution is an attempt to 
obtain the stresses in laminated strata, for circular 
sure tunnels, by means of Airy stress functions for layers 
of different elastic yields. 

All mathematical approaches to determine the actual 
rock pressures, however, fail to reflect several factors 
occurring in nature, and, therefore, represent only 
approximations or, more or less, guesswork. First, 
the theories do not account for stress redistribution on 
the excavated rock surface due to plastic deformations. 
This redistribution reduces considerably the stresses 
at the boundaries of tunnel excavation, sometimes 
reducing them to zero. Secondly, the theoretical 
approaches do not account for rock stratifications and 
laminations, dips and strikes, fractures and fissures, 
which cause discontinuity in stress configurations and 
result in entirely different rock stresses than those 
computed. Thirdly, even in homogeneous, continuous 
and unfractured igneous rocks, the mathematical 
solutions are only valid for circular tunnel sections and 
cannot be used in cases of horseshoe or other non-circular 





tunnel sections ; nor do they give even an inkling of the 
stress concentrations due to corners, sharp curvatures 
and other discontinuities in the tunnel cross-section, 

Therefore, two experimental approaches seem to be 
of great significance, namely, the model testing and the 
hydrostatic testing of an experimental drift section. 
Model testing was used by Professor Bo Hellstrom jn 
connection with the stress determination for the 
Krangede underground power station. The model was 
of Agar-Agar, which has good elastic properties up to 
the breaking point. Hot Agar-Agar is cast in a rect. 
angular box, lying flat and the load is applied by 
raising the box on end when the material solidifies. 
The model is provided with straight cross lines, drawn 
at ha angles in hectograph ink; thus it is possible 
to take prints of the surface, and to record the deforma. 
tions. hile the box is lying flat, a hole is cut in the 
material, of a pf corresponding to the cross-section 
of the tunnel, and at such a distance from the top of 
the model that the material above the hole corresponds 
with the height of the rock above the tunnel, to a non- 
distorted scale. The box is then raised on end and 
prints are taken of the deformed cross lines. By com. 
paring ag before and after the load application, it 
is possible to determine the deformation. To obtain 
the ratio between the deformations in the model and 
the actual stresses in rock, a model test is carried out 
with a circular tunnel, for which theoretical calculations 
are made. A coefficient is then found by which the 
deformation in the model must be multiplied to obtain 
the actual stresses in the rock. 

For the Krangede tunnel, several shapes were tested. 
A horseshoe tunnel showed larger stresses than the 
cross section finally adopted. It may be noted that 
the stresses are increased where the vertical side passes 
into the arch-shaped roof. The tangential stresses, 
which are not very great, are compression stresses 
except in the middle portion of the invert, where there 
is tension. Of course, the stresses are calculated for a 
smooth surface ; the actual stresses at sharp corners, 
which occur all over the surface and are due to the 
blasting, can be estimated at a maximum of, say, three 
times the calculated stresses for smooth surface. As the 
result of these model tests, it was concluded that the 
stresses at Krangede tunnel would not be very high. 
The shape of the tunnel ultimately decided upon was 
designed so as to fulfil practical requirements; the 
walls and the roof were given a continuous smooth line, 
and the two corners at the bottom have a large radius 
to avoid unnecessary increase of stresses. 

Though this model approach is a definite step for- 
ward, it still does not cover the conditions encountered 
in sedimentary rock formations. In this connection 
the testing method developed by Kieser of Austria is 
of interest. An experimental drift is driven, about 
60 to 100 ft. long, and is sealed by a heavy bulkhead. 
Part of the drift is left unlined and is lined as 
desired. Inside, two sets of meas devices are 

, one in natural rock and one in the ne 8 

ey consist of anchor bolts, and wires leading to Ames 
dial extensometers, mounted in a watertight sighting 
ipe and thus itting an unobstructed observation 

m the outside. Then the test drift is subjected to a 
series of hydrostatic pressure tests. Recording the 
deformations with a cine-camera permits determination 
not only of the elastic — of rock in the vertical 
and horizontal directions, but of the time lag of plastic 
deformations, as well as of any unsymmetrical charac- 
teristics of the rock strata. 

Though it might be considered far-fetched to go to 
such elaborations, their value can be more clearly 
————. when it is considered that, at Innertkirchen, 

e 10-ft. diameter pressure tunnel, 32,080 ft. long, was 
lined with 4 in. of concrete for 9,850 ft. ; with concrete 
liner plates, 14 in. thick and grouted to the rock, for 
17,700 ft.; with 8 in. of concrete for 4,250 ft.; and 
with 8 in. of reinforced concrete for 280 ft. This can 
be compared with a similar American pressure tunnel, 
10 ft. in diameter and about 27,000 ft. bom, which was 
lined with the minimum of 11 in. of concrete. The 
economy is not only in the cost of concrete lining, but 


pres- | also in the cost of extra excavation. 


(7'o be continued.) 





CHECKING SERVICE FOR SCANDINAVIAN SCIENTIFIO 
LITERATURE.—Throughout Scandinavia, most original 
scientific work is now published in the English language. 
To assist Scandinavian scientists in checking the English 
of their papers, therefore, the British Council have 
arranged that manuscripts, submitted to the Council 
offices in Scandinavia, will, so far as possible, be placed 
with a scientist in Britain who is likely to have an 
interest in the work and who would be able to check the 
draft. Arrangements have been made for the paymevt 
of fees for these services in local currency at the overseas 
offices of the British Council ; payment to the scientists 
in Britain taking part in the scheme will be made in 
sterling. The British Council will make no charge for its 
services. 
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Fig. 1. 


COILING MACHINE FOR 
TUNGSTEN FILAMENT. 


As a step towards increasing the production rate of 
coiled tungsten-wire filaments for electric lam 
Messrs. Luxram Electric, Limited, Knight-road, Strood, 
Kent, have developed a bench-mounted machine for 
coiling wire into helical filaments at speeds of 8,000 to 
20,000 turns per minute, depending on the mechanical 
properties and size of the wire. It is suitable for 

tungsten wires weighing 0-4 to 6-5 es per 
standard 200-metre length, the diameters of which vary 
from 0-010 mm. to 0-046 mm., and it is belt driven by 
a fractional horse-power series electric-motor separately 
mounted and having rheostatic control to give infinitely 
variable speed. berry oe of the machine, which 
stands about 1 ft. 3 in. high and weighs approximately 
110 Ib., are reproduced in Figs. 1 and 2, on this page. 

The filaments are formed in the usual way by winding 
the tungsten wire round a relatively slowly moving 
steel mandrel wire, which is drawn through the machine 
at a steady speed depending on the number of helical 
turns required per unit length of filament. After 
suitable annealing treatment, the combined mandrel 
and coiled tungsten is cut into lengths according to 
rati 
hydrochloric acid. The tungsten coils are then ready 
for cleaning in a hydrogen-atmosphere furnace and for 
subsequent inspection. One of the precautions for 
ensuring long filament life in service is to prevent 
undue local heating such as might be caused by an 
uneven spacing of the helical turns. It is therefore 
essential to coil the wire under extremely steady condi- 
tions, and the machine is designed to minimise undesir- 
able fluctuations in the tensions of the ee and 
mandrel wire, as well as for high coiling s 

The main components are totally castoaed { in a verti- 
cal steel housing made in two sections held together by 
fully-recessed key-bolts and mounted on a cast-steel 
baseplate. Mandrel wire is fed into the machine from a 
clutch-driven supply drum at the back, and is drawn 
through by an identical receiving drum at the front, 
mandrel tension being controlled by the clutch settings. 
Both drums are attached to a common shaft passing 
through the housing of the machine, and so run at 
similar speeds, thus eliminating fluctuations in mandrel 
tension normally caused by unwanted variations in the 


driving-motor speed, or by the unwinding and winding | 
of the wire on drums or bobbins of different sizes. The | 


clutches are set by knurled friction wheels working on 
fine threads, and having large surface areas to give 
smooth and sensitive settings ; the friction wheels are 
visible in Fig. 2. 

Both the mechanism for coiling the tungsten wire 


, and the mandrel is dissolved out with hot | “ 





around the mandrel, and the two mandrel drums are | be addressed to Mr. Semet (WHItehall 3572). 


driven through gearing from a%belt-driven pulley shaft, 
the pulley being at the back of the machine. Coiling 

speeds and mandrel feeds are adjusted to form filaments 
of various pitches and sizes by using different pairs of 
identical mandrel drums, those of diameters 
providing the faster feeds. From the supply drum the 
mandrel wire is looped three or four times round a 
fixed cylindrical bobbin, about 1} in. diameter, and a 
fixed pillar at the top of the machine ; it is then fed 
over two pulleys into a “ spiralising” head, which is 
partly housed in a cylindrical steel casing bolted to the 
back. The spiralising head contains ball-bearing 
mounted gearing which is to spin bobbins of 
tungsten wire around the mandrel to form helical turns 
of wire around it as it issues from the front of the 
machine. The bobbins run on small spindles which are 
attached to short pillars screwed to a flange keyed to 
the output shaft; this shaft rotates at speeds up to 
20,000 r.p.m., to give the high coiling speeds for which 
the machine is designed. The bobbins are carefully 
balanced and move freely along their —— spindles 
to coil the wire at right angles to the direction of the 
slow-moving mandrel. 

The mandrel wire is led into the spiralising head 
over two pulleys, and is guided through a sapphire 
nozzle’’ at the exit end. It is then taken round a 
gimbal-mounted pulley which can be adjusted to ensure 
that the wound mandrel is drawn coaxially from the 
nozzle to reduce wear on the sapphire. After being 
looped three or four times round a fixed pillar and 
bobbin identical with those at the back, it is then led 
to the receiving mandrel drum. The looping at the 
front and rear prevents any slip over the mandrel 
drums, and so ensures uniform spacing at the helical 
turns in the filament. The tension in the tungsten wire 
as it is uncoiled from the bobbins is controlled by lubri- 
eating their spindles with a graphited grease selected 
- suit the conditions required. The machine may be 

upplied with a small radiant heater which is attached 
near the outlet nozzle for tempering the tungsten wire 
when n , a8 well as a microscope with strobo- 
scopic illumination to examine the helices as they are 
formed. An electric tactometer can also be fitted so 
that optimum conditions can be recorded and repeated. 





EXHIBITION OF FRENCH SCIENTIFIC INSTRUMENTS : 
ADDENDUM.—Mr. M. Semet, 2, Caxton-street, West- 
minster, London, S.W.1, who organised the Exhibition 
of French Scientific Instruments reported on pages 159 
and 186, ante, states that most of the inventors and manu- 
facturers of the instruments shown have asked him to 
follow up, on their behalf, the inquiries made by scientific 
organisations and firms in this country. Inquiries should 
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APPRENTICE-TRAINING SCHEME 
OF COLVILLES LIMITED. 


To bridge the gap between school and industry, 
create self-confidence in youths, and build up team 
spirit, Messrs. Colvilles Limited, Glasgow, have de- 
veloped an introductory course which all selected 
applicants for apprenticeship in their works attend. 
Entry into the shops is thus gradual and the would-be 
engineer is acquainted with works conditions before 
becoming actively engaged in industrial operations. 
On completing the introductory course, the young 
apprentice is placed under the care of an experi- 
enced craftsman and commences a course of “ phase 
training’ in light and heavy turning, drawing-office 
work, fitting, erecting, installation and maintenance, 
extending over a period of five years. Meanwhile, 
apprentices continue their technical training at local 
engineering colleges and are released from practical 
work one day a week to follow courses leading to 
examinations for the City and Guilds of London 
Institute certificates and the National Certificate. 
After a minimum service of one year with the company, 
apprentices may be selected for participation in the 
firm’s “‘ sandwich” scheme. This scheme is also open 
to young men, under 21, possessing the Higher Leaving 
Certificate or its English equivalent. The students 
attend a full-time day course, extending over three 
years, at a selected college for the winter sessions, and, 
at other times, undergo the usual works training for 
apprentices. At the end of their training period, 
students should have obtained their B.Sc. degree, 
Associateship of the Royal Technical College, or equi- 
valent quililicaiion in engineering, metallurgy or other 
subject, and be ready to assume positions of respon- 
sibility. 

Detailed particulars of the training schemes outlined 
above are given in a brochure, entitled ‘‘ The Intelligent 
Youth’s Guide to Adventure,” recently published by 
Messrs. Colvilles Limited, 195, West George-street, 
Glasgow, C.2, and their associated companies. In 
addition to data primarily intended for the guidance of 
apprentices and their parents or guardians, the brochure 
contains a brief history of the Colville group of com- 
panies, a foreword by the chairman, Sir John Craig, 
C.B.E., D.L., and other matters of interest to intending 
applicants. 





THE ENGINEERING CENTRE.—The latest issue of the 
Bulletin of the Engineering Centre, 351, Sauchiehall- 
street, Glasgow, C.2, states that the number of firms 
participating has risen from 127, at the inception of the 
Centre, to 307. The number of visitors last year was 
54,817, compared with 35,400 in 1948. 
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ALUMINIUM FOR ROAD VEHICLES. 


A symposium of six papers on the use of aluminium 
for road vehicles was presented at the Dorchester Hotel, 
London, W.1, on Tuesday, February 14, following a 
luncheon arranged by the Aluminium Development 
Association, 33, Grosvenor-street, London, W.1l. In 
an introductory review, Mr. F. G. Woollard, M.B.E., 
M.I.Mech.E., said that apart from the saving in weight 
which could be effected, the overall capital and running 
costs of a vehicle would not necessarily be increased by 
the initial high cost of the aluminium alloys, which 
in the case of castings was already within the com- 
petitive range. With properly chosen alloys, rust and 
corrosion were almost entirely absent, and the low 
elastic modulus, though calling for thicker sheets and 
panels as gene with steel, enabled shocks to be 
absorbed | and so helped to reduce repair bills. 
Many automobile components had already been 
successfully made in aluminium, but it was desirable 
to reconsider design problems as a whole in order to 
make full use of the inherent properties of the 
material. 

In his paper on “ Aluminium in Commercial Vehicles” 
Mr. E. L. yar briefly described some aluminium 
containers and icle bodies built during the last 
29 years, and which had, apparently,,given excellent 
service. They included containers for frozen fish, 
solid carbon-dioxide, as well as for wheat and general 
merchandise. Tipping bodies with special reinforced 
flooring had been made for carrying limestone and other 
heavy materials, and in such cases the weight reduction 
obtained by using aluminium was a particular advan- 
tage, since smaller dead weights enabled pay loads to 
be increased or fuel to be saved. 

Mr. A. J. Romer, M.I.Mech.E., in a paper on 
‘* Aluminium in Public Service Vehicles,” also stressed 
weight saving and pointed out that the running cost 
per mile for this class of vehicle was closely related to 
unladen weight. He referred to some aluminium 
chassis components which had been su 
for some time; but added that further research was 
needed on the corrosion of cast-aluminium vessels, 
and the pump bodies and pipes for cooling systems. 
Aluminium was particularly suitable for building the 
so-called “‘ chassis-less’’ *bus, since full use could be 
made of the torsional and beam strengths of a light- 
alloy body structure strengthened by interior truss 
panels with suitable stiffeners. 

The paper on “ Aluminium in the Private Car,” by 
Mr. E. 8. White, A.M.I.Mech.E., dealt mainly with 
future possibilities and emphasised that design prob- 
lems should be tackled from a new angle to secure the 
greatest benefit. From the production standpoint, 
the main need was to secure an overall saving in car 
weight at a minimum of additional cost. All outside 
panels should be made with adequate curvatures to 
give body contours slightly rounder than those for 
steel, and the hardest possible temper should be used 
on inside reinforcements; gas welding should be 
avoided near localised stress points, and the layout 
should be arranged so that all joints could be clearly 
seen—excepting where there was soldering or metal 
finishing. Dr. E. G. West’s paper on the “ Properties 
and Fabrication of Aluminium ” included tables giving 
the composition and chief mechanical properties of 
aluminium alloys and the machining speeds for various 
classes of work. He referred to the argon-arc method 
of welding, which, he said, was now superseding oxy- 
acetylene methods for aluminium and could be adapted 
for production lines or for repair shops. He also 
explained that galvanic action may corrode aluminium 
if it is brought into contact with some of the heavier 
metals, especially copper, and such metals must be 
= insulated from aluminium alloys. 

his paper on “ Aluminium Vehicle Maintenance,” 

Mr. "8. J. Nightingale, B.Sc., F.R.Ae.S., said that the 
economy or otherwise of a given vehicle in service 
depended largely upon the materials used for its 
construction and upon the methods of effecting repairs 
The ability of the aluminium alloys to absorb oo 
locally was an undoubted advantage. In practice, 
replacement of structural components was usually 
made from stocks of extruded sections kept by oe 
larger operators and builders, but aluminium re 
— resented no insoluble problems and differed litt: 

ifficulty or cost from those in steel. In the final paper, 
“* Aluminium from the User’s Angle,” Mr. G. Geoffrey 
Smith, M.B.E., drew attention to the supply and 
exchange problems raised by having to import alu- 
minium from abroad, and emphasised the importance 
of redesigning as a whole to secure the maximum 
benefits from weight reductions. Power-weight ratios 
of British cars were often much lower than those of 
foreign cars, due presumably to taxation policies, and 
the use of aluminium, even at a slightly higher cost, 
would help to offset this drawback and given even 
better ormance It would not be easy at 
present to undertake the change of tools and methods 
involved, and meanwhile any changes should be made 
cautiously. 





NOTES ON NEW BOOKS. 


A History of N. Greening & Sons, Lid., Warrington, 
England, from 1799 to 1949. By S. P. B. Mais. N. 
nen and —_ Limited, Britannia Works, War- 
rington, Lan 

THE firm of N. Ones and Sons, whose history over 

the past century and a half is recorded in this book, was 

founded by Nathaniel Greening, a copper-wire drawer 
from the famous works at Tintern Abbey, but the 
connection of the family with wiredrawing goes much 
farther back—to 1494, according to Mr. Mais, who 
states that one Christopher Greening was making 
needles in that year at St. Omer. If this family tree 
can be established beyond doubt—a difficult exercise in 
genealogical research, in any field—such a sustained 
attachment to one industry must be almost without 
parallel. Be this as it may, Mr. Mais has gathered 
together a great deal of interesting and little-known 
information about the firm and their activities, with 
many illuminating side-lights on the individuals princi- 
pally concerned, which he has prefaced with an emin- 
ently readable survey of the craft of wire manufacture. 

His narrative indicates in places that (as he freely 

admits) he was unable to bring to the task any previous 

knowledge of the trade, and some “ facts” appear to 
have been accepted somewhat uncritically—we find it 

difficult to believe, for instance, that there were 20,000 

smiths in Dudley in 1620, when the total population of 

England was probably not much in excess of five mil- 

lions—but the details of the firm’s development and 

products may be taken as authentic enough, and they 
form the real purpose of the book. 


The Fundamentals of Electro-Magnetism. 
Fessor E. G. Cuttwick. Second Edition. The 
Cambridge University Press, Bentley House, 200, 
Euston-road, London, N.W.1. [Price 18s. net.] 


Tuis is a reprint, with corrections, of a book first 
published in 1939. Although it is intended for students, 
and the various chapters are followed by examination 
questions, with their answers, this is not yet another 
of the text-books dealing with electrical theory on 
conventional lines. Its purpose is to point out, and 
demonstrate, that the same physical phenomena are 
common to all electrical machines and apparatus. 
No doubt this will at once be admitted by any physicist, 
or student of physics, but the author’s point is that 
“it appears almost as though the usual education of 
the electrical-engineering student has been specially 
designed to make it difficult for him to grasp the essen- 
tial unity and coherence of his subject.” Modern 
physicists, however, have formulated and accepted the 
theories of relativity and the quantisation of energy, 
but “‘ no serious attempt has yet been made ”’ to present 
elementary electrical theory in a manner consistent 
with the point of view of modern physics. The 
purpose of this book is to undertake that attempt. 
The matter is approached in an introductory section 
dealing with electric currents and atoms. In electrical 
engineering, use is made of energy transformations 
associated with the flow of electric currents, but an 
electric current is a movement of electric charges which 
are usually considered to be attended by a condition 
in the surrounding space which is called an electric 
field. On this basis, theory covering electro-magnet- 
ism has been developed. These remarks are fol- 
lowed by a discussion of the structure of matter and 
of the electronic charges of the atoms of which it is 
built up. As there is reason to suppose that the 
electric charge is an ultimate physical reality, “it is a 
fundamental starting-point in our knowledge of the 
physical world and to attempt to explain it in terms 
of more familiar (but more complicated) concepts is 
merely to think in circles.” Accordingly, the various 
chapters of the book use the electric charge to explain 
the phenomena of which electrical machines are 
applications. 


By Pro- 





FABRICATION OF SPHERICAL TANKS.—A new method 
of building welded spherical tanks, developed by the 
Pittsburgh-Des Moines Steel Company, Pittsburgh, Pa., is 
described in the December, 1949, issue of Mechanical Engi- 
in | neering. The method is based on the prediction of the 
plastic flow in formed or drawn plates ; the desired object 
is formed in a suitable plastic material which has been 
softened by heat, and allowed to cool under restraint to the 
desired shape. The edges of the piece are then trimmed 
to the required outline, and the piece is heated to the 
softening point, when it will flatten. The flat piece, when 
so formed, will flow plastically to produce a finished piece 
of the proper shape. For forming a spherical tank with the 
least possible waste of material, the surface of the sphere 
may be divided into 20 equilateral spherical triangles 
which may be formed from the 20 triangular faces of an 
icosahedron. In practice, four adjacent faces of the 
icosahedron may be flattened to form a parallelogram, 
and it is, therefore, possible to build the sphere from five 
of such parallelograms formed to the desired shape. 


CATALOGUES. 

Engineers’ Hand Tools.—We have received from Messrs, 
Moore and Wright (Sheffield), Limited, Norton- -lane, 
Meadow Head, Sheffield, 8, their latest catalogue of hand 
tools. It contains 165 pages of detailed information on 
the wide range of tools produced by the firm. 

Portable Electric Tools.—Messrs. 8S. Wolf and Company, 
Limited, Pioneer Works, Hanger-lane, London, W.5, 
have published a catalogue which describes and illys- 
trates their current range of portable electric tools anq 
accessories. 

Pressure Gauges.—We have received from Messrs. 
Payne and Griffiths, Limited, Tudor Works, Windmill- 
lane, Smethwick, Birmingham, a comprehensive 40-page 
catalogue which illustrates and describes their range of 
pressure gauges, vacuum gauges and associated fittings, 

Electronic Equipment.—Messrs. Cinema-Television, 
Limited, Worsley Bridge-road , Lower Sydenham, London, 
S.E.26, have issued a leaflet listing their electronic 
equipment which is now available for industrial, research 
or educational purposes, 27 different types of apparatus 
being classified alphabetically. 


Diesel-Electric Locomotives.—We have recently received 
from the Brush Electrical Engineering Company, Limited, 
Loughborough, an illustrated brochure giving some 
general information on their Diesel-electric shunting and 
main-line locomotives. Drawings are included of some 
of the locomotives and leading particulars are given. 


Coke Ovens.—An illustrated brochure recently issued 
by Messrs. Simon-Carves, Limited, Cheadle Heath, 
Stockport, presents a brief and chiefly pictorial record 
of the various by-product coking plants designed and 
built by the firm since 1937. The main technical particu- 
lars are given for each plant, and the wide variety of the 
work is clearly indicated. 


1950. 


Winches.—We have received from Messrs. Clarke, 
Chapman and Company, Limited, Victoria Works, Gates- 
head, 8, County Durham, a 74-page illustrated catalogue 
describing their range of electric, steam, petrol and Diesel 
winches, hoists, winding engines, and similar equipment 
for marine use. 


Steam-Generating Plant.—A 35-page illustrated booklet 
recently issued by Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, W.4, gives a general description of 
the types of construction used in their marine and land 
steam-generating plants. Considerations such as com- 
bustion and boiler efficiency and the design of furnace 
brickwork are also discussed. 


Workers’ Goggles.—A leaflet issued by the R.F.D. 
Company, Limited, Godalming, Surrey, deals with the 
ventilated goggles for welders and general use which the 
firm have recently introduced. The design ensures that 
the lenses do not become misted, while the eyes are com- 
pletely protected. Clear, coloured, Triplex, Colorex or 
Crookes lenses can be supplied. 


Power Control Units.—An illustrated folder issued by 
Messrs. Blaw Knox, Limited, Clifton House, Euston-road, 
London, N.W.1, gives particulars of their power-driven 
control units for rear mounting on tractors. These 
units can be used for controlling the adjustment of towed 
implements and are driven through clutches from the 
power-take-off shaft of the tractor. 


Aluminium Alloys for Building Equipment.—The 
Northern Aluminium Company, Limited, Banbury, 
Oxfordshire, have sent us a leafiet in which aluminium- 
alloy scaffold tubing, ladders, wheelbarrows, concrete- 
moulding equipment, conveyors, excavators, lorry bodies, 
sectional and demountable sheds, and mortar boards, 
crowbars and other tools are described and illustrated. 








Air-Conditioning and Other Planit.—A comprehensive 
illustrated catalogue issued by Messrs. Musgrave and 
Company, Limited, St. Ann’s Works, Belfast, N. Ireland. 
gives brief general information on their wide range of 
products. These include many types of fans, air-condi- 
tioning equipment, heating and ventilating equipment, 
dust-collecting plant, stoves, dryers, special castings 
and fabricated work. 

Traction Batteries.—An illustrated booklet which 
describes the general construction and gives some per- 
formance curves of batteries for battery-driven trucks 
and vehicles has been issued by the D.P. Battery 
Company, Limited, 50, Grosvenor-gardens, Victoria, 
London, S.W.1. The industrial and commercial uses of 
these vehicles are illustrated, and details are given of the 
eapacities, weights and dimensions of suitable batteries. 


Turbine Luwubricanis.—A 55-page illustrated book 
entitled Turbine Lubrication has been issued by 
Messrs. OC. C. Wakefield and Company, Limited, 46, 
Grosvenor-street, London, W.1. Containing numerous 
illustrations and diagrams, it describes the lubrication 
systems used with modern steam turbines and sets out 
the various properties which are required in the lubri- 
cants. A section at the end of the book deals with the 
lubrication of gas turbines and an appendix lists suitable 
grades of Wakefield lubricants for marine and land 
turbines and their auxiliary equipment. 
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ROBERT FULTON’S FIRST 
STEAMBOAT. 


By H. Puivip Spratt. 
THERE has been completed recently for the 
Marine Collections at the Science Museum, London, 
an operable model of the first experimental steam- 


boat, built at Paris in 1803 for the famous American 
pioneer, Robert Fulton (1765-1815), and successfully 
tried by him on the River Seine in that year. It 
has been constructed to a scale of 1:27, from 
Fulton’s own drawings, repreduced in Fig. 1, hore- 


with, which are still preserved at the Conservatoire 
National des Arts et Métiers, in Paris. The model, 
shown in Fig. 2, is provided with a hand drive, by 





made a trial trip on the Charlotte Dundas (1801), 
often described as the “ first practical steamboat.” 
Thus armed, and with adequate financial support in 
Paris, Fulton devoted himself in 1803 to the con- 
struction of his first experimental steamboat. He 
made no claim to the invention, but concentrated 
his attention on weil-tried mechanisms and correct 
hull proportions. 

The wooden hull was carvel-built, with a sharp 
chine, flat bottom and no external keel. The 
rounded stempost had a sharp abutment at the 
keelson. The vessel was rather bluff in the bows, 
with an extend d parallel midd'e body and a short 
run-in aft. To compensate for the shallowness of 
| hull, two longitvdinal trusses were used to stiffen 
| the structure, and these also served to support the 
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Fie. 1. 


Futton’s ORIGINAL DESIGN. 

















Fia. 2. THE ScrencE Museum MopEt., 


rod to the paddle crankshaft. This was geared up 
by toothed wheels in 6:28 ratio, to a high-speed 
shaft, placed lower down in the boat, which carried 
two heavy flywheels 5 ft. in diameter. The paddle- 
wheels were 12 ft. in diameter, each having ten 
fixed radial float boards, 3 ft. long and 22 in. wide. 
It is probable that the paddles would have made 
about 15 r.p.m. for a speed of 4-5 miles an hour. 
For the boiler, Fulton had at first considered the 
use of the “‘ flash ” principle, in which the feed-water 
is intrcduced into a red-hot chamber in sufficient 
quantities to produce steam as required for each 
stroke of the piston ; a method later developed in 
France by Léon Serpollet. The description,* 
consulted in the Bibliothéque Nationale at Paris, 
reads (translated) as follows :—‘‘ The steam cham- 
ber, placed in the middle of the fire-box, is a copper 
cylinder 4 in. in diameter and the same in height. 
The piston cylinder is of brass, 2 in. in diameter and 
about 24 in. long, and is screwed into the steam 
chamber. Just above this connection it is crossed 
by two inclined tubes, about 0-12 in. in internal 
diameter. Water from the reservoir falls through 
one of these tubes into the steam chamber, which 
communicates with the atmosphere by the other 
tube. This double communication is controlled by 
cocks, which the piston rod of the motive cylinder 
opens and shuts at the proper intervals. Steam is 
formed in the red-hot chamber, and exerts its 
pressure on the underside of the piston. When at 
the top of its stroke, it opens the cock of the steam 
chamber to atmosphere ; the piston descends under 
the action of a counterweight, and the steam pressure 
is renewed.” Fulton is said to have contemplated 
steam pressures of 450 lb. per square inch; but, 
after some experiments with Mr. Calla, the copper 
of the steam chamber was found to deteriorate 
too rapidly, and so the scheme was abandoned. 
In the end, Fulton is saidt to have used an eaily 
form of water-tube boiler, invented by his friend 
Mr. Joel Barlow for steamboat use, and patented 
at Paris in 1793. This measured 7 ft. long, 5 ft. 
wide and 5 ft. high, and was constructed by Mr. 
Etienne Calla. It appears to have been wood-fired, 
and worked at a low steam pressure (perhaps not 
more than about 2 Ib. per square inch above 
atmospheric). This boiler was later preserved in 
the Conservatoire National des Arts et Métiers, at 
Paris. Fulton also used a simple condenser, with 
vertical air pumps 6 in. in diameter by 15 in. stroke, 
operated from an extension of the bell-cranks. 
After the boat had been completed and fitted, and 
was moored in the Seine ready for her steam trials, 
a violent storm arose. The hull proved unequal to 
the strain of the machinery in such circumstances ; 
it broke in half, and the whole sank into the mud 
of the river. This was announced to Fulton while 
he was in bed; he rushed at once to the spot,f 
and laboured all day in the river, without rest or 
food, to recover the machinery. This imprudence 
left behind it a weakness which he felt to the end 
of his life. Undaunted by the mishap, however, he 
built another hull of somewhat heavier construction, 
into which the same machinery was refitted. The 
steam trials of this boat were recorded at the time 
in a local newspaper. The account (translated) 
reads as follows:—‘‘On the 2Ist Therm‘dor 
[August 9, 1803] a trial was made of a new invention, 
the complete and brilliant success of which should 








means of which the public can set it in slow motion, 
so that the rather complicated movement of the 
side-lever mechanisms can be clearly stvdied. 
Fulton was at once an inventor, adapter and a 
shrewd business man, ready to use the results 
attained by others. It is a matter of history that 
he had made himself familiar with the discoveries 
in the use of steam up to the date of his successful 
experiment, and thus was able to avoid the errors 
that other inventors had made.* He is said to 
have had, while in Paris, full details of the pioneer 
work carried out at Philadelphia by his compatriot 
John Fitch. In 1802 he visited Scotland.{ and 





* “Robert Fulton and his Steamboats,” by T. C. 
Purdy. Engineering Magazine, New York, ‘vol. ix, page 
868 (1895). 

+ History of Naval Architecture, by John Fincham, 
Page 285 (1851). 

t Sketch of the Origin and Progress of Steam Navigation, 
by Bennet Woodcroft, page 64 (1848). 








vertical “‘ steeple ” guides for the piston crosshead. 
The square transom counter stern carried a square 
rudder, which was steered with a simple hand tiller. 
There is no evidence that a sail was ever used. 

The steam cylinder used was one made by the 
French pioneer Jacques C. Périer, of Chaillot, near 
Paris, from whom it was borrowed or hired by Fulton 
for the occasion.* It was a vertical upright double- 
acting cylinder, 17-7 in. in diameter by 31-5 in. 
stroke, rated at 8 nominal horse power. _ Other 
parts of the machinery were constructed by Mr. 
Etienne Calla, of Paris. The crosshead at the upper 
end of the piston red worked in vertical “‘ steeple ” 
guides (stiffened by the longitudinal trusses), from 
which the motion was taken down by return connect- 
ing reds to a pair of triangular bell-crank side-levers 
with equal 3-ft. arms. From the upper points of 
these, the drive was taken bv a horizontal connecting- 





have important consequences for the commerce and 
internal navigation of France. During the past 
two or three months there has been seen at the end 
of the Quai Chaillot a boat of curious appearance, 
fitted with two large wheels mounted on an axle 
like a cart ; while behind these wheels was a kind 
of large stove with a pipe, as if there was some kind 
of small fire-engine intended to operate the wheels 
of the boat. Several weeks ago some evil-minded 
persons threw the structure down. The builder, 
having repaired the damage, received the day 
before yesterday a most flattering reward for his 
labours and talent. 

** At six o’clock in the evening, aided by three 





* Hachette, Jean Nicolas Pierre, Traité élémentaire des 
machines. Quatriéme édition, Paris, 1828, pp. 290-291. 

t+ History of the Growth of the Steam Engine, by R. H. 
Thurston, page 255 (1883). 

t “ Fulton in France,” by H. H. Suplee. Cassier’s 





* Illustration, page 323, Histoire de la Marine, Paris, 
1934, 


Magazine, vol. xxxii, page 405 (1907). 
§ Journal des Débats, Paris, 23 Thermidor, 1803. 
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persons only, he put his boat in motion with two 
other boats in tow behind, and for an hour and a 
half he provided the eurious with the strange 
spectacle of a boat moved by wheels like a cart, 
these wheels being fitted with paddles or flat oars, 
and turned by a fire-engine. Following it along the 
quay, the speed against the current of the Seine 
appeared to us about that of a hurried pedestrian ; 
that is, about 2400 toises [2-9 miles] per hour. 
Going downstream it was considerably more rapid. 
It mounted and descended four times, from the 
Bonshommes as far as the Pompe de Chaillot ; it 
was manouvred with facility, turned to the right 
and left, came to anchor, started again and passed in 
front of the Swimming School . . . The author of 
this brilliant invention is Mr. Fulton, an American 
and a celebrated mechanician.” The boat is 
elsewhere stated to have attained speeds of 3-58 
miles* and 4-5 milest per hour. 

The principal dimensions of the first hull (repre- 
sented in the model) were as follows : displacement, 
about 25 tons ; length overall, 66-5 ft.; length on 
water-line, 62-5 ft. ; length of keel, 61 ft.; breadth 
of hull, 10-6 ft.; breadth over paddle-wheels, 17-5 
ft. ; depth of hull, 3-3ft.; draught, 1-8 ft. Those 
of the second hull are saidt to have been as follows : 
length, 74-6 ft.; breadth, 8-2 ft.; depth, 3-2 ft. 





LITERATURE. 


The Origins of Modern Science, 1300-1800. By PROFESSOR 
HERBERT BUTTERFIELD, M.A. G. Bell and Sons, 
Limited, York House, Portugal-street, London, W.C.2. 
[Price 10s. 6d. net.] 

In 1948, Professor Butterfield, who occupies the 

chair ef Modern History at Cambridge, gave a 

series of lectures for the History of Science Com- 

mittee. These are now published in book form ; 
as he says, “in the hope that they may interest the 
historian in a little science and the scientist in a little 
history.” This they are sure to do, for the book is one 
to be read and re read, studied and annotated. Some 
students, no doubt, will feel the need of a good 
biographical dictionary, for, though readers will be 
acquainted to some extent with the lives of the 
leading pioneers, few will know anything of Buridan, 
Magini, Regis, Morin and others. It would have 
been an advantage if the index had been more com- 
plate, and if a chronological table had been added. 
There are twelve chapters, the first treating of 
the old theory of impetus and the last with ideas 
of progress and evolution. They may be said to 
give a review of the birth, growth and influence of 
the great movement known as “the scientific 
revolution,” which came to a climax with the end 
of the Seventeenth Century. Of the importance 
of this revolution, as seen by a philosopher and 
historian, Professor Butterfield leaves the reader in 
no doubt. In one place, he says, that “it outshines 
everything since the rise of Christianity and reduces 
the Renaissance and the Reformation to the rank of 
mere episodes, mere internal displacements within 
the system of medieval Christendom”; and, in 
another, that “‘ when we speak of western civilisation 
being carried to an oriental country like Japan in 
recent generations, we do not mean Greco-Roman 
philosophy and humanist ideas, we do not mean 
the Christianising of Japan, we mean the science, 
the modes of thought and all that apparatus of 
civilisation which were beginning to change the 
face of the west in the latter half of the Seventeenth 

Century.” If, then, this scientific revolution is of 

such outstanding importance, how it came about, 

what it achieved and what effect it has had are 
matters which should be widely known and which 
should be related to the general history of mankind. 

It was not only that great and far-reaching dis- 

coveries were made and many notable books 

written, but the revolution brought about a change of 
outlook and of thought, though not without much 
heart searching, controversy, and not a little mis- 
apprehension. It was nosimple matter at that time 








* History of Naval Architecture, by John Fincham, 
page 286 (1851). 

+ History of the Growth of the Steam Engine, by R. H. 
Thurston, page 255 (1883). 

t Robert Fulton: Engineer and Artist, by H. W. 
Dickinson, page 155 (1913). 





to question what Aristotle had said about falling 
bodies and projectiles, what Ptolemy had said about 
the heavens, and what Galen had said about the 
human body. In the universities, the ancient philoso- 
phies were made the handmaids of theology, and an 
original thinker had to be prepared to pay for his 
freedom of thought. Even Harvey thought it 
advisable to be circumspect, for he still clung to 
some of the Aristotelean ideas ; when describing his 
momentous discoveries on the heart, which went 
dead against all previous teaching, he said that his 
views were “‘ of a character so novel and unheard of 
that I not only fear injury to myself from the envy 
of a few, but I tremble lest I have mankind at large 
for my enemies, so much doth want and custom 
become a second nature.” Copernicus, Kepler, 
Galileo, Descartes, and others felt much as Harvey 
did, and not the least interesting feature in Professor 
Butterfield’s review is how the spirit of toleration 
gradually spread, so that when Newton, in 1687, 
published his Principia, he had little to fear from 
schools or Church. By 1687, moreover, partly 
through the work of learned societies, such as the 
Royal Society of London and the Academy of 
Sciences of Paris, and partly through the manufac- 
ture and use of telescopes, microscopes, thermo- 
meters, barometers and the like, science was gaining 
some degree of popularity. In the ninth chapter, 
entitled “‘ The Transition to the Philosophe Move- 
ment in the Reign of Louis XIV,” the reader is 
introduced to the life and activities of the French 
writer Fontenelle, whose career covered the long 
period from 1657 to 1757. In 1686, he published his 
Plurality of Worlds, in which he set out to make 
science amusing to ladies of fashion. But Fontenelle 
was also, for 42 years, the perpetual secretary to the 
Academy of Sciences and, as such, wrote a large 
number of funeral orations on his fellows. One 
writer has described these éloges as frigid, bombastic 
and false, but to Professor Butterfield they prove a 
mine of information, giving interesting sidelights 
on the history of science and leading him to refer 
to Fontenelle’s orations as a ‘‘ saga of the scientific 
revolution.” The teachings of Descartes were then 
exc'ting attention in the French universities, but, 
by the time of Fontenelle’s death, the vortices of 
Descartes had been almost entirely abandoned 
for the modern theory of gravitation. The skilful 
use of such writings as those of Fontenelle, usually 
overlooked by most scientists who write on history, 
is one of the greatest attractions of this thought- 
provoking book. 

Thermodynamics: Principles and Applications to Engi- 
neering. By PROFESSOR ERNST SCHMIDT. Authorised 
translation from the third German edition by J. 
KeEstmy. Geoffrey Cumberlege, Oxford University 
Press, Amen House, Warwick-square, London, E.C.4. 
[Price 35s. net.] 

TuoveH there is no lack of books on thermo- 

dynamics for engineers, this translation of Professor 

Schmidt’s work was weli worth making, for it ranks 

among the very best of the treatises on the subject. 

When the first German edition appeared in 1936, 

the author stated that it was intended to meet the 

needs of engineering students and engineers wishing 
to study in their spare time, and this object has 
been fully attained. The treatment generally follows 
the conventional course, starting from the elements 
of the subject and passing by way of perfect gases, 
vapours, and heat cycles to engines, turbines and 
turbo-compressors. Thence the author proceeds to 
an interesting discussion of jet propulsion, including 
particulars of the German V2 military rocket, which 
weighed over 27,500 Ib. in its starting condition 
and developed no less than 625,000 h.p. at its 
maximum velocity of 5,000 ft. per second. Its 
fuel was ethyl alcohol, burned with liquid oxygen. 
He considers the design of a rocket capable of 
teaching the moon to be within the scope of prac- 
tical engineering, though calculations show that the 
efficiency of rocket propulsion for commercial air- 
craft would be prohibitively low. Subsequent 
chapters deal with heat transmission by conduction, 
convection and radiation, and a final chapter dis- 
cusses the behaviour of mixtures of gases and 
vapours, and particularly of humid air, the latter 
being illustrated by a separate Mollier chart. Other 

Mollier charts are provided for steam and ammonia, 

respectively. Tables of the thermodynamic proper- 





ties of water, steam, ammonia and carbon dioxide 
are given in an appendix, the steam tables being 
those of Keenan and Keyes. 

The longest of the 18 chapters into which the 
book is divided is that on the Second Law of Thermo- 
dynamics, which is admirably treated. Most writers 
of text-books on heat are content merely to tell 
the student that dW and dQ are not perfect differ- 
entials, because work and heat are not parameters 
of the state of a substance. Professor Schmidt goes 
much more deeply into the matter. He not only 
explains by geometrical diagrams the real signifi- 
cance of a perfect differential, but extends the 
argument by depicting the geometrical analogy of 
a quantity that is not a perfect differential, and 
shows how it can be made tractable by the use of 
an integrating factor, thus providing a useful 
lesson in mathematics and thermodynamics at the 
same time. The integrating factor of dQ is shown 


to be > which produces the perfect differential x, 


the integral of which, by definition, is the entropy 
of asubstance. Entropy is dealt with in the classical 
manner, but Boltzmann’s interpretation of it as 
proportiona! to the logarithm of the statistical prob- 
ability of astate is clearly explained. In the excellent 
chapter on the ‘‘ Flow of Gases and Vapours,” after 
a discussion of the flow through ordinary nozzles 
and orifices, there is a consideration of supersonic 
phenomena such as the shock waves produced in 
a Laval nozzle when the back pressure exceeds the 
value appropriate to the nozzle, and the nature of 
the analogous waves that accompany projectiles 
travelling at supersonic s The reader will 
find a number of other things in the book that are 
likely to be unfamiliar to him, among which may 
be mentioned the method depicting the changes of 
state of a gas by logarithmic plotting, and a heat 
diagram having ordinates representing total heat 
and air-ratio, respectively, devised by the author 
for simplifying the calculation of gas-turbine cycles 
when the changes of the chemical constitution of the 
working substance and the variation of its specific 
heat have to be taken into account. 

AJl through the book there is a practical outlook 
that will appeal to engineers. They should be 
grateful also to the translator for converting the 
original metric units into the ft.-Ib.-sec.-deg. F. 
system, as used by British and American engineers. 
Metric quantities are only retained in a few cases 
illustrating theoretical arguments. The unit of 
heat is printed ‘‘ Btu,” and the reader is also spared 
the typographical impropriety of “kWh” by the 
use of “* kw. hr.” as the corresponding abbreviation. 
The hope is expressed that the decision of the 
International Steam Tables Conference in 1929, to 
define the heat unit as a sub-multiple of the kilowatt- 
hour instead of making it dependent upon the 
variable specific heat of water, will eventually be 
adopted in all fields of scientific work. Unfortu- 
nately, the commonsense attitude with regard to 
units of measurement lapses sadly in one instance. 
Though, from time immemorial, engineers have 
used the word ‘“‘ pound” (or kilogram) to mean 
sometimes a unit quantity of matter, and sometimes 
a unit of force, and few students were ever confused 
by the double meaning until some teacher explained 
that they ought to be, the author has thought it 
necessa1y to discriminate between the two meanings 
by printing the abbreviation as “‘lb.*”’ whenever 
it refers to a quantity of matter. Since a reader 
instinctively looks for a footnote whenever he sees 
an asterisk, the effect is exasperating, and when as 
many as ten asterisks can be encountered within 
three consecutive lines it becomes ridiculous. Had 
there been any useful purpose in making the 
distinction, it might have been done better by 
using ‘‘ pound ”’ in one sense, and “‘ Ib.”’ in the other. 
There is, however, little else that can be criticised, 
though the invention of the temperature-entropy 
diagram is usually attributed to Willard Gibbs in 
1873 rather than to Belpaire in 1874, and it is no 
longer true to say that the majority of steam turbines 
are of the Parsons type. As'in many other text-books, 
there are a number of questions at the end of chapters 
to test the knowledge of students, who will doubtless 
appreciate the fact that the author has not only 
given the answers at the end of the book, but also 
the calculations by which they are arrived at. 
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TORSIONAL STRESS IN 
CLOSE-COILED HELICAL 
SPRINGS. 


By ArTaur Mortey, D.Sc., Hon. M.1.Mech.E. 


Tue effect of curvature in modifying the calcula- 
tion of shear stress in the wire of a helical spring 
has long been neglected, and the stress has been 
taken as equal to that produced by a torque W R 
on a straight wire, where W is the axial load on the 
spring and R is the mean radius of its coils. In 
1913, Réver drew attention to the fact that the stress 
was greater than this, and subsequently Wahl and 
others published formule and results of experiments 
upon springs. References to these can be found 
in T'rans.A.8.M.E., vol. 61, page A188 (1939) ; 
in addition, an article by L. E. Adams was published 
in The Engineer of June 26, 1931. Adams derived 
formule for stress and deflection which, subject to 
implied assumptions (not all of which were valid), 
were exact but very cumbersome. The objects of 
this article are, firstly, to produce something 
simpler, though equally exact, and to make clear 
wherein the calculations are based on assumptions 
which cannot be entirely justified and, secondly, 
to offer an alternative theory. 

The following analyses are limited to the case of 
the close-coiled springs made of round wires. In 
the accompanying diagram, r = radius of wire = 
0A and wr*= A, the area of cross section; R = 
mean radius of coils = OD; c = 2 ; 
of any point P, in a cross section, from OE; 


y = distance 














e = distance O P of Pfrom 0; @ = angle of twist 
E 
| 
P 
(9772) ------------ R ------------ > 
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of wire in radians per complete coil and n = number 
of complete coils ; the total length of wire in the 
coils = 2x Rn; W = axial load; and § = axial 
deflection of W. 

Since the length of a complete circuit at points 
such as P, viz., 2x(R+ y), varies and is less 
on the right of the section than on the left, for equal 
elastic movements of points such as P the shear 
strain, which is inversely proportional to R + y, 
is greater on the right than on the left of the 
section and the same is true of the stress. From this 
it is evident that, if the relative movement be an 
angular displacement about O, such a state of strain 
and stress would not give a pure couple, for there 
would be a resultant force to the right of O. 

One theory of the distribution of torsional shear 
stress is based on the assumption that the torsional 
shear stress across a norma! section of the wire has no 
resultant parallel to the axis of the helix. This 
implies that rotation is not about O, but about some 
point to the right of O. Assume that C, distant A 
from O toward A and in O A, is the centre about 
which rotation takes place. Then, for a single 
complete coil, the motion of P is @ x CP, the 
angular shear strain ¢ at P is 

@CcP 
$ 27(R + y) 
and the intensity of shear stress at P is 
N@ CP 
qa=¢N= re ery (2) 
where N is the modulus of rigidity of the material 
of the wire. 

_ It must be realised that the foregoing implies a 
linear displacement of P perpendicular to C P and 
@ shear stress in that direction and that, whatever 
the actual condition at an internal point such as P, 
Such conditions cannot subsist at points such as Q 
at the surface of the wire. There cannot be, at Q, 


(1) 





a shear stress perpendicular to C Q, for this would 
have a component perpendicular to the surface 
of the wire. Thus the following analysis, while it 
may be rigorous mathematically, is based on physical 
suppositions which cannot be entirely correct and, 
to that extent, the results are conventional. (In 
such a case of eccentric rotation, it may be doubted 
whether plane cross-sections would remain plane.) 
Nevertheless, formule based upon such suppositions 
might be held to be justified by the fact that the 
eccentricity O C is very small (e.g.,0-06 r when R = 
4r). Moreover, some deductions from it are known 
to be confirmed approximately by experiment, 
though perhaps published experimental results 
do not finally, in all respects, settle which of differing 
formule is nearest to physical reality. 

If the shear stress perpendicular to C P is resolved 
in the direction P M, 








cos f MC yt+h NO, vt+h 

° “or ~*or ~ te “Bee 
NO R-h 
= ey 
a =z) (3) 


and for the whole circular section, for an elastic 
couple, there must be no resultant force in the 
direction PM; i.e., in the direction of the axis of 
the coil, or 

=x (qcos BS A) = 0 


R-A;A 
aan)e} =0 


(4) 
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and 
A’ = 27 R(R —- VR?-?P) 
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a rapidly converging series. 

Thus the displacement of the centre of rotation is 
equal to that of the neutral surface of a beam of 
circular section of curvature.* For c=4, h= 
0-063512r, y being 1-0161332. 

The elastic torque T exerted by the forces 5A 
about C is found by summing the elements .q . 8 Ax 
CP, or 

NO,/CP85A 
T =X (@CP8A) = xz /( er ), (11) 
Since C P? = O P? + OC* + 20C x OM = p? + F? 
+ 2hy. 
N06 p? . ( 1 ) 
+2 = (5 3.) +h°Z nay 4 
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Equating the elastic torque T to the external couple 
WR, 


(14) 
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where 
1 fh — 
= pose + x, (16) 
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The shear-stress intensity is a maximum at the 
inside of the coil at A, where CP = CA=r—h 





* Strength of Materials, by A. Morley, Arts. 129 and 
130. 





and R+y=—AD=R-—r; and, from (2), 





NOCA N@r-h 
tmax.~ 9 AD 2”,R—r 
wR r—-h We r—h 
i ee ee et ey ae 
Ker “R-- i= * te 


If the maximum intensity of torsional shear stress 
in a straight wire under the same twisting moment 
be f, 
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C may be called a correction factor by which the 
conventional stress intensity f; may be multiplied 
to give the more correct value. It may clarify the 
nature of the factor C if the difference between the 
curved wire and the straight one is analysed as 
follows. For c = 4, the length of a coil of wire at 
the inside (A) is only three-quarters of that at the 
centre of the wire (0). This alone would increase the 
maximum shear stress at A in the ratio 4:3; but 
the resistance to twisting is increased by 1-36 per 
cent. (or the twist is 1-36 per cent. less than for a 
straight wire, the ratio being 27, to ~F ) and the 
stress is thereby reduced 1-36 percent. Itis further 
reduced 6-35 per cent. by rotation being (assumed) 


about the centre C, 0-0635r from O, towards A. 
Hence the factor, combining the three elements, is 


; x (1 — 0-0136) x (1 — 0-0635) = 1-232 


Otherwise, from (16), K = 0-1267 and, substituting 
in (19), C = 1-232. 

In addition to the torsional stress, there is a shear 
force W distributed over the section x r*, giving a 


ee 
mean additional shear-stress intensity —. Adopt- 


ing Love’s value for the intensity of shear stress 
at the neutral surface of a cantilever, the maximum 
intensity of this shear stress (at the edges of the 
neutral surface) is taken as 1-23 times the mean 
value ; this may be added to (17) and incorporated 
in a single formula, thus giving a second correction 


factor. For this purpose, aa from (18), may be 





written 


adopted. 


fe or 0'615 + if the factor 1-23 be 
c c 
Thus, including the direct shear, from (17). 








Wfer-h 
awta 1-23) or 
max. wizneet } 
1 r-h ovens) 
——}>fe (20) 
\sgner* . 5” 
E.g., for c = 4, this gives 
Cmax, = 1°386 fy. (21) 


The foregoing theory of eccentric rotation of cross 
sections is based upon the arbitrary separation of 
the whole of the direct shear stress from the tor- 
sional shear stress. This involves the assumption, 
for which the writer sees no warrant, that the 
torsional shear stress on a normal cross-section of 
the wire has no resultant parallel to the axis of the 
helix. No such assumption is necessary, and the 
consequences of central rotation of the cross sections 
will now be examined. The work is shorter but, to 
save repetition, the previous analysis will serve if h 
be put equal to zero in (12), for then 
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T=X(@pshA)= sen(-5584 


ous [Fer —-V/R?-F QR? +}. (22) 
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Using equation (8) this may be written 
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The resultant (downward) force parallel to the axis 
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of the helix is It is evident that these approximations are very 
P = 5 (00s 88 A) = NO a-'s close and it may be noted that the effect of curvature THE ENGINEERING 
. 2a on deflection is a very small decrease, while, on OUTLOOK 
3 ~ 1-y on maximum stress, it is a considerable increase. ¢ 


: ; 
which has a negative value, representing an upward 


force; eg., if c—4, P= —0-505 W. More 
generally, using the expansion (10), 


5 
P=- —= + =—— ae 
4Ww 1+ catia tect (26) 


from which it is apparent that P differs but little 
from an upward force } W for any value of c. This 
force P represents the resultant of an upward force, 
say P,, on the inner half of the normal cross section 
and a downward force, say P,, on the outer half, 
P having its line of action in the axis of the helix. 
For c = 4, P, = 1-9576 W and is about 0-604r from 
O and P, = 1°4525 W is about 0-57616r from O. 
Thus (P, — P,) = 0-505 W. 

From (2) (when 4 = 0), for the torsional stress, 
using (24), 
3w 1 1 


ei koe Set fe oe Oe 2 
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Sc. 5 1 
~_ \r a (1 : 2) 7 _ (27) 
2c? 
There remains the unsupported axial load 
1 5 
w-pP -aw(1 ~7 > a eto.) 
to be distributed as a direct shear stress (parallel 
to the axis of the helix) over the cross section of the 


wire. It may be taken as } W and, again adopting 
Love’s factor 1-23 for the ratio of maximum to the 


or 0-807 fe may be added 


c 





mean intensity, 0-616 . 
to (27), giving a total 





3 1 0-307 
@max. = tee-1)* ‘ i —— i fh. 
7( +3) -1 
- P » (28) 
E.g., if c = 4, 
Qmax. = 1-382 fg. (29) 


which agrees with Géhner’s value. 
The deflection 5 is R x n @ (provided that 8 is 
small), hence from (24) 


5 = 2n7WwWR 


ables) 


E.g., if c = 4, 
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ree 
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(31) 


compared with 





when the curvature is 
neglected. 
From the expansion in (10), useful approxima- 


tions in terms of c (or) may be made. Thus, for 


total shear-stress intensity, (20) reduces to 
Qmax. 4¢-—1 , 0-615 
Ce eee c 
which for c = 4 is 
‘ 1-25 + 0-154 = 1-404. (32a) 
and errs on the safe side as an approximation for 
(21). For the alternative theory of central rotation, 
(28) gives 
Ymax. _ __¢ : 
ts e=1 1 
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which for c = 4is 
$8 seen 1-383 
3 49 1 


in close agreement with (29). The deflection (30) 
reduces to 


4Wnc*® 


a 1 
wr (1+ 54) 


1 ’ 
(+3) times the conventional value of 
1+ z3) 


5 = (34) 

which is 
3c? 

when curvature is neglected, e.g., . times when 


c = 4, giving a coefficient of 250-77 instead of the 
more nearly exact value 250-6 in (31). 





In the eccentric theory ‘‘ A,” with rotation about 


a point C, distant R(y —)) som O towards A, none 


Y 

of the shearing force W parallel to the axis of the 
coil is carried by the torsional shear stress 
across a normal section of the wire. In the central 
rotation theory, about half of the force (W) is borne 
by the torsional shear stress. If the centre of 
rotation is assumed to be at a distance not much 
different from OC to the outer side of O (i.e., 
towards B) the torsional shear-stress will carry the 
whole of W and it is not then necessary to add to 
the torsional stress any shear stress parallel to the 
axis of the coil. The position of the centre of 
rotation is found by equating = (q cos 8-8 A) to 
— W instead of to zero in (4); then 


ee Ee. 
y ae 
which is negative. Substituting this in (13) gives 
a quadratic equation in =, from which 
“7 
N@ We 
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and then h in (35) may be evaluated and hence the 
maximum shear stress at A is 


We 4K r—h 
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This theory gives lower maximum stress then that 
given by Géhner or those from the preceding 
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Values of Maximum Stress from Various Formule. 























2WR 
Ratio of ¢max, to —— 
c= 
A | | 
Ri v=—5. | K. | Eccen- | Eccen- 
A | Cen- | 
r | tric | tric 
Goh- | tral | ic | tle 
ner, | rota- ti } i 
tion. | #108, | Son 
| | A” | “B” 
| | 
6 1-0070436 | 0-083825 | 1-237 | 1-239 | 1-245 | 1-22 
4 1-0161332 | 0-1267 1-382 | 1-382 | 1-386 | 1-356 
3 1-0294371 | 0-17017 1-553 | 1-545 | 1-548 | 1-5075 
2-5 | 1-0435605 | 0-207196 | 1-718 | 1-697 | 1-686 | 1-638 
2 1-0717968 | 0-26474 2-015 | 1-976 | 1-943 | 1+866 





theories but gives a higher stress at the outside of 
the coil (at B). It shares with the previous ‘‘ eccen- 
tric theory A” the objection that it postulates a 
state of shear stress which cannot subsist exactly at 
the surface of the wire, except at such pcints as 
Aand B. Since @is known from (36), the deflection 
may be deduced as before. 

Comparisons of the maximum stress according to 
the several theories are placed in a table appended 
from which graphs or correction tables may be 
made. In this table the maximum stress given by 
Géhner is included. His formula* is derived from 
the theory of elasticity, involving more mathematical 
difficulty than any in this article, but his investiga- 
tion is regarded as the most accurate and is valuable 
as astandard of comparison. I¢ will be seen that the 
“central theory ” stresses follow Géhner’s closely. 

For brevity and simplicity, the effect of some 
inevitable obliquity of the coils has been omitted ; 
it is dealt with in the text-books. The estimation 
of the bending stress will require the use of the 
theory of curved beams. The separation of the 
torsional sheer stress and that parallel to the coil 
axis involves an arbitrary division. The central 
rotation theory only involves the superposition of 
half this minor stress, while the eccentric rotation 
““B” involves no such superposition but is open 
to other objections in principle which may be 
negligible numerically. The Table given above 
compares the values of maximum stress as com- 
puted according to the various formule. 

The writer gratefully acknowledges the helpful 
interest and criticism of Professor J. L. M. Morrison 
and Dr. W. M. Shepherd, both of Bristol University. 





* Géhner’s formula for the ratio of the maximum sheaT 
stress to that for a straight wire (1 x ) is 
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IX.—Tue Ratway Rot.ine-Strockx Inpvustrirs, 


Locomotive builders had a good year in 1949; 
work was plentiful, supplies of materials and 
components much improved and labour relations 
satisfactory. The four largest builders—the North 
British Locomotive Company, Vulcan Foundry, 
Beyer Peacock and Company, and Robert Stephen- 
son and Hawthorns—expressed satisfaction in their 
annual reports, and looked forward hopefully to 
even better results in 1950. Orders are good, and all 
firms on main-line work have enough in hand to 
take them well into 1952. In 1948, they built 541 
locomotives, 263 being for British Railways; in 
1949, they built 585, 231 of them for British Rail- 
ways. The latter have not placed orders in recent 
months, and only a few large locomotives remain to 
be built, these being for the Eastern Region. An 
order for 200 0-6-0 tank engines, from the Western 
Region, is being executed by five of the smaller 
firms, who specialise in shunting and industrial 
locomotives. 

The private industry is unlikely to get many large 
orders from British Railways in this year or the 
next; British Railways face declining freight and 
passenger traffic, and must make do with existing 
stock. Moreover, the integration of the railway 
companies has resulted in substantial economies of 
rolling stock, and needs now appear much smaller 
than they did three years ago. It is likely that 
British Railways’ workshops will not only be able 
to cope with the new building planned for 1950 
and 1951, but that they will have capacity to spare. 
Once again, therefore, private builders must seek 
their profits and salvation in overseas markets, 
handicapped though they have been for several 
decades by the absence of a stable load of work for 
the home railways. 

In 1949, 70 per cent. of the number and 78 per 
cent. of the tonnage of locomotives built by the 
private industry were exported. Some 90 per cent. 
of the value of orders in hand consists of export 
orders; but the export business is becoming 
increasingly difficult. Restrictive import regulations, 
currency difficulties, and the lack of credit facilities 
plague locomotive builders in their efforts to build 
up a large and stable export business. In conse- 
quence, the industry has taken steps to co-ordinate 
the efforts of all firms and, through the Locomotive 
Manufacturers’ Association, they have secured 
effective joint action in several markets. 

India, for reasons more political than economic, 
has decided to set up facilities to make all the loco- 
motives required there. An Indian mission visited 
Britain and the United States to negotiate for back- 
ing andtechnicaladvice. Realising that they might, 
at a stroke of the pen, lose their best market, the 
British builders decided to cut their losses and to 
co-operate in establishing an Indian locomotive 
industry. The L.M.A. have signed an agreement 
with the Indian Government, pledging technical 
assistance and obtaining in return the assurance 
that India will obtain all the components that 
cannot be made locally from the British industry, 
and will order from British builders the balance of 
locomotive requirements which cannot be built in 
India. The L.M.A. has undertaken to supervise 
the construction of workshops, the installation of 
plant and the initial stages of manufacture, as well 
as to train key personnel. 

By this step, the British builders have ensured 
that, within about five years, the Indian locomotive 
industry may be able to supply the bulk of India’s 
needs ; thus they will lose a substantial part of a 
market that, between the wars, accounted for about 
30 per cent. of their total exports. There is no 
doubt, however, that their action was the only 
possible one, and that, had they refused, other 
foreign builders would have concluded a similar 
agreement. It should result, for many years, m 
good business unaffected by any foreign competition, 
and should pay good dividends. 

As is shown in Table I, opposite, Britain exported 
72 locomotives to India in 1949; in comparison, 
about 200 were supplied by the United States and 
Canada. Orders for 200 locomotives will be placed 
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with the United Kingdom under the agreement, and 
it is not expected that any further orders will be 
placed with foreign builders. Prior to the decision 
of the Indian Government to set up workshops at 
Chittaranjan, in Bengal (which is State-owned), 
the Tata Locomotive and Engineering Company 
was building new workshops at Jamshedpur, with 
a capacity of 100 locomotives and 100 spare boilers 
a year. In March, 1949, the Tata Company were 
still far from their goal; output was about four 
boilers a month, and the company still required 
80 million rupees to complete their expansion 
prograanme. Private capital has proved hard to 
obtain, but it was announced recently that the 
Indian Government had agreed to finance the 
project conjointly with the Bank of India. It is 
not known what progress is being made, or how 





Harbours in 1949, and 31 of the 2-8-2 type and six 
0-8-0 tank locomotives for Nigeria. Outside the 
Commonwealth, however, serious difficulties have 
been encountered. 

Trade with Argentina in 1949 was most unsatis- 
factory. This market, which should be one of the 
best for British builders, is a source of continual 
disappointment. A misunderstanding arose in 
1948, the outcome being Argentina’s cancellation 
of an order for 30 locomotives, and refusal to pay 
for several large consignments of rolling stock. The 
total sum involved is thought to be in the region of 
21. millions. Vulcan Foundry, Limited, are owed 
600,0001. in respect of 30 locomotives supplied and. 
apart from this, there was work in progress at 
March 31, 1949, on Argentinian orders, valued at 
368,0001. Payment will be forthcoming eventually, 


TABLE I.—Untrep KINGpoM: EXPORTS OF MAIN-LINE LOCOMOTIVES. 


Numbers. Value (£1,000). 
Destination. ai | l ; 
1947 1948, | 1949. 1947 | 1948, 1949. 
British West Africa 4 32 48 — 462 340 
Union of South Africa .. 144 93 106 3,685 2,444 2,288 
India ee 52 9 72 713 106 1,094 
Malaya... Sastre 6 19 _ 110 308 a 
Other British Countries 23 27 68 459 424 1,867 
Turkey .- — 38 — = 785 _ 
Burma 16 51 28 234 618 35 
Argentina — ee as ala : 29 36 — 602 750 | 
Other Foreign Countries 28 53 36 217 850 1,046 | 
J Steam 249 230 361 4,640 ~ §168 ||, 819 
Tota) 4 Other 20 7 33 778 1,436 722 
Total 269 351 394 5,418 6599 8,241 | 
TABLE II.—Unitrep Ktnepom: Propucrion oF RAILWAY ROLLING Stock (NUMBERS). 
| Coaching Vehicles 
| Steam Locomotives.*t (including Rail-motor Wagons.* 
Vehicles).* 
— " For Main- For Other 
: ine Railways United For For For 
Total. in United Kingdom Export. Total. Export. Total. | Export. 
| Kingdom. | Users.t 
1985 .. a7 - — 137§ 203 | — | 29328 | — 
1946 .. 790 365 46 379 887 15 39,354 11,389 
1947 .. 67 7 378 39 260 1,348 124 38,115 5,848 
1948 .. 779 397 62 320 1,516 17 45,520 4,07 
1948—January 49 24 3 22 124 12 3,826 392 
February 55 32 4 19 108 14 3,354 358 
March 68 32 4 32 119 14 3,801 361 
April .. 75 33 4 38 143 13 4,142 2 
May .. 64 35 6 23 119 18 3,790 229 
June .. 70 34 6 30 146 22 4,350 311 
July .. 53 22 7 24 123 17 3,084 249 
August 45 21 6 18 103 15 3,483 366 
September 62 30 5 27 149 15 3,951 433 
October 74 42 4 28 101 14 3,988 388 
November 76 46 4 26 130 14 3,919 300 
December 88 46 9 33 151 11 3,832 360 
1949—January 47 18 5 24 132 16 3,491 355 
February 54 17 6 31 127 13 3,542 534 
March 70 23 ll 36 201 13 4,286 649 
April .. 69 22 8 39 134 9 3,309 551 
May .. 73 31 6 36 207 24 3,562 555 
June .. 68 32 3 33 223 35 3,055 466 
July .. 51 21 7 23 162 21 2,503 438 
August 65 24 5 36 163 24 2,483 496 
September 88 43 11 34 201 28 3,292 591 
October — = _ = 168 30 2,912 574 
November - —_ _— — 190 27 3,183 609 
* Production by British Railways, Royal Ordnance Factories and private manufacturers. RE hn ae a Ta ae 


t+ In addition, 146 Diesel and Die 
in the United Kingdom, 44 for oth 
third quarter. t Industrial locomotiv 
the project is affected by the Government’s decision 
to put up a State workshop with the assistance of 
British locomotive builders. The first type of 
locomotive to be built in the new workshops will 
be the W.G. 2-8-2, a main-line locomotive weighing 
over 100 tons ; 100 of this type are on order from 
the North British Locomotive Company. 

South Africa, which was the largest British market 
in 1949, taking 106 locomotives, is not expected 
to take more than seven main-line and a few of the 
industrial type in 1950. The majority of the 
100 “24 ”’-class 2-8-2 locomotives on order there 
have not been delivered and, in view of South 
Africa’s foreign exchange position, it is unlikely 
that further large orders will be forthcoming. In 
Australia, the position is much more favourable, as 
the work of replacing old and inefficient locomotives 


cannot be postponed any longer. Thirty-two 4-6-2 
locomotives were built for Australia in 1949, and 
y In East and 
West Africa, the demand created by the groundnut 
J Twenty-four Garratt 
locomotives were built for Rast Africa Railways and 


250 of various types are on order. 


schemes is still heavy. 


es. § Number exported. 


grammes, and, therefore, have kept up deliveries. 








sel-electric locomotives were produced during the second quarter of 1949 (11 for main-line railways 
er United Kingdom users, and 91 for export); and 140 (15, 46 and 79, respectively) during the 


no doubt, but meanwhile the locomotive manufac- 
turers are finding that they must continue produc- 
tion to avoid vast losses through disrupted pro- 


A Spanish order, valued at 2-5/. millions, for 


25 locomotives of the ‘‘ 24’ class, and parts for an 
additional 100, to be assembled by the Societa 
Espanola de Construcciones Babcock y Wilcox, has 
been received by the North British Locomotive 
Company. In this case also, builders fear difficulties 
over intra-Governmental payments before deliveries 
are effected. In other markets, keen competition 
is being met from Japan, Germany and Italy, where 
prices on recent tenders have all been below the 
British. A contract for supplying locomotives to 
Siam was lost to Japan. In this instance, it is 
possible that Japanese tenders were lowered in 
response to the demands of the United States 
occupying authorities, and that they were linked 
with a bilateral exchange of Japanese locomotives 
for rice from Japan; but, even where no special 
arrangements of this kind can be made, Japan will 





locomotives are being built there for the Soviet 
Union, 20 for Siam and 30 for Pakistan. Germany 
has also supplied a few locomotives to a private 
undertaking in India. 

The quality and efficiency of British locomotives 
is recognised by overseas buyers, but, unless lower 
prices can be quoted, and, whenever required, firm 
prices, the British builders are likely to lose ground. 
It is most difficult to keep prices down while the 
cost of materials and components continues to rise, 
but the manufacturers say that they are making 
great efforts to reduce their own costs. Mr. F. S. 
Whalley, the chairman of Vulcan Foundry, Limited, 
stated at the annual general meeting of the company 
in June that, belonging to an industry which 
depended for its very existence on ability to compete 
in world markets, his company understood quite 
well the need to reduce selling prices to a minimum. 
Despite the high cost of new plant, they are steadily 
replacing their machine tools by the most modern 
available. The North British Locomotive Company 
have carried out a programme of modernisation 
which, as they employ about half the total labour 
engaged in locomotive building, should increase 
materially the industry’s ability to withstand foreign 
competition. 

The L.M.A. have shown great activity in promot- 
ing standardisation and published, during 1949, 
a hand-book suggesting a large number of standards 
which would lower building and maintenance costs 
on steam locomotives, particularly if they were 
adopted on a world-wide basis. This hand-book, 
which was discussed at some length in our issue of 

December 2, was published in five languages, copies 
being sent to all the railway engineers in countries 
which normally purchase British locomotives. 
For British builders, the question of standardisation 
has long been an international problem ; before 
the war, it proved completely intractable, because 
the railway superintendents and consulting engineers 
of each country normally insisted on the incorpora- 
tion of features which they favoured, although these 
may not always have been justified on technical 
grounds. There are indications, however, of a 
growing realisation among overseas buyers that 
greater standardisation will mean considerable 
economies, particularly in maintenance, and here 
the L.M.A. hand-book should be of assistance. 
Another important new step taken by the Associa- 
tion has been the central purchasing of certain 
materials and components. Since the war, shortages 
of certain types of steel and certain proprietary 
components such as roller bearings, valves, etc., 
have led to continued delays and dislocation in 
builders’ programmes. In an attempt to help the 
industry, the L.M.A. undertook to purchase in 
bulk, and have found that they are thus in astronger 
position than individual builders to obtain, for 
example, the limited supplies of special steel 
required. This new departure in Association 
activities has no parallel in this country and is 
likely to be of great benefit to the private locomotive 
industry. 
Several advances towards greater standardisation 
have been made by locomotive users in this country. 
British Railways have made progress with their 
work of reducing the 400 or so types of locomotives 
at present in use to 12 standard designs, but so far 
no orders have been given to private builders for 
any of the standard types. The National Coal 
Board also decided to replace the present 56 types 
of shunting and industrial locomotives by four 
standard types, and proposals to this end, agreed 
between the manufacturers and the technical 
advisors of the Board, may be adopted shortly. 

Sir Eustace Missenden, in a paper read to the 
Institute of Transport on November 21 and sum- 
marised in our issue of November 25, said that 
the decision confronting railway managements was 
to strike a balance between costly adventure in the 
hope of big returns and the modest progress on 
proven lines which might breed inertia. Research 
and experiment at present going forward involves 
five steam locomotives of the ‘‘ Leader” class, 
costing 20,0001. each; five Diesel-electric loco- 
motives, costing 70,0001. to 80,0001. each ; the Fell 
Diesel-mechanical locomotive, costing about 60,0001.; 
and two gas-turbine locomotives, costing between 





prove a formidable competitor. At present, 27 








75,0001. and 100,0001. each. Though the steam 


234 


ENGINEERING. 





MARCH 3, IQ50. 








locomotive is thermally inefficient, and costly to 
prepare for service and to keep supplied with fuel 
and water, its first cost is low, it is robust and it 
has a long useful life. 

Diesel and Diesel-electric locomotives have been 
used with success for main-line work in many 
countries. British Railways are experimenting with 
Diesel-electric traction and recently their 3,200-h.p. 
twin unit was used to haul the “‘ Royal Scot.” The 
use of this type of locomotive is unlikely to prove 
economical over short distances in a country where 
coal is relatively cheap and water abundant, though 
it has a material advantage in its greater availability 
as compared with steam types. Even in the 
United States, where the extensive demand for heavy 
locomotives has made quantity production possible, 
some of the enthusiasm for the Diesel-electric type 
has abated. Most locomotives built in the United 
States are still Diesel-electric, but maintenance and 
fuel charges are proving higher than was estimated. 
Unless builders are called upon to supply substantial 
numbers of Diesel-electric locomotives to the home 
market, it is unlikely that they will be able to 
compete successfully with the United States in 
overseas markets. 

A Productivity Team from the I..M.A. sailed from 
Britain to the United States in January to study 
American techniques, but, while they may be 
expected to collect much information of value to 
the British industry, it is unlikely that it will be 


practicable to adopt American methods here. At | Egyp 


present, British builders can offer designs ranging 
from 20 h.p. up to 2,250 h.p., with a single engine, 
but most of the 650 Diesel and Diesel-electric 
locomotives built in 1949 were between 300 and 
400 h.p. Altogetner, British Railways have 100 
shunting and branch-line Diesel and Diesel-electric 
locomotives on order, and export orders for all 
Diesel and Diesel-electric types are valued at 3. 
millions. This includes the last of twelve 123-ton 
express passenger engines of 1,600 b.h.p. each, 
being built for the Egyptian State Railways, and 
ten of the same power for New South Wales. The 
bulk of the orders, however, are for the smaller 
shunting and industrial types, in which British 
builders are able to compete successfully with the 
United States and other foreign builders. 

Gas-turbine locomotives are still at an early stage 
of development. One, ordered by the former 
Great Western Railway in 1946, and designed to 
haul 18 coaches and achieve a maximum speed of 
90 m.p.h., has been built by Brown, Boveri and 
Company in Switzerland, and has been running 
trials recently. Another is being built jointly by 
the Metropolitan-Vickers Electrical Company and 
Beyer, Peacock and Company, who have formed 
a new company, Metropolitan-Vickers-Beyer-Pea- 
cock, with a nominal capital of 280,0001., for the 
manufacture of gas turbines as well as Diesel-electric 
locomotives. Gas-turbine engines should prove 
lighter than and as efficient as, Diesels. The use 
of coal dust in place of oil, if this can be accom- 
plished successfully, should be of importance to 
British Railways ; but much research remains to be 
done, and it will be severa] years before the gas- 
turbine locomotive is a commercial proposition. 

A heavy weight of opinion is in favour of electric 
locomotives on railways in the United Kingdom. 
Electrification of main lines was advocated by the 
Weir Committee as long ago as 1931, and more 
recently Sir Eustace Missenden, in the paper 
quoted above, has spoken in its favour. There is 
no doubt that electrification offers substantial 
economies on long-distance runs, as compared with 
steam, where the traffic is at a maximum density 
and where there are heavy grades ; but the capital 
cost of electrification is now so high that such 
schemes can hardly be considered at a time when all 
possible economies have to be made in investment 
programmes. 

The output of wagons in 1949 was slightly below 
the 1948 level. In the first eleven months of 1949, 
35,618 were produced, compared with 41,688 in 
the corresponding period of 1948, as shown in Table 
II, on page 233, which is compiled from the Monthly 
Digest of Statistics. According to the Economic 
Survey for 1949, the number of wagons to be built 
for home railways was to be reduced from 41,025 
in 1948 to 27,000 in 1949, in order to make resources, 





notably steel, available for other expanding invest- 
ment programmes which could contribute more 
directly to the balance of payments. Steel, how- 
ever, has been abundant, and the more 
probable cause is declining freights and financial 
difficulties. 

To some extent, increased exports have compen- 
sated for the decline in home demand. In the first 
eleven months of 1949, 5,818 wagons were produced 
for export, as compared with 3,719 in the corre- 
sponding period of 1948. Table ITI, herewith, taken 
from the T'rade and Navigation Accounts, shows that 
exports of wagons and trucks, at 93,093 tons in 1949, 
were 63 per cent. higher than in 1948. Since, 
however, conditions in the export markets are 
deteriorating and competition is growing, it is 
improbable that exports will be maintained at 
such a high level in 1950. In Southern Rhodesia, 





but the situation is improving rapidly. Japan, which 
is already exporting rolling stock to Egypt, Argen- 
tina, Sweden, Pakistan and the Philippines, is 
becoming a serious competitor against Britain in the 
export markets. 

The outlook for passenger coaches is more 
favourable than for other rolling stock. The 
Economic Survey pointed cut that the shortage on 
home railways was still acute; it was proposed, 
therefore, that 2,100 new coaches should be supplied 
in 1949, as compared with 1,328 in 1948. The 
number supplied, however, appears to have been 
rather below this level. On the basis of 11-month 
figures, it seems unlikely that home railways received 
more than 17,000 coaches, though 19,070 were 
produced from January to November, as compared 
with 13,650 in the corresponding period of 1948. 
The inference appears to be that railway require- 


TABLE III.—Untrep KINGDOM: EXPORTS OF WAGONS AND TRUCKS. 





| Value (£1,000). 























Tons | 
Dathatic.. 28282929 |—————_— ak 

1947. | 1948 | 1949. 1947, | 1948. 1949. 

| | 
British West Africa cs 1,700 | 2,665 10,616 } 186 234 1,120 
Union of South Africa .. 1,105 7,157 21,730 72 491 1,409 
Southern Rhodesi ae ah 3,464 4,247 20,381 259 351 1,733 
India a >a «< oa 11,345 2,076 4,721 731 140 354 
Malaya .. oa “es ae 973 | 8,915 1,374 86 836 159 
New Zealand “« “4 5,655 10,163 } 211 505 | 830 23 
Other British Countries 3,190 2,753 } 7,427 223 } 202 639 
Netherlands ae ox 34 | 462 } 271 | 12 167 101 
t x 10,296 } 1,620 7,443 621 121 530 
Burma 3,364 6,900 | 1,343 328 568 136 
Brazil “ ‘“s a 8,956 784 4,965 670 99 469 
Argentina ‘ai a > 1,017 5,815 10,105 | 79 555 970 
Other Foreign Countries ed 16,201 3,579 2,506 | 1,332 286 313 
Total .. = ed 67,300 | 57,136 | 93,093 5,104 | 4,880 7,956 

| 





TABLE IV.—UnNITED KINGDOM: 




















Tons Value (£1,000). 

| 
1947. 1948. | 1949. | 1947 | 1948, | 1949. 
Carriages, complete .. .. .. 2,354 2927 | 7,006 | 748 979 | 2,279 
Parts ater axles, tyres and wheels) 2'246 4879 | 5,607 472 845 1/377 
Rail-motor vehicles and tramcars 5 1,197 3,919 | 1,514 456 1,378 | 625 
Total 5,797 | 1,725 | 1427 | 1,676 | 3,202 | 4,281 

| 





there is still a serious shortage of rolling stock and 
this, the largest market in 1949, which took 20,400 
tons, may be expected to import large quantities 
in 1950. Exports to West and East Africa will also 
continue at a high level, and substantial orders 
have been received from Australia and New Zealand. 

Orders from the various Australian State Govern- 
ments, valued at 2-671. millions, include 400 wagons 
and 200 brake vans. In December, it was reported 
that New Zealand, British wagon exports to which 
fell from 10,163 tons in 1948 to only 211 tons in 
1949, has ordered railway wagons to the value of 
200,0001. from the Birmingham Railway Carriage 
and Wagon Company, as well as underframes and 
bogies for 50 insulated wagons, to the value of 
55,000/., from Charles Roberts and Company. 
Even in Australia, however, the weight of foreign 
competition is being felt. Mr. J. M. Tully, Agert 
General for New South Wales, explained in August 
that Germany had received an order from his 
Government for 475,0001. worth of rolling stock, 
even though the AustraJian Government’s policy is 
to give preference to the United Kingdom wherever 
possible. The German price was over 50 per cent. 
lower and the delivery less than half that of the 
most favourable British offer. Outside the Domi- 
nions, it is even more essential that British manu- 
facturers should lower their prices. Sir Bernard 
Docker, K.B.E., chairman of the Birmingham 
Railway Carriage and Wagon Compary, said at the 
annual general meeting, in May, that the quality of 
British-built rolling stock had always been the 
important factor in securing foreign business, 
even against lower Continental prices, but that 
Britain must take care lest, with increasing com- 
petition, the price factor outweighed that of 
quality, and employment was lost as the result of 
rising costs. The full force of German competition 
has still to be felt; German manufacturers are 


largely concerned with their home railways. The 
Reichsbahn is still importing large quantities of 
rolling stock from Italy, Belgium and Czech slovakia, 





ments for coaches have proved: to be less than 
anticipated. The increase in exports in 1949 was 
spectacular ; exports of complete coaches, at 7,\) 
tons (Table IV, herewith) were nearly two and a 
half times as great as in 1948, but, as in the case 
of wagons, it is doubtful whether this high level can 
be attained in 1950 in the face of increased foreign 
competition and rising local production in other 
countries. In India, the Hindustan aircraft factory, 
which has already completed five coaches, is to 
increase its output considerably. This factory, 
which initially is to build 100 steel coaches 10 ft. 
wide, is later to go into quantity production of a 
coach 11 ft. 11 in. wide. 

In the railway workshops, difficulties have arisen 
as a result of a revision of piece-work rates by the 
Railway Executive, but the dispute is confined to 
6,000 men at Doncaster, who have adopted “ go- 
slow” tactics. It is stated officially that, in 
proportion to the national output of railway 
equipment, the arrears of production will not be 
serious unless the dispute is prolonged. The 
engineers’ claim for another 11. a week is, of course, 
outstanding, but, in the industry as a whole, there 
have been few labour difficulties. Apart from local 
shortages, the supply of labour has been adequate ; 
the number employed—161,600 in October— 
remained stable over the year. The threat of 
falling demand is not likely to affect production 
in the rolling-stock industries until about 1952, 
but unless every possible endeavour is made to 
reduce costs now, some substantial reduction in the 
numbers employed is inevitable. Captain Hugh 
Vivian, chairman of Beyer, Peacock and Company, 
said at their annual meeting that his company have 
sought a solution by spreading the basis of their 
manufacturing industries. For many companies, 
however, the problem cannot be solved in this way ; 
for them, the only course is to secure economies 
from better organisation and improved facilities in 
the hope of securing, through lower prices, a larger 
share of a falling market. 
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Fie. 1. PRoToTyPE 


275-KVI** SUPER-GRID’’ AND EX- 
PERIMENTAL TRANSMISSION LINE. 


Iw an address* which, as chairman, he delivered to the 
Transmission Section of the Institution of Electrical 
Engineers on October 16, 1946, Mr. R. Lee pointed out 
that considerable extensions of the national electrical 
‘‘ grid” would be necessary during the next few years ; 
and said that much thought had been devoted to the 
methods whereby this development could best be 
carried out. As a result, he added, the conclusion had 
been reached that to extend the 132-kV grid could 
only be ed as a relatively short-term policy and 


that taking a long view it would be necessary for | “‘ 


higher voltages to be used. It had, therefore, been 
decided that the line from Neepsend (Sheffield) to the 
new station at Staythorpe, which was designed to 
reinforce the connections between the Mid-East and 
Central England areas, should be constructed so that 
it would be suitable for operation at 264 kV. This 
line was to consist of a single circuit with flat spacing 
of conductors and with double earth wires for a distance 
of a mile from each terminal station. The insulator 
strings were to be made up of 20 discs of the anti-fog 
type, ibly without arcing horns and rings. The 
normal span was to be about 1,200 ft. and the towers, 





* Journal of the Institution of Electrical Engineers, 
vol. 94, part I, page 45, (1947). 


A 


VAIO 


/ 











SusPENsION TOWER. 


of which a prototype is illustrated in Fig. 1, on this 
page, were to be designed to comply with the Electricity 
mmissioners’ regulations. 

Since Mr. Lee delivered his address, the question of 
transmitting power at voltages higher than 132 kV 
has been considered from many points of view by the 
engineers of the British Electricity Authority, as will 
be clear from an article which we published on page 47, 
ante. It is interesting, therefore, to learn that as a 
result the Authority have now decided to proceed at 
once with the construction of a 275/300 kV grid, which 
will reinforce the existing 132-kV system. We are 
informed officially that the outline design of this 
super-grid ” is at present being worked out, and that 
it will be capable of meeting — requirements for 
at least the next 20 years. e possible operation of 
certain sections at 380/400 kV is also being considered, 
while a detailed programme for the construction of 
those parts which will be needed between now and 
1960 is being prepared. It is hoped that certain 
275/300 kV sections will be commissioned within the 
next five years. 

It may be pointed out that the primary function 
of this “super-grid” will be to provide increased 
interconnection capacity between the several parts of 
the 132-kV system and thus enable the pooling of 
generating resources to be extended. It will also 

rovide facilities for the bulk transmission of electricity 
rom the East Midlands, Midlands and Yorkshire 
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= coalfields to the load centres, as discussed in the 
FOR 275-KV GRID. article to which reference has just been made. It is 


clear that for these purposes an increase of vo 
will enable the number of circuits employed to 
reduced and wayleave difficulties to be mitigated. 
On the other hand, the economic advan of embark- 
ing on 275/300 kV development are thought to be small. 
The Authority therefore hope that manufacturers will 
co-operate with them to produce the equipment as 
cheaply as possible. 

We have also been informed that before recom- 
mending the use of 275/300 kV, the Authority’s 
engineers considered the possibility of employing even 
higher voltages on either the alternating or the direct- 
current systems. Although no economic justification 
can be found for the adoption of such voltages at 
the present time, there is already an urgent need 
for major reinforcements of existing connectors; and 
this need is likely to continue for the next ten years © 
as the load increases. Consideration is therefore bei 
given to designing the towers so that they can be 
for the bulk transmission of power at 350/400 kV. 

In order to investigate the problems associated with 
the transmission of electricity at 275 kV and 400 kV, 
an experimental line, of which views are given in 
Figs. 2, 3 and 4, on page 242, has been erected near the 
Research Laboratories of the British Electricity 
Authority at Leatherhead, Surrey. This installation 
is being used to carry out investigations into the 
mechanical and electrical characteristics of the line ; 
and should enable a great deal of useful information 
to be collected. As will be seen from the illustrations, 
the conductors and earth wires are su on 
gantries, two of which are 93 ft. and one (on a hill) 
50 ft. high. The use of these gantries, instead of the 
conventional towers, will facilitate the adjustment of 
the distances between the phase wires as may be 
necessary during the experiments. At present, tests 
are being made with twin conductors of steel-cored 
aluminium, each of which is 0-77 in. in diameter. 
These conductors are suspended 12 in. apart, and 
are separated by spacers. The pairs forming each 
phase are placed 32 ft. 6 in. apart in a horizontal 
plane. As will be seen, the gantries also carry two 
symmetrically disposed earth wires, which are 
in a horizontal plane 20 ft. above the conductors 
49 ft. apart. The conductors are suspended from cap- 
and-pin insulators, 19 of which are used at the suspen- 
sion and 17 at the tension positions. Stabilised rod 
insulators will be substituted at a later date. 

In addition to the facilities for altering the disposi- 
tion of the conductors and earth wires, the arrangements 
allow for the spacing between the two conductors 
forming a pair to be adjusted from 4 in. to 12 in. in 1-in. 
steps. When tests with the present 12-in. spacing have 
been completed, it is therefore proposed to repeat 
them at 6 in. At a later date tests with single con- 
ductors of about 1} in. in diameter will also be made. 

The test line, which has been operated at 275 kV 
between phases since November 30, 1949, is energised 
from three single-phase transformers, the total con- 
tinuous rating of which is 300 kVA. The secondaries 
of these transformers, of which an illustration appears 
in Fig. 5, on page 242, are star-connected and are 
provided with a winding for cascade connection, so 
that tests at 400 kV can be undertaken. Tappings also 
enable tests to be made within the 236 to 290 kV 
range. The primaries are delta-connected and are 
supplied at 400 volts through a eable from the grid 
substation at Leatherhead. 

The most important measurements which will be 
made at this experimental station will be directed 
to determine the power loss, most of which is due to 
corona. For this purpose, a recording wattmeter is 
connected in the a of the transformer feeding 
the centre phase of the three. The resulting figures are 
the most useful and readily applicable to the design of an 
actual transmission system with su conductors, 
although check measurements are being made on all 
three phases. Continuous records are also being made 
of the primary current, primary voltage and neutral 
current in the secondary between star point and earth, 
as well as of the leakage current of the insulator 
strings. The vibration of the twin conductors is 
being investi by means of recorders, which are 
fixed to the conductors of the central span. Meteoro- 
logical data are recorded on a thermograph and hygro- 
graph, and a barograph record is available at the 

boratory. 





ELEecrric TRACTION Fitms.—The British Thomson- 
Houston Company, Limited, Rugby, have completed 
Part III of their film on “ Electric Traction ” in the 
35-mm. and 16-mm. sizes. It deals both historically and 
technically with the ways in which multiple-unit electric 
traction can be utilised to carry dense traffic and includes 
a number of interesting “‘ shots’ both in this country 
ane in Australia and India. Parts I and II of the 
film which were completed some 15 months ago, deal with 
battery electric vehicles and trolley "buses, respectively. 
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UNDERGROUND HYDRO-ELECTRIC 
POWER PLANTS.* 
By Joszrx D. Lewm, M.A.S.C.E. 
(Continued from page 226.) 


Tuer: is hardly any difference between the conven- 
tional intakes and those for underground development 
except, perhaps, that underground developments are 
well suited for very deep intakes. At Sevang, the 
intake is about 400 ft. below the flow line. The normal 
trashracks, stoplogs, and means of cleaning trashracks 
are nearly always provided. The means for closure 

from plain stoplogs in older plants like Buchberg- 
muehle and Palue, to Stoney gates as at Porjus and 
Norrfors, and even conduit valves, as at Friedigen and 
Flumendosa. The latest Swedish head-type develop- 
ments favour Taintor gates, as in Krangede. The 
latest intakes are provided with safety measures against 
bombing, torpedoes and skip bombs. 

Nearly pressure tunnels are concrete-lined. 
Only where steel conduits are in a tunnel, as 
at Osa and Zappello, can the lining be dispensed with. 
It is interesting to note, that, independently of their 
location and of their economic and geological conditions, 
the water velocity is about 10 ft. per second. Most 
pressure tunnels are circular, the lining depending on 
the quality of rock and hydraulic pressures. In 
general, Swiss and Italian pressure tunnels have much 
thinner linings than is the American practice. Pre- 
stressed linings of precast steam-c high-quality 
concrete afford further savings and lower friction losses. 
Where the tunnel is driven from side drifts or shafts, 
it is advisable to provide manholes in the concrete 
plug, as was done at Innertkirchen. 

The head developments do not require any surge 
chambers in the pressure line ; the tail developments, 
having a long pressure line, do require them. Usually, 
surge chambers consist of a shaft—either vertical, as at 
Ampezzo, or inclined, as at Innertkirchen—with a lower 
and an upper chamber. The entire structure is 
excavated in rock and concrete-lined. The lower 
chamber is usually either circular or horseshoe-shaped. 
The upper chamber is usually rectangular, with a 
spillway provision. A unique lower chamber has been 

vided for the Ampezzo plant. It consists of a circu- 
ne cena. 8-5 ft. in diameter, and 400 ft. long. In 
plan, the tunnel forms a square with 108-ft. sides. 
The tunnel slopes, there being a difference of 8-8 ft. 
between the invert elevations at the start and end of 
the square. This arrangement has the advantages 
that the lining of the 13 ft. diameter vertical riser shaft 
is weakened at two different levels and not at the same 
level, and the grade provides good drainage and air 
elimination. 

_Head developments use se te pressure shafts for 
each turbine, while some of the tail developments have 
@ pressure conduit from surge chamber to power house 
and divide this conduit into branch lines in front of the 

wer house. This is a standard practice of surface 

evelopments. Pressure shafts are usually of the 
same diameter at top and bottom, but there are plants 
with conical pressure shafts, larger in diameter at the 
top than the bottom. This survival from conventional 
penstock design has no scientific foundation. With 
the increase in depth, greater stresses can be transferred 
to the surrounding rock; shafts of smaller diameter 
cost more per cubic yard of excavation; properly 
chosen grouting pressures can reduce the lining and 
reinforcement ; and finally, prestressing can be applied 
and the lining thickness kept to a minimum. 

The pressure shafts are designed to take the full 
hydrostatic head, and in all cases, are concrete-lined. 
Often a steel lining is added. At Krangede, the upper 
part of the shafts is lined with 10-mm. steel, which 
increases to 26 mm. at the lower part. The upper part 
was not grouted, the space between the concrete and 
steel linings being used for drainage ; the lower part 
of the shaft was pressure-grouted. At Hijalta, the 
shafts are lined only with concrete, 8 in. thick at the 
top and 12 in. at the bottom. Particular attention 
should be paid to the watertightness of the lower part 
of the shafts, in order not to contribute to groundwater 
around the power-house cavity. Flumendosa has a 
unique arrangement, the water being delivered by a 
vertical steel penstock, placed in the access shaft. 

Water control for head development is usually 
performed by the intake gates. Where steel penstocks 
are used, as at Palue, Flumendosa, Friedigen, and 
Buchbergmuehle, valves are provided on the pressure 
lines. Tail developments need individual valves; 
either single valves, as at Zappello and Partenstein, or 
double valves, as at Osa and Innertkirchen. Various 
types of valves are used, such as gates, cones, butterfly, 
and cylinder valves. The operation is either hydraulic 
or electric, and is often automatically controlled by the 
governors. The valves are placed either in a separate 





* Paper presented to the Power Division of the 
American Society of Civil Engineers at the Annual 
Convention held in New York in January, 1950. Abridged. 





vaulted chamber, as at Innertkirchen and Ampezzo ; 
or in the passage between the conduit tunnel and 
power house, as at Osa ; or in the power house proper, 
as at Soverzene and Brommat. The quality of the 
rock governs the arrangement. Placing valves in a 
separate chamber reduces the width of the power- 
house excavation, but necessitates a separate crane 
and an access passage, so that the total excavation 
mes greater. 

The term “ power house” is used in this paper to 
mean the chamber housing the mechanical and elec- 
trical equipment. The size, construction and, there- 
fore, cost of the power house depends considerably 
on the choice and arrangement of the water turbines, 
generators and auxiliaries. Both horizontal and verti- 
cal units are widely used, but for low and medium heads, 
vertical units are preferred. For high heads, horizontal- 
shaft impulse wheels are used, though at Innertkirchen 
vertical units of unique design were chosen. 

During the past 40 years, underground plants have 
undergone considerable changes. In 1907, the Buch- 
bergmuehle plant was a cross between the surface and 
underground plant. Part of the head was utilised in 
three horizontal Francis turbines of 930 h.p. each, 
and the tailwater, plus water from another creek, in 
two vertical 1,300-h.p. Francis units, placed 200 ft. 
below the surface. The generators were placed on the 
surface, on shafts 200 ft. long. To avoid the long 
shafts, horizontal arrangements were adopted at 
Mockfjord in 1911 and Porjus in 1914, the generators 
being placed in a separate room and separated from 
the turbine by a watertight plug. Such a layout 
results in a wide power house. 

Because of the necessity of having the water tur- 
bines and generators accessible to the overhead crane, 
two types of ments were evolved in the 1920's. 
Osa in Norway, and Zappello in Italy, are prototypes 
of horizontal units, arranged lengthwise. The two 
latest plants with this arrangement are Cafiun del 
Pato, in Peru, and Ampezzo, in Italy. Cafion del 
Pato, completed in 1949, has five impulse units each of 
33,500 kVA and an excavation width of 50 ft. Ampezzo 
has three units of 26,000 kVA, and a width of only 40 ft. 
Other plants, like Palue in Switzerland, Partenstein in 
Germany, and Norrfors in Sweden, have vertical 
arrangements with the generator on top. The shafts 
were long. To avoid such shafts, at Friedigen, in 
Germany, a belt drive was used between a horizontal 
water wheel at the bottom and a horizontal generator 
on top. This unique arrangement proved unsatis- 
factory, and the vertical arrangement, with the 
generator at the bottom, was developed as the most 
economical. Most new plants have this arrangement. 
Krangede has six 35,000-kW units; Hjalta has three 
of 56,000 kW; Hojum, four of 78,500 h.p.; Innert- 
kirchen, five of 56,000 h.p. ; Soverzene, four of 60,000 
kVA ; and the latest Swedish plant has four 98,000-kW 
units. These plants require a minimum of excavation 
and a minimum width of the power house. 

Usually, the accessories are placed in line with the 
units and not on the side. An exception is Brommat, 
in France, where the placing of accessories next to six 
29,250-kW units resulted in an excavation 71-5 ft. 
wide. Another is Innertkirchen, in Switzerland; 
however, this was possible only because of the excellent 
rock, which permitted such a cavity. Most plants 
are 30 ft. to 40 ft. wide, with 54 ft. at Innertkirchen as 
a maximum. The length of power houses depends 
on the number of units. The longest is Innertkirchen, 
with a length of 317 ft. 

The power house usually has a semi-circular or ellip- 
tical roof and vertical walls. The roof arch supports 
the full rock load in the case of poor rock. In good 
rock, the arch is designed for only a part—in some 
cases, only 25 per cent.—of the computed rock load. 
The roof arch abuts into recesses in the rock, thus 
throwing the load into the vertical walls. This reduces 
the rock stresses on the vertical faces of the excavation 
and stabilises the walls. At Krangede, reinforced 
inverted T-beams were used. This arrangement results 
in an interspace between the rock and the ceiling, which 
is used for catching any infiltrations. Usually, how- 
ever, the roof arch is monolithic concrete, unreinforced, 
placed against the rock and grouted. In this case, a 
second arch is provided, usually very thin and with a 
waterproofing membrane on top, as at Brommat, Niva, 
Innertkirchen, Ampezzo and Soverzene. Brommat 
and Niva have gutters for collecting the infiltrations. 
Arches are also built of hollow blocks, pumice blocks, 
and bricks. 

Walls are either sprayed by the Gunite process, or 
concreted, or left in excavated condition as in Osa, 
Bjorkaasen and many Swedish plants like Forsmo. 
Usually, rock walls need no support, an exception being 
Soverzene, where a weak place was supported by a 
reinforced-concrete wall. Vertical arches are often 
used to support horizontal loads; typical examples 
are found at Ampezzo, in Italy, and some plants in 
Sweden. Many plants have a second wall, leaving an 
interspace between the rock and the wall. In this 





interspace, air is circulated, thus removing ground 





moisture, if any, from the rock surface. This is done at 
Niva, Krangede and Brommat. 

Crane beams are supported on columns which stand 
free, usually away from the rock. At Forsmo, in 
Sweden, the crane bridge extends downstream over the 
stoplogs, so that the same crane can operate the stop. 
logs. Other plants, like Niva, Brommat and Ampezzo, 
have special galleries with lifting devices, like mono- 
rails, for the operation of stoplogs. At Krangede, 
the stoplogs are operated from the vent shaft; at 
Soverzene, from the transformer gallery. At some 
plants, such as Bjorkaasen, there are no stoplogs. 

In Sweden, the turbine floor of the power house is 
reinforced to withstand the full water pressure, in case 
of a break in the pressure line ; and the house has to be 
divided into watertight compartments, one for each 
unit, each capable of taking the full hydrostatic load. 
In many Italian plants, the turbine floors are designed 
only for the pressure from the tailrace surge. The 
Swedish practice seems to be safer. 

To decrease the overall height of the power house 
and to simplify the support of the unit, the Swiss 
Oerlikon Company have developed a very compact 
unit. A steel casing supports the water wheel and the 
generator, with practically no space between them. 
At Innertkirchen, five such units, each of 56,000 h.p., 
were installed. At Ponte Gardena, there are three 
units, of 25,000 kVA. The overhead clearance at 
Ponte Gardena, for installation or repairs, is only 21 ft. 
The saving in power-house excavation is evident, when 
it is considered that, at Cafion del Pato, the 29,250-kW 
units required 103 ft. height of room, while, at Innert- 
kirchen, only 75 ft. was needed for 47,500-kVA 
units. 

Transformers are placed either underground, in a 
separate cavity lel to the power house, or en the 
surface, or partly in cut. At Ponte Gardena, Santo 
Giacomo, Hone, Soverzene and Harspranget, the 
transformers are underground. At Ampezzo, the 
transformers are half in excavation; at Coghinas, 
Doblari, Centenighe, Agordo, Stanga, Krangede and 
many others, the transformers are on the surface. 
Conventional power leads can be used for horizontal 
connections from the generators to the transformers. 
For vertical connections, particularly for great heights, 
*bus-bars are preferable, because of the gravitational 
creep of insulation in vertical cables. | Switchyards 
are always placed on the surface, underground arrange- 
ments being too costly. 

Depending on the relation of the power house to the 
surface, the access is either vertical, horizontal or 
inclined. Head developments usually have vertical 
access shafts, while tail developments have horizontal 
access tunnels. Brommat and Mockfjord have inclined 
shafts. The dimensions of shafts or tunnels depend 
on the largest part to be moved. In general, vertical 
shafts have a smaller cross section than the horizontal 
tunnels. The smallest appears to be at Zappello, which 
has a vertical shaft only 8-2 ft. by 8-2 ft. Normal 
vertical shafts are about 15 ft. by 10 ft. At Coghinas, 
the shaft is 16-4 ft. by 9-7 ft. Horizontal tunnels are 
about 17 ft. wide, the height varying up to 28-5 ft., 
at Ampezzo. While the cross section of vertical shafts 
is smaller, the excavation cost of a shaft is more 
expensive than that ofa tunnel. Furthermore, vertical 
shafts require freight elevators, while horizontal tunnels 
can be provided with a railroad track, thus saving the 
expense of elevators. Access shafts are sometimes 
used as power conduits, as at Brommat. Access 
tunnels are usually lined either with concrete, brick or 
tile, mainly for appearance and for protection against 
dripping water. 

Fresh air is usually taken from the surface and blown 
into the power house through the access shaft or 
gallery, or through a separate ventilation shaft. At 
some Swedish plants, the ventilation shaft is also used 
for power cables. No indication is obtainable whether 
the air is filtered or dehumidified, and information as 
to the quantity of air is meagre. At Brommat, 1,100 
cub. ft. per second are used, the air being cooled in 
water-cooled exchangers, using 1-3 cub. ft. per second 
of water, pumped from the tailrace. Other plants 
insert heat exchangers into the tailrace. The cooled 
air is circulated first through the generator, either in 
closed or open circuit, then through the power-house 
interior, and through the interspace between the rock 
and the inner shell of the power house. Examples of 
two such systems are Brommat and Niva. At head 
developments, the hot air is discharged into the intake 
to keep the structure from freezing. It is not known 
whether the air is preheated in winter, particularly at 
plants located at the far north, like Porjus, Harspranget 
and Niva. 

Underground power houses lend themselves to better 
architectural treatment than do surface plants. The 
arched roof is pleasing to the eye, and the space between 
the crane girders and the arch is well suited for indirect 
lighting. The Krangede plant is most impressive. 
Some Italian plants have Seantine murals. Others, 
like Agordo, have a control room overlooking the 
generator room. There is-no feeling of claustrophobia. 
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On the contrary, the staffs prefer underground plants 
because of the even atmospheric condition and the good 
ighting. 

Merhe tailrece tunnel is one of the most important 
parts, if not the most important, for the economic 
justification of underground developments. Particu- 
larly in head developments, the tailrace consumes the 
largest part of the investment. Tailrace tunnels are 
grade tunnels, not pressure tunnels, and usually have 
a gradient of 0-01 to 0-025. Water velocities are 
kept between 6 ft. and 8 ft. per second. Most tunnels 
are either horseshoe-shaped or egg-shaped. Niva has 
practically a triangular shape. The economy of tailrace 
tunnels depends on the quality of rock ; that is, on the 
necessity of linings. Most tailraces are unlined. 

Because of flow fluctuations, the tailrace can be 
hydraulically designed in three ways. In the first, it 
acts as a free-surface grade tunnel all the time; that 
is, not only when it carries the stabilised stationary 
flow, but also when carrying the maximum surge 
wave from the non-stationary flow. This requires a 
correspondingly large cross-section, but does not 
require either a surge enlargement or a surge shaft. 
In the second case, the tunnel is a free-surface grade 
tunnel at stationary flows, but is submerged by the 
surge wave during non-stationary flow, and then acts 
asa pressure tunnel. This requires a surge enlargement 
at the head of the tailrace. The surge enlargement 
should be designed for the fluctuation in water quan- 
tities and not for the stability of these fluctuations, 
because the small variations are insignificant, particu- 
larly as the large surface of enlargement limits the 
pressure rise. This condition is very important. The 
minimum sections of enlargements are very consider- 
able, because of the small pressure head. In the 
third type, the tailrace acts as a pressure tunnel during 
non-stationary flow. This requires a surge shaft and, 
eventually, a vent shaft. 

For short tailrace tunnels, up to 1,500 or 2,000 ft., 
the economical choice is the grade tunnel of the first 
type. As the length increases, a horizontal enlargement 
reduces the rock excavations, and is advisable for 
tunnel lengths of 7,000 ft. to 9,000 ft. For very lon 
tunnels, surge shafts are more economical. Mode 
tests are advisable to determine the economical] solution 
for non-stationary flows in tailrace tunnels. Egiazarov 
used a celluloid model and photo-registering devices to 
study surges for the Niva tailrace under flow fluctua- 
tions from 1,060 to 8,800 cub. ft. per second, and tide 
fluctuations at the discharge end of 9-85 ft. For the 
simultaneous opening of four units in 5-25 minutes, 
the maximum height of the surge wave was 
15-4 ft. 

The apparent paradox that underground plants are 
cheap in comparison with surface plants can be attri- 
buted to the more economical methods of excavation in 
Europe than in America. The standard American 
practice consists of driving full-face tunnels with large 
charges. This practice results in using heavy drills, 
which, in turn, require heavy and costly rigs and 
consume large amounts of air. Each is operated by 
two or three men. The use of large holes—2 in. in 
diameter or larger, widely spaced—results in large 
overbreakage, and also requires heavy roof supports 
in weaker rock formations. The light high-speed 
Swedish Atlas-Diesel drills and the Sandvik ‘‘ Coro- 
mant ”’ drill steel, on the other hand, permit the use of 
light portable jumbos, less air and fewer men. Further- 
more, line holes can be spaced closer, thus resulting 
in less overbreakage. Swiss and Italian bench-drilling 
requires fewer roof supports. While heavy American 
drifters are not well suited for bench work, Swedish 
machines can be used with great advantage. 

The effect of overbreakage is quite considerable. A 
tunnel 10 ft. in diameter with a 6 in. lining requires a 
hole 11 ft. in diameter, with an area of 95 sq. ft. The 
standard overbreakage is 13 in., thus making the 
“pay area” 136 sq. ft. The 41 sq. ft. overbreakage 
represents 43 per cent. above the needed area. The use 
of Sandvik ‘‘Coromant”’ steel results in 6-in. over- 
breakage, the diameter is only 12 ft., and the pay area 
is only 113 sq. ft. The 18 sq. ft. overbreakage is only 
19 per cent., thus reducing the cost of excavation by 
24 per cent. 


(T'o be continued.) 





THE RoyaL Santrary InstirurE.—The Council of 
the Royal Sanitary Institute have recently issued 
particulars of their prize essay competitions for 1950. 
Two prizes are offered. The first, the John Edward 
Worth Prize of 401., is for an essay on “‘ The Provision of 
Water-Supply and Sanitation for Nine Houses not Served 
by a Water Undertaking or by a Sewerage Authority.” 
The second, the John 8. Owens Prize of 15l., is for an 
essay on “ Atmospheric Pollution.” Entries must be 
Submitted by December 31. Intending competitors 
should apply to the secretary of the Institute, 90, Buck- 
ingham Palace-road, London, 8S.W.1, for a copy of the 
general conditions governing the awards. 


1,000-TON TESTING MACHINE FOR 
STRUCTURES, 
(Concluded from page 209.) 

Fic. 11, on page 238, shows the machine from the 
straining-cylinder end. The cylinder crosshead, shown 
in Fig. 12, forms the main anchorage for the frame of the 
machine. It is rigidly bolted and tenoned to two main 
base members, each comprising a pair of heavy joists 
welded to a steel plate and extending from the cylinder 
crosshead to the end of the machine. In order to resist 
the shear and moment due to eccentric and angular 
loading of compression specimens, two diagonal stays 
are provided to transmit the resulting couple to the main 
base members and thence to the foundations. Shears 
up to 50 tons and moments up to 3,000 in. tons may be 
resisted in this way. The cylinder crosshead carries on 
one face the four main compression struts and the fixed 
compression fittings, and on the other face the four main 
cylinders and the central setting cylinder. The four 
main cylinders are identical in size and are symmetric- 
ally disposed about the centre-line of the machine. 
They are each capable of exerting a force of 250 tons 
when supplied with oil at a pressure of 3,360 Ib. per 
square inch, and have a working stroke of 5 ft. The 
four main rams are ground to a close sliding fit in the 
cylinders, no leathers or packings being used. The 
leakage of oil past the pressure seal is collected and 
returned to the tank. The ground surface of the 
rams is protected by four semi-cylindrical sheet-metal 
guards, and in addition felt wipers are- provided to 
prevent ingress of floating dust. The outer ends of 
the cylinders are supported in a reinforced steel plate 
bored to fit registers turned on the outside of the 
cylinders. This support plate is fitted on to the main 
base members. 

The return and setting cylinder is located on the 
centre-line of the machine between the four main 
cylinders. It provides for rapid adjustment in both 
directions of travel and is designed to absorb the recoil 
energy due to fracture of specimens. It is a double- 
acting cylinder 14 in. in diameter, fitted with a piston 
and rod, no packings being used. Over and above the 
5 ft. working stroke, a further 6 in. is allowed in order 
to accommodate recoil occurring at or near the end of 
the stroke. Over-travel limit valves and switches are 
provided to prevent this extra stroke being used as 
additional working stroke. The return cylinder is 
designed to exert a restraining force of up to 100 tons 
under recoil conditions, when fitted with the alleviator 
and relief valves described below. 

The efficiéficy of the multiple-ram system for accurate 
load indication depends on accurate alignment and 
freedom from lateral loads. For this reason, each of 
the five rams terminates in a self-aligning spherical 
seating, the centres of the spheres being located in a 
common plane. The ram crosshead itself, shown in 
Fig. 13, is supported by two case-hardened and ground 
anti-friction rollers located in the same plane. These 
rollers run on case-hardened and ground tracks mounted 
on a pair of heavy rolled-steel joists, each supported 
from the main base members by two vertical struts in 
addition to the cylinder support plate. The four 
spherical seatings for the main rams are arranged for 
independent adjustment on assembly. The ram 
crosshead also’ carries the main tension rods which 
extend down the length of the machine. The con- 
struction of the ram crosshead ensures that any angular 
movement due to irregularity of distribution of load on 
the middle tension and compression crosshead is accom- 
modated so that no lateral loads are transmitted to 
the rams. 

Recoil is produced by the sudden release of the strain 
energy in the machine due to the fracture of a specimen. 
In the case of the main compression frame of the 
machine, longitudinal oscillations will be produced 
which will die away naturally. In the case of the 
tension frame, however, the absence of restraint in 
the direction of the straining stroke will produce 
movemént in the straining direction. This is resisted 
by the action of the return cylinder as follows. The 
rate of flow of oil out of the small end of the return 
cylinder is limited by an orifice plate which is of 
sufficient size to allow the passage of oil at normal 
straining s without producing appreciable back 
pressure. hen recoil takes place, the sudden flow 
of oil will not pass the orifice without a rise in pressure. 
The gas pressure alleviator is provided with a floating 
piston and is charged with nitrogen at an initial pressure 
not exceeding 500 lb. per sq. in. When the pressure 
in the return cylinder exceeds this figure, the piston 
commences to move until the pressure rises to a maxi- 
mem of 2,000 lb. per square inch. The recoil relief 
valve then opens and allows the trapped oil to escape 
at the latter pressure. During this process, the restrain- 
ing force produced rises from 25 tons to 100 tons over a 
stroke of 1} in. and remains at 100 tons as long as neces- 
sary. On cessation of movement, the alleviator piston 
recovers slowly, the oil being allowed to escape through 
a needle valve. 





Consideration of the hydraulic system may be 


conveniently divided into the following sections :— 
(a) hydraulic cylinders and capacity-change system ; 
(5) low-pressure setting and return system; (c) main 
pumps and intensifier system, includi pressure 
control and volume control; (d) main selector valve 
and operating cycle ; (e) auxiliary long-period load and 
strain-maintaining With regard to (a), the 
employment of four straining cylinders facilitates the 
use of two capacity ranges by using either two or four 
cylinders. This method of capacity change enables 
the load range to be changed under load, and permits 
higher straining speeds to be used on the lower range 
without increase of pump capacity. Capacity change 
is effected by means of the selector on the control 
cabinet. This capacity selector is in the form of a pilot 
valve connected to main valves on the machine which 
operate in three steps to ensure a smooth changeover. 
When reducing capacity, the two redundant cylinders 
are exhausted through a restricted orifice before being 
connected directly to exhaust. When increasing capa- 
city, the two idle cylinders are connected to pressure 
through the orifice before being directly opened to 
pressure. The capacity selector is connected to the 
dial mechanism and automatically changes the dial 


Turning to the low-pressure setting and return sys- 
tem, low-pressure oil is supplied by a pump designed to 
deliver about 4,000 cub. in. per minute at a maximum 
pressure of 200 lb. per square inch. The corresponding 
setting and return speeds available are 26 in. and 30 in. 
per minute, respectively. The pressure is admitted to 
the return and setting cylinder by means of a main 
valve which in turn is pilot-controlled from the main 
selector valve on the cabinet. At the same time the 
pre-filling valve connects the main cylinders to the 
overhead supply tank. At the limit of the straining 
stroke a trip valve operates an unloading valve which 
exhausts the forward end of the setting cylinder, thus 
preventing further travel. The same valve also 
unloads the main pumps and stops the maintaining 
pump by means of a limit switch. 

The main oil supply is derived from two variable- 
delivery oil pumps each capable of delivering 8,000 
cub. in. per minute at a maximum working pressure of 
about 1,000 lb. per square inch. A 4-to-1 ratio con- 
tinuous intensifier steps up this pressure to 3,360 Ib. 
per square inch, which is the working pressure of the 
main cylinders. The pumps may run together or 
singly, the control gear being common to the two. 
The following straining speeds are available :— 


500-ton range—two pumps 0 to 12 in. por minute. 

500-ton range—one pump . 3 
1,000-ton range—two pumps }o to 6 in. per minute. 
0 to 3 in. per minute. 


1,000-ton range—one pump 

The pump delivery is led to combined relief and un- 
loading valves, which are controlled from the main 
selector valve, and also act as relief valves to protect 
the pumps against overload. From these valves the 
delivery is led to the intensifier inlet valves. 

Two identical intensifier rams operate alternatively. 
The high- and low-pressure rams are about 5 in. and 
10 in. diameter and the stroke is 20 in., the maximum 
ram speed being about 3} in. per second. The cycle of 
operations is as follows. On reaching the end of its 
working stroke the intensifier ram trips a limit switch 
which, by means of a solenoid-operated pilot valve, 
operates the main valve of the second intensifier to admit 
pump pressure. Where the valve has completed its 
travel, pilot pressure re-sets the main valve of the first 
intensifier to allow the ram to return. Return of the 
rams is effected by low pressure derived from the low- 
pressure pump, which is continuously connected to the 
high-pressure end of the intensifiers through non-return 
valves. High-pressure oil from the intensifier feeds 
through non-return valves which are loaded to exert a 
back pressure in excess of the low-pressure pump 
supply to prevent low pressure from entering the high- 
pressure side of the system. 

The control levers of the pumps are controlled by a 
pair of opposed rams. One ram is directly coupled to 
the levers and moves them in both directions, while 
the second ram acts as a stop and determines the 
maximum delivery. The adjustment of the second 
ram is effected by a control valve and screw mechanism 
forming a closed-loop servo system. The control screw 
is rotated by a Selsyn unit operated remotely from the 
control cabinet. The maximum pressure output of 
the pumps is controlled by a valve which regulates the 
pressure applied to the large end of the first control 
ram. The oil pressure for this purpose is derived from 
a separate servo pump. The small end of this ram is 
connected to the output side of the intensifier. When 
the pressure in the system rises above the predeter- 
mined figure controlled by the setting of the pressure- 
control valve, the ram moves to reduce the pump 
stroke, while retaining the pressure in the system. 
Any reduction in the pressure in the output side of the 
intensifier allows the ram to return and re-commence 
pump delivery at a rate limited by the setting of the 





secondram. The pressure-control valve is a differential 
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valve which controls the servo pressure as a function of 
the load on the machine. 

The operation of the working cycle is controlled by a 
six-way pilot selector which controls the various main 
valves. Pressure for pilot operation of the valves is 
derived from a pilot pump. The pump is designed to 
deliver about 500 cub. in. per minute at pressures up 
to 300 Ib. per square inch. The selector valve has six 
positions which control the functions of the machine 
as follows. (1) Stop position.—The main cylinders and 
both ends of the setting cylinder are connected to the 
supply tank and main loads are unloaded. (2) Forward 
setting and prefill—The main cylinders are connected 
to the supply tank, the low-pressure pump to the for- 
ward end of the setting cylinder, and the return end 
remains connected to the supply tank. (3) Load and 
maintain.—The main cylinders are connected to the 
— -pressure supply from the intensifier via a stop 

lve which is normally open. Both ends of the setting 

linder are connected to the supply tank. A valve 
epi to load the main pumps. When contact is made 
between the load-indicator pointer and load-limiting 
pointer, the sto so closes, pressure is maintained 
in the main cylinders, and the output pressure from 
the intensifier rises and re-acts the main pumps to 
near zero delivery. As falls in the machine 
cylinder, the stop valve re-opens due to contact 
between the two pointers being interrupted. This 
method of load holding will be suitable for short periods ; 
for long-period load holding, however, a different 
is used as described below. This system 
obviates. the necessity of running large pumps and 
motors for long periods when only a fraction of their 
output is required. 








Floor 
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(4) Load and release or repeat. When contact is 
made between the load pointer and maximum-load 
limit pointer, a release valve o in addition to the 
stop valve closing. These valves are maintained in 
this position until contact is made between the load 
pointer and the minimum load limit, which resets the 
two valves to their normal position. The closure of 
the stop valve interrupts high-pressure delivery from 
the intensifier and re-acts the main pumps as before. 
The opening of the release valve releases the oil in the 
main cylinders through the release control valve. This 
valve is designed to give a constant rate of flow of oil 
regardless of the pressure difference across it. In 
addition, it is fitted with an indicator which shows the 
degree of opening of the valve. If the minimum-load 
limit is set, the main-load pointer will make contact 
with it and reset the stop and release valves, when 
loading will be immediately resumed. By this means, 
repeated loading between preset limits may be carried 
out automatically at controlled speeds of loading and 
unloading. If it is desired to remove the load alto- 
gether after one or more ap parsing it is only necessary 
to set the minimum-l fe. gpa behind zero. (5) 
Release. A circuit is penal “which closes the stop 
valve and opens the release valve allowing the oil in 
the main cylinders to escape through the release control 
valve. (6) Return rams. The main cylinders are con- 
nected to the supply tank, the return end of the setting 
cylinder to the low-pressure pump, and the forward end 
to the supply tank. The main pumps are unloaded. 

The selector valve may be rotated in either direction. 
When there is a load on the machine the movement is 
limited to positions 3, 4 and 5 by a locking plunger 
which operates from the pressure in the main cylinders. 
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Fie. 13. Ram CRrossHEAD. 


This device prevents the pressure being released from 
the cylinders by any other means than through the 
release control valve under controlled conditions. As 
soon as the pressure falls to zero the valve may be 
rotated into any position. Four pressure gauges are 
provided to indicate to the operator the conditions in 
the system. These record the intensifier inlet pressure, 
the pressure developed by the low-pressure pump, the 
pressure developed by the pilot pump, and the gas 
pressure in the alleviator cylinder. To collect leaks 
a sump tank is located below the main cylinders. A 
small pump delivers oil back into the overhead supply 
tank. 

The auxiliary long-period load and strain maintain- 
ing gear comprises a high-pressure pump, an auto 
maintainer selector valve, auto load maintainer valves, 
and an auto strain maintainer. To use either auto 
maintainer the main selector valve is set in position 3, 
the high-pressure pump is started, and the main pumps 
and auxiliaries are stopped. When the auto-main- 
tainer selector is moved from the neutral position to the 
“load ” position, pressure from the pump is admitted 
to the main cylinders through a constant-flow admission 
valve provided with a pair of hand-adjusted needle 
valves. The movement of the selector into this 
position also completes a circuit by which a solenoid 
valve is controlled by the make-and-break of the 
maximum-load limiting contacts. The hand adjust- 
ment of the valve is used to increase the load to the 
desired value and the rate of flow is adjusted so that 
approximate equilibrium is maintained. When the 
limit pointers make contact the solenoid valve operates 
and introduces the second needle valve into the circuit, 
which is opened to allow oil to escape from the system. 
Thus load is maintained by oscillation about a selected 
mean load value: When the auto-maintainer selector 
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Fig. 14. REAR or ConTROL CABINET. 


is moved into the “ strain’ position the whole of the 
delivery from the pump passes into the system. The 
strain maintaining valve is located on the tension cross- 
head of the machine and is operated from the moving 
crosshead by a rod and detent gear. When the detent 
makes contact with an adjustable dog on the rod, the 
valve is opened and oil passes out of the system until 
equilibrium is reached. Adjustment of the strain is 
effected by a micrometer screw which carries a disc 
graduated with 0-01 in. divisions. 

The main control cabinet, the interior of which is 
shown in Fig. 14, brings together at one central operat- 
ing position all the main controls and indicators, 
enabling the machine to be fully and efficiently con- 
trolled by a single operator. The cabinet houses: the 
load-indicating and capacity-change mechanism, the 
load-strain and load-time recorders, the push buttons 
for the control of the electrical gear and the indicator 


lamps, the pressure gauges to indicate the pressures in | 


the hydraulic system, and the hydraulic controls and 
indicators. Internally the cabinet is divided into three 
main sections, the upper section housing the load- 
indicating gear and pressure gauges, the middle section 
the electrical gear, and the lower section the hydraulic 
valves. The cabinet is constructed from steel sheets 
and iron castings suitably reinforced, access to the 
internal mechanism being provided by loose back and 
front panels. Dealing first with the load-indicating 
mechanism, the pressure in the machine cylinders is 
transmitted to a proportional ram which exerts a force 
on the load resistant exactly proportional to the load 
on the machine. In order to eliminate friction the 
ram is continuously rotated by a small electric motor. 
The load resistant is a heavy pendulum which operates 
a horizontal rack bar, correction being made for the 
angular movement of the pendulum so that the hori- 
zontal displacement of the rack bar is proportional to 
load. The rack bar operates the load indicator, and a 
further rack bar operates the recording pens of the two 
autographic recorders simultaneously. The load is 
indicated on a large diameter dial having a total scale 
length of 70 in. The dial has two capacity ranges, the 
major capacity being 0 to 1,000 tons by 2 tons, and the 
minor capacity 0 to 500 tons by 1 ton. Change of 
capacity automatically brings into view the correct set 
of figures. A loose maximum pointer carried forward 
by the main pointer indicates the maximum load. Fig. 
15 shows a proving-ring test on the machine. 

Two similar recorders provide means of recording 
the variation of load with extension and with time. 
The recorder paper is mounted on a drum which pro- 
vides for a diagram 10 in. by 12 in., the 10 in. ordinate 
representing the load reading, enabling ordinary 
squared paper scaled in tenths of an inch to be used. 
The drum of the load-time recorder derives its rotation 
from an electric clock, while the drum of the load- 
strain recorder is rotated by a Selsyn unit driven 
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from the moving parts of the machine. Each recorder 
has two scale ranges. Capacity change is effected by 
employing two or four main cylinders to apply and 
measure the load. Control is by the selector valve which 
also changes the dial figures. In addition to the main 
load-indicating pointer and maximum pointer, two load- 
limiting pointers are provided, each with electrical 
contacts. Four pressure gauges, already mentioned, 
provide visible indication of the operating pressures. 
In the case of the gas pressure gauge a charging valve 
is fitted to enable adjustment or replenishment of the 
gas pressure to be carried out conveniently. Five 
pairs of push-buttons are arranged to control the 
motors driving the hydraulic pumps. The electrical 
control gear is arranged for sequence starting and 
stopping, and indicator lamps are provided. The 
sloping panel, in addition to carrying the push-buttons, 
| also accommodates the three valve indicators. These 
| indicate: the degree of opening of the release-speed 
control valve, the position and function of the main 
selector valve, and the position of the pump delivery 
contro] ram and the equivalent straining speeds. The 
hydraulic controls are : release speed control, capacity 
change, six-way main selector valve, auto maintainer 
selector, pump delivery control, and load-maintaining 
controls. The precise functions of these controls has 
already been described. The whole control cabinet 
is self-contained and may be located in any convenient 
position, the hydraulic and electrical connections to 
the machine being carried in a duct below floor level. 

Three main types of pump are used on the machine : 
high-pressure fixed delivery, medium-pressure fixed 
delivery and medium-pressure variable delivery. The 
high-pressure pumps are of the multiple-ram plunger 
type suitable fr high-speed operation at pressures up 
to 3,360 Ib. per square inch only. The medium- 
pressure pumps are of the rotary positive-displacement 
type comprising a pumping member with fixed blades 
rotating in an annular chamber, and sealed by a 
rotating sealing member. The variable-delivery type 
has means for decreasing the width of the pumping 
annulus by external control. Five of these pumps are 
employed at pressures up to 1,000 lb. per square inch, 
two of them being of the variable-delivery type. Each 
pump is driven by an individual motor directly coupled 
by a flexible coupling. The motors are drip-proof 
compound-wound continuously-rated machines, fitted 
with ball and roller bearings, and suitable for 210-volt 
direct-current supply. The control gear for all the 
motors, with the exception of the four motors for the 
lateral loading gear, is contained in a floor-fixing 
ventilated case fitted with hinged inspection doors, a 
mechanically-interlocked double-pole isolating switch, 
and a sealing box and gland for incoming cables. For 
the four motors fitted to the lateral loading gear two 
separate starters are provided, supplied with current 
from the main panel above. 








THE _ FESTIVAL OF BRITAIN, 1951. 


THE organisers of the Festival of Britain exhibitions 
invite further submissions, from manufacturers, of 
photographs of their products which “ show the latest 
design developments,” for inclusion in the 1951 Stock 
List—an illustrated index which will form the basis of 
selection for the exhibitions. During the Festival, the 
Stock Listjwill be displayed as the 1951 Design Review. 
No comprehensive index or catalogue will be pub- 
lished, but reference files for the identification of 
items in the Design Review, with lists of other manu- 
facturers whose goods are not in the review, will be 
kept in the thirteen trade information bureaux. It 
is hoped that about 20,000 to 30,000 products will 
be included in the Stock List; up to the present, 
about 8,000 entries have been accepted, fairly evenly 
distributed over the range of British industries. 
the goods accepted by the Council of Industrial Design 
for the Stock List will be scrutinised by small indus- 
trial panels, including manufacturers or nominees 
of trade associations, to ensure that they are well 
made and of good functional design. A brochure issued 
by the Festival of Britain Office, 2, Savoy-court, 
London, W.C.2, and the Council of Industrial Design, 
Tilbury House, Petty. France, London, 8.W.1, gives 
details on the method of selection and collection of 
industrial exhibits, the underlying themes of the exhibi- 
tions, and instructions for submitting products. A 
plan of the South Bank site is included. All inquiries 
should be sent to Mr. Mark Hartland Thomas, chief 
industrial officer of the Council of Design, and photo- 
graphs submitted should be addressed to the 1951 Stock 
List, at the offices of the Council of Industrial Design, 
as given above. 





TRIBUTE TO ELECTRICITY SUPPLY ENGINEERS.—A 
fitting, if somewhat unusual, tribute to the work of 
three prominent engineers concerned with electricity 
supply is being paid by the British Electricity Authority. 
This is to give their names to the three 4,600-ton colliers, 
which are being built by Messrs. William Pickersgill and 
Sons, Limited, Sunderland, for supplying coal to power 
stations on the lower Thames. The engineers thus dis- 
tinguished are the late Sir Archibald Page, who played a 
leading part in the planning, construction and operation 
of the grid; Captain J. M. Donaldson, who has been 
particularly concerned with the use of high-pressure and 
high-temperature steam in generating plant; and Mr. 
W. J. H. Wood, formerly engineer-in-chief of the County 
of London Electric Supply Company. A similar tribute 
has been paid by the Authority to Dame Caroline Haslett, 
Director of the Electrical Association for Women. As 
announced on pege 220, ante, her name is to be borne by a 
2,700-ton collier, which has been completed recently by 
Messrs. Hall, Russell and Company, Limited, Aberdeen. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ Exet.”—Twin-screw ferry vessel, built by 
Messrs. J. Samuel White and Company, Limited, Cowes, 
Isle of Wight, to the order of Messrs. Elder Dempster 
Lines, Limited, Liverpool, for The West: African Lighter- 
age and Transport Company, Limited, Calabar, Nigeria. 
Certified for carrying 1,050 passengers (50 first class, 100 
second class and 900 third class) between Calabar and 
Oron, and a total of 700 between Calabar and Victoria 
or Eket. Main dimensions: 178 ft. 11 in. (overall) by 
30 ft. by 9 ft. 9 in.; deadweight capacity, 85 tons on a 
fresh-water draught of 4 ft. 9 in.; gross tonnage, 394. 
Two six-cylinder two-stroke single-acting Diesel engines, 
to develop a total of 600 b.h.p. at 350 r.p.m., constructed 
by Messrs. H. Widdop and Company, Limited, Keighley, 
Yorkshire. Speed, 11} knots. Trial trip, February 20. 


M.S. “ BrrrisH CoMMANDER.”—Single-screw tanker, 
for carrying petroleum in bulk, built and engined by 
Messrs. Harland and Wolff, Limited, Govan, Glasgow, 
for the British Tanker Company, Limited, London, E.C.2. 
Second vessel of an order for three. Main dimensions : 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons. Harland-B.and 
W. six-cylinder single-acting four-stroke Diesel engine, to 
operate at 115 r.p.m. in service. Trial trip, February 21 
and 22. 


8.S. “‘ MENDIP.”—Single-screw collier, built by Messrs. 
S. P. Austin and Son, Limited, Sunderland, forthe 
British Electricity Authority, London, W.1. First 
vessel of an order forfour. Main dimensions: 224 ft. by 
36 ft. by 16 ft. 3 in.; deadweight capacity, about 1,700 
tons on a draught 15 ft. 2 in. Triple-expansion super- 
heated-steam engines, to develop 750 i.h.p. at 87 r.p.m., 
and two forced-draught boilers, constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Sunderland. Speed in service, 10 knots. Trial 
trip, February 22. 


M.S. “ Korpistan.”—Single-screw tanker to carry 
petroleum in bulk, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. Common 
Brothers, Limited, Newcastle-upon-Tyne. Main dimen- 
sions: 487 ft. 6 in. (overall) by 59 ft. by 34 ft. 10 in.; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in.; gross tonnage, 8,200. Harland-B. and W. 
six-cylinder single-acting four-stroke Diesel engine 
operating at 115 r.p.m. in service. Trial trip, February 
22 and 24. 


M.S. “‘ Sanpa.”—Single-screw cargo vessel, fitted to 
carry 170 cattle, built by The Caledon Shipbuilding and 
Engineering Company, Limited, Dundee, for the services 
of the Clyde Shipping Company, Limited, Glasgow, 
between British and Irish ports. First of two sister 
ships. Main dimensions: 200 ft. (between perpendicu- 
lars) by 38 ft. by 24 ft. to shelter deck; deadweight 
capacity, 1,150 tons on a draught of about 14 ft. British 
Polar seven-cylinder Diesel engine developing 1,120 b.h.p., 
constructed by Messrs. British Polar Engines, Limited, 
Glasgow. Speed, 12 knots. Trial trip, February 28. 





ELEcTRiciry SvuppLy STaTIsTIcs.—During January, 
1950, a total of 5,275 million kWh were generated in 
the stations controlled by the British Electricity Author- 
ity, the North of Scotland Hydro-Electric Board and 
the Lochaber Power Company, compared with 4,757 mil- 
lion kWh in January, 1949, an increase of 10-9 per cent. 
The installed capacity of the generating plant was 
13,914 MW, compared with 13,239 MW twelve months 
earlier, an increase of 5-1 per cent. 





SELECTED BIBLIOGRAPHY OF ENGINEERING SUBJECTS. 
—wWe have received two useful bibliographies, dealing 
respectively with aeronautical engineering subjects and 
civil engineering subjects, from the Engineers’ Council 
for Professional Development, 29, West 39th-street, 
New York 18, U.S.A. They form revised Sections II and 
If of a six-part “ Selected Bibliography of Engineering 
Subjects ’ ; the other sections, now undergoing revision 
and expected to be available in 1951, comprise mathe- 
matics, mechanics and physics; chemical and industrial 
engineering; electrical and mechanical engineering ; 
and metallurgical and mining engineering. Most of the 
books included in the lists are of university-undergraduate 
standard, and were selected by more than 100 engineer- 
ing teachers and professional engineers in co-operation 
with the Council’s Committee on Professional Training. 
The aeronautical engineering bibliography is of wide 
scope and includes such sections as airports and airways, 
materials and production methods, meteorology and 
navigation, as well as aerodynamics, aircraft design, 
engines, etc. ; 250 titles are listed, with annotations where 
necessary. The civil-engineering bibliography covers 
geology, hand-books, hydraulics and water power, 
materials, costs and contraets, sanitary engineering, 
structural engineering, surveying and geodesy, and 
transportation. The price of each list, which can be 
obtained from the Council, is 25 cents. 


BRITISH STANDARD 


SPECIFICATIONS. 

The following publications of engineering interest 
have been issued i the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of each paragraph. 

Methods for the Analysis of Iron and Steel.—Two 
further to B.S. 1121, methods for the analysis of 
iron and steel, have now been made available. The 
first, Part 15, concerns the determination of silicon in 
plain carbon steels, low-alloy steels and cast irons by 
the absorptiometric method, and the other, Part 16, 
relates to the analysis of manganese in steel. Both 
have been prepared as part of a programme of stan- 
dardising methods for the determination of elements 
in iron and steel. This series of tests, it is pointed 
out, should be of particular value as reference methods. 
[Price ls., each part, postage included.] 


Nickel and Nickel-Alloy Solid-Drawn Tubes.—The 
series of British Standard Specifications for nickel and 
nickel-alloy products has now been completed by the 
issue of B.S. Nos. 1531-33, which relate to solid-drawn 
tubes for general . B.S. No. 1531 covers 
malleable nickel tubes ; No. 1532 concerns nickel-copper 
alloy tubes, and No. 1533 relates to nickel-chromium- 
iron alloy tubes, and all three specifications are pub- 
lished under one and the same cover. In each specifi- 
cation clauses determine the chemical composition and 
the mechanical properties of the materials A drifting 
test may also be applied if desired by the purchaser. In 
this, a section of the fully-annealed tube is flared by 
the steady application of a conical drift, having a taper 
of 1} in. on the diameter per foot of length (an angle 
of approximately 7 deg.), without showing signs of 
rupture. The test is continued until the outside 
diameter at one end has been increased by 30 per cent. 
for tube sizes up to } in. in diameter ; 25 per cent. for 
sizes above } in., and up to 1} in. in diameter; and 
20 per cent. for sizes above 1} in. in diameter. The 
purchaser may also specify a mutually-agreed hydraulic 
test if he considers that the desirability of such a test is 
indicated by the intended service of the tubes. In 
an appendix is set out the information which should 
be given by the purchaser in inquiries or orders. 
[Price 2s., postage included.] 





BOOKS RECEIVED. 


Ministry of Town and Country Planning. Notes on the 
Siting of Houses in Country Districts. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 3d. net.] 

Ministry of Education. Science Museum. British Fishing- 
Boats and Coastal Craft. By E. W. Wurre. Part I. 
Historical Survey. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 2s. net.] 

Heat Transfer. By PROFESSOR Max Jacos. Volume I. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 12 dols.] Chap- 
man and Hall, Limited, 37, Essex-street, Strand- 
London, W.C.2. [Price 96s. net.} 

Steam-Engine Builders of Suffolk, Essex and Cambridge- 
shire. By RONALD H. CLARK. The Augustine Steward 
Press, Augustine Steward House, Tombland, Norwicb. 
[Price 6s. 6d.) 

Mechanics for the Home Student. By Eric N. Sons, 
in association with W. D. Burnet. Iliffe and Sons, 
Limited, Dorset House, Stamford-street, London, 
S.E.1. [Price 7s .6d. net.) 

Power System Interconnection. (Transmission Problems.) 
By H. Risstk. Second edition. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kings- 
way, London, W.C.2. [Price 25s. net.] 

Calculation, Design and Testing of Reinforced Concrete. 
By Dr. K. L. Rao. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 40s. net.] 

An Introduction to the Theory and Design of Electric 
Wave Filters. By F. SCOWEN. Second revised edition. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 18s. net.] 

Electrical Engineering Economics. A Study of the Econo- 
mic Use and Supply of Electricity. By D. J. BouTon. 
Volume I. General Principles and Choice of Plant. 
Third edition. Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 25s. net.] 

Ministry of Fuel and Power. Electricity Supply, 1947-48. 
Return of Engineering and Financial Statistics Relating 
to Authorised Undertakings in Great Britain for the 
Year, 1947-1948. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 30s. net.] 

London Travel Survey, 1949. London Transport Execu- 


‘tive, 55, Broadway, Westminster, London, S.W.1, 
[Price 7s. 6d.] 

Problémes du Project et de VEtablissement de Grands 
Souterrains Routiers Alpins By CHARLES ANDREAE. 





A.G. Gebr. Leemann, Stockerstrasse 64, Ziirich 2, 
Switzerland. [Price 7:90 Swiss francs.] 


PERSONAL. 


Str FREDERICK J. WEsT, G.B.E., is retiring from the 
chairmanship of the Manchester Ship Canal Company, 
Ship Canal House, King-street, Manchester, 2, on 
March 31. He will be succeeded by MR. LESLIE ROBER?s, 
C.B.E., managing director, who will combine the duties 
of chairman and of managing director. 


The following have been appointed to be members of 
the MINING QUALIFICATIONS BoarD of the Ministry of 
Fuel and Power, which is to replace the Board of 
Mining Examinations, set up under the Coal Mines Act, 
1911. Mr. J. S. Fuuron, Principal of University 
College, Swansea, is to be chairman, and the other 
members are Mr. A. M. BRYAN, B.Sc., M.I.Min.F., 
F.R.S.E., Chief Inspector of Mines; Mr. W. E. Jones, 
O.B.E., vice-president, National Union of Mineworkers ; 
Mr. J. C. MrrcHEson, B.Sc., consulting engineer; Mr. 
HueH RicuMonp, of Doncaster; Prorgessor J. A. 8. 
Rrrson, D.S.O., M.C., M.I.Min.E., of the Royal Schoo! 
of Mines; Mr. W. H. Sansom, M.I.Min.E., production 
director, East Midlands Division, National Coal Boari ; 
and Str GEOFFREY VICKERS, V.C., chairman of thie 
Recruitment, Education, Training and Welfare Com- 
mittee of the National Consultative Council. 


Messrs. Vickers-Armstrongs Limited, Vickers House, 
Broadway, London, S.W.1, announce that, for health 
reasons, Mr. HuBERT THOMPSON has relinquished bis 
office of general manager of the Barrow works and ship- 
yard and his seat on the board. Mr. P. H. MumRHEAD, 
director and general manager of Elswick, Scotswood and 
Chertsey Works, is succeeding Mr. Thompson at Barrow, 
where Mr. F. P. LAURENS, a director, is appointed deputy 
general manager. Mr. P. H. Carey is appointed a 
director and deputy general manager of Elswick, Scots- 
wood and Chertsey Works. 


Among the 18 members of a committee, set up to advise 
the Board of Trade in connection with the preparation of 
the forms and the instructions for the taking, this year, 
of a Census of Production in respect of the year 1949, 
are Mr. J. SraFrorD (chairman), SIR WILFRID AYRE, 
J.P., M.I.N.A.; StR LEONARD BroweETT, K.C.B.,C.B.E. ; 
Sm WrutaM H. Coates, LL.B., B.Sc., Ph.D.; Sir 
NorMan V. KippinG, M.I.E.E., M.I.P.E.; and Mr. 
KENNETH PRESTON. The secretary is Mr. S. J. C. 
AIKENS, at the Census of Production office, Board of 
Trade, Neville House, London, S.W.1. 


GENERAL Str CHARLES KING, K.B.E., Engineer-in- 
Chief at the War Office from 1941 until 1944, and Mr. 
ALEXANDER HYMAN, formerly manager of the paraffin- 
wax department of the Shell Group of Compavies, have 
been appointed members of the Crawley Development 
Corporation, in succession to Mr. E. W. PasOLD and 
Mr. A. BENSON, O.B.E., who have resigned. The other 
members of the Corporation have been reappointed by 
the Minister of Town and Country Planning. 


Mr. C. E. R. SHERRINGTON, O.B.E., M.C., has been 
appointed, by the British Transport Commission, to be 
Director of the Research Information Division of the 
Department of the Chief Research Officer, St. Pancras 
Chambers, Euston-road, London, N.W.1. 


Mr. A. T. S. ZEALLEY has been elected President of 
the Tees-Side Industrial Development Board. 


Dr. A. J. GOULD, M.Sc. (Lond.), has received the degree 
of D.Sc. of the University of London. 


Mr. T. A. WRIGHT has been appointed a local director 
of Messrs. Firth Brown Tools, Limited, Bessemer Build- 
ings, Carlisle-street, Sheffield. 


Dr. L. C. BANNISTER, M.Sc. (Liv.), is leaving Messrs. 
British Insulated Callender’s Cables, Limited, Prescot, 
Lancashire, and is joining the staff of the research and 
development department of the British Oxygen Com- 
pany, Limited. 


Mr. R. E. H. WriiaMs, formerly on the staff of the 
Wellman Smith Owen Engineering Corporation, Limited, 
is now manager of the North Eastern office of Messrs. 
Powell Duffryn Technical Services, Limited, consulting 
engineers, Newcastle-upon-Tyne. 


Mr. B. E. Boyce, who was considered the best candi- 
date in the December, 1949, Associate-Fellowship 
examination of the Royal Aeronautical Society, 4, 
Hamilton-place, London, W.1, has now been awarded 
the Baden Powell Memorial Prize. 


Mr. T. A. MCELHANNEY, who recently retired from the 
position of Superintendent of the Forest Products 
Laboratory, Capadian Department of Mines and 
Resources, has now relinquished his seat on the executive 
committee of the Canadian Standards Association, 
National Research Building, Ottawa, Ontario, Canada. 


The two Birmingham cycle-component companies, 
BRAMPTON Frrrinas LIMITED and WALTON AND BROWN 
LImrrep, have been merged, as from March 1, under the 





name of Brampton Fittings Limited, and will operate 
from Downing-street, Birmingham, 21. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The large steel-melting furnace at 
Messrs. Colvilles Clydebridge Works was out of com- 
mission last week for essential repairs, but the level of 
production elsewhere is being well maintained. Expecta- 
tions are that steel-ingot outputs will show some falling 
oft for a week or two through the need for routine repairs, 
but the reduction should be only temporary. Rolling-mill 
operations have not been interfered with, as a consider- 
able ingot tonnage is in stock. Steady progress is being 
made with the relining of the No. 2 blast furnace at 
Clyde Iron Works, but the task is not expected to be 
completed for a few months. Meanwhile, pig-iron 
outputs are steadily maintained at the remaining fur- 
naces. Re-rollers continue to suffer from the importa- 
tions of Belgian bars, and are considerably perturbed at 
the prospect that the agreement for these has until 
March, 1952, to run. Several mills are on a day-to-day 
basis, and there is a threat of short-time working. The 
heavy mills of the sheet makers are busy on medium and 
heavy plates and tube strips, while the light mills have 
substantial orders for black and galvanised sheets, 
including an appreciable tonnage of the latter for export. 
Slabs and sheet bars are adequate for requirements. 
Billets are also plentiful. Active conditions prevail at 
the plate rolling mills to meet a strong demand. 


Scottish Coal.—The level of production continues to 
fall short of last year’s standard, and, with margins 
already narrow, the general supply position is not in 
accordance with consumers’ needs. During the first 
six weeks of the year the divisional output totalled 
2,846,000 tons, against 2,903,000 tons in the same period 
of 1949. Industrial users have not been receiving the 
quantity of coal they need to maintain an equitable 
balance between fresh-mined coal and withdrawals from 
stocks, and the latter have gone down appreciably. 
Increased consumption, reflecting the seasonally heavy 
space-heating load, is a particular problem. Electricity 
works and gasworks, generally, are slightly better placed, 
although the position at the latter is very variable. The 
balance of round coal has been restricted and railways 
have had to struggle with reduced deliveries. Coke-ovens 
are working steadily, but supplies are strained at some 
points, the difficulty being small reserves owing to 
limited stocking accommodation. The export trade is 
adversely affected by the strong inland demand, and only 
bare tonnages are under shipment, including an occa- 
sional cargo of duff, which makes for a prompt clearance 
of this fuel. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Some slight recovery in the 
Portuguese trade has been noticeable on the Welsh 
steam-coal market latterly. Business with this important 
customer has suffered many changes of fortune since the 
resumption of trade after the war. For some months 
past, however, shipments have been reduced to very 
small proportions and the largest buyers of all, the 
Portuguese Railways, have been idle. The principal 
difficulty has been that of finance, and, despite protracted 
negotiations, the problem, as yet, has not been com- 
pletely overcome. Local shippers still have very sub- 
stantial outstanding debts in Portugal and are anxiously 
awaiting payment. There has been no sign of any 
resumption of operation on behalf of the Portuguese 
Railways, but some of the independent users in that 
country have been taking supplies. An interesting item 
of export business is the following : Some 12,000 tons of 
coke breeze have been sent to Germany ; earlier this year, 
Yugoslavia was supplied with 15,000 tons. In spite of 
the fact that man-power in the Welsh mines has now 
fallen to the lowest point in 60 years (at 103,322), the 
output has continued to rise, and, in the week ended 
February 18, totalled 475,403 tons against 472,803 tons 
in the previous week. Operators on the market found 
no difficulty in providing ready outlets for this additional 
coal and order books remain very well filled over some 
while to come. As a result, a good deal of business for 
early delivery cannot be entertained and little easing in 
the position is expected until the usual spring diminution 
in the home demand. Nevertheless, shippers have been 
able to maintain a steady trade with France and the 
Argentine, while smaller quantities have been made 
available for other destinations. Bunkers are again in 
heavy demand and are limited while cokes and patent 
fuel remain very well engaged. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, a quieter demand for tin-plate was 
experienced. Hence a reduced volume of business was 
transacted, with both home and overseas clients. Steel 
sheets continue in keen demand which makers are unable 
fully to satisfy. Iron and steel scrap remains in strong 
request as consumers are anxious to secure larger 
deliveries for their works. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Sheffield steelworks are experiencing 
greater pressure for early delivery. Home competition 
is stronger and there is insistence upon deliveries at 
specific dates, much earlier than has been customary for 
a long time. There is consequently an accelerated rate 
of production which is taxing the resources of makers of 
steel and steel products; firms which have completed 
extensions of shops and equipment are better placed to 
comply with these demands than those which have yet 
to finish their plans of reorganisation and reconstruction. 
New business is largely dependent upon the capacity to 
give early delivery. Foreign competition is daily growing 
more pronounced, and, in this, earlier delivery dates 
and invariably lower quotations are the determining. 
factors. Sheffield steelmakers are holding their own in 
the new types of heat-resisting and other special steels, 
but it is found that, in stain-resisting steels, some Conti- 
nental makers are making their presence felt, especially 
Germany and Sweden. In pre-war days Krupps took 
the lion’s share of the Continental trade in stainless 
steels. Messrs. Newton, Chambers and Company, 
Limited, at their Thorncliffe Ironworks, are to fire two 
new power houses with an oil by-product of their own 
chemical works. Components which have delayed instal- 
lation of the new plant have now arrived and the delivery 
of the new boilers is expected at the end of March. The 
scheme is part of a general plan of conversion under 
which this oil-product is already being consumed. 

South Yorkshire Coal Trade.—Seasonal demands are 
very heavy, and there has been some improvement of 
production in spite of the fact that more coal-face 
employees are giving up pit work. At the same time, 
there has been a return to the pits of ex-miners aad a 
growth of the number of new recruits. Loss of opencast 
production owing to bad weather has necessitated a 
heavier demand for deep-mined coal for electricity works 
and industrial plants. Gas coal is in sufficient supply 
and there is a regular flow of coke-oven gas through the 
gas grids. Hard coke is in adequate supply. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
General Situation.—The heavy aggregate tonnage 
output of iron and steel barely copes with the current 
requirements of clients and still heavier production is 
needed to deal satisfactorily with the p tive d d 
Buyers are in the market with substantial orders for 
delivery over any period whivh sellers are in the position 
to arrange and plants are expected to keep running at 
high pressure well into the autumn. The various 
descriptions of raw material are in ample supply, from 
home sources, and imports of foreign iron ore are main- 
tained at a high level, while merchants continue to 
provide large quantities of iron and steel scrap for prompt 
delivery. The costs of scrap and of imported ores, 
however, have increased since the devaluation ofthe 
pound. All the pig iron obtainable for use at consuming 
plants in the Tees-side area continues to be readily 

taken up though the demand for some grades is easier. 


Foundry and Basic Iron.—The pressure for large 
parcels of ordinary foundry pig has been rather less 
persistent than of late, owing to some easement of 
activity in certain casting branches of the industry. 
There has been no make of Cleveland No. 3 pig for a 
very considerable time and the resumption of production 
is unlikely. North-East Coast users of iron of equivalent 
quality have to draw their supplies mostly from producing 
areas at a distance. The small intermittent Tees-side 
make of a special foundry pig, suitable for the manufac- 
ture of light castings, however, is promptly absorbed. 
All the basic blast-furnace output is used locally. 


Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite production is fully taken up for immediate 
use and heavier deliveries would be acceptable. Outputs 
of low- and medium-phosphorus grades of iron are no 
more than sufficient. Refined-iron manufacturers con- 
tinue to handle their extensive commitments satisfac- 
torily. 


Manufactured Iron and Steel.—Plants turning out semi- 
finished and finished iron commodities are busily occu- 
pied and fairly good orders have been obtained to deal 
with the prospective requirements of usual customers. 
The total tonnage production of steel is at very high level. 
The whole of the extremely’ heavy output of ingots is 
urgently needed and sheet bars and slabs continue in brisk 
demand but certain other classes of semi-finished steel 
are in somewhat less request than of late. Prime billets 
are offered freely and, consequently, buyers are paying 
little attention to inferiortypes. Finished-steel producers 
are handling their extensive commitments satisfactorily 
and, by running their plants to capacity limit, hope to 
provide larger quantities of material for home purposes 
without interruption to the steady increase in the 
volume of the export trade. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








SocreTy or ENGINEERS.—Monday, March 6, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
Oxygen and Other Gases and Their Application to 
Industry,” by Mr. R. E. Doré. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
March 6, 5.30 p.m., Victoria-embankment, W.C.2. Dis- 
cussion on “ Place of High-Frequency Heating in Indus- 
try,” opened by Mr. C. E. Eadon-Clarke. South Midland 
Centre: Monday, March 6, 6 p.m., James Watt Memorial 
Institute, Birmingham. “ High-Voltage Surge Diver- 
ters,” by Mr. H. F. Jones and Mr. C. J. O. Garrard. 
Western Centre: Monday, March 6, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. “ Tidal 
Power and the Severn Barrage,” by Mr. H. Headland. 
Mersey Centre: Monday, March 6, 6.30 p.m., Royal 
Institution, Colquitt-street, Liverpool. Discussion on 
“The M. K. S. System of Units,” opened by Dr. E. 
Bradshaw. North Midland Centre: Monday, March 6, 
7 p.m., Town Hall, Leeds. Faraday Lecture on “ Radar,” 
by Dr. R. A. Smith. Measurements and Radio Sections : 
Tuesday, March 7, 5.30 p.m., Victoria-embankment, 
W.C.2. (1) “‘ Second-Harmonic Type of Magnetic Modu- 
later for Amplification of Small D.C. Signals,” by Pro- 
fessor F. C. Williams and Mr. S. W. Noble. (ii) “‘ A New 
Theory of the Magnetic Amplifier,” by Mr. A. G. Milnes. 
North-Western Centre: Tuesday, March 7, 6.15 p.m., 
Engineers’ Club, Manchester. ‘“‘ Electrical Methods of 
Measuring Mechanical Quantities,” by Mr. F. J. Wood- 
cock. Hast Midland Centre: Tuesday, March 7, 6.30 
p.m., Electricity Showrooms, Derby. ‘‘ Overhead Line 
Regulations,” by Mr. H. W. Grimmitt. 

JuNIoR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, March 6, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Electrical Equipment of 
Large Machine Tools,” by Mr. T. Pickering. Institution : 
Friday, March 10, 6.30 p.m., 39, Victoria-street, S.W.1. 
“ Inventions of Sir Henry Bessemer,” by Mr. Geo. Baker. 


INSTITUTION OF PRODUCTION ENGINEERS.—Yorkshire 
Section: Monday, March 6, 7 p.m., Hotel Metropole, 
King-street, Leeds. Annual Meeting. 

Royal Society or Arts.—John Adam-street, W.C.2. 
Monday, March 6, 8 p.m., Cantor Lecture III: “ Public 
Lighting,” by Mr. J. M. Waldram. Wednesday, March 8, 
2.30 p.m., Trueman Wood Lecture: “ Industrial Appli- 
cations of Atomic Energy,” by Professor M. L. Oliphant, 
F.R.S. Thursday, March 9, 5.15 p.m., “ Iron and Steel 
Industry in India,” by Mr. E. V. Parkinson. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 7, 
5.30 p.m., Great George-street, S.W.1. “‘ Mechanical 
Handling of Parcels and Mails,” by Mr. J. V. Franklin 
and Mr. J. H.Mahy. Midlands Association: Thursday, 
March 9, 6 p.m., James Watt Memorial Institute, Bir- 
mingham. ‘‘ Welded Highway Bridges,” by Mr. R. G. 
Braithwaite and Mr. D. J. Davies. 

INSTITUTE OF FUEL.—Tuesday, March 7, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. “ District Heating in the New 
Towns,” by Mr. A. E. Margolis. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, March 7, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘“‘ Choice of Machinery for Ocean- 
Going Merchant Vessels,” by Mr. A. W. Davis. Friday, 
March 10, 7.45 p.m., Robert Gordon’s Technical College, 
Aberdeen. “Problems in Farm Mechanisation,” by 
Mr. W. J. West. 

INSTITUTION OF WATER ENGINEERS and Royal 
SANITARY INSTITUTE.—Wednesday, March 8, 2.30 p.m., 
90, Buckingham Palace-road, S.W.1. Discussion on 
“ Regionalisation of Water Supplies,” opened by Mr. 
C. F. Lapworth. 

NEWCOMEN SocleTy.—Wednesday, March 8, 5.30 
p.m., Institution of Civil Engineers, Great George-street, 
$.W.1. “ Bryan Donkin, F.R.S.,” by Mr. 8S. B. Donkin. 

INSTITUTE OF PETROLEUM.—Wednesday, March 8, 
5.30 p.m., 26, Portland-place, W.1. ‘“‘ Preservation and 
Packing of Equipment for Oil Industry,” by Mr. D. A. 
Williams. 

LIVERPOOL ENGINEERING Society. — Wednesday. 
March 8, 6 p.m., 9, The Temple, 24, Dale-street, Liver- 
pool. ‘“ Diesel Propulsion for Cargo Vessels,” by Mr. 
A. G. Arnold. (Alteration of date). 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
March 10, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. In association with Applied Mechanics Group 
and AUTOMOBILE Division. “ Gear-Tooth Stresses at 
High Speed,” by Dr. W. A. Tuplin. : 

Norta East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, March 10, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘“‘ Steam-Turbine Pro- 
pulsion Machinery for Merchant Ships,” by Dr. T. W. F. 
Brown. 
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THE PROBLEMS AND FUTURE 
OF BRITISH SHIPPING. 


THE position of British shipping in relation to the 
average member of the British public is more than a 
little reminiscent of Kipling’s Tommy Atkins— 
‘the saviour of his country when the guns begin to 
shoot,” but liable to be treated with scant ceremony 
at other times ; and the parallel is no less close in 
peace than in war, for, just as Mr. Atkins, by his 
mere existence in sufficient numbers, is able to 
exert a calming influence in circumstances which 
otherwise might lead to open hostilities, so the 
existence of a well-found and adequate mercantile 
marine is the best possible insurance against cala- 
mities which are all too familiar in some other 
countries, hardly less amply endowed than Britain 
with natural resources and an industrious populace. 
The people of the seaport districts appreciate these 
things, of course, but they are only a fraction of the 
total population, the inland and especially the 
agrarian parts of which have often only the haziest 
idea of what shipping really means to them and 
none at all of the complexities of its functioning or 
of its economics. There is no more effective 
summary of the varied problems involved in the 
operation of ships than is to be found in the annual 
reports of the Chamber of Shipping of the United 
Kingdom, the latest of which, covering the year 
1949-50, has been issued during the past week. 
Many of the statistics appended to it are available 
from other sources, but they are presented, in the 
reports of the Chamber of Shipping, in a particularly 
succinct and expert manner which brings the salient 
points into clear relief. 





The most significant feature of this year’s report, 











restored to its pre-war level of tonnage. United 
Kingdom tonnage alone, which stood at 16,892,000 
gross tons at the outbreak of war on September 3, 
1939, had not quite reached that figure at the end 
of 1949, the actual total at that date being 16,321,000 
tons; but the Canadian total has risen, over the 
same period, from 358,000 to 1,584,000 tons, and 
the total for ‘other British countries” from 
1,358,000 to 1,477,000 tons, which more than 
covers the difference. The recovery of British ship- 
ping is the more remarkable in view of the relatively 
enormous volume of United States shipping— 
26 million tons in 1949, as against 8,722,000 tons in 
1939. Before the war, the total of world tonnage 
stood at rather more than 66 million tons, of which 
27-1 per cent. was British-owned. On a percentage 
basis, this represented a considerable and progressive 


1 drop; in 1905, the United Kingdom owned over 
244 50 per cent. of the then world total of 28,743,000 


tons. Percentages, however, have no very signi- 
ficant meaning in this connection, though it is 
worth noting that the United Kingdom proportion 


46 | fell to 18 per cent. in round figures, in 1945; by 


1948, *t had risen to 21-9 per cent., and it is now 
22 per cent. If the criterion were the percentage 
of world tonnage actually in service, it may be 


9 supposed that the figure would be restored to some- 


where near the pre-war proportion. Even this 
basis, however, is hardly valid as a standard of 
comparison since, a8 the report points out, the 
average age of the ships in service is a factor of great 
importance, both as a guide to the relative efficiency 
of merchant fleets and as an indication of the 
replacement charges that shipowners will have to 
face in the comparatively near future, and for which 
they ought to be making due provision in the course 
of their present trading. Another consideration of 
some weight is the proportion of ships of particular 
types, and the average ages of those respective 
classes. Tanker tonnage amounts to a bigger total 
now than ever before, but this is a single-purpose 
type, making almost half of its voyages in ballast 
and usually depreciating at a rate higher than that 
of dry-cargo or liner tonnage. 

How serious the problem of replacement has 
become is indicated by the fact that more than a 
quarter of British liner tonnage and a fifth of the 
foreign-going tramp tonnage is now more than 
20 years old; moreover, much of the ocean-going 
cargo tonnage consists of war-time ships, not always 
notable for economical operation. Atthesame time, 
the normal rate of disposal of British ships to 
foreign owners has been interfered with by the 
retention of war-time restrictions on the transfer of 
Brivish ships to foreign flags ; so that the foreign 
owners who, in the ordinary course, would have 
bought secondhand British ships. have been obliged 
to order new tonnage, while the British owner is 
forced to retain his old vessels. When, to this 
handicap, is added the effect of flag discrimination, 
it will be seen that the British shipowner stands to 
lose op both the swings and the roundabouts, 
apart from the disabilities which he suffers as the 
result of devaluation, the high cost of new ships, 
repairs and fuel, and predatory taxation. 

“We have referred previously, in the “‘ Engineering 
Outlook” series of articles, to the high cost of 
building ships at the present time. The Chamber of 
Shipping report points out that present costs, from 
two to two and a half times the pre-war figure, 
cannot be blamed upon the cost of steel, because 
“this is always (and sometimes substantially) below 
the corresponding cost of steel in competing coun- 
tries.” The conclusion is reached that “‘the con- 
tinued overall high cost of production of ships is due 
partly to the effect of present restrictive working 
practices in the shipyards and partly to the cost of 
the infinite variety of components, ranging from 
engines to door handles.”’ If, at the same time, the 
manufacturer of door handles is being threatened 
with Government interference with his flow of raw 
materials unless he exports a certain percentage of 
his products, almost irrespective of where his natural 
market really lies, the shipowner has to suffer 
delayed delivery as well as swollen costs; and 
experience has shown on many occasions that 
penalty clauses in contracts, if delivery is behind 
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the promised date, may be fully justified by the 
resultant loss of earnings. Unfortunately, it seems 
to be almost impossible to convince either officialdom 
or the rank and file of workpeople that these are 
really hard facts and not merely excuses put forward 
with ulterior motives. 

Equally important, from the shipowner’s point 
of view, is the cost of repairs, on which, too, the 
report has some disquieting facts to present— 
this time, on the authority of the Minister of 
Transport. The question has been raised in 
Parliament on more than one occasion, in connection 
with the retention by the Ministry of the system of 
making repairs in Continental ports subject to the 
issue of licences. This restriction was removed to 
some extent in December last, when, in the course of 
discussion, some interesting comparative figures 
were revealed, showing the wide differences in the 
estimated cost of repairing six ships in British 
and Dutch ports. For the smallest of these repair 
jobs, the difference in cost was 1,314]. in favour 
of the Dutch quotation and, for the largest repair, 
24,0001. Earlier, in October, the Minister gave 
similar figures for two other ships; the best 
British estimates in these instances were 25 and 
26 per cent. higher than the Dutch in cost, respec- 
tively, and the times required were 30 per cent. and 
100 per cent. more. Dutch cargo-handling, appa- 
rently, shows correspondingly greater speed; an 
example was given at the annual meeting of the 
Short Sea Liner Section of the Chamber of Shipping 
in December, when it was stated that the time taken 
to load and discharge 800 tons of general cargo at 
Rotterdam was only 70 per cent. of the time taken 
in London, and the cost was less. 

As is usual, the report has comparatively little 
concern, with the engineering side of ship operation, 
except for references to the cost of fuel and, indirectly, 
through comments on the activities of the Docks 
Executive in connection with schemes for harbour 
improvements. There are, however, some illumin- 
ating tables showing the rise in the cost of fuels. 
Bunker coal prices in Cardiff in 1939, for best 
smalls, were 17s. a ton in both January and July, 
and the corresponding prices for best Durham 
bunkers were 19s. 3d. and 198. 104d., respectively. 
In 1949, the price of both the Cardiff and the 
Durham varieties, in January and July alike, was 
73s. 9d. a ton. This was a slight improvement on 
January, 1948, when the price was 77s. 6d., but not 
enough to be helpful to the shipowner who is 
competing for freight in a buyers’ market. In 1929, 
the Cardiff prices were 12s. 9d. and 14s., in January 
and July, respectively, and the Durham coal cost 
15s. and 17s. Even when these prices are multiplied 
by four, to bring them into approximate align- 
ment with the general increase in the costs of most 
commodities, there is still a very great gap between 
them and current prices; and 20 years is not an 
exceptional life for a cargo vessel. It will be seen, 
therefore, how much more urgent the need for 
efficient propulsion has become ; a degree of thermal 
inefficiency which could be condoned in 1929, 
because it was associated with a relatively low first 
cost, cannot be tolerated when fuel costs five times 
as much. The use of oil as fuel. either in internal- 
combustion engines or under boilers, avoids many 
incidential drawbacks of coal-firing; but marine 
Diesel oil, which cost 50s. a ton in September, 1939, 
had risen to 182s. a ton by November, 1949, and 
boiler oil had increased in price from 37s. 6d. to 
122s. 6d. Of 3,280 steam and motor vessels of 
100 gross tons or over, owned in the United Kingdom 
on June 30, 1949, and aggregating 15,357,000 
tons, 1,236, totalling 3,462,000 tons, were coal- 
fired steamers; 910, totalling 6,343,000 tons, 
were oil-fired steamers; and 1,134, amounting to 
5,552,000 tons, were propelled by oil engines. 
There are indications that the proportion of oil-fired 
steamers may increase in the future. The welfare 
of Britain depends more and more upon the efficiency 
of British shipping—which means, to a great 
extent, upon the efficiency of British marine 
engineering; for shipping makes probably the 
biggest single contribution to the country’s balance 
of trade, and one, moreover, which has the greatest 
potentiality for further expansion—but the ship- 
owner must be given a fair chance to show what 
he can do. 








THE FRANKLIN INSTITUTE. 


On March 30, 1824, the Franklin Institute of the 
State of Pennsylvania for the Promotion of the 
Mechanical Arts received its charter. At that time, 
the population of the city of Philadelphia, in which 
the Institute was situated, did not exceed 65,000, 
and, though provision had been made for elemen- 
tary education, there were no technical colleges 
or vocational schools, nor any establishments for 
general education at higher standards. The period 
saw the beginning of the change from a purely 
agricultural economy to one in which industrialisa- 
tion became of equal, or greater, importance, and 
various manufacturing industries had been estab- 
lished in the town. Technical education was not 
entirely neglected, as there was a Mechanics’ Insti- 
tute, but attendance at it was restricted to those 
who had been apprenticed to a trade. An ambitious 
young man, Samuel Vaughan Merrick, who had 
been given the opportunity to enter a small manu- 
facturing business and desired to obtain some 
preliminary training, was dismayed on learning 
that the only way he could receive this was by 
indenturing himself to someone already established 
in business. Considering this an unsatisfactory 
state of affairs, he resolved to establish an institution 
for instruction in the mechanical arts, which should 
be open to anybody. This was the beginning of 
the Franklin Institute. 

Naturally, there were difficulties and delays in 
carrying out a project of this kind, but Merrick was 
able to interest a number of influential people, the 
charter was obtained, a professor of mineralogy and 
chemistry was appointed, and classes were started 
in April, 1824. In October, professors of natural 
philosophy and mechanics and of architecture were 
appointed, and a school of drawing was started. 
The classes which were well patronised were held 
in the Academy Building, which was owned by the 
University of Pennsylvania. It is not known why 
the name of Franklin was adopted for that of the 
Institute, but the choice was a felicitous one. 
Benjamin Franklin had died 34 years earlier, but his 
name was held in high repute and it is well that his 
wide scientific interests and accomplishment should 
be associated with an Institute which has attained 
a position of world prominence in the scientific 
sphere. 

The affairs of the Institute were evidently con- 
ducted with great energy and enterprise from the 
start. In order to strengthen the ties between the 
inventor, the manufacturer and the consumer, the 
first trade exhibition ever to be held in the United 
States was organised in October, 1824, and repeated 
annually fintil 1858. Since that time, the de- 
velopment of the industrial arts has made it 
desirable that exhibitions covering any and every 
type of manufacture should be replaced by those of a 
more specialised nature, and these are now held 
at irregular intervals. Another indication of early 
activity was the publication of The Franklin Journal 
and Mechanics’ Magazinein 1825. As most scientific 
workers know, this publication is still appearing ; 
its title was altered to The Journal of the Franklin 
Institute in 1828, and, still bearing that name, the 
issue of January, 1950, constituting No. 1 of Volume 
249, will be found to contain an interesting article 
giving some account of the history of the Institute 
during the first century and a quarter of its existence. 

In the early years, classes, lectures and exhibitions 
were held in the Academy Building and other 
borrowed premises, but steps were taken to obtain 
a permanent home in which the various activities 
cf the Institute could be concentrated. Financial 
assistance was obtained, a site was purchased and 
the first headquarters of the Institute was built in 
1825 and occupied until 1934 ; this building is now 
used as a museum of Philadelphia history. Though 
the Institute was primarily founded as a technical 
college, it, from the first, engaged in many activities 
which would not normally be described as educa- 
tional; the trade exhibitions have already been 
mentioned. Another procedure was the setting up, 
in 1824, of a board of examiners “upon whom 
scientific investigators and inventors could rely 
for an impartial judgement upon the merit of their 
work.” In 1834, the name of this board was 
changed to the Committee on Science and the Arts. 





The activities of this body well illustrate the 
absence of adequate scientific services in the United 
States 125 years ago. During the first eight years 
of its operation, 101 applications for investigation 
were placed in the hands of the committee. The 
first inquiries came from individual workers, but 
in a few years public authorities were referring 
technical difficulties to the Committee, on subjects 
ranging from the design of dry docks and water- 
wheels to boiler explosions. Extensive studies were 
undertaken of docks and waterwheels, and special 
reports published. The investigation of the subject 
of boiler explosions had wide ramifications. The 
increasingly higher pressures which were being used 
on steamboats had resulted in many explosions, 
frequently accompanied by loss of life, and there 
was considerable public alarm. As a result, Congress 
voted funds for an investigation into the subject, 
a portion of the funds being allotted to the Franklin 
Institute. Its particular part of the inquiry con- 
cerned the strength of the materials used in boiler 
construction. A laboratory was set up, and a testing 
machine designed and constructed. It is claimed 
that the work carried out ‘‘ marks the beginning 
of the science of testing the strength of materials 
in a systematic manner.” Now, no doubt, State 
funds for work of this type would be allocated to the 
Bureau of Standards, but the early work of the 
Franklin Institute had much influence on the 
decision to set up that Bureau. 

Work on the strength of materials and other 
subjects was carried out in temporary premises, 
but the establishment of a permanent “ experi- 
mental workshop ” had been a hope of the original 
founders. It was nearly a century before this 
hope was realised, when, in 1918, Henry W. Bartol 
left a bequest of a million dollars for the establish- 
ment and maintenance of a laboratory for physical 
research. This event, though possibly not the 
immediate cause, may be taken as an indication 
of the change in the aims and objects of the Franklin 
Institute ; founded essentially as an educational 
institution, it has now become a great research 
organisation, and no longer engages in educational 
activities as normally understood. The abandon- 
ment of its schools, however, does not indicate any 
slackening of interest in technical training ; it has 
resulted from the entirely changed conditions in the 
educational field during the last century and a half. 
The lack of facilities, which it was designed to make 
good, no longer exists. 

The present impressive series of buildings which 
now house the various activities of the Institute 
have been erected since 1930. In 1927, a proposal 
was made for a national memorial to Benjamin 
Franklin, to be located in Philadelphia. The 
Franklin Institute was invited to take part in the 
discussion of the project and the outcome has been 
the present building, which houses an extensive 
science museum ; the library, which now comprises 
130,000 volumes and 44,000 pamphlets ; a plane- 
tarium, lecture theatres, and a Franklin Memorial 
Chamber. The lecture theatres are used by many 
learned societies, in which connection it is of 
interest to recall that the American Institute of 
Electrical Engineers came into existence as a result 
of an electrical exhibition organised by the Franklin 
Institute in 1884. The original Committee on 
Science and the Arts is still in existence, but its 
activities are assisted by facilities very different 
from those which it controlled at first. In addition 
to the Bartol Research Foundation, the Insti- 
tute now administers the Biochemical Research 
Foundation and the Halstead Photoelastic Labor- 
atory. 

The status which the Franklin Institute has 
attained is well illustrated by the matters which 
were referred to it during the war by the Office of 
Scientific Research and Development, and the 
Office of the Chief of Ordnance of the United States 
Army. These included the investigation of air-borne 
fire control, which covered the design, development 
and testing of directed torpedoes, bombs and 
rockets. Another wide subject related to problems 
of artillery design, and covered the stability of 
cannon mounted on, track-laying vehicles, and the 
effect of rifling torque on gun carriages, among many 
other matters. Much work was also done in the 
field of nuclear fission. 
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NOTES. 


THE ImpeRiaL CoLLEGE or SCIENCE AND 
TECHNOLOGY. 

In view of the current discussion about technical 
universities and the value to scientific students of 
contact with those who are taking courses in the 
humanities, such as is provided in the older univer- 
sities, it is interesting to note that in the report of 
the Governing Body of the Imperial College of 
Science and Technology for 1949, it is stated that 
“no report on our educational development at the 
present time can be considered to be complete 
without some reference to the question of cultural 
studies.” It is realised that many members of the 
teaching staff already bring questions of “ life in its 
broader aspect ’’ into lectures and discussions, but 
as it is thought something should be done to deal with 
the matter in a more specific way, a special com- 
mittee has been appointed to examine it in all its 
aspects and in the meantime a course of lectures on 
‘Ends and Means in Science ” has been arranged. 
The main part of the report is concerned with 
staff changes, educational developments and the 
building programme. The building formerly known 
as the Royal School of Needlework has passed into 
the possession of the College and has been renamed 
the Unwin building ; a number of rooms have been 
placed at the disposal of the electrical engineering 
department and one floor has been allocated to 
engineering mathematics. Later it is proposed to 
transfer the engineering library to this building. 
The South Kensington site plan is based on a 
redistribution of sites so that ground north of the 
Imperial] Institute shall be available for educational 
purposes, but as this plan is not likely to be carried 
out for many years, modified suggestions have 
been put forward for buildings to meet immediate 
needs. These include a new aeronautics building, 
and extensions of the Unwin and chemical tech- 
nology buildings. Educational developments 
recorded include the provision of 27,200 dols. by 
the Rockefeller Foundation to cover the expenses 
of a course on Public Health Engineering from 
1949 to 1952; they will provide for a research 
fellow at the Imperial College and a tutor at the 
London School of Hygiene and Tropical Medicine. 
Another important development is the establishment 
of a Readership in Telecommunications for which 
Standard Telephones and Cables, Limited, are pro- 
viding 1,2001. per annum for seven years. Still an- 
other step in educational progress is concerned with 
work on mineral dressing. The Standing Committee 
on Education of the Institution of Mining and Metal- 
lurgy reported on the desirability of research work 
and advanced training on this subject and the 
University Grants Committee accordingly offered 
a recurrent grant at the rate of 6,5001. per annum 
to the Court of the University of London. The 
Court agreed to transmit this grant to the Imperial 
College as soon as proper arrangements could be 
made to utilise it. Accordingly, steps are being 
taken to recruit a suitable staff and plans have 
been prepared for the re-organisation and modernisa- 
tion of the Bessemer Laboratory. 


ANNUAL DINNER OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS. 

The annual dinner of the Institution of Electrical 
Engineers was held at the Connaught Rooms, Lon- 
don, W.C.2, on Thursday, February 23, the President 
(Professor E. B. Moullin) being in the chair. A 
precedent, perhaps involuntary, was set by selecting 
a8 guest speakers distinguished representatives of 
the arts, to the exclusion of politicians. The large 
gathering found the result most enjoyable. The 
toast of ‘‘ The Institution of Electrical Engineers ” 
was proposed by Sir Gerald Kelly, president of the 
Royal Academy, who, having advanced the theory 
that he was completely ignorant of that body, went 
on to show that he knew a good deal about it. Like 
the Institution, the Royal Academy had played a 
major part in the field of technical education and 
for many years had been the only school for teaching 
fine arts, To-day, there were as many as 130,000 


art students and this realm of England did not need 
them all. Electrical engineers were fortunate in 
that they were not exposed to the criticism of 
ignorant laymen,’ whereas there was a certain ten- 





dency among highbrows to lay down their own 
laws about art. In reply, Professor Moullin caJled 
attention to the presence of a considerable number 
of members from overseas. The health of the 
Institution was, he said, excellent and during the 
past year it had risen nobly to the many and varied 
calls made upon it. Before replying to the toast of 
“‘ Our Guests,” proposed by Mr. T. G. N. Haldane, 
Sir Malcolm Sargent demanded the removal of the 
microphone ; and then proceeded to point out that 
this instrument had done more to make bad singing 
and bad music possible than any other irvention. 
If there were to be microphones they should be too 
heavy to be carried, so that performers could not 
move them about the stage. On the other hand, he 
welcomed the electrical inventions which had made 
it possible to record music and thus to bring pleasure 
to thousands of people to whom otherwise a sym- 
phony concert would have remained for all time 
unknown. 


JUBILEE OF ‘“‘ ELEcTRICALS” SCOTTISH CENTRE. 

The Scottish Centre of the Institution of Electrical 
Engineers was inaugurated in 1899 and has thus 
completed the first half century of its existence. 
The opportunity has been taken to survey a period 
of increasing electrical development, to record 
some of the notable occurrences, which have taken 
place during that period, and especially to honour 
some of the personalities to whom this progress 
has been due. This task has been entrusted to 
Mr. D. S. Munro, who, in a pamphlet which has just 
been issued, recalls that in 1900-01 electrical matters 
in Glasgow were flourishing under the influence of 
the city’s greatest personality—Lord Kelvin. Kelvin 
had himself recently celebrated the jubilee of his 
tenure as professor at the university and was the 
inevitable choice for the chairmanship of the new 
section, as it was first called. The original active 
movers for official representation of the Institution 
in North Britain were, however, Magnus Maclean, 
H. A. Mavor, M. M. Munro, W. A. Chamen, and 
W. W. Lackie ; and their request seems to have been 
granted without undue delay. At that time a 
public supply of electricity had been available in 
Glasgow for some seven years, those in control 
including Mr. A. (later Sir Archibald) Page, who, like 
his chief Lackie, became one of the first Elec- 
tricity Commissioners. For some reason Mr. 
Munro has overlooked this appointment and places 
the date of Page’s arrival in London as 1927, when 
he was appointed chief engineer to the Central 
Electricity Board, instead of seven years earlier. 
Other celebrated figures in the area half a century 
ago were H. A. Mavor, a pioneer in electrical marine 
propulsion, and Andrew Jamieson, a vivid, if eccen- 
tric, teacher, while later the notables included 
M. B. Field, A. R. Bennett, of early telephone fame, 
J. D. Cormack and G. W. O. Howe, about all of 
whom, as well as of numerous others, Mr. Munro 
has something interesting to say. His account of 
the social and other events in which members of 
the Centre have participated make amusing read- 
ing; and clearly indicate the vitality which has 
imbued the 50 years of its existence. Future 
historians of the Institution will find this pamphlet 
a stimulus to further research into many matters ; 
and for that reason, as well as for its intrinsic merits, 
it is to be welcomed. 


SCHOFIELD SCHOLARSHIPS OF INSTITUTION OF 
PropucTION ENGINEERS. 


A proposal made by Mr. E. W. Hancock, M.B.E., 
vice-president of the Institution of Production 
Engineers, on his return from a visit to the United 
States in 1946, namely, that travel scholarships be 
offered annually to outstanding graduates of the 
Institution, has now come to fruition. The scheme 
was debated by the Council and the Institution’s 
Education Committee, which decided to set up a 
small sub-committee to cover the whole project of 
competitive assessment, selection, financial arrange- 
ments, publicity, travel, placing in the United 
States, and the final dissemination of the experience 
gained on the return of the scholarship holders to 
England. In view of the prominent part played 
by the Institution’s President, Dr. H. Schofield, 
C.B.E., in the educational field, it has been decided 
to call the scholarships Schofield Travel Scholar- 
ships. Briefly, the scheme, as finally adopted, is to 





select two graduates who are to spend six months 
in the United States. The purpose of their visit is 
the study of production processes, techniques and 
management with a view to improving their know- 
ledge and experience. On their return, the scholar- 
ship holders will be expected to use their newly- 
acquired knowledge not only within their own 
organisation but to place it before members of the 
Institution. When the scheme was launched 
some 100 graduates made application. This number 
was narrowed down to 42 and finally to 26, who were 
invited to produce a paper on a particular production 
subject on which they were qualified to write. 
The high standard of the majority of these papers, 
we understand, gave the sub-committee considerable 
satisfaction. The final selection, from a short list 
of seven graduates, was made by personal interview. 
The successful candidates are Mr. B. E. Stokes, of 
Birmingham, and Mr. W. N. Aspinall, B.Sc. (Eng.), 
of Rugby. The former, who is assistant to the 
general factory manager of the Birmingham group 
of factories of Messrs. Joseph Lucas, Limited, 
Birmingham, and deputy production-control mana- 
ger of the Great King-street factory, * proposes 
to study, in the United States, the organisation 
of production administration for increased pro- 
ductivity, with special reference to the use of 
production control. Mr. Aspinall, who is in charge 
of the night shift in the fabricating shop of the 
Rugby Works of the English Electric Company, 
Limited, proposes to study, in America, the applica- 
tion of welding to the construction of large structural 
components, with particular reference to the reduc- 
tion of costs by the control of distortion and the 
pre-machining of details. 


Lonpon TRANSPORT AND ITS PASSENGERS. 


As a nationalised service, London Transport is 
possibly unique in combining an inability adequately 
to meet the demands made upon it and an unusual 
facility for paying its way. Londoners continue to 
increase in numbers and in their use of public 
transport, and if threepenny fares are raised to 
fourpence there is not nearly so much public protest 
as when the main-line railways raise a 3s. fare to 4s. 
The latest publication of the Executive—London 
Travel Survey, 1949—bears the stamp of these 
circumstances: the Executive, with the help of 
Research Services, Limited, have collected back- 
ground data which will assist in solving the long- 
term problems ; meanwhile, apparently, there is no 
pressing difficulty in balancing the budget. The 
Survey gives the results of interviewing the members 
of 3,000 households, the statistics so compiled being 
considered typical of the whole population, number- 
ing nearly 9,000,000, in the Greater London area, 
The households, it appears, contain an average of 
3-1 members and 1-4 workers. Each house is 
an average of 3-8 minutes walking time from the 
nearest public transport. Fifty-three per cent. of 
the population make regular journeys by public 
transport ; of these, 50 per cent. do so to get to 
and from work. Of all journeys to and from work 
on London Transport services, 46 per cent. are 
made on the "buses, 28 per cent. on railways, 
19 per cent. on trolleybuses, and 7 per cent. on 
trams. Central "buses account for more than half 
all regular journeys, and, among adults, regular 
use of the railways declines with age. Fifty-eight 
per cent. of all workers travel to and from work by 
public transport ; 17 per cent. walk, 14 per cent. 
eycle, 4 per cent. travel by car and 1 per cent. by 
motor-cycle, and 5 per cent. work at home. The 
average door-to-door time for workers using public 
transport is 42 minutes ; 46 per cent. of the travellers 
have to make one or more changes en route. In 
households where at least one member uses public 
transport regularly, the average weekly expenditure 
on regular travel is 6s. 5d. The Survey is published 
by the London Transport Executive, 55, Broadway, 
London, S.W.1, at 7s. 6d. 


PROFESSIONAL ENGINEERS APPOINTMENTS BUREAU. 

Briefly, the principal objects of the Professional 
Engineers Appointments Bureau, which com- 
menced operations in 1945 and was incorporated 
under limited guarantee in 1947, are to receive 
inquiries from employers seeking the services of 
qualified professional engineers ; to receive applica- 
tions for employment from members of the Institu- 
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tions of Civil, Mechanical and Electrical Engineers ; 
and to give advice generally in matters relating to 
the employment of professional engineers. A 
recently-issued statement summarising the work 
of the Bureau during 1949 shows that the number 
of notifications of vacancies received last year 
compared favourably with the totals received during 
the previous four years. The figure for 1949 was 
1,131, of which 332 were essentially for civil engin- 
eers, 513 for mechanical engineers, and 286 for 
electrical engineers. During the summer months 
the number of engineers enrolled on the register 
declined to 400, but, by the end of the year, the 
total had increased to 504, of whom 79 were civil, 
259 mechanical, and 166 electrical engineers. The 
average number on the register was 462, compared 
with 559 in 1948. A very small proportion of this 
total represents engineers who were actually without 
employment and the majority of those in this 
position were men over 50 years of age. During 
the year, appointment fees totalling 9651. were 
received from 150 engineers, as compared with 
1,048/. from 171 engineers in 1948. The greatest 
demand for engineers overseas, the statement points 
out, comes from tropical countries, especially the 
Persian, Gulf, India, Pakistan and the Far East, 
and detailed consideration has been given to the 
question of the great difficulty of finding engineers 
who are prepared to serve in these countries. The 
principal factor appears to be the relative insecurity 
of the positions, as contracts rarely exceed five 
years in the first instance; against this must be 
placed the full employment and strongly-maintained 
demand for professional engineers in this country. 
The Bureau has approached various nationalised 
industries and employers’ organisations to ascertain 
whether suitable officers could be seconded for 
Overseas service but, so far, with little success. 
During the year, principally owing to the generosity 
of employers, donations received totalled 1,4001., 
nevertheless, 3101. had to be withdrawn from the 
capital originally subscribed to meet the costs of 
running the Bureau. The offices of the Bureau 
are at 9, Victoria-street, Westminster, London, 
S.W.1. 


THe InstrruTIoN oF MECHANICAL ENGINEERS. 


A joint meeting with the Institution of Electrical 
Engineers was held at the Institution of Mechanical 
Engineers on Friday, February 24, when Mr. J. F. 
Field, B.Sc., M.I.Mech.E., M.I.E.E., presented a 
paper on “The Application of Gas-Turbine Tech- 
nique to Steam Power.” After welcoming the sister 
institution, Dr. H. J. Gough, C.B., F.R.S., President, 
invited Professor E. B. Moullin, M.A., Sc.D., Presi- 
dent of the Institution of Electrical Engineers, to 
take the chair. The proposal advanced by Mr. Field 
in his paper was given a mixed reception in the 
ensuing discussion, many speakers doubting its 
practicability. The gist of his proposal can be 
given in his own words: “If superheated steam 
could be used in a gas-turbine mechanism over the 
upper range of temperature, where the Rankine 
cycle is ineffective, and at the same time the advan- 
tages of the Rankine cycle at the lower temperature 
end of the engine were retained, the indications are 
that a higher engine efficiency than either the 
regenerative gas turbine or the regenerative Rankine- 
cycle steam turbine would be obtained. Steam is 
amenable to this arrangement if the gas-turbine 
mechanism is provided with an externally-fired 
superheater in place of the internal-combustion 
chamber and if a spray-type desuperheater is used.” 
It might become, Mr. Field suggested, commercially 
worth while, apait from the saving in coal, to 
eliminate a large proportion of condensing operation 
on land in the winter months. He estimated that 
the conversion of existing steam power stations 
alone to this system would save at least 10,000,000 
tons of coal per annum, and by its additional 
ability vo make district heating and communal 
process heating commercially attractive, at least 
50,000,000 tons of coal per annum could be saved 
in Great Britain. The saving in locomotive coal 
would be about 11,000,000 tons. After Mr. Field 
had made a preliminary reply to the questions 
Taised in the discussion, a vote of thanks to him 


LETTERS TO THE EDITOR. 
SMALL VARIABLE-COMPRESSION 
RESEARCH ENGINE. 


To THe Eprror oF ENGINEERING. 


Str,—In the article with the above title, by Mr. 
D. Downs and Mr. V. H. Robinson, which appeared 
in ENGINEERING of December 30, 1949, on page 689, 
they make the statement that power falls off with 
detonation. I think that this remark is rather mis- 
leading, though it is frequently quoted. In a paper 
by Neil MacCoull in the Journal of the Society of 
Automotive Engineers, (vol. 44-45, April, 1939), he 
pointed out that there was no loss of power with 
detonation as long as the ignition was suitably 
adjusted, and I have verified this by tests carried out 
on a Ricardo E6 in our laboratories. 

Fig. 1, herewith, shows the form of the curve of 
brake mean effective pressure against compression 
ratio, when the ignition is suitably adjusted for 
maximum power. It can be seen that the power 
still increases with compression ratio. until pre- 
ignition sets in; but this increase in power is not 
as great as would have been experienced with a 
fuel which did not detonate. To get this increase 
in power after detonation has set in, it is necessary 
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to retard the ignition in order that the peak pressure 
shall not occur too early in the cycle. 

Normally, a loss of power when detonation occurs 
is put down to a much increased turbulence, with a 
resulting increase in the heat lost to the cylinder 
walls. There is also some evidence (Miller and 
Logan, N.A.C.A. Report No. 785) that detonation 
also leads to incomplete combustion, and increased 
deposition of free carbon, in the cylinder. To partly 
offset these two facts, there will be an increase in 
power resulting from a much more rapid combus- 
tion, which approaches the ideal of a constant- 
volume combustion, and, consequently, gives a 
higher effective expansion ratio. This higher effec- 
tive expansion ratio will, of course, give a higher 
efficiency. 

MacCoull also shows the effect of adjusting the 
ignition to the setting for a non-detonating fuel, and 
in this case the brake m.e.p. curve certainly reaches 
a peak value and then falls off; this is shown in 
Fig. 2, herewith. Further, if the ignition is set 
for no detonation to occur, then the brake m.e.p. 
curve falls off very rapidly with increase in com- 


limit to the maximum compression ratio is due to 
pre-ignition and not to detonation. Obviously, it 
would prove impossible in practice to adjust the 
ignition for maximum power when detonation 
occurs, and also it would not prove practicable to 
run an engine under knocking conditions unless a 
much heavier engine were to be used. If the 
ignition cannot be adjusted to allow for the more 
rapid combustion when detonation occurs, then the 
maximum power will be limited by detonation ; but 
this is to be expected, as the peak pressure will occur 
too early in the cycle. ~ 
Yours faithfully, 
B. CRossLAND, 
Lecturer in Mechanical Engineering, 
University of Bristol. 
Merchant Venturers’ Technical College, 
Bristol, 1. 
February 16, 1950. 





THE SOLUTION OF ENGINEERING 
EQUATIONS. 


To THE Eprror OF ENGINEERING. 


Str,—The letter from Mr. W. R. Mitchell, printed 
on page 216 of your last week's issue, calls for a 
reply on three points. I stated (page 102, ante) 
that there is an inherent uncertainty in the equation 
et —2x=1; in the usual jargon it is “ill- 
conditioned.”’ More precisely, a given percentage 
change in one of the coefficients, in this case the 
coefficient of x, will produce a larger percentage 
change in the deduced value of z. If the equation 
be written e*? — px=1, and then differentiated 
with respect to p, it appears that 








att 7 
dp Pa , 
so that 
dz x 
dp @—p 
and 
d 
100 & = 100 @ —?_., 
x pet—p 


Now 100 ies and 100 @ are the percentage changes 
in x and p; and since e* = 3-52 and p = 2 

dx dp 2 dp 

it tee = 100 > 1-32, 

so that the percentage change in z is 1-32 times that 
in p. 
The formula to which I intended to refer, although 
I did not do so clearly, was the formula for the 
solution of a quadratic equation discussed in the 
next paragraph of my letter. The equation treated 
there is not ill-conditioned, but the formula method 
is shown to break down, so that it cannot be asserted 
that an equation is ill-conditioned just because the 
formula method gets into difficulties. 

Mr. Mitchell, on page 5, ante, discussed the equa- 
tion x* + 530-6 2 — 3,382-6 = 0, and showed that 
his method got into difficulties with slow conver- 
gence unless a special. dodge was used. This 
equation is not ill-conditioned, since it is easily 
shown by differentiating that if either of the coefii- 
cients 530-6 or 3,382-6 is slightly changed the 
consequent percentage change in z is less than the 
percentage change in the coefficient. Therefore it 
can be stated that slow convergence by Mr. Mitchell's 
method is not in itself evidence of ill-conditioning. 

But in the slide-rule method, if it is found that a 
small shift of the cursor does not appreciably change 
the sum or difference which is being adjusted to 
a given value, it is certain that the equation is 
ill-conditioned. The point which I was trying 
to make in my previous letter was that with the 
slide-rule method it can be asserted that if difficulty 
is encountered in finding an exact position of the 
cursor, the equations are ill-conditioned, whereas 
if we encounter the corresponding difficulties of 
slow convergence or small differences of large 
quantities in the other methods it cannot be asserted 
that the equations are necessarily ill-conditioned. 

Yours faithfully, 
A. N. Buack. 
Engineering Laboratory, 
19, Parks Road, Oxford. 








proposed by the chairman was carried by accla- 
mation. 


pression ratio. 
From these results it would appear that the real 
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FLOW OF OIL FROM BIG-END BEARING. 
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FLOW OF LUBRICATING OIL 
FROM A BIG-END BEARING. 


By J. G. Wrrners, B.Sc., A.M.I.Mech.E., 
AND Dipl. Inj. A. L. Wacwat. 


THE original object of the investigation to be 
described was to find how the quantity of lubri- 
eating oil thrown from the big-end bearing of a 
running internal-combustion engine depended on 
the working clearance. This information was 
required so that suitable limits could be set for the 
clearances and allowable wear of such bearings in 
lubricating-oil test engines where close control of 
the quantity of lubricant reaching the cylinder 
walls is essential. As the results obtained during 
the early part of the investigation were rather 
unexpected, particularly in regard to the difference 
between oil flows under stationary and running 
conditions, it was decided to extend the scope of 
the work to include the effects of other variables. 
These were limited to those that could be investi- 
gated without major modifications to the engine, 
such as the oil-supply pressure, the viscosity of the 
oil at the supply temperature, and the rotational 
speed. The research is not complete from the 
designer’s point of view because factors such as the 
effects of bearing length and diameter have not been 
examined, but it is believed that a useful 
will be served if attention is drawn to the profound 
effect which only a few of the controlling factors 
have on lubricating-oil flow. As one of the functions 
of the lubricating oil is to cool the bearings, it is 
important that the flow shall always be adequate 
without being excessive, and it is hoped that the 
data which follow will help in the general under- 
standing of the rather complicated physical relation- 
ships which determine oil flow. 

The engine used for the investigation was of the 
single-cylinder compression-ignition type, of 4}-in. 
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bore and 6-in. stroke. Before the tests the engine 
was factory reconditioned, new bearings being fitted 
throughout and the crankshaft journals reground. 
The original lubrication system of the engine con- 
sisted of a reciprocating oil pump which supplied 
oil at a relief-valve controlled pressure of 15 Ib. 
per square inch to the free-end main bearing, the 
flywheel-end main bearing, the crankpin and the 
gudgeon pin, and the auxiliaries. The crankpin 
was fed from a circumferential groove in the fly- 
wheel-end main bearing of such a length that the 
crankpin received external oil pressure for about 
one-third of each engine revolution. The arrange- 
ments are shown in Figs. 1, 2 and 3; Fig. 2 shows 
the flywheel-end main bearing, and Fig. 3 is a 
developed view of the oil-distributing groove in 
this bearing. 

The oiling system was modified for the purposes 
of the tests to include an entirely independent 
system for the combined feed to the flywheel-end 
main bearing, the crankpin and the gudgeon pin, 
the remainder of the engine being fed from the 
normal system. The general arrangement of the 
separate supply, together with the temperature- 
control and flow-measuring systems, are shown in 
Fig. 4. In this diagram, the suction and overflow 
pipes are shown by double lines and the pipes under 
delivery pressure by single stout lines. An important 
feature is provision for making instantaneous 
change-overs of suction from the crankcase to the 
oil flow-measuring cylinder without interruption of 
oil delivery or change of feed conditions. 

The oil is drawn from the engine crankcase c 
through the heater H and the three-way cock I 
by the motor-driven gear pump P. Under the 
control of the adjustable spring-loaded relief-valve R 
the oil passes through the oil filter F and fine 
control adjustable electric heater h to the main- 
bearing oil-inlet connection. The oil passing the 
relief valve continuously charges the m i 
cylinder M with oil at substantially the desired feed 
temperature, and returns to the crankcase from 
the overflow collector O. Rotation of the three-way 
cock I cuts off the oil intake from the crankcase and 





connects the pump directly with the flow-measuring 
oylinder M, and thus enables a flow measurement 
to be made. The valve 2 is included to enable oil 
to be drained from the measuring cylinder and so to 
bring the oil level quickly within the graduated 
portion. A calibrated Bourdon-tube type pressure 
gauge P is used to measure the feed pressure, the 
additional gauge P, being included to check the 
condition of the oil filter F. Three auxiliary cocks 
3, 4 and 5, together with the external sump §, 
serve for changing, draining and rinsing the system, 
as well as for measuring the amount of oil introduced 
into and remaining in the circuit. 

The temperature of the oil delivered to the bearing 
is controlled by two heaters. The main heater H 
is a tubular heat exchanger which could also be 
used as a cooler if desired. For its normal use 
as a heater, hot water is circulated from an electric 
heater controlled by a thermostat in the crankcase. 
The external oil-supply system, although well 
lagged, introduced a considerable surface for heat 
loss, and it was found necessary to add a final 
control to keep the temperature of the oil entering 
the engine within narrow limits (+0-5 deg. C.). 
The small heater h is wound directly on the pipe, 
and hand controlled by a variable auto-transformer. 
The temperature of the oil in the system is measured 
at three points by mercury thermometers ?,, ¢, 
and ?#, the latter being as close to the engine as 
possible. Four pairs of white-metal lined big-end 
bearing shells were obtained, giving four different 
working clearances. Numerous measurements in 
different positions and directions were taken and 
the mean working clearances were found to be 
0-0014 in., 0-0026 in., 0-0033 in. and 0-0041 in., 
respectively. These measurements were made at 
room temperature, and the clearances may change 
under running conditions, although the differences 
are probably small. Most of the work was carried 
out on two lubricating oils, one an S.A.E. 50 grade 
aviation oil and the other an §.A.E. 10 grade light 
motor oil. Some additional work was carried out on 
blends giving intermediate viscosities. Viscosity data 
for these oils are given in Table I, on page 248. 
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It should be pointed out that the engine used is 
not ideal for a fundamental investigation for the 
following reasons. (1) The oil feed to the big-end 
bearing could not be separated from the feeds to 
the small-end bearing and one of the main bearings 
without modifications to the crankshaft. It was 
assumed, however, that the big-end would take by 
far the major quantity and this assumption was 
confirmed. (2) The temperature of the journal 
metal close to the oil film could not be measured 
without a major modification to the crankshaft. 
The design is such that the oil supply to the big-end 
bearing is cut off for two-thirds of each revolution, 
which was an undesirable complication. The 
supply to the big-end shell is through a single hole 
with no grooving. A circumferential groove would 
have been preferable as it would have simplified a 
theoretical treatment. However, the engine is 
typical of common practice, and it was expected 
that the results obtained would at least show the 
general effect of the variables explored. 

The oil-feed temperature was maintained at 60 deg. 
C. for all the tests, with the exception of a few made 
with the engine at rest, and, in order to minimise 
temperature changes between the temperature- 
measuring point and the bearing shell, the sump and 
cylinder jacket were maintained at the same value. 
It is realised that the oil-film temperature would be 
considerably higher than the feed temperature 
and it would have been very helpful if the former 
could have been measured, but, as mentioned 
previously, this could not be done without exten- 
sive modifications to the crankshaft which were 
impossible to make at the time. It was necessary 
to allow a considerable time for the tempera- 
ture equilibrium to be established before taking 
a flow reading, and this equilibrium was dis- 
turbed by a change in any variable affecting 
flow rate. The effect of suddenly changing the 
supply pressure is shown in Fig. 5. In these tests 
the average big-end bearing clearance was 0-0014 in. 
and the lubricating oil used was S.A.E.10. The 
oil-inlet temperature was 60 deg. C., and the engine 
was motored at 1,200 r.p.m. The oil delivery 
pressures are indicated near the top of the diagram. 
If the pressure is reduced, the flow rate falls quickly 
to a value below the final stable value for the new 
pressure. This reduction in flow causes the oil-film 
temperature to rise and the film viscosity to fall, 
resulting in an increase in the flow until equilibrium 
is re-established. This effect is reversed after a 
sudden increase of pressure. After changing condi- 
tions it was therefore necessary to take repeated 
readings until a steady value was obtained. 

A few tests carried out under power operation, in 
comparison with motoring tests, showed that the oil 
flow was only slightly affected. Power operation 
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gives about 10 per cent. greater oil flows and this 
smal] difference may be due to additional heat 
conducted to the oil film from hotter parts, or to 
minor effects of loading on film temperature. Since 
the effect of power operation was small it was 
decided to make all further tests under motoring 
conditions so that the oil viscosity did not change 
due to its unavoidable dilution with fuel. A 
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from the big-end bearing is desired. The effect 
of end clearance has not been fully explored, but 
it has been shown that change of end clearance does 
not alter the flow rate appreciably, provided that the 
end clearance is greater than twice the diametral 
clearance. 

Fig. 7 illustrates the effect of supply pressure on 
oil flow. The same oil was used as in the previous 


TABLE I.—Darta On LUBRICATING Om, USED. 
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Intermediate Blends. 


| Light Motor 
Oil. 








8.A.E. viscosity No. ee aa “a <a 50 
Absolute viscosity :— 
Kinematic at 100 deg. F.c.s. .. ii — 225 
» 9» 140 deg. F. (60 deg. C.)c.s. .. 72 
o» «60 o—s OO og, FF. 8. .. - ww 18-7 
Dynamic at 140 deg. F. (60 deg. C.) c.p. - 61°6 
Viscosity index .. ae oe os 6 ‘| 99 





TABLE II.—Om FLow THRovuGH BEARINGS UNDER RUNNING CONDITIONS. 


Entry Temperature, 60 deg. C. 


Flow values in c.c. per minute. 





Big-End Bearing Clearance in 0-001 in. 





Oil Delivery 
Pressure, 
Lb. per sq. in. 


8.A.E. 10 Lubricating Oil. 


8.A.E. 50 Lubricating Oil. 






































summary of the more important experimentally- 
determined flow rates is given in Table II. 

The results obtained from some of the tests on the 
four different bearing shells are shown plotted in 
Fig. 6. S.A.E. 10 lubricating oil was used and the 
inlet temperature was 60 deg. C. Extrapolation 
of the curves shows that the flow to the main 
bearing and small-end bearing is comparable with 
that to the big-end when the shells giving the least 
clearance are used. Analysis of all the results 
indicates that the flow increases approximately as 
the square of the big-end bearing clearance. Close 
control of the diametral clearance is obviously very 
important where close control of the oil thrown 





tests and the inlet temperature was again 60 deg. C. 
The big-end bearing clearance was 0-0041 in. It 
will be noticed that the curves do not go through 
the origin and that there appears to be a definite 
flow at zero supply pressure. It was thought that 
this might be due to the centrifugal pressure exerted 
by the column of oil in the crankpin oil way. This 
centrifugal pressure is given by the formula 
N?S (R? — R3) 

1,950,000 * 
where P = centrifugal pressure in Ib. per square 
inch, N = revolutions per minute, S = specific 
gravity of oil, R, = perpendicular distance in 
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inches of crankpin oil outlet from centre of rotation, 
and R, = perpendicular distance in inches of main 
journal oil inlet from centre of rotation. 

Using this formula and assuming a specific gravity 
of 0-860, with R, = 4:3 in. and R, = 1-3 in., the 
following centrifugal pressures are obtained :— 


N P 
300 0-7 
600 2-7 
900 6-0 
1,200 10-7 
1,500 16-7 


Extrapolation of Fig. 7 does not confirm such a 
dependence of the additional pressure on speed. 
The explanation is probably that there is also a 
dynamic pressure, developed in the oil film, tending 
to cause Oil leakage, which is acting independently 
of the centrifugal pressure and external pressure. 
Study of the present information is complicated 
by the fact that the external supply pressure is only 
operative for one-third of each revolution. 

If streamline flow conditions prevailed in the 
big-end bearing, the oil flow would be proportional 
to the total pressure if the viscosity were constant. 
The oil-film temperature would, however, drop with 
increase of flow and hence the viscosity would rise. 
The dependence of flow on pressure would not there- 
fore be linear, and, if the relation could be expressed 
as a power function, the exponent of pressure would 
be less than unity. Examination of the data 
shows that the flow depends roughly on the square 
root of the pressure ; this is not an exact relation 
as the exponent varies slightly from curve to curve 
and at different parts of the same curve. The 
validity of this relation could not be extended 
safely beyond the range of pressure explored or 
to different methods of oil supply and distribution. 


(To be continued.) 





CONDUCTOR-RAIL GAUGING 
TROLLEY. 


A HanD trolley for detecting vertical or lateral 
misalignment of the electric conductor rails, in relation 
to the running rails, has been designed by engineers 
of London Transport. The trolley consists of a light 
tubular steel framework carried on four wheels, accu- 
rately machined, in which the flanges of the tyres, the 
treads of which are not coned, are carefully set to gauge 
so that the lateral and vertical movements of the 
trolley on the running rails are limited. Two trans- 
verse angle-iron members carried on the framework 
support a central and two side contactor boxes. An 
arm, carried within each box, is free to slide laterally 
and to pivot about a horizontal axis ; on the end of the 
arm a double-flanged roller is fitted which rides along 
the conductor rail. Vertical or lateral displacement of 
the roller causes the arm to pivot or to slide, thereby 
making electrical contacts in the box. Interchangeable 
rollers are provided to fit the various widths of con- 
ductor rail. 

When a displacement in excess of the allowable 
limit causes a contact to be made, a circuit is completed 
to give a bell signal and a visual indication on a panel 
at the rear of the trolley. Three rows of four lamps 
are each connected to one of the contacts; the four 
lamps indicate whether the discrepancy is up, down, 
to one side or the other. The position of the fault is 
then marked on the track, and the gauge is adjusted 
as required by the track maintenance staff. 





ALMANACS AND CALENDARS.—The Sourabaya Drydock 
Company, Limited, Westermarkt 2, Amsterdam-C., 
Holland, have sent us a large-size wall calendar with 
detachable sheets, each of which covers three months. 
The calendar is printed throughout in English. 





INDUSTRIAL ACCIDENTS.—Descriptions of accidents 
which have been notified to H.M. Inspectors of Factories, 
and suggestions for their future prevention, are given in 
& quarterly periodical, published for the Ministry of 
Labour and National Service by H.M. Stationery Office, 
Kingsway, London, W.C.2. The January, 1950, issue 
of Accidents: How They Happen and How to Prevent 
Them contains notes on boiler failures, accidents in 
building and structural work, woodworking machines, 
locomotives and wagons, ships, poisoning, fire and 
explosion due to chemicals, lifting gear, transmission 
machinery and processing machinery. The price of a 
Single issue is 9d. net ; the yearly subscription, including 
Postage, is 38. 6d. 





GAS TURBINES FOR ELECTRICAL 
GENERATION IN BELGIUM, 


THE ibilities of using gas-turbine power for the 
generation of electricity in Belgium have been dealt 
with by Messrs. A. Jaumotte and Van Mele in the first 
report issued by the Economic Commission of the 
Belgian Gas-Turbine Committee.* The report is 
divided into three chapters, the first of which reviews 
the characteristics of various types of gas-turbine 
plant, citing —— of plant already in service, 
experimental installations, and projected designs. 
The thermal efficiency of a simple open-cycle gas 
turbine can be greatly increased by passing the gas 
leaving the compressor through a heat-exchanger, 
heated by the exhaust gases, before entering the 
turbine ; the first cost of the installation, however, 
will be increased. 

In the closed-cycle gas turbine, the working fluid 
circulates around a closed circuit comprising a water- 
cooled pre-cooler, one or more compression stages 
with intercooling, a heat exchanger deriving its heat 
from an external source, one or more turbines, and 
an exhaust heat-exchanger where the hot gas leaving 
the final turbine, before entering the pre-cooler, 
gives up some of its heat to the gas leaving the final 
compressor. Owing to its cost and complexity, this 
type of installation is only justified for high power 
outputs. The low-pressure level is not limited by 
atmospheric pressure, which permits the power to be 
regulated by controlling the mass flow by varying the 
pressure level, without altering the compression and 
expansion ratios; the thermal efficiency, therefore, 
varies only slightly with load. The dimensions of the 

lant may also be smaller, by reason of the higher 
ow-pressure level, and friction losses are reduced. 
A semi-closed cycle is also possible, which has most of 
the advantages of the closed-cycle installation, but 
permits internal combustion to be employed. 

The relative thermal efficiencies for the various types 
of gas turbine are estimated as follows : the simple open- 
cycle gas turbine without a heat exchanger, 0-185 ; 
with a heat exchanger, 0-24 to 0-265, for heat- 
exchanger efficiencies of 0-5 to 0-7; the complex 
open-cycle gas turbine with two compressor-turbine 
shafts and a heat exchanger of 0-7 efficiency, 0-32 ; 
the closed-cycle gas turbine, 0-34 ; and the semi-closed 
cycle turbine, 0-32. With the exception of the 
simple open-cycle turbine, the part-load efficiencies 
of gas turbines with heat exchangers are good; in 
particular, the closed-cycle turbine is estimated to 
give a thermal efficiency higher than 0-3 on one-fifth 
full load 


There is a possibility that the useful power output 
of the open-cycle turbine will fall in time as a result of 
corrosion and deposits on the compressor blades and 
corrosion and erosion of the turbine blades. The closed- 
cycle turbine is immune from this; and certain types 
of semi-closed turbine may not be greatly affected. 

The first section of the report concludes with a 
summary of estimated first costs, per kilowatt output, 
of gas turbine-alternatur installations; the simple 
open-cycle turbine, without heat exchanger, 5,000 
francs; with heat exchanger, 6,000 francs; the 
twin-shaft open-cycle turbine with heat exchanger, 
6,000 francs; the semi-closed cycle turbine, 6,000 
francs; and the closed-cycle turbine, 6,500 francs. 
These costs include all the turbine power plant com- 
ponents, and the electrical installation as far as the 
supply transformer. 

Fuels for gas turbines are considered in the second 
chapter. Petrol and Diesel oils are costly, and it is 
customary to use medium, heavy or extra-heavy fuel 
oils. Gaseous fuels, requiring no vaporisation or 
pulverisation, are considered to be ideal; they are 
almost free from ash. For using gaseous fuels, the 
fuel pump would be replaced by a compressor having an 
efficiency lower than that of the main compressor ; 
the overall thermal efficiency would therefore be 
reduced by, say, about 1 per cent. The _— 
available gaseous fuels are natural gas in oil-bearing 
regions, and blast-furnace gases. There are two possible 
ways of using coal: by underground gasification and 
by direct combustion of finely-pulverised coal. The 
possibilities of underground gasification are not dis- 
cussed in detail in this report, but it is suggested that 
they are worthy of further study. The closed-cycle 
turbine appears to be suitable for utilising pulverised 
coal, and experimental installations are already in 
hand. It is estimated that, ne with the 
equivalent plant using fuel oil, the thermal efficiency 
of the coal-fired closed-cycle turbine is about 
10 per cent. lower and the first cost about 15 per cent. 
highe . Summarising the costs of various fuels, the 
actual prices per kilogram of fuel oils, in the West 


Flanders zone in July, 1949, were 1-45 francs for 
medium, 1-25 francs for heavy, and 1-10 francs for 
extra-heavy fuel oil; it is customary to assume the 
cost per million kilogram-calories of blast-furnace gas 
to be the same as the cost per million kilogram-calories 
of solid coal ; namely, 87-50 francs. 

The third chapter is devoted to comparisons of 
the costs of steam-turbine plants and gas-turbine 
plants. Considering large electric power stations, 
developing 25 and 50 MW, both types of plant were 
assumed to have the same working life, but the labour 
and maintenance costs for the gas-turbine units were 
taken as two-thirds of those of the steam turbines. 
The steam turbine was assumed to require a higher 
percentage increase in fuel consumption to cover start- 
ing up and load variations. For the values of efficiency, 
fuel costs and installation costs assumed, it was found 
that the open-cycle, semi-closed cycle, and closed- 
cycle turbines showed curves of operating cost plotted 
against “‘ utilisation” (hours per annum) which were 
practically coincident; the higher efficiency of the 
closed-cycle turbine being offset by the increased 
installation costs. Gas turbines operating on heavy or 
extra-heavy fuel oil appeared to have costs comparable 
with steam turbines developing 25 MW, but did not 
compare favourably with the 50-MW steam plants, 
particularly at the high utilisations customary with 
such plant. In general, gas turbines operating on fuel 
oil did not show an economic advantage over steam 
turbines. 

The gas turbine, operating on blast-furnace gas, 
however, showed a lower overall operating cost than 
the steam turbine, both in the 25-MW and 50-MW 
plants, at all utilisations ; a reduction of the order of 
7 and 12 centimes per kilowatt-hour, respectively, 
for the two sizes of plant was indicated at a utilisation 
of 4,000 hours per annum. The report concludes, 
therefore, that the gas turbine utilising blast-furnace gas 
is of considerable interest in Belgium. 





MOND NICKEL FELLOWSHIPS. 


APPLICATIONS are now invited by the Mond Nickel 
Fellowships Committee for five Fellowships for 1950, 
each having an average value of 7501. Fellowships will 
be awarded to selected candidates of British nationality 
having degree or equivalent qualifications in metallurgy 
to enable them to obtain wider experience and addi- 
tional training in industrial establishments, at home or 
abroad. The main object of the scheme is to render, 
by such extra training, the holders of the Fellow- 
ships more suitable for future employment in senior 
technical and administrative positions in British 
metallurgical industries. Another aim is to provide 
training facilities whereby persons qualified in sciences 
other than metallurgy may be attracted to the metal- 
lurgical field and thus help to alleviate the shortage of 
qualified metallurgists available to industry. Fellow- 
ships will be awarded for programmes of training which 
will occupy one full working year. A Fellowship, 
however, may be renewed for a further period in very 
exceptional circumstances, at the discretion of the 
Committee. A Fellow will be required to devote his 
whole time to the activities approved by the Committee, 
and, during his tenure of a Fellowship, he cannot under- 
take remunerative employment or be in receipt of a 
salary without the approval of the Committee. No 
age limit is imposed, but the Committee will not 
normally make an award to a candidate who is over 
35 years of age. 

Applicants for Fellowships are required to fill in a 
special form and forward it to the Committee by June 1. 
The information sought includes particulars of educa- 
tion, qualifications and career and experience to date, 
and details of the programme of training or other acti- 
vities for which an award is sought. In their selection, 
the Committee will consider the character and scope 
of the programme of training proposed by the applicant 
and not merely his previous education and career. 
Further particulars and application forms are obtainable 
from the secretary, Mond Nickel Fellowships Com- 
mittee, 4, Grosvenor-gardens, London, 8.W.1. It may 
be noted, in conclusion, that the Committee have 
recently made an additional award for 1949, the 
recipient being Mr. E. Brunskill, of Mufulira Copper 
Mines, Limited, who will study metallurgical practice 
in the mining, smelting and refining of non-ferrous 
metals in Africa, with special reference to copper and 
related metals. 





REVISION OF REGIONS OF BRITISH RamLways.—The 
Railway Executive are making certain adjustments to 
the boundaries of the six regions which comprise British 
Railways. To simplify supervision and to reduce admin- 





* Rapport de la Commission Economique du Comité 
Belge dela Turbine &@ Gaz. No. I. L’Application de la 
Turbine & Gaz a la Production d’Energie Electrique. 1949. 
Offices of the Committee, 33, Avenue Jeanne, Brussels, 
Belgium. 








istrative costs, the lines or stations which were formerly 
owned jointly by two or more of railway companies 
will now be placed under the administration of a single 
region. The adjustments will come into operation on 
April 2, 1950. 
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THE USE OF BOILER FUEL IN 
THE DIESEL ENGINE OF M.S. 
** AURICULA.”’ 


On Tuesday of this week the Auricula, a single- 
screw tanker of the Anglo-Saxon Petroleum Company’s 
fleet, berthed at Shellhaven in the Thames Estuary, 
having completed about 28,000 nautical miles since 
last September, during which time her Diesel —_ 
has been run wholly on high-viscosity boiler fuel. 
Before she left, the same day, for a voyage to South 
America, we went on board with a small party, at the 
invitation of Mr. John Lamb, manager of the Marine 
Research and Development Department of the Anglo- 
Saxon Petroleum Company, Limited, to meet the 
master and the chief engineer, and to learn from them 
of the complete absence of trouble in running a vessel 
on this type of fuel. As recorded on page 263 of our 
168th volume (1949), the Auricula completed three 
years’ service on August 17, 1949, burning during this 
period a normal grade of boiler fuel having 1 viscosity 
of between 1,200 and 1,500 seconds Redwood 1 at 
100 deg. F., but since September she has been — 
on Grade C boiler fuel (Shell standard marine fu 
F 520), which has an average viscosity of between about 
3,000 and 3,100 seconds. 

So far as the performance and handling characteris- 
tics of the engine are concerned, there has been no 
deterioration while using the heavier fuel. As with 
the fuel of 1,200 to 1,500 seconds viscosity, the charac- 
teristic Diesel knock is eliminated, due to the flattening 
of the peak of the combustion curve. The fuel consump- 
tion is about the same, namely, 0-301 Ib. per indicated 
horse-power per hour. Over a period of 100 days’ 
steaming, the average consumption for all purposes 
was 14-9 tons a day, made up of 12-99 tons for the 
main engine, and 1-91 tons for auxiliary purposes. 
Other average figures were: speed, 11-75 knots; 
mean indicated pressure, 125 lb. per sq. in.; and 
indicated horse-power, 4,037-5. The engine—of the 
Hawthorn-Werkspoor four-stroke type—is rated at 
4,000 indicated horse-power, but it was run at the 
slightly higher figure so as to assure observers that 
the engine was not “‘ nursed.” An appreciable number 
of hours running were at very slow speeds, but the 
engine was responsive and handled well. 

The fuel oil is heated to 180 deg. F., and passed 
through a purifier and clarifier, which are run for 
about 12 hours a day to supply the engine with suffi- 
cient clean fuel. The purifier removes about 2 Ib. of 
solid matter from 12 tons of fuel, and the clarifier 
about 1 Ib. of solid matter. The fuel of the higher 
viscosity is supplied to the injector valves, through 
lagged pipes, at a temperature of 190 deg. F. The 
injector nozzles now being used each have eight 
0-75-mm. holes, whereas with oil of 1,200 to 1,500 
seconds viscosity they had eight 0-85 mm. holes. 
Nevertheless, there is no lower limit of viscosity— 
the engine will run on any boiler fuel that is available. 
The injection valves are normally removed every 
1,000 hours for cleaning ; it has been the practice to 
clean and polish (not reseat) the exhaust valves every 
3,000 hours, but one exhaust valve in the engine has 
already run for 5,000 hours, and is considered good for 
another 5,000 hours without attention. The average 
piston and liner wear per 1,000 hours is 0-1 mm. for 
the liner and 0-3 mm. for the piston. 

The Auricula has now been running for 3} years 
on boiler fuel, and the saving in fuel costs during that 
period is estimated at 21,000/. From the operati 
point of view, it is also advantageous to be able to 
accept any available boiler fuel since fluctuations in 
su ws and demand throughout the world often cause 
difficulties in obtaining Diesel oil when and where it is 
wanted. It is not necessary to modify the engine for 
burning boiler fuel, except, perhaps, that the injector 
nozzles may need changing. The essential equipment 
comprises a purifier, a clarifier and steam-heating 
apparatus. In the case of the Anglo-Saxon Company’s 
tankers, the conversion takes about three weeks, and is 
being carried out on their vessels whenever they are 
available for that length of time. Mr. Lamb is con- 
ducting further experiments with boiler fuel of even 
higher viscosities, using a single-cylinder Werkspoor 
unit. The results will be of academic rather than 
immediate practical interest, since fuels of this type 
are not marketed for marine use. 





Watts PRIZE FOR MERCHANT-SHIP CREWS’ ACCOMMO- 
DATION.—The Council of the Institution of Naval 
Architects, 10, Upper Belgrave-street, London, S.W.1, 
have made two awards from the Watts Prize Fund for 
suggestions for the improvement of the accommodation 
for merchant-ship crews. The first, of 35l., has been 
made to Captain H. S. Hewson, Assoc.I.N.A., for his 
paper, “Modern Accommodation for Self-Trimming 
Colliers.” The second award, of 5l., goes to Mr. F. 
Bandey, A.M.I.N.A., for his paper, “ Proposals for the 
Reconditioning of Crew Accommodation on a 10,000-ton 
Cargo Ship.” 





LABOUR NOTES. 


Wace claims in one form or another continue to 
overshadow other problems facing British industry. 
During January, 1950, some 438,000 workpeople in 
the United Kingdom received increases in their full- 
time weekly wages and these resulted in an addition 
of about 106,000/. net a week to the nation’s wage bill. 
This compared with an te net weekly increase 
of only 68,000/. in January, 1949, but the number of 
persons participating in the total increase during that 
month, namely, 450,000, was approximately the same. 
The Ministry of Labour and National Service reports 
that the workpeople principally affected by the in- 
creases granted during January, 1950, were those 
engaged in the retail drapery, outfitting and footwear 
trades, in the retail furnishing trades, and in general 
printing. Of the total increase of 106,000/., about 
97,000/. was the result of Orders made under the Wages 
Councils Acts, and about 4,000/. resulted from arrange- 
ments made by joint industrial councils or other joint 
standing bodies operating by voluntary agreement. 
No changes in hours of employment were reported to 
the Ministry as taking effect during the month. 





The wage claim of the National Union of Railwaymen 
for a ‘substantial increase’ for the lowest-paid 
grades of railway employees was rejected by the 
Railway Executive on February 27. Although no 
specific sums had been mentioned in the claim, it is 
understood that the N.U.R. aimed at increasing the 
minimum basic wage rates for adult employees in 
these grades from the present level of 41. 12s. 6d. a 
week to 51. As it is estimated that nearly 150,000 

rsons would be affected, such a concession would add 

tween 50,0001. and 60,0001. a week to the Executive's 
wage bill. In view of the Government’s wage-restraint 
policy and the decision of the recent railway Board of 
Conciliation i former railway-wage demands, 
the Railway Clerks’ Association and the Associated 
Society of Locomotive Engineers and Firemen refused 
an invitation of the N.U.R. to associate themselves 
with the Union’s current demand. The N.U.R. 
executive met on February 28 and referred the whole 
matter to the Union’s negotiating committee for 
consideration and recommendation. 





At an earlier stage in the negotiations on the claims 
of the N.U.R., the Executive offered increases of from 
6d. to 3s. a week in respect of the lowest-paid railway 
employees, but that offer was rejected by the Union, 
and there is no sign of its having been renewed. Details 
of the reply made by the Executive to the N.U.R. on 
February 27 have not been disclosed. London Trans- 

rt Executive representatives are expected to meet 
officials of the N.U.R. on March 24, when the answer 
of that Executive to a similar claim will be made 
known. Parallel claims ‘presented by the Union to 
the Hotels Executive and the Docks and Inland 
Waterways Executive were rejected in January with- 
out, it is reported, any meeting taking place between 
representatives of those Executives with Union 
officials. 





An extra 10s. a week is to be paid to some London 
firemen as the result of an agreement reached at a 
meeting of the fire services national joint council in 
London on February 27. The Civil Service Union met 


ting | in London on the same day and decided to press the 


claims of the 12,000 Government messengers and paper 
keepers for wage increases. be claims are also in 
being or are pending on behalf of engineers, ship- 
builders, miners, teachers and branches of the Civil 
Service other than messenger grades. In these circum- 
stances, it is not altogether surprising that demands 
are increasing that the Trades Union Congress should 
withdraw their support of the Government’s wage- 
stabilisation policy. It was announced on February 27 
that resolutions demanding an end of wage restraint 
would be moved at the Scottish Trades Union Co: 

when it meets in April. The Scottish area of the 
National Union of Mineworkers are of the opinion 
that the present policy is “ contrary to the traditional 
beliefs of the working-class movement.” The T.U.C. 
General Council is expected to investigate all aspects 
of the problem at their meeting on March 22. 





Wages appear in some instances to be catching up 
with the cost of living, but only to a limited extent. 
No changes took place in the figures of the retail- 
prices index during the last recorded four-weekly 
period, to mid-January, 1950. At that date, the 
figures stood at 113 for all items and 120 for food only. 
They have remained at those levels since mid-Decem- 
ber, 1949. The figure for the rates-of-wages index for 
wages paid in the United Kingdom, in respect of all 
employees, rose by one point during January, 1950, to 


yees 
110 at the end of that month. The figures for women 
and juveniles also increased, by one point, to the 





highest levels yet reached, namely, 113 in each case, 
For men, however, the figure remained at 109 for the 
fourth month in succession. Both indexes were com. 
menced in June, 1947, the level on that date being 
taken as 100 in all instances. 





With respect to industrial disputes, January last 
was a comparatively quiet month. In all, 130 stop. 
pages were then in progress and in them 22,600 persons 
were involved and 66,000 working days lost to industry, 
against the 89 stoppages in progress during December, 
1949, in which 14,800 persons took part, with a loss 
of 68,000 working days. The comparative figures for 
January, 1949, were 121 disputes, with 55,300 work. 
people involved and 114,000 days lost. Of the 130 
stoppages during January, 1950, 81 occurred in the 
coal-mining industry, eiglit in the transport and com. 
munications services, four in the engineering industry, 
three in metal-manufacturing trades, while the remain. 
ing 34 strikes were distributed over all the remaining 
services, industries and trades. 





Most of the strikes in being during January, 1950, 
were of short duration only. Of the total of 130 dis. 
putes, no fewer than 117 ended during the month, and 
these included 48, directly involving 3,300 employees, 
which lasted for not more than one day; 28, directly 
involving 4,100 employees, which lasted for two days ; 
18, directly involving 1,300 workpeople, which lasted 
for three days; 14, directly involving 5,900 persons, 
which lasted for between four and six days; and nine, 
in which 1,600 persons were concerned, which lasted 
for over six days. 





Of the total 130 disputes, five were in pro when 
the month started and 125 commenced during the 
month. Eight strikes, involving 1,100 persons, arose 
out of claims for increased wages, and 39 on other wage 
questions. In the latter, 5,100 employees were directly 
concerned. Questions of trade-union principle caused 
three strikes, in which those immediately concerned 
numbered 100, and, in six stoppages, 2,200 workpeople 
went on strike in support of persons involved in other 
disputes. Stoppages to the number of 15, directly 
involving 4,700 employees, arose on questions respecting 
the employment of particular persons or classes of work- 
people, and 54 stoppages, directly involving 4,500 
employees, commenced owing to other difficulties 
respecting working arrangements. 





The 6,000 employees in the railway workshops at 
Doncaster and Bawtry have continued their refusal to 
accept piecework, as a protest against the introduction 
of new scales of payment, which came into force on 
February 5. The dispute was considered at some 
length by the Railway Shopmen’s National Joint 
Council at their meeting in London on February 2, 
but no decision was reached. It may be recalled that 
the difficulties have arisen owing to differing inter- 
pretations of clauses in the agreement on piecework 
rates concluded in May, 1948. 





The burdens which heavy taxation throws on em- 
ployers and workpeople engaged in all branches of 
industry, were well illustrated by Mr. A. Andrews, 
chairman of the Mentmore Manufacturing Company, 
Limited, at the annual meeting of the company on 
February 27. After proposing the transfer of 50,0001. 
to reserves and the payment of a final dividend on the 
com ’s ordinary stock, he stated that the business 
would this year have to pay 66,7001. in income tax and 
24,4001. in profits tax, a total of 91,1007. Purchase 
tax was collected by the company from their customers 
for the Inland Revenue, and income tax under P.A.Y.E. 
from their workpeople, and, under these headings, 
176,100. had been paid over. In other words, Mr. 
Andrews stated, their company and its employees had 
been the means of collecting the impressive total of 
267,200/. in taxation for Government use. By com- 
parison, the dividend referred to absorbed 12,144I. 





When the amounts collected in tax were considered 
against the dividends, Mr. Andrews stated, and against 
the sums which were being retained in the business, it 
made a sorry picture and gave but little encouragement 
to those who had to bear the responsibility of running 
a business the size of theirs. Even the figures quoted 
did not tell the full story of taxation, as there were 
possibly among their shareholders some who had to pay 
additional taxation, in the form of surtax. Although 
some might say that those who made large profits 
should pay large taxes, it had to be remembered that 
companies like their own had to take the risk of invest- 
ing in large stocks of raw materials which might, if the 
management of the business was not very careful, 
result in losses because of changing markets and 
conditions. In addition, stocks o had to be 
held in overseas markets, with the risk of their becoming 
liabilities instead of assets. 
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REPAIRING LOCOMOTIVE PLATE FRAMES BY WELDING. 





Fie. 16. Stne_e-Horn 








Fig. 18. FuLty-Macutnep anp Firrep Fuit-Horn INSERT. 


GRINDING THE FLOOR OF A 
CONCRETE TUNNEL. 


Tue Gorge hydro-electric plant of Seattle City elec- 
tricity department, Seattle, Washington, is supplied by 
a two-mile concrete tunnel which has been in use 
since 1924, As a result of wear, the gate became 
uncovered, and, since theinstallation of a new 60,000-kW 
alternator required a two-thirds increase of flow, the 
tunnel was drained for servicing. It was decided to grind 
down the aggregate, which in some places formed 
1-in. projections, rather than to place a mortar coating 
lin. to 2 in. thick, which would have reduced the water- 
carrying capacity of the tunnel. An account of the 
work is given in the February 2 issue of Engineering 
News-Record. The work was carried out by the Guy F. 
Atkinson Company. The four grinding machines were 
designed by the staff of the Seattle City electricity de- 
pariment. Three of them each carried eight 12-in. 
diameter resinoid-bonded _ silicon-carbide indi 
wheels, each 3-in. wide, on one arbor driven by a 40-h.p. 
motor, giving a 24-in. grinding face. A fourth machine 
had a grinding face of 28 in. composed of seven 20-in. 
diameter resinoid-bonded silicon-carbide wheels, each 
4 in. wide, on one arbor driven by a 75-h.p. motor. 
The grinding surface s was about 6,500 ft. per 
minute, and the wheels had a life of 18 to 30 hours. 
= ~ oy 4 — of 200 to 300 ft. of the tunnel, 

. width, w: 
completed in 45 dave as ground, and the work was 





PRICES OF IRON AND STEEL, 1914 To 1950.—We have 
received from the Britannia Foundry, Middlesbrough, a 
copy of a chart giving the prices, from 1914 to 1950, of 
bar iron, iron castings, iron ship rivets, steel plates for 
ships, steel angles, and pig iren. The price per ton of 
bar iron has increased from 15l. during the period 1941 
to 1944 to 261. in 1949; the other commodities show 
similar trends. 





ENGINEERING EQUIPMENT USERS ASSOCIATION.—Five 
companies engaged in the process industry. namely, Anglo- 
Iranian Oil Company, Limited; Courtaulds Limited ; 
Imperial Chemical] Industries, Limited; Lever Brothers 
and Unilever Limited ; and Shell Petroleum Company, 
Limited, have collaborated to form the Engineering 
Equipment Users Association. This organisation will 
provide its members with a meaus of exchanging informa- 
tion on the standardisation of engineering materials and 
equipment which they use in common. The new Asso- 


ding ciation will work through the British Standards Institu- 


tion on matters of general standardisation and will assist 
that Institution by presenting, as far as possible, the 
co-ordinated views of its members’ representatives who 
serve on B.S.1. technical and other committees.. When 
experience has been gained, it is hoped that arrange- 
ments can be made for other interested user firms to 
take part in consultations of this kind. Brigadier 
L. F. J. Dawes has been appointed secretary of the new 
Association, with offices at 20, Grosvenor-gardens, 
London, 8.W.1. 


Fie. 17. 








INVERTED-V INSERT. 


REPAIR OF LOCOMOTIVE PLATE 
FRAMES BY METALLIC ARC 
WELDING.,* 


(Concluded from page 179.) 


Srvce new frames have a definite crack-free life, it 
was considered that when inserts are welded into 
a frame and so arranged that all the defective material 
is removed, and the welds are located in positions where 
cracking does not normally occur, an equal length 
of time may be anticipated before cracking recurs. 
This principle governed the decisions made relating to 
suitable forms of insert to be fitted under specific 
repair conditions. Other factors were also taken into 
account. Throughout the investigation it was obvious 
that vertical welds or welds slightly inclined to the 
vertieal -were-easier to make than horizontal and steeply- 
inclined welds, and also that the corners where hori- 
zontal and vertical welds met were probable sources of 
trouble due to cracking. Straight-sided inserts 
had the advantages of allowing preparation by machin- 
ing, were the easiest type of insert to fit, and allowed 
accurate gap allowances to be made. The following 
examples indicate the type of repair originally effected 
and the type of repair standardised as a result of the 
investigation. It should be appreciated that actual 
sizes cannot be given and that each case requires a 
special decision, but the examples indicate, along general 
lines, the type of repair adopted. 

The repairs described in examples (1) and (2) were 
regarded as the ideal and were always adopted when 
practicable. The repair described in example (3) was 
regarded as a first compromise with ideal conditions 
and was only to be adopted when an excessive amount 
of stripping would be involved to carry out a repair 
such as example (1). The repairs shown in examples 
(4) and (5) were considered to be definitely inferior 
to the previous types of repair and were only carried 
out during “service” or “‘ casual” repairs to a loco- 
motive. When a locomotive repaired in this way is 
brought into the shops for a general repair, the oppor- 
tunity is taken to carry out a repair such as is shown 
in examples (1), (2) or (3). 

Example (1), Fig. 9 (pege 252). Fracture in the horn- 
gap corner ; horn-block bolt holes require filling ; boiler 
out of frame. The original typ of repair was (a) fill 
up the holes and weld fracture if the first time of 
fracturing ; or (6) fit an insert as indicated by the 
full lines and weld the portion of the fracture above 
the insert. In the present type of repair an insert is 
fitted as indicated by chain-dotted lines. 

Example (2), Fig. 20. Fracture in corner of horn 
gap ; horn-block holes require filling ; fracture at horn 
stay recess ; boiler out of frame. The original type of 
repair was (a) fill up holes and weld fractures if the 
first time of fracturing; or (5) fit an extended leg 
insert as shown in Fig. 19 on one side, and fill holes and 
weld fracture on the other side ; or (c) fit double-horn 
insert as indicated by full lines in Fig. 20, and weld 
the portion of the fracture above the insert. In the 
present type of repair, a large insert is fitted as indi- 
cated by the chain-dotted lines in Fig. 20. Fig. 16, on 
this page, shows an insert of this type set up for welding. 

Example (3), Fig. 21. Fractures in horn-gap corner 


* Report received from the Railway Executive, 
London Midland Region, chief mechanical engineer’s 
department, Nelson-street, Derby. 
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REPAIRING LOCOMOTIVE PLATE FRAMES 


Fig. 20. 


BY WELDING. 
Fig. 21. 











feen.r) 


and in horn-stay recess; boiler in frame and frame 
stretchers in position ; welds accessible from both 
sides. The original type of repair was (a) weld frac- 
tures, if the first time of fracturing; or (b) fit an 
extended leg insert as indicated by the full lines in 
Fig. 21, and weld the portion of the fracture above | 
the insert. In the present type of repair an inverted-V | 
insert is fitted as indicated by the chain-dotted lines | 
(Fig. 21). Fig. 17, on page 251, shows an inverted-V | 
insert. This type of insert was also used to replace the 
serrated leg type of insert shown in Fig. 22. The ser- | 
rated leg type of insert was originally considered to give 
a good distribution of internal stress, but the behaviour 
m service does not indicate any marked advantage. 
This type of insert was, therefore, discarded since it 
was extremely difficult to prepare and fit, and the 
continual change in the direction of welding made it 
equally difficult to weld satisfactorily. 

Example (4), Fig. 23. Fracture in horn-gap corner 
only ; boiler in frame but the welds accessible from 
both sides. In the original type of repair, the fracture 
was welded, whether there had been a previous fracture 
or not. ‘ In the present type of repair, the fracture is 
welded if the first time of fracturing, but if previously 
welded a small diamond insert is fitted, as indicated 
by the chain-dotted lines (Fig. 23). 

The advantage offered by the standardised types of 
repair are fourfold. In the first place, all the defective 
plate is cut out, not only in the immediate vicinity of 
the fracture, but also in all the places where subsequent 
fractures are likely to occur. This is important since 
where a fracture only is welded, the plate is likely to 
crack again, not only adjacent to the weld, but also 
in one or more of the typical positions indicated in Fig. 1, 
on page 177, ante. Furthermore, with these types of 





insert the welds are located in positions where cracking 
does not normally occur. Secondly, the inserts are | 
easy to prepare and fit. Inserts of the types mentioned | 
are stocked ready prepared. Frames are marked off | 
to take the inserts by the use of templates and are 
prepared by chipping, oxy-cutting, or a combination 
of chipping and oxy-cutting. The slightly sloping 
sides of the inserts allow accurate gap setting by simply 
raising or lowering the insert when in position. All| 
these factors tend to reduce the time for preparing and 
fitting an insert for welding. Thirdly, the welds are, 
in the main, of the easiest types to weld. Finally, 
the frames can be kept to the correct length relatively 
easily by one or other of the methods described in the 
section of the report dealing with the tramelling of 
frames during welding. The question of fitting inserts 
which were to correct size and with all holes drilled, 
has also been investigated, but sufficient experience has 
not been obtained to justify the adoption of such 
practices. 

Earlier in this report, gap allowances were quoted for 
each type of weld, i.e., vertical, horizontal and sloping. 
The shape of the insert affects the amount of gap to be 
left on each weld as set up for welding so that the 
recommended gaps can be obtained during welding. 
For example, referring to Fig. 24, which shows an 
insert with one vertical and one slightly sloping weld, 
if a gap of 4 in. was allowed on both welds A B and C D 
before commencing to weld, then after making weld 
A B there would be an excessive gap for weld C D, due 
to contraction across weld A B and the opening of the 
weld C D to compensate for contraction. It was there- 
fore recommended that in all cases the insert should be 
pre to give a gap of } in. minimum on one weld 
and no gap on the other weld. 











Fig.23. 




















After a frame has been levelled and “ datumed,” but 
before any preparation is made for carrying out a 
welding repair, a standard trammel length is marked 
across the horn gap as indicated by A B in Fig. 25. 
When a full section of frame is to be inserted, such as 
those described in Examples (1) and (2), a trammel 
length such as C D is also marked on the frame. Then 
welding procedures are adopted to keep the frame to 
its correct length as shown by the trammel tried across 
AB and CD. The following example indicates the 








methods adopted to overcome the normal contraction 
across typical welds. 

Example (5), Fig. 26. Full-section half-horn insert ; | 
frame as set up with insert in position; trammel | 
correct across AB and CD; standard gap on weld | 
LM; no gap on weld ON. Weld LM; outside | 
welder working from L to M, inside welder working | 
from P to M and then from L to P. Allow weld L M| 
to cool so that no further contraction takes place 
across the weld. Open joint O N by one of the follow- 
ing methods: (a) drift or wedge driven into the joint 
at Q; (b) jack between convenient frame stretchers ; 
(c) stretcher across the horn gap. The joint is opened 
7s in. to % in. as indicated by the trammel reading 
across CD. Put in a short weld 4 in. to 6 in. long at 
RN. Place a heavy weight above the weld O N and 
remove all the stands except those under the ends of 
the frame. This should open the weld, as shown by 
trammel across A B, by about } in. to 4 in. The 
latter figure depends upon various factors such as 
length of weld O N, and the speed at which the welders 
work, and can only be decided as a result of con- 
siderable experience. Complete the weld OR, the 
outside man working from O to R, and the inside man 
working from Q to R and then from O to Q. 

The above procedure is applicable to all cases where 
a full-section insert is used. When an insert similar to 
that shown in Fig. 20 is fitted, and the horn gap is to 
be made after welding, the trammel reading across 
A B should be set at least # in. before commencing weld 








O R, since the removal of the horn-gap material will 
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release a certain amount of residual stress and cause 
the frame to shorten. 

Attention was given to the choice of the most suitable 
types of electrode, both alternating- and direct-current 
welding being used. Since all the welding was carried 
out in a vertical plane and the two-operator technique 
adopted resulted in localisation of the welding heat, 
relatively low currents were used. The use of high 
currents as a means of obtaining root fusion was unsatis- 
factory as the metal in the weld puddle became too 
fluid. The recommended current for the 6-s.w.g. 
electrodes used was 150 to 160 amperes with an arc 
voltage of 26 to 30. 

All welds are dressed flush with the plate after weld- 
ing. This may be done by grinding, or chipping and 
grinding, the latter method being preferred as the 
more economical and efficient method. When grind- 
ing alone is used, there is a tendency to grind into the 
plate at the edges of the welds. Final grinding is always 
arranged to leave the grinding marks running longi- 
tudinally relative to the plate. Great care is taken to 
leave a flush finish at the edges of the plate or the weld. 
On no account is any undercutting tolerated on the 
edge of a plate. The corners of all inserts are rounded 
to a radius of }; in. as is the practice on all new frame 
plates. 

Four years’ experience has proved the truth of the 
premises made when developing the above-mentioned 
types of frame repair, and the volume of repair work 
has in consequence been reduced. Further develop- 
ments have been made, however, in the type of insert 
to be fitted in the light of increased experience in the 
handling and control of contraction across full frame 
depth welds. Fully-machined and fitted full-horn 
inserts of the type shown in Fig. 18 have been fitted 
experimentally and, having proved to be satisfactory, 
are in course of being established as standard repairs. 

The procedure adopted for the fitting of such inserts 
is as follows. The frame is levelled from front to back 
and transversely with all stands taking equal weight. 
In this position the frame is “‘datumed” and the 
height above rail level noted. The insert position 1s 
marked off from a standard template and lines are 
struck on the plate 2 in. beyond the insert position. 
Trammel marks are made near the top and bottom of 
the frame beyond the insert position. The section of 
the frame to be replaced is removed by oxy-cutting and 
the plate ends are prepared to a form gauge. The 
gauge is made to register on the end of the plate and 
also on the line previously marked on the frame 2 in. 
from the insert position. A standard insert is pre- 
pared, fully machined and with horn-blocks fitted. 
The insert is made to the same overall size as the piece 
removed from the frame. The insert is assembled in 
the frame with no gap at either weld joint. The 
height above rail level is checked and short trammel 
marks, for the convenience of the welders, are made 
across both the front and back weld joints. The frame 
is then forced open at the front weld joint to give & 
gap of } in., + any allowance required to lengthen or 
shorten the frame as indicated by the orginal “ datum- 
ing” of the frame. 

The front weld is completed and allowed to cool to 
shop temperature. The welding technique is similar 
to that originally developed for welded inserts. W hen 
the weld has cooled a gap of approximately jf, in. 8 
apparent on the rear weld. e rear weld is con- 
trolled by the overall trammel. The frame is forced 
open to give } in. lengthening on this trammel length, 
which results in a gap opening of approximately js 
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MOTOR TENDER FOR AIRCRAFT 


FIRES. 











on the rear weld. The rear weld is made and allowed 
to contract freely. 

The welds are chipped and ground to give a flush 
finish on the surface and edges of the plate, with a 
minimum radius of 4 in. on the edges. The gap 
allowances are affected by weld length, the welding 
technique and speed of welding and arc only true for the 
already well established practice. 





FIRE TENDER FOR THE BRISTOL 
AEROPLANE COMPANY. 


THE fire services of the Bristol Aeroplane Company, 
Limited, Filton, Bristol, have recently been streng- | 
thened by the addition of a new “ crash ’’ tender, shown | 
in the accompanying illustration, the design of which | 
is believed to be in advance of other units used for | 
similar purposes. It has been supplied, to a specifica- 
tion laid down by the company’s chief fire officer, by 
the Walter Kidde Company, Limited, Lux Works, 
Belvue-road, Northolt, Middlesex, and incorporates a 
power-driven pump manufactured by the Sun Engi- 
neering Company, Limited, Kingston, Surrey. The 
crash tender has been designed to operate in conjunction 
with a water tender of 725-gallons capacity, already 
in service with the Bristol fire division. Thus it has 
been possible to incorporate a rather smaller water 
tank in the crash tender, which allows the installation 
of carbon-dioxide equipment of a greater capacity 
than would otherwise have been possible. The tender 
is so designed that the full output of carbon dioxide 
and foam can be brought into action immediately on 
arrival at the scene of a fire. 

Aft of the driver’s c>h, which has accommodation for | 
two of the crew, including the driver, there is additional 
space for three members of the crew. Carbon dioxide 
cylinders, a water tank, a foam-compound tank, the 
pump, and hose lines for the carbon-dioxide cylinders 
and for the foam pump are carried in the body of the 
vehicle. In addition, the compartments shown open 
in the illustration contain loose equipment, such as 


water hose, spare foam hose, portable carbon-dioxide | 


cylinders, foam cylinders and a carbon tetrachloride 
extinguisher, a grapnel and cable for handling crashed 
aircraft, oxygen apparatus and first-aid equipment, 
crash axes and croppers. The horns of the portable 
carbon-dioxide cylinders can be disconnected by 
a bayonet coupling and replaced by telescopic “‘ appli- 
cators ’’ designed for inserting in the crash-access 
panels of aircraft engines, so that extinguishing gas 
may be applied to the heart of an engine fire. When 
the compartment doors are closed, the exterior of the 
tender is quite smooth; particular care has been 
taken that there shall be no opportunity for protruding 
equipment to be caught on obstacles. Headlamps 
and firebells are recessed into a false front, and the 
telescopic ladder is recessed into the roof, and held there 
by a lever. The ladder is mounted on rollers and is 
quickly removed from the vehicle on releasing the 
retaining lever. 

Fully loaded, the tender has a weight of over 10 tons. 
As it may be required to traverse rough, sandy or boggy 
country to reach a crashed aircraft, a sturdy chassis 
was required and the ‘“‘ Nubian,” constructed by 
Messrs. Thornycroft, Limited, Thornycroft House, 
Smith-square, London, S.W.1, was selected. The 
‘Nubian ” was designed and was widely used during 
the second World War for cross-country transport. 
It has a four-wheel drive and a relatively short wheel- 
base of 12 ft., with a ground clearance, when loaded, of 
not less than 12in. The particular version used for the 








| engine (the standard Nubian chassis has an oil engine), 
with a bore of 43 in. and a stroke of 5} in., giving a 
cubic capacity of 5-173 litres. It develops 85 brake 
horse-power at the maximum governed speed of 
2,500 r.p.m. The drive from the main gearbox is 
taken to a two-speed transfer gearbox, mounted high 
in the centre of the chassis, from which the drive is 
distributed, through open tubular propeller shafts, to 
the front and rear axles, the forward propeller shaft 
| passing beneath the engine. With the transfer gearbox 
| in low gear, the drive is transmitted to all four wheels, 
| but in high gear the drive to the front wheels is dis- 
| connected. With lowest gear engaged both in the main 
| gearbox and the transfer gearbox, a speed of 24 m.p.h. 
is obtained at 1,700 r.p.m., for use over very severe 
country. The wheel hubs incorporate an epicyclic 
reduction gear ; the drive from the front axle shaft to 
the hub epicyclic gearing is through double universal 
joints which provide a constant speed of rotation at 
all angles of steering lock. 

The carbon-dioxide equipment, which is the primary 
agent for extinguishing an aircraft fire, is supplied by 
the Walter Kidde Company, and consists of three groups 
of six 50-lb. carbon-dioxide cylinders, enclosed in the 
body immediately behind the crew cab; there are 
access doors for servicing on each side of the vehicle. 
The cylinders discharge into a common central manifold, 
which is connected to two 100-ft. lines of hose. The 
hose nozzles are located on either side of the crew 
cab, so that they are immediately available for running 
out on arrival at the fire. The nozzles incorporate a 
new four-jet arrangement, giving a rate of discharge of 
300 Ib. of gas per minute from each nozzle. The release 
levers of the six cylinders in each group are inter- 
connected and are operated through a cable control 
by one of three levers on the control panel at the rear 
of the vehicle. Local control levers are provided on 
the hose nozzles to avoid waste of gas. 

A 100-gallon foam compound tank, enough to 
produce 10,000 gallons of foam, and a 300-gallon water 
tank, are carried to the rear of the carbon-dioxide 
equipment. During operation of the equipment, the 
water tank can be recharged by the auxiliary water 
tender. Access to the ‘‘ Sun” foam pump, at the aft 
end of the vehicle, is through the rear side door. 
It can be used for delivering either water or foam, 
and is believed to be the first pump capable of this 
double duty. The pump has two delivery outlets, 
one for water and one for foam, each with two branches, 
one to each side of the vehicle. Normally, the shut-off 
valves for the water outlets are kept closed and the 
foam-delivery valves are kept open so that the foam 
system can be put into use immediately. Foam is 
delivered through two lines of 4}-in. hose, which are 
stowed coiled on either side of the floor in the pump 
compartment. The pump takes its drive from the 
propeller shaft of the vehicle. On arriving at a crash, 
the driver disengages the road drive and engages the 
pump gearbox by means of a lever in the cab. The 
foam system is set in operation by a single lever ; 
this opens the foam-compound inlet valve on the pump 
to a pre-determined setting, at the same time admitting 
air and opening the water-inlet valve on the pump to 
an amount controlled by the degree of movement of 
the lever, which also controls the engine revolutions 
and, hence, the pump speed. Water, foam compound, 
and air are thoroughly mixed by the pump ; the foam 
solution is then forced under pressure through a series 
of gauzes into an expansion chamber and thence 
through the delivery outlets, into the two hose lines. 
The “‘Sun” foam pump provides an unusually high 








crash tender is equipped with a four-cylinder petro} 








“expansion ratio” of foam to water; recent tests by 
the Air Ministry at Farnborough showed that one gallon 


of water would produce 17 gallons of foam. Since these 
tests, the fire services of the Bristol Aeroplane Company . 
have altered the setting of the foam-compound inlet 
valve on the pump, and the expansion ratio is now 
estimated to be about 20 to 1. Each foam hose has 
a length of 60 ft. and a throw of 80 ft., so that it is 
possible to cover a wide area with a blanket of foam 
under which it is impossible for fire to break out afresh. 
During the official tests, a rate of foam output of 2,222 
gallons per minute was obtained at a pump speed of 
1,800 r.p.m. 

The crash tender may be called upon to deal with 
fires in hangars and buildings, as well as in crashed air- 
craft. It is for this purpose that the pump is used for 
delivering water. When it is to be used as a water 
pump, the two foam outlet shut-off valves, one of which 
can be seen in the illustration, are closed; the water 
hoses, carried in one of the recessed compartments, 
are connected to the water outlets, and the water deli- 
very valves, on the rear control panel, are opened. 
Operation of the water-pump control lever then 
controls the speed of the pump. As a water pump, 
an output of 250 gallons per minute at a pressure of 
100 lb. per square inch is possible. 

Apart from the pump-drive control and the foam 
shut-off valves and hose connections already men- 
tioned, all the controls are grouped on a control panel 
at-the rear of the vehicle. In addition to the three 
carbon-dioxide control levers, the foam-pump and 
water-pump control levers, and the water-delivery 
valves, already noted, the control panel houses the 
foam-compound regulator, which alters the foam-com- 
pound valve setting on the pump, the pump revolution 
indicator, pressure and vacuum gauges for the pump, 
and a water-tank contents gauge. There are two hose 
connections for the auxiliary water tender: one of 
these, normally used, connects the water tender direct 
to the water tank in the crash tender; the other 
connection is for emergency use, in the event of the 
auxiliary tender’s pump breaking down, and uses the 
“Sun” pump as a suction pump for refilling the water 
tank. There is another suction-hose connection which 
is used for refilling from a static water tank or a hydrant, 
through a hose which is normally stowed on a shelf 
below the roof at the back of the vehicle. The proce- 
dure on reaching a fire is for the crew captain, who sits 
beside the driver, and another crew member, to run 
out the carbon-dioxide hoses, while the driver, after 
engaging the pump drive, takes over the control panel, 
immediately setting in operation the carbon-dioxide 
and foam systems. The other two crew members run 
out the foam hoses, and all equipment is put into 
action as soon as possible. 





FLUORESCENT LIGHTING ON NEW LONDON TRANSPORT 
Cars.—Each of the 225 railway cars which are being built 
for London Transport, and of which a description appeared 
on page 671 of our 168th volume (1949), are being 
equipped with 24 2-ft. 20-watt fluorescent lamps. These 
lamps, which are being supplied by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, will be operated in parallel from a 110-volt 850- 
cycle motor-generator, the capacity of which is sufficient 
to supply the lamps in three cars. Power-factor correc- 
tion will be effected centrally, so that the individual 
lamp circuits will only contain a series choke, starting 
capacitor and starting resistance. These components are 
attached to the back of the lamp fitting and are normally 
concealed between the ceiling and roof of the car. The 
relatively high frequency employed enables a resonant 
starting circuit to be used. 





Ducts IN CONCRETE.—The use of specially-made 
rubber tubes for producing smooth ducts or channels up 
to 3 in. in diameter in concrete was recently demon- 
strated by Messrs. Wiggins-Sankey, Limited, Lysia- 
street, Fulham, London, S.W.6. The tube is first 
inflated with air to about 50 to 70 Ib. per square inch. 
It is placed in position and tied where necessary to 
follow any loops or curves to be formed, and the concrete 
is then poured in the normal way. After the concrete 
has set, the tube is deflated, and so collapses and slides 
away from the walls of the duct from which it is then 
withdrawn. Tubes are supplied in lengths up to 60 ft. 
for producing ducts of 1 in., 1} in., 2 in. and 3 in. in 
diameter, but since they shorten by about 15 per cent. 
when inflated, a 60-ft. length is suitable for only a 
50-ft. run, longer runs being formed by laying two tubes 
in line. Kach tube has a diagonally-braided fabric- 
covered rubber core tightly surrounded by a thick outer 
tube ; one end is plugged and the other is fitted with a 
Schraeder valve. During manufacture the braided 
fabric is lapped over the core in the usual way by strand- 
ing helical turns in opposite directions, so that the com- 
pleted tube twists and untwists along its length as it is 
inflated and deflated. The twisting helps to free the 
tube from the duct. Vertical runs for grouting and 
similar purposes can also be produced, provided the 





tubes are supported while the concrete is being poured. 
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TOOL SUPPORTS FOR HORIZONTAL BROACHING MACHINES. 


THE LAPOINTE MACHINE TOOL COMPANY, 

















LIMITED, EDGWARE, MIDDLESEX. 








Fie. 1. 


TypicaL HorizontTaL Broacuine MACHINE. 

















Fie. 3. Toot SuPrporTs FOR 


TOOL SUPPORTS FOR HORIZONTAL 
BROACHING MACHINES. 


One of the governing factors affecting production 
from any class of machinery is, of course, fatigue of 
the operator and in recent years considerable trouble 
has been taken to reduce this toa minimum. Operator 
fatigue is sometimes appreciable on internal broach- 
ing machines as apart from small work of a mass- 
production nature, the tools generally are compara- 
tively large and heavy and, in extreme cases, may weigh 
up to 10cwt. The problem of handling tools in vertical 
broaching machines has been solved largely by the 
introduction of automatic handling mechanisms which 
grip and return the tool to the top of the slides after 
each working stroke. Such equipment, however, is 
not suitable for use with horizontal broaching machines. 
Lifting tackle has been used for handling exceptionally- 
heavy broaches, but this has tended to slow down 
production still further. The worst cases, however, 
are those where the broach is not sufficiently heavy to 
warrant the use of lifting tackle but is heavy 
= th to cause severe fatigue after some hours of 

To overcome this difficulty, the Lapointe Machine 
Tool Company, Limited, Edgware, Middlesex, have 
developed, from time to time, tool supports for use 
with their horizontal broaching machines, which 
eliminate the need for handling after each cutting 
stroke. In many cases, the supports were designed 
for use either on special-p machines or on 
standard machines adapted for a particular job. Most 





Broacuina ArrscREw Hoss. 


of them, however, are applicable to work other than 
that for which they were originally designed. 

Most modern horizontal broaching machines are 
provided with removable swarf- and coolant-collecting 
trays, a typical machine so fitted being illustrated in 
Fig. 1. The tray is bolted to the face plate, and on 
the majority of machines fitted with tool rests the 
trays were modified so that they could carry the 
support mechanism in addition to fulfilling their 
normal function. A good example of such a modifi- 
cation is furnished by a standard Lapointe 4-L machine 
used for broaching gun breeches, a process which 
involves the use of a tool somo 5 ft. long and weighing 
120 lb. The design of support used in this case incor- 
porates two carriages, each mounted on three ball- 
bearing wheels arranged to run on two sets of rails 
which extend the full length of the modified chip tray. 
The rails for the rear carriage are set above those for 
the front carriage, which is designed so that the rear 
carriage can pass over it; the two carriages and their 
associated rails can be seen in the photograph repro- 
duced in Fig. 2, on this page, which shows the broach 
supported by both carriages. The broach is held 
at its end by a release mechanism incorporated in the 
rear carriage and at a point approximately midway 
along its length by a support built into the front 
carriage. The latter support, however, is free to move 
vertically and is fitted at its base with a cam follower. 
This rests on a cam track arranged parallel with, but 
below, the main slides, or rails, so that as the front 

i towards the machine during the 
cutting stroke, the follower moves along the cam 


Fie. 2. 





Too. SuPPoRTs FOR BROACHING GUN BREECHES. 


track and lowers the support clear of the broach. 
The rear carriage, however, continues to move along 
its rails, passes over the front carriage and releases the 
broach at the end of its travel. 

On completion of the cutting stroke, the workpiece is 
removed and the broach “ inched” back through the 
work-holder until it makes contact with and is gripped 
by the release mechanism incorpora in the rear 
carriage. The tool is then returned under power and 
after it has moved a predetermined distance, a pawl 
fitted to the end of an arm extending from the rear 
carriage makes contact with the forward carriage, 
thereby causing both to move in unison. The cam 
follower, in turn, encounters the cam track so that the 
support rises and takes the weight of the tool. 

The type of support just described is employed when 
broaching conditions make it advisable to bring the 
rear carriage as close as possible to the faceplate. 
This, of course, is not always necessary and several 
designs of this type ef tool support have been evolved 
in which the two carriages roll on a single pair of 
hardened and ground rails. An example of such a 
support is illustrated in Fig. 3, on this page, which 
shows the arrangement adopted for broaching the cen- 
tral splines in airscrew hubs, an operation requiring 
the use of broaches up to 5 in. in diameter, 64 in. 
long and weighing up to 420 Ib. The near end of the 
broach is held by a bush fitted to the near carriage, 
the bush being designed so that the pressure it exerts 
on the broach can be adjusted in order to ensure that 
there is sufficient friction to hold the broach until the 
carriage reaches the end of its stroke. The further 
end of the broach is supported by an adjustable cam- 
operated elevator similar to that described in connec- 
tion with the broaching of gun breeches. It should be 
pointed out, however, that the carriages have been 
modified slightly since the photograph reproduced in 
Fig. 3 was taken, only three wheels now being fitted 
in each case. 

Another type of support tray has been developed for 
use with Lapointe long-stroke hydraulically-operated 
machines. In this case, only ene carriage is used, 
which, like those described previously, travels the full 
length of the tray. The forward end of the broach 
rests on a roller when withdrawn from the machine, 
while the rear end is gripped by the carriage. The 
carriage, in turn, is connected to an endless hand- 
operated chain so that when it is required to return 
the broach for reloading the machine with another 
component, it is only necessary to manipulate a con- 
veniently-placed handwheel. Messrs. Lapointe have 
also developed a standard broach-support tray 
suitable for use with their Nos. 2L6, 2L5 and 3L 
horizontal machines. It is made from a heavy rigid 
casting which incorporates pads for mounting hardened 
and ground steel ways at each side. The carriage 
differs from those described previously in that it moves 
directly on the slides, being fitted with replaceable 
bronze shoes. On later designs, however, the bronze 
shoes have been replaced by rollers. 
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ELECTRONIC AREA-MEASURING APPARATUS. 


MESSRS. LONDEX LIMITED, LONDON. 











ELECTRONIC APPARATUS FOR | 
MEASURING AREA OF LEATHER. | 


TESTING PROTOTYPE AIRCRAFT. 


On Tuesday, February 14, a lecture on the “ Proto- 

An apparatus for measuring the areas of leathers or | type Testing of Aircraft ” was given by Mr. D. R. H. 
skins by means of a photo-electric cell, has been | Dickinson to the Royal Aeronautical Society. The 
developed by Messrs. Londex Limited, Anerley Works, | first tests, he said, should be directed towards deter- 
207, Anerley-road, London, S.E.20. As will be seen; mining any unsatisfactory handling or functional 


from the accompanying illustration, it consists of a | characteristics of the aircraft, so that the faults can be | 


large circular screen which forms a translucent table | corrected before the proving tests had p too 
top, 3 ft. 6 in. above the ground. A ring of lamps| far. The quickest way to discover the reasons for 
is arranged underneath this screen, at a height suitable | unsatisfactory features is to make quantitative tests. 
to give the desired light gradient from the circum-| The various instruments and the recording apparatus 
ference to the centre of the translucent screen. A | required must be built into the prototype aircraft as it 
photo-electric cell is suspended above the screen | is constructed ; the position of elevators, ailerons, rud- 
at a pre-determined height, in such a way that) ders, trimmer and spring tabs, flaps, etc., are usually 
obscuring a unit area at the edge of the illuminated | measured by means of the Desynn type of transmitter 
screen has the same effect on it as obscuring a unit | and indicator ; the same system is used to transmit to 
area at the centre. The output of the photo-electric | the recording apparatus such variables as control forces, 
cell is connected to a four-valve amplifier which is | angle of yaw, pressures, etc. A preferable method for 
mounted in the control cabinet seen on the left-hand | measuring aileron and elevator control forces would 
side of the illustration. The amplifier output operates | to insert a force-measuring unit, either mechanical or 
an 18-in. diameter calibrated meter. Three sizes of | utilising strain gauges, at some convenient point in 
translucent screen are available, the smallest being 5 ft. | the control circuit ; such units are, however, difficult 
in diameter. In the two larger sizes, two opposite ends | to install in small aircraft. Aircraft weight can be 
of the circular screen are blanked off by rectangular | ascertained at any moment from the readings of the 
wooden pieces, so that the maximum dimensions of the | fuel quantity gauges. ’ ; 

screen are, respectively, 8 ft. by 6 ft. and 10 ft. by 7 ft.| Rates of roll can be obtained by a continuous record 
The alternating-current power consumptions of the | of angle of bank against time, or by means of a gyro- 
three sizes of equipment are 500 watts, 900 watts and | scopic rate-of-roll indicator giving a direct indication. 
1,200 watts. Interchangeable instrument dials are | Normal acceleration is measured by the usual type of 
provided to suit the size of the screen. Kollsmann accelerometer, or by an instrument com- 


trials are eliminated. Their handling characteristics 
at high Mach numbers must be thoroughly explored ; 
how any particular aircraft will behave is still largely 
unpredictable, and tests should therefore be carried 
out at altitudes as high as possible, increasing speed 
very gradually. Quantitative measurements of con- 
trol-surface angle and control force with changing 
Mach number are essential. The instrumentation 
must be adequate to allow, in the analysis of the 
| records obtained, separation of the aero-elastic effects 
from the compressibility effects. With full instru- 
| mentation, measurements sufficient to construct a com- 
| plete set of climb, speed and range curves for a jet- 
| propelled aircraft can be obtained in about 15 hours 
flying ; spot performance tests, however, are liable to 
be unreliable with jet aircraft. Since a pressure head 
| can be installed in the jet pipe, the thrust can be 
| measured directly and the drag of the aircraft can be 
| readily obtained ; at high Mach number this is par- 
ticularly valuable to the design staff. 

| A new procedure for the testing of aircraft built for 
| the Ministry of Supply has recently been agreed upon. 
| It will eliminate much of the duplication of flight testing 
| by the contractor and by the official testing establish- 
ments; in future, firms will be approved for flight 
testing by the Ministry of Supply, and most of their 
quantitative results will be accepted by the testing 
establishments, with, possibly, a few spot checks. 








| CATALOGUES. 


Hot-wire Vacuum Switches.—Details of the hot-wire 
vacuum switches made by them are given in a leafiet 
issued by Sunvic Controls, Limited, 10, Essex-street, 
Strand, London, W.C.2. 


Air Washers and Filters.—We have received from the 
Sturtevant Engineering Company, Limited, Southern 
House, Cannon-street, London, E.C.4, an illustrated 
brochure giving dimensions and particulars of their air 
washers for ventilating and air-conditioning plants ; and 
an illustrated leafiet describing their viscous-type air 
filter. 


Portable Electric Sanding Machines.—Details of their 
portable electric sanding machine and accessories are 
given in an illustrated leaflet recently issued by Messrs. 
| Wolf Electric Tools, Limited, Pioneer Works, Hanger-lane, 

Ealing, London, W.5. Primarily intended for the disc 
| sanding of wood or metal, the machine may also be 
| fitted with cup grinding wheels for use on cast iron or 
| steel. 


Dumpers and Small Diesel Locomotives.—Messrs. Motor 


| Rail Limited, Simplex Works, Bedford, have issued a 
| booklet on their Simplex Diesel locomotives, of from 
| 20 to 85 h.p., and their 3-cub‘’c yard Diesel dumpers. The 
| locomotives can be supplied to suit various track gauges, 
| from 1 ft. 6 in. to 4 ft. 84 in., according to the power of 
| the locomotive, and can be modified to suit various 
climatic conditions, etc. 


Electric-Motor Starters.—Messrs. Brook Motors, Limi- 
ted, Empress Works, Huddersfield, have sent us illus- 
trated specification sheets describing an automatic star- 
delta starter and a direct-switching unit which have 
recently been added to their range of starting equipment. 
The three-phase rating of each unit is 7} h.p. at 220 volts 
and 12% h.p. at 660 volts, and each can be controlled 
locallv or by remote push buttons at different points. 








To carry out a measurement, the equipment is first 
switched on with the screen unobscured. After a delay 
of about one minute, the dial pointer travels round 
towards the zero mark, and is accurately set at zero 
by means of a knob on the amplifier panel on the 
front of the cabinet. Any opaque material laid on the | 
screen will reduce the light reaching the photo-electric 
cell by an amount proportional to the area which 
is obscured, and the deflection of the pointer will 
give a measure of this obscured area. The equip- 
ment is accurate to approximately 4 sq. ft. of area, 
which meets the requirements of the leather trade. It 
is possible to use the instrument either in daylight or 
in a room lighted by lamps using direct-current. For 
this purpose a direct-current power pack is provided 
on the machine which supplies 150 watts at 230 volts. 
An audible and visual warning indicator is fitted 
and gives warning should any one of the lamps under 
the screen fail. Standard commercial 40-watt gas-filled 
single-coil lamps are used. 

The area-measuring apparatus has, it is claimed, 
a number of advantages over the mechanical roller, 
or pin-wheel machines, hitherto largely used in the 
leather industry. It is purely static, and does not 
produce any markings on the leather. It is silent, 
is quickly installed and easily serviced—it can be 
stripped down and cleaned in about one hour, whereas 
most mechanical leather-measuring machines require 
several days for a complete overhaul. Its accuracy 
is claimed to be greater than by mechanical means, 
as there are no errors caused by any differences in 








thickness of the leather, and the possible slip of the 
pin wheels. | 


prising a g-sensitive Desynn transmitting unit, near 
the aircraft’s centre of gravity. For measurement of 
air temperature, the balanced-bridge type of thermo- 
meter is usually used because of its accuracy and small 
lag. At present, however, it has to be balanced manu- 
ally and cannot therefore be installed in an automatic 
observer. A self-balancing instrument is being deve- 
loped. 

Automatic observation of the numerous and frequent 
readings required is carried out either by using a camera 
to obtain a photograph of a panel of instruments, or by 
directly recerding the quantities as traces on a strip of 
film or r. The continuous-strip type of recorder, 
particularly valuable for tests where unsteady condi- 
tions are being measured, is not yet available in quan- 
tity in this country. At an early stage, the aircraft 
should be flown at the aft and forward limits of its 
centre of gravity range, the longitudinal control 
characteristics being measured over the full speed 

with engine on and off, over a range of heights. 
During these preliminary tests it is probably sufficient 
to make qualitative tests of the lateral and directional 
control characteristics. Stalling characteristics should 
be thoroughly investigated, and c of trim with 
power and flap settings should be noted ; the function- 
ing of the various electrical and hydraulic services 
should also be checked. When the aircraft is in its 
final form, the main performance measurements, 
cooling trials and full handling will be carried out. 
Each flight should be planned to make the best use of 
the time spent in the air ; it is often possible to combine 
two or more types of test. 

In the testing of jet-propelled aircraft, engine cooling 


Railway Signalling Apparatus.—The Westinghouse 
Brake and Signal Company, Limited, 82, York-way, 
King’s Cross, London, N.1, have issued further sections 
of their comprehensive catalogue of signalling apparatus 
which we have noticed on previous occasions. The 
sections cover lever locks and circuit controllers, adjust- 
able resistors, terminal blocks, bus bars, lampholders, 
and an alternating-current track-circuit testing set. 


Standard Bronze Bushes.—The Glacier Metal Company, 
Limited, Alperton, Wembley, Middlesex, have issued an 
illustrated leafiet giving particulars of the latest addition 
to their range of standardised plain bearings. Standard 
bronze bushes are now available in 191 sizes ranging 
from § in. to 23 in. bore, with varying lengths for each 
bore size. As stocked, the bushes are plain, but a choice 
of six standard desigas of lubricating grooves are offered 
by the manufacturers. 


Cemented-Carbide Tipped Tools.—Messrs. Protolite 
Limited, Central House, Upper Woburn-place, London, 
W.C.1, have sent us a catalogue of their new range of 
standard Prolite tungsten-carbide tips and tipped tools, 
prepared, in accordance with the decision of the British 
Hard Metal Association, to reduce the number of standard 
tools available and to increase the flexibility of their 
design and application. Particulars of this decision will 
be found on page 103, ante. The catalogue contains tool 
and tip dimensions, tables of old and new equipment, 
standard tools, and data on feeds and speeds. Messrs. 
Protolite have also sent us four technica] leaflets describ- 
ing briefiy a selection of current applications of Prolite 
cemented tungsten carbide in machining operations. 








THE PAINTING OF STRUCTURAL 
STEELWORK. 


A Jott Technical Panel, designated J/P1 and con- 
cerned with research on paints for structural steelwork, 
was constituted, in January, 1945, from members of 
the Protective Coatings Sub-Committee of the Corrosion 
Committee of the British Iron and Steel Research 
Association and representatives of the National 
Federation of Associated Paint, Colour and Varnish 
Manufacturers of the United Kingdom, the Society of 
British Paint Manufacturers Limited, and the Associa- 
tion of Manufacturers of Bi uminous Protective 
Products Limited. The chairman of the Panel is 
Mr. F. Fancutt, and, in its first interim report, pub- 
lished by the Iron and Steel Institute in December, 1946, 
the Panel described the experimental arrangements for 
a first series of tests on priming paints for structural 
steelwork and outlined plans for a second series relating 
to the use of metallic pigments and lead soaps in 
priming paints. The exposure of the 400 specimens, 
representing 101 priming paints, contained in the 
first series, was commenced in October and November, 
1945. The 364 specimens of the 91 metallic pigments 
and lead soaps under test in the second series were first 
exposed in March-April, 1947. Both series of tests, 
therefore, are now well under way. In addition, the 
exposure of a third series of 210 specimens, concerned 
with surface preparation and metallic coatings, and 
that of a fourth series of 204 specimens relating to 
bituminous and tar paints were commenced in April, 
1948. Details of the third and fourth series of tests 
and further particulars regarding the first two series 
are contained in a second interim report issued by the 
Panel and recently published by the British Iron and 
Steel Research Association, 11, Park-lane, London, 
W.1. We understand that copies of the report are 
obtainable free of charge from the Association. 

All the paints used in the Panel’s tests have 
been produced by member firms of one or other 
of the collaborating paint organisations. Precise 
details of the composition of the paints, together with 
manufacturing details, are available and will be 
published when the Panel prepares its first compre- 
hensive report. All the exposure tests on the paints 
are being made on 15 in. by10 in. specimens of mild-steel 
plate, 4 in. thick in the first series, and } in. thick in 
the other three. Except for the specimens used in the 
third and fourth series, two methods of preparing the 
steel prior to painting have been employed. In the 
first method the as-rolled plates were exposed to the 
weather until half the mill scale had been removed. 
This was followed by wire brushing by hand before 
painting. In the second method, the plates were pickled 
to remove the mill scale and this was followed by 
exposure to the weather to produce rusting. The speci- 
mens were then cleaned by a mevhanical wire brush 
before painting. In order to obtain more reproducible 
results, the specimens in the partially-descaled 
condition for the third and fourth series were prepared 
in a different manner. A steel grid, from which 54 
circles, #§ in. in diameter and spaced at 14 in. centres, 
had been cut, was placed, in turn, over each surface 
of the original as-rolled specimens. The assembly 
was then grit-blasted so as to remove the mill scale 
from the unscreened patches on the specimen. Following 
this, the specimens were weathered for eight days, by 
which time the grit-blasted areas had become covered 
with rust. A light wire brushing by hand was given 
to complete the treatment. The percentage of mill 
scale left on the specimens varied from 45 to 70 per cent. 
for the third series and from 40 to 70 per cent. for the 
fourth. 

All specimens were painted on both sides and all 
edges. A painting scheme consisting of a priming 
coat of red-lead in linseed-oil paint and a finishing 
coat of white-lead in linseed-oil paint was included in 
all test series as a standard of reference. The latter 
paint was also used as a standard finishing paint for 
most of the painting schemes tested and was chosen to 
give a clean, light-coloured surface together with a 
satisfactory, but not unduly long, life over the priming 
paints under test. It is essentially a mixture of white 
lead and barytes in linseed stand oil and acid-refined 
raw linseed oil, and is tinted to eliminate glare. Dupli- 
cate sets of all specimens were prepared, one set being 
exposed at Brixham, Devon, and the other set at Derby. 
The atmosphere at Brixham is marine, with relatively 
long periods of sunshine, and suffers only minor pollu- 
tion from domestic fires ; the atmosphere at Derby is 
industrial. The specimens are supported on exposure 
racks at an angle of 45 deg. and are arranged to face 
south. Regular i ions are made at both stations, 


both the front and the back (sheltered) surfaces of the ' 
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The results obtained from the specimens exposed for | have been applied, have been prepared. The paints 
up to three years lead the Panel to the conclusion that | employed in the fourth test series fall into four groups, 
pigment mixtures based on zinc oxide have yielded | Eighteen paints have been made from four grades of 
priming paints giving a performance that is better | coal-tar pitch and one of water-gas pitch ; 12 paints 


than average. 
be interesting to see whether this result is confirmed 
by later observations.” As stated above, 101 priming 
paints were used in the first series of tests. These had 
various combinations of media and pigments ; twelve 
media were used including some of the recent formula- 
tions incorporating synthetic resins. Eleven pigments 
were tested, usually in ternary mixtures consisting of 
two pigments with asbestine. The latter was adopted 
as the standard “‘ extender ” throughout the tests. 

In the second series of tests, the objective is to 
determine the inhibitive character of lead, zinc and 
aluminium pigments, and to ascertain whether lead 
and aluminium are as inhibitive as zinc. Individual 
aluminium and zine pigments were mixed, on a volume 
basis in these tests, with eight different inhibitive 
pigments, including two which have been newly 
introduced, namely, calcium plumbete and lead silicate. 
All these are now under test in mixtures containing 
50 per cent. of metallic-aluminium or metallic-zinc 
pigment, 25 per cent. of inhibitive pigment and 25 per 
cent. of asbestine, by volume. A wider range of tests 
is being made on basic lead sulphate and zinc oxide 
only ; in these cases the ratio of inhibitive pigments 
to metallic pigment has been varied. Tests are also 
being made on mixtures containing metallic-lead pig- 
ment. Seven different media were used for the prepara- 


TABLE I.—Second Test Series of Paints. 





Pigmentation, 
| Vol.-per cent. 


t 


Medium. 





*Acid-refined linseed oil/pale boiled — Red lead 
































100 
linseed oli. 
Linseed sta.d oil/alkali-refined lin- | Aluminium =——=«SO 
seed oil. | Zine oxide 25 
| Asbestine 25 
Zine dust 75 
| Zine oxide 25 
Tung oil/alkali-refined linseed oil ..| Zinc dust 75 
Zine oxide 25 
Linseed /alkyd Aluminium 75 
| Ba.ic lead sulphate 25 
| Zine dust 50 
Calcium plumbate 25 
Asbestine 25 
| Zine dust 50 
| Red lead 25 
Asbestine 25 
Reduced phenolic No. 1 .| Zine dust 75 
Zinc oxide 25 
Couma.one No. 1 ., Aluminium 50 
Zine oxide 25 
| Asbestine 25 
| Zine dust 75 
| Zine oxide 25 
Polystyrene -| Zine dust 75 
Zine oxide 25 





* This is the standard red-lead priming paint. 


tion of these pr'ming paints, including chlorinated 
rubber and polystyrene, and 73 priming paints were 
made in all. In addition, 14 priming paints were made 
in which the formation of certain lead soaps was 
deliberately induced, by adding small percentages of 
litharge to the pigment, or to which lead soaps were 
added ab initio in the form of lead linoleate. These 
paints were pigmented with Indian red and were bound 
in two linseed-oil media of low and high acid value, 
respectively. The preparation, painting and exposure 
of the specimens followed the same general lines as 
had been the case with the first series. Four of the 
earlier painting schemes were repeated, making 91 in 
all, as stated above. After 15 months of exposure, 
11 paints were picked out as having shown the best 
performance throughout this period. These are shown 
in Table I, in which, however, the paints are not 
arranged in order of merit. The Panel again emphasises 
that this list may change with increasing duration of 
exposure and that it may be purely a matter of chance 
that some of the other paints graded lower at present 
are not included in the list. 

The remaining two series of tests, the third dealing 
with surface preparation and metallic coatings and the 
fourth with bituminous and tar paints, it is stated, are 
not far enough advanced to warrant comment in the 
present report. In the third series five methods of 





It is added, however, that ‘it will| incorporate petroleum bitumens, alone or mixed with 


natural bitumens ; 12 paints are based on the natural 
bitumen Gilsonite blended with a drying oil; and six 
pairs of pigmented bituminous paints have been pre. 
pared by pigmenting (a) with barium chromate, 
witherite and talc, and (6) with aluminium. 





ANNUALS AND REFERENCE BOOKS, 


Aides-Mémoires Dunod.—Three more editions have 
been added recently to the collection of handy pocket 
reference books issued under the above title by Messrs, 
Dunod, 92, Rue Bonaparte, Paris VI. The first, 
Mathématiques Générales, by Mr. Maurice Denis-Papin, 
contains a comprehensive selection of mathematical 
formule and tables which are in constant use by 
engineers. It is divided into sections devoted to 
algebra, geometry, plane and spherical trigonometry, 
analysis, probabilities and errors, analytical and 
infinitesimal geometry of two and three dimensions, 
nomography and vector analysis. Not only are results 
quoted, but in most cases an indication is given as to 
how they are derived. Some account of numerical 
methods of computation could usefully be included in 
a future edition. The numerical tables include natural 
logarithms, exponential and hyperbolic functions, 
complete elliptic integrals and Fresnel integrals. ‘The 
second volume to be noted, Mécanique et Physique 
Générales, also by Monsieur Denis-Papin, begins with a 
general treatment of vector analysis, which, to some 
extent, overlaps the corresponding section in the first 
volume. This is followed by chapters in which the main 
principles of kinematics, statics and dynamics, hydro- 
statics, heat and thermodynamics, hydrodynamics, 
elastic and electromagnetic vibrations, geometrical and 
physical optics are summarised. The last three chap- 
ters contain definitions of units, a note on Bessel func- 
tions and brief tables of them, and a selection of 
astronomical data. The references to tables of the 
various functions encountered in mathematical physics 
are useful, as also are the hints provided on the solution 
of partial differential equations. Some of the graphs 
are on too small a scale to be of practical service. The 
neutron is not mentioned on page 185 as a constituent of 
the atomic nucleus and the only unit of heat referred to 
is the calorie. Circumstances have necessitated the 
photographic reproduction of ‘the major portion of 
both volumes, corrections to the present fourth editions 
appear in extensive errata lists preceding the respective 
texts. The third volume, Physique Industrielle, by 
M-. Julien Izard, now appearing in its 27th edition, pre- 
sents in small compass and handy form a large amount 
of information that will prove useful to the industrial 
physicist and the mechanical engineer. A compact 
synopsis of the laws of heat is followed by practical 
details concerning drying, evaporation and distillation, 
the transmission and exchange of heat, combustion 
processes, solid, liquid and gaseous fuels, steam gener- 
ators, internal-combustion engines and refrigerating 
plant. There are also sections on the transfer of 
liquids and gases by means of pumps and fans, low- 
pressure installations, heating and lighting systems. 
Numerous figures, numerical tables and graphs supple- 
ment the text. The price is 350 fr. each. 

Whitaker's Almanack, 1950.—Inevitably, any refer- 
ence book as compendious as Whitaker must be out of 
date in some few respects, even before it is published, 
but it is not often that so many pages are thus affected 
as is the case in the 1950 edition, as a result of the 
General Election held on February 23. This, however, 
is a misfortune that could not have been avoided, even 
though the possibility was clearly foreseen, as the 
preface indicates. The increased space required for 
Government departments, which has been noticeable 
in successive recent issues, has necessitated further 
compression of these particulars, but we regret that 
this need should have been met, in part, by omitting 
the professional qualifications of the technical and 
scientific officers. That the condensation has been 
“achieved by agreement with the Departments con- 
cerned” is immaterial ; the fact remains that a great 
deal of information of considerable value to certain 
classes of users of Whitaker is no longer available to 
them. We hope that means may be found to restore 
these omissions in future issues. The present edition, 
the 82nd, does, however, contain a number of new 
features, particularly in the astronomical section ; and 
much additional political material has been included, 


specimens being examined. The method of assessment | surface preparation, including flame cleaning pi to keep abreast of recent developments at home and 
involves estimating the general appearance and phosphating, are being compared. In addition, three | overseas. The publishers are Messrs. J. Whitaker and 
types of metallic coating are under test, namely, | Sons, Limited, 13, Bedford-square, London, W.C.l. 
and rusting, according to a standard scale, details of aluminium, lead-tin (terne) and zinc. The aluminium|The prices are, for the library edition, in leather 


chalking, cracking, discoloration, blistering, flaking 


which were given in the first interim report. 
The present second interim report draws some 


and the zine by both 


| has been applied by spraying, the terne by hot-dipping, | binding, with 13 maps, 25s, net; for the complete 
processes. In all, 14 different edition, in cloth, 12s. 6d. net; and, for the shorter 


tentative conclusions from the first two series of tests. | types of basis specimens, to which painting schemes | edition, in paper covers, 7s. 62. net. 
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500-TON FLOATING DOCK | 
FOR LAKE NYASA. 


A FLOATING dock of 500 tons capacity has recently 
been constructed in this country and shippe d out 
partly assembled to Lake Nyasa, where it is being 
erected at the new fleet-maintenance base of Nyasa- 
Jand Railways, Limited. Lake Nyasa, 1,600 ft. 
above sea-level, is the third largest lake in Africa, and 
js subject to a 20-year cyclic rise and fall of water 
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which is the ecu station for railway and 
lake traffic. 

The design of the floating dock presented a number 
of unusual features ; firstly, it is for use in fresh, 
not salt water, and secondly, although the whole 
of the steelwork was cut, drilled, etc., at the maker’s 
works, only certain assemblies were riveted. The 
size of the riveted assemblies was governed by hand- 
ling and transport requirements. The dock was 
built by Messrs. Head, Wrightson and Company, 


The dock is of the double-sided self-docking type, 
consisting of four identical pontoons forming the lift- 
ing portior, and two parallel side walls. It is 
145 ft. 10 in. long over the pontoons, and with two 
end platforms, each 7 ft. 6 in. long, the total length 
is 160 ft. 10 in. The dock will lift a vessel dis- 
placing 500 tons, with the corners of the pontoon 
deck at the front edges of the walls level with the 
surface of the water. It is capable of being sunk 
to a depth over the keel-blocks of 9 ft. 3 in., the 





Limited, Teesdale Iron Works, Thornaby-on-Tees. 











2. 


Fig. 











PonToon FRAMING, SHOWING GENERAL CONSTRUCTION. 





Fig. 3 


level of about 18 ft. ; a shore dry dock is therefore 
impracticable. The fleet to be maintained com- 
prises two ships, the Ilala II, of 450 tons light, and 
the "Mpasa, of 250 tons, together with seven tugs, 
and some minor vessels. The maintenance base is 
being moved from Fort Johnston to Monkey Bay, a 
sheltered bay on the lake, and the floating dock will 
be erected there during the course of the next few 
months. Monkey Bay is near the flying-boat base 
at Cape Maclear, to which the British Overseas 
Airways Corporation operate a weekly service from 
England, and is about 30 miles from Chipoka, 


PONTOON WITH PLATING IN POSITION. 


Salmon, M.I.C.E., 


ing engineers to the Nyasaland Railways, Messrs. 
Livesey and Henderson, 14, South-place, London, 
E.C.2. African labour is being employed for the 
final construction at Monkey Bay. Figs. 8 and 9, 
on Plate VII, show an elevation on the longitudinal 
centre line and a plan, respectively ; and Fig. 4, on 
page 258, is an end elevation. The photographs 
reproduced in this article necessarily show only 
certain parts assembled in the makers’ works. 





The design was prepared by the late Dr. E. H. 
of Messrs. Clark and Standfield, 
11, Victoria-street, London, S.W.1, and the consult- 


corresponding freeboard of the side walls being 
3 ft. 2 in. The clear width of entrance is 36 ft. 


TABLE I.—Displacement, Vi ihaentte and Lifting Power. 


























~~ | Tons. | Tons. 
- — — ou | ‘ — 
Displacement. 
Four pontoons at 36 cub. ft. per ton. . 1,086 
Weight. 
Mild steel :— 
| Four pontoons 181-6 
| Twoside walls oe 124-5 
| Two end platforms .. 1-2 
Twelve bilge-blocks .. - ae me 4-5 
Compartment ladders wa a of 2 
Engine room .. ‘ ne i 2-4 
Gratings between pontoons | | S81 
| 318-3 
Allow 5 per cent. for rivets ‘= --| 15-9 | 
Total hull weight .| 384-2 | 
Machinery ae ee Let et es 
|” a lee ean armen: | 13-0 
Timber .. ‘ rs * 16-4 
| Water and oil in tanks" 1-6 
| Old rails for balance .. 12-0 
a of — of f moorings carried by | 
Net weight of dock 391-6 
5 per cent. for overweight and extras | 19-4 
Gross weight of dock .. ; .-| 411-0 
| Water remaining in pontoons | | 175-0 
| Gross weight of dock, including balance water 586 
Net lifting power 500 





| TABLE II.—Pumping Summary. 


{| ————_-— 








| 
Weight of ship, -_ as via os — 
| Draught of ship, | 
| Height of phew of buoyaney < of dasa: ‘above keel, ft. | 
| Height of keel blocks, ft 
| Weight of dock, tons .. a 
| Total weight of water pumped, tons .. 
| Work done against gravity, ft.-tons .. 
Work done against friction, ft.-tons .. 





Total work done in pumping dock, ft.-tons 





Gross time of lift, hours 

Net time of lift, minutes 

Margin for regulating valves, minutes 

Maximum head, including frictional head, ft. | 

Mean head, including frictional head, ft. sts | 

Mean frictional head, ft. | 

Theoretical horse-power for whole dock F = 

Brake horse-power for whole dock A = 
! 


VCOoOnacw 
o 


Assumed efficiency (average over lift), shafting 
Assumed efficiency (average over = pump 
Minimum diameter of pump (v = 
Diameter of main drain, rising to, <4 
Diameter of compartment pipes, in. 

| Diameter of inlets, in. 


—_— sec, e.), | in. 


He 
w= 





The design allows for extension and increase in 
| lifting power in the future. The pumping machinery, 
| consisting of a Diese] generator set, motor, and 
centrifugal pump, is capable of lifting a vessel 
displacing 450 tons, on a mean draught of 8 ft., in 
five hours, reckoned from the time when the ship 
is centred in position and touching all the keel 
blocks, until the corners of the pontoon deck are 
level with the surface of the water, due allowance 
being made for any stoppage of the machinery for 
the purpose of berthing the vessel. 

The displacement, weight, and lifting power are 
shown in detail in Table I, above, and the data 
for the design of the pumping machinery are set 
out in Table II. A general indication, of the calcu- 
lations involved in the design of the dock can be 
gained from these tables. 

The general construction of the pontoons is shown 
in Figs. 1,2 and 3. Each pontoon is plated all over 
except for the portions of the deck which come 
directly under the walls. It is stiffened internally 
by longitudinal and transverse girders. The deck 
and bottom of each pontoon are built with a 5 in. 
camber, sloping straight from a level area about 
4 ft. 4 in. wide along the longitudinal centre line. 
The deck and bottom plating is 0-26 in. thick, the 
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joints in the deck being butted with the cover 
plates inside; those in the bottom are single- 
riveted lap joints. The pontoon side plates are also 
0-26 in. thick, and the chines and joint angles 
generally are of 4 in. by 4 in. section. Each pontoon 
is divided transversely into three compartments by 
two longitudinal watertight bulkheads. A third 
longitudinal bulkhead, which is not watertight, is 
placed at the centre of the pontoon to serve as a 
support for the keel blocks. This central bulkhead, 
0-28 in. thick, is intercostal between the transverse 
girders ; it is attached to the deck and bottom 
plating and to the transverse bulkheads by 4 in. 
by 4 in. double angles. Between successive trans- 
verse girders it is stiffened by vertical breathing 
plates 0-28 in. thick. The breathing plates are 
attached by angles to curtain plates which lap 
on to the first longitudinal frame from the central 
bulkhead. 

The intermediate longitudinal bulkheads, 0 -26 in. 
thick, are about 9 ft. 9 in. from the centre line, and 
are intercostal between the transverse girders, to 
which, and to the top and bottom plating, they are 
attached by a single complete watertight ring with 
welded joints. The bulkheads are stiffened by 
vertical girders spaced 2 ft. 1 in. apart. The 
non-watertight transverse girders of the pontoons 
are of the plate type, 0-28-in. thick, and occur at 
intervals of 8 ft. 4 in. Under the walls the web 
plate is replaced by a panel of bracing of 4 in. by 4 in. 
by 0-3 in. scantlings. The plates are lightened by 
manholes cut in them, and limber and air holes are 
provided close to the bottom and top rings, respec- 
tively. The end plates of the pontoons, 0-26 in. 
thick, are stiffened against water pressure by a 
series of vertical girders in line with the longitudinal 
framing. Between the faces of the walls, the 
deck and bottom plating is stiffened (in addition 
to the bulkheads already mentioned), by a series 
of 4 in. by 2} in. by } in. frames, which run fore 
and aft over the whole length of the pontoon, 
intercostal between the transverse girders and 
coming in line with the vertical frames on these 
girders, to which they are attached by three-hole 
gussets at their corners. Under the walls the 
framing runs transversely, being a continuation of 
the ordinary frame of the walls into the pontoon. 

At each end of the dock, a removable timber 
platform, 7 ft. 6 in. long and 20 ft. wide, is provided. 
It is supported on steel cantilever brackets, and the 
deck is of 24 in. open timber planking. 

The two side walls of the dock consist of vertical 
plated caissons rectangularin plan. They are gener- 
ally similar except that the starboard wall supports 
the engine house. Fig. 5 shows part of the frames 
and bulkheads of a side wall, during the course of 
construction ; Fig. 6 shows a side wall with the 
top and bottom plating only, and Fig. 7 shows a 
wall completely plated, and fitted with brackets for 
a shoring stage and fenders. Each side wall 
contains three internal transverse watertight bulk- 
heads, the positions of which are indicated by dotted 
lines in Figs. 8 and 9, on Plate VII. The internal 




















Fie. 6. Sipe WALL wits Tor AnD Bottom PLATING. 


and end bulkheads are of steel plate 0-26 in. thick, 
stiffened by horizontai girders. The framing of the 
walls is of two types: in line with the transverse 
girders of the pontoons it consists of single angles 
riveted to the front and back skin plating, and 
stiffened by horizontal and diagonal angles ; in line 
with the ordinary transverse frames of the pontoons, 
the framing consists of single angles, back and front, 
cross-braced by horizontal angles. 

A watertight deck is provided within each side 
wall, arranged so as to prevent the dock from 
foundering in the event of faulty valve regulation or 
similar causes. Over the pontoons at each end, this 
deck is about 5 ft. below the top deck. Over the two 
middle pontoons, a stringer deck at the bottom of 
the wall forms the central portion of the watertight 
deck. The side walls will be secured to the pontoons 
by 1-in. bolts pitched 5 in. apart, passing through 
joint angles. At the stern end of the dock the 
side-wall plating is extended for a short distance 
to enable another section to be added to the dock if 
required. 

The machinery of the dock comprises a Diesel 
generator set, a motor, control gear, centrifugal 
pump, pipes, valves, valve-lifting gear, etc. The 
generator set, rated at 10 kW, 220 volts direct 
current, was supplied by Messrs. R. A. Lister 














Srmpe WALL WITH PLATING COMPLETED. 


Fie. 7. 


(Marine Sales), Limited, Dursley, Gloucestershire. 
It is situated in the engine house on the top of the 
starboard wall, and supplies current to a 7-brake 
horse-power vertical-spindle motor which drives a 
7-in. centrifugal pump seated on top of the main 
drain at the bottom of the side wall, and delivering 
overboard at its own level through the back plating. 
The main drain is continuous over all four pontoons. 
Suction pipes, 6 in. in diameter, lead downwards 
from it to a branch drain at the bottom of each 
pontoon, and there are further branch pipes, 4 in. and 
4} in. in diameter, one to each pontoon compartment. 
Each compartment pipe is fitted with a direct-lift 
valve operated by means of a T-handle on the top 
deck (Figs. 8 and 9). An inlet from the lake water 
is connected to each branch drain, and is controlled 
by a screw-down valve the handwheel of which is 
on the top deck. A similar screw-down sluice valve 
is fitted in the discharge pipe from the pump. 
Non-return valves are provided in each branch 
drain, and an air exhauster is connected to the 
pump. The various valves for the dock were 
supplied by Messrs. Ham, Baker and Company, 
Limited, Langley Green, near Birmingham. 

The 10-kW output of the generator is on a 12-hour, 
rating, assuming a tropical temperature of 117 deg. 
F. and an altitude of 1,567 ft. It is a compound- 
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wound marine type of machine. The pump was 
supplied by Messrs. Gwynnes Pumps, Limited, 
Ha:nmersmith, London, W.6. The specification 
required that it should be capable of delivering 
4-3 tons of water per minute against a mean head 
of 12-9 ft., and of delivering water, though at a 
reduced rate, against a maximum head of 16-3 ft. 
The inner compartments of the dock are fitted with 
9.in. air pipes, which are fixed under the pontoon 
decks, and rise up in the walls to within 6 in. of the 
top deck, where they pass through the front plating. 
Air pipes for the end wal] compartments are 3 in. in 
diameter and extend to within 6 in. of the top 
deck, where they are carried through the back 
plating. At the watertight deck they are attached 
by a flange with a screwed end projecting downwards 
through the deck. To this screwed end a short 
extension is attached; the length of this will be 
adjusted by trial and error on Lake Nyasa so that 
sufficient air is trapped to allow the dock to sink to 
9 ft. 3 in over the keel blocks and no deeper. 
A 6-in. pipe connects the wall compartments over 
each end pontoon with the nearest side compart- 
ment in each of the two middle pontoons, so as to 
equalise the pressures during sinking and raising. 
The various dock fittings, some of which are indi- 
cated in Figs. 8 and 9, include bollards, hatchways, 
manholes, ventilators, keel blocks, bilge blocks, 
ladders, capstans, a shoring stage extending from 
ladder to ladder on each side wall, 1} in. stud-link 
anchor cables and concrete mooring blocks, and two 
spirit levels at right angles for use by the dock 
master. 





LITERATURE. 


Overhead Line Practice. By Dr. JOHN McCoMBE, 
A.R.T.C., M.I.E.E. Macdonald and Company (Pub- 
lishers), Limited, 19, Ludgate-hill, London, E.C.4. 
[Price 25s. net.] 

In view of the importance of electric power distri- 

bution by overhead conductors, any new book on 

the subject may be sure of an interested recep- 
tion; but, while this work provides for prac- 
tising distribution engineers a great deal of useful 
information, they may be somewhat disappointed 
to find that, in certain respects, the promise of the 
title is more comprehensive than the actual contents, 
for the scope of the book is mainly confined to lines 
of wood-pole construction and to voltages not much 
above 33,000. Moreover, while the author expresses 
the hope that it will be read by foremen and lines- 
men, as well as by engineers and others concerned 
with the transmission of electricity by overhead 
lines, it seems probable that only a comparatively 
small portion of it will be understood readily by 
foremen and linesmen. The final chapter is on the 
subject of training schools for linesmen, which 
suggests the possibility that the book may achieve 

a fairly wide circulation by those means. If this 

should lead to the early appearance of a second 

edition, it may be that the opportunity could then 
be taken to revise it in certain directions, some of 
which are indicated below. 

The introductory chapter deals first with the 
preliminary walk-over survey of the route for a 
proposed line, to be followed by a more detailed 
survey with chain and level. The author refers to 
two common methods of reducing the ascertained 
levels to a datum line—the “rise and fall method ” 
and the “height of collimation method,” stating 
that the latter is most generally favoured and 
adding a short table showing the reduction of levels 
by means of it. The rise and fall method is not 
explained, however ; and it would seem desirable 
that it should be, or else that it should not be 
mentioned at all. There is a reference to surveying 
by means of the tachometer—a theodolite fitted 
with a stadia diaphragm—and some space is devoted 
to the determination of its constants, and to the 
development of some rather cumbersome formule ; 
but it is then stated that these are not essential, 
as tables are available for inclined sights in all 
surveying text-books. The adjustment and testing 
of instruments are dealt with at some length, but— 
still bearing in mind the foremen and linesmen— 
it is probable that the allocation of more space to 
descriptions of instruments would be appreciated 








by this class of reader. The setting out of lines, 
the fixing of support heights, and the use of the 
sag template are described in the second chapter, 
but the preparation of the sag template is deferred 
to a subsequent chapter, on conductors, in which 
it is observed that steel-cored aluminium conductors 
are used for practically all the highest-voltage lines 
in this country; the author is not aware of any 
extensive use of this type of conductor on low- 
voltage lines. He states, too, that a much higher 
corona limit is obtained with steel-cored aluminium 
than with copper conductors because of their 
greater diameter, this being claimed as a big advan- 
tage on lines of the higher voltages, but with the 
compensating disadvantage that the larger diameter 
increases the support loading because of windage. 
It may be remarked, however, that, with conductors 
operating at the highest voltages, the diameter is 
determined by the corona value, and not by the 
mechanical loading. 

While, as we have said, the book is largely con- 
cerned with wood-pole lines, some 40 pages are 
devoted to the design of supports, though the 
chapter on the design of cross arms deals only with 
the wood-pole type. In this chapter, a formula is 
given for the calculation of “uplift,” a most 
important subject about which much more might 
have been said. In discussing steel supports, the 
author claims that copper-bearing steel has a life 
from two to five times as long as that of ordinary 
mild steel; we understand, however, that towers 
of copper-bearing steel, erected in the Midlands, 
have proved to require as much maintenance as 
towers of mild steel. The chapter on insulators is 
very short and is concerned mainly with the pin 
type, the cap and pin type being dismissed in a 
single page. Much importance is attached to stay- 
wire insulators. The chapter on conductor clamps 
and joints, however, is somewhat meagre, the 
compression type of clamp being accorded fewer 
than a dozen lines. There are, as the author says, 
conflicting opinions on the desirability of pre- 
stressing the conductors, though some acknow! 
experts on the subject prefer that it should be 
done. It is stated in the book that the usual pre- 
stressing load is half of the breaking load of the 
conductor, applied for at least two hours; this 
figure represents the design load of the conductor 
and it is claimed that, in addition to taking out 
the stretch, it tests the stays, cross arms, angle 
supports and terminal supports to a value approach- 
ing their designed load. This seems to under-esti- 
mate the strength of the supports. The usual 
method adopted for steel-cored aluminium con- 
ductors is to pull them up to the normal sag, allow 
them to remain so for 24 hours, and then to sag 
and secure them at 5 per cent. over-tension. 

Finally, reference may be made to the mention, 
on pages 249 and 250, of inductive interference in 
Post Office and other communication lines. A 
formula is given for calculating M, the coefficient 
of mutual induction, involving values of Kei’ and 
Ker’, but there is no indication of what these 
symbols mean. It is pointed out that, even with 
tables of these values at hand, tedious calculations 
would be incurred and that, fortunately, curves 
are available from which the values of M can be 
read directly when the separating distances and the 
values of earth conductivity are known. It is to 
be hoped that some of these omissions and debatable 
points may receive attention if any revision is 
undertaken, for there is certainly an opening for a 
concise work on overhead lines, which, with some 
modification in detail, this book might well fill. 





Handbook of Patents. By Harry A. TOULMIN, JR. 
D. Van Nostrand Company, Incorporated, 250, Fourth- 
avenue, New York 3, U.S.A. [Price 9 dols.]; and 
MacMillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 67s. 6d.] 

TxovuGH it is primarily intended as a guide for the 

American professional and layman alike, this 

excellently compiled work will unquestionably be 

of interest to the British inventor and his associates 
seeking knowledge of United States Patent Law and 
the practice thereunder. The author is a member 
of the Bar of the Supreme Court of the United 
States and of various Courts of Appeal and District 
Courts ; he is also a member of the Ohio Bar. As 





such, he is recognised as an authority on his subject. 
He loses no time in stating, with some justification, 
that the United States system is unique, but when 
he further submits that it is more liberal and 
enlightened than those of other countries, the British 
reader may be disposed to challenge him. In support 
of this, reference may be made in fairness to the fact 
that, under Brtish law, home and foreign inventors 
are treated alike, in that each can obtain, as the 
effective priority date of his British patent, the actual 
date of filing his home application, whereas, in the 
United States, though the home inventor may estab- 
lish as the date of his invention the date of its mental 
conception, which generally appreciably precedes 
the filing date, the foreigner cannot obtain any 
priority in advance of the date of filing his home 
application. As a direct consequence of this, in 
American interference proceedings, the dice are 
unfairly loaded against the foreigner and, in the 
result, a strong case can be argued that the liberal 
and enlightened nature of the United States patent 
system requires qualification by way of identifying 
the nationality or domicile of the beneficiaries. 

The author deals with the progress of applications, 
step by step, through the Patent Office in an attrac- 
tive manner, accepting every opportunity to simplify 
his explanation of procedure by appropriate illus- 
tration, not forgetting that, in so doing, the interest 
of his reader will be increased by the selection of his 
illustration. Thus the patent drawing of the cotton- 
gin invention of Whitney in 1794, and both the 
specification and drawings of the “ flying machine ” 
invention of 1903 by Orville and Wilbur Wright, 
appear in this work. His comments on patent 
fundamentals are currently of particular interest 
arising from the recent changes in British law, 
inasmuch as the procedure consistent with some 
of these British changes has been operative in the 
United States for some time. Apart from the 
Patent Office and Court systems of the United States, 
and the procedures thereunder, the author offers 
guidance on such interesting aspects of his subject as 
how to investigate and maintain patent records, 
cartels and anti-trust laws, and the disposal of 
rights under patents. He rounds off his work with 
a short chapter devoted to a series of questions 
and answers on relevant issues which are likely to 
arise not infrequently. 





Testing of Hydrometers. By the late ELMER L. PEFFER 
and Mary A. Bitar. National Bureau of Standards 
Circular 477. The Superintendent of Documents, 
United States Government Printing Office, Washington 
25, D.C., U.S.A. [Price 10 cents.] 

Tus publication supersedes circular C16, the neces- 
sary revision having been carried out by Mr. H. S. 
Bean, who has also added an appendix. Its object is 
to outline to manufacturers and users desirable fea- 
tures in the design and construction of hydrometers, 
to define briefly the various scales in use and to 
specify conditions that should be fulfilled by hydro- 
meters submitted to the National Bureau of Stan- 
dards for test, Hydrometers are classified according 
to the purpose they are designed toserve. They may 
indicate the density or specific gravity of a liquid, the 
percentage of a substance in aqueous solution, the 
concentration or strength of a specified liquid on an 
arbitrary scale. The graduations in each case give 
correct readings at a specified temperature; in 
thermo-hydrometers, a thermometer is incorporated 
in the hydrometer. Recommendations on construc- 
tion give detailed specifications as regards materials 
for the body, ballast and scale, and also of the most 
suitable form of the instruments. The maximum 
permissible errors in both hydrometer and thermo- 
meter scales are laid down, and the basis for the 
scale graduation of each of the seven main types of 
hydrometer isexplained. In the appendix, relations 
between the principal scale interval and the dimen- 
sions of hydrometers are derived. 





TECHNICAL LITERATURE EXHIBITION.—Messrs. Im- 
perial Chemical Industries, Limited, are holding an 
exhibition of their technical literature at the Academy 
Cinema Exhibition Hall, Oxford-street, London, W.1. 
It will remain open every day next week, except Sunday, 
until March 17. The firm issue new technical literature 
at the rate of two publications a day, or 800 per annum, 
and from two to four million copies are printed annually. 
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X.—Tue Lieut Exvecrricat Inpustry anp 
THE ELECTRIC WIRE AND CABLE INDUSTRY. 


Demanp for many of the products of the light 
electrical industries fell sharply in 1948, and, in 
most cases, showed little improvement in 1949. 
The hardest hit have been manufacturers of domestic 
goods, such as electric fires, irons, radio receivers 
and vacuum cleaners ; but the demand for electric 
motors has also fallen, and even refrigerators, the 
production of which continued to rise during 1949, 
became harder to sell towards the end of the year. 
The restrictions in the case of electric power may 
have been responsible to some extent for the falling 
demand for all types of electric appliances, but it is 
more likely that high prices, to which purchase tax 
of at least 33 per cent. is a major contributor, have 
been the main cause. Also, any slowing down in 


TABLE I.—United Kingdom Exports of Light Electrical 














Goods and Apparatus. (£1,000.) 
— | 1938. | 1947. | 1948. 1949. 
Wireless apparatus :-— 
Domestic radio receiv- 
ing sets we ie 441 4,600 3,640 | 2,964 
Transmitting apparatus | 341, 1,434 2,732 | 3,151 
Valves, complete oat 495 | 1,501 1948 | 1,868 
Telegraph and telephone 
apparatus o* ce 2,913 | 6,713 | 12,021 15,887 
Electric light bulbs, com- | | } 
plete .. Ks ..| 898] 1,283] 1,698 | 1,643 
Electric light appliances } } 
and accessories <a 583 3,228 4,986 | 4,594 
Batteries, primary, com- } 
plete... aa ool 163 | 499 | 702 939 
Accumulators &e At 584 2,882 3,459 4,225 
Electrical cooking and | 
heating appliances 368 2,676 3,052 2,488 
Electrical instruments, | | 
including X-ray appa- | | 
ratus .. as ..| 590] 3,857) 5,315 | 4,557 
Refrigerating machinery | 396 2,006 | 4,095 7,041 
Vacuum cleaners “ai 20 2,424, 1,743 | 1,887 
Other electrical goods and | 
appliances “ ..| 1,296 | 3,064 | 4,614 | 5,246 
Total 50,000 | 56.490 


| 9,083 | 36,167 | 





the Government’s housing programme will con- 
siderably reduce the demand, particularly for 
domestic refrigerators. The market is far from 
saturation—which implies a refrigerator in every 
house—but the demand for new refrigerators at 
current retail prices has fallen, and is likely to fall 
farther. In 1946, the output of electric fires reached 
2-2 millions and of electric irons, 3-3 millions ; in 
1949, the corresponding figures were 366,100, and 
not much more than | million, respectively. For 
vacuum cleaners, radio sets and electric kettles, 
there is less evidence of falling demand. Production 
did not reach its peak until 1947, and the fall in 


1948 was less marked ; recently, the sales of vacuum | i94 


cleaners and of radio sets have improved. 

Consumer surveys show that the domestic market 
for electrical appliances is by no means saturated, 
but the outlook for manufacturers for the next few 
years is not bright. The extension of hire-purchase 
facilities may imptove sales, but, to be effective, 
this must be accompanied by some reduction in 
price. The market is extremely elastic ; a reduction 
in price is likely to bring about a more than propor- 
tionate increase in sales, but manufacturers tend 
to be discouraged from lowering prices by purchase 
tax. Overseas, import restrictions by most Govern- 
ments, designed either to save currency or to 
protect the local industries, keep exports very much 
below their potential. In most countries, local 
production in light electrical engineering has been 
developed more than in most branches of engineer- 
ing. Though the industry has succeeded so far in 
increasing exports in every year since the war (see 
Table I, herewith, which is taken from the Trade 
and Navigation Accounts), it will find it hard to 
maintain them. 

It is difficult to generalise about an industry 
with such a wide range of products, which do not 
always follow the same demand trends, and the 
prospects for some of the more important products 
are examined below. From 1945 to 1948, the 
market for electric motors was expanding; the 
spread of electrification caused motors to: gain 
steadily at the expense of engines, and independent 
motor drive for workshop machines gained in 


popularity at the expense of line-shafting. In 1948, 
however, duplicated orders had to be written off 
and the output of small motors declined substan- 
tially in 1949; the monthly rate of output of 
fractional horse-power motors, which averaged 
670,0007. in 1949, averaged 528,0001. in the first 
ten months of 1949 (see Table II, herewith, compiled 
from the Monthly Digest of Statistics). Exports 
also declined, from 1-8I. millions in 1948 to 1-61. 
millions in 1949, and a large fall in the rate of incom- 
ing orders towards the close of 1949 does not 
augur well for 1950. In India, one of the major 
markets for electric motors, local manufacturers 
hoped to increase output of motors in the range of 
1 to 30 h.p. from 100,000 h.p. in 1948 to 250,000 h.p. 
in 1950 and output of fractional h.p. motors from 
600 h.p. to 25,000 h.p. over the same period. Since 
this was announced, India has been forced to cut 
the ambitious investment programme, and it is 
unlikely that the expansion will be as large as was 
planned. The trend, however, is towards greater 





doubtful if, at present prices, the home market 
would take larger quantities than are now on offer, 

Abroad, the market for domestic appliances is no 
more promising than at home. Devaluation has 
given British manufacturers a temporary advantage 
over their United States competitors (whose exports 
have recently been falling), but the main markets 
are in the sterling area, Australia, South Africa, 
India and New Zealand, in which the local many. 
facture of simpler electrical products has developed 
most. In self-defence, British manufacturers have 
been forced to hasten the movement by setting up 
subsidiary companies. “ 

The light electrical industry is organised for the 
most part in small units, a major exception being 
the manufacture of electric lamps, where there are 
large accumulations of capital. 
been little evidence of restrictive practices, although 
the companies concerned are in the strongest 
position to resist falling demand by restricting 
output and maintaining prices. Indeed, the large 


TABLE II.—UnITED KINGDOM: PRODUCTION OF ELECTRICAL EQUIPMENT AND APPLIANCES, 





Fractional Electric 
Electric Motors. Fires. 
— Total. Export. Total. Export. 
Value (£1,000). 
1937... se val — — 115-0* —_ 
1946... a oe —_— _- 186-5 oa 
ee =e re 392 91 119-2 a 
1948 .. of ae 617 109 28-1 — 
1948—4th Quarter .. 532 135 32-1 7-3 
1949—January a 541 136 36-9 8-2 
February an 565 124 38-1 8-5 
March .. a? 626 153 29-6 9-9} 
April .. on 509 121 22-0 9-1 
May .. 552 140 26-0 4-2 
June .. 512 110 20-2 2-3 
July .. 439 | 99 16-8 1-3 
August 469 73 23-2 3-6 
September 521 69 30-4 5-3) 
October 496 83 37-9 7-7 
November | 49-3 11-1 
December 35-7 6-0 











© Estimated, 


(MONTHLY AVERAGES OR CALENDAR MONTSS.) 








Electric Electric Electric 
Vacuum Cleaners. Irons. Kettles. 
} 
Total. Export. | Total. | Export. | Total. | Export. 
Thousands. 
2°7° 4°5 112¢ -— 35-0* os 
56-9 12-3 278 15 52-6 10-6 
75-8 26-7 199 72 64-6 17-3 
54-3 14°8 141 j 38 40-4 6°7 
61-8 17°5 144 36 51-9 7-0 
48-6 21-6 126 31 30-8 6-7 
} | 
72-9 14-2 | 128 39 34-6 | 9-0 
65-38 13-9 125 26 33-0 3°7 


TABLE III.—Untrep KInGpoM: PRODUCTION OF ELECTRICAL EQUIPMENT AND APPLIANCES, CONTINUED 


FROM TABLE II. (MONTHLY AVERAGES OR CALENDAR MONTHS.) 














Domestic Television! Electric Washing Electric Lamp Bulbs Insulated Wire and 
Radio Sets. Sets. Machines. | (Complete). Cable.t 
' 
——— Total. | Export.* Total. | Total. | Export. | Total. | Export. | Total. | Export. 
Thousands. Value (£1,000). 
1935 154 5t _ — _ 339 48 1,422 224 
1946 115 28 0-5 ~ - 774 92 3,332 820 
1947 4 165 34 2-4 — 865 97 4,659 | 1,230 
as om ss 136 27 7-6 _ 931 144 5,824 2,048 
1948—October ‘a 109 24 12-0 990 166 | 
November oe 126 33 12-8 18-9 4-6 1,012 | 144 6,778 2,386 
December a5 120 27 13-6 J 2 | 132 
1949-—January ae 114 22 10-8 18-0 | 4-9 918 | 156 }| 
February + 98 26 10-9 18-6 6-4 834 } 114 | 6,109 1,985 
March .. a 109 46 10-7 18-1 | 8°3 929 172 J} | 
April ee 100 25 9-6 20-8 } 6-7 766 116 | | 
May .. cx 110 32 11-4 24-5 | 10-3 841 173 6,492 2,290 
June... a 102 31 12-9 24-0 71 754 170 J} 
July ee os 93 18 10-2 21-5 7-5 23 91 
August .. Be 106 22 13-8 26-9 | 9-9 755 | 131 }| 6,247 1,986 
September és 131 22 18-3 29-3 | 8-7 940 127 
October fe 118 20 27-6 29-3 | 6-0 
November es 133 22 37-6 | 30-4 11-1 | 
| | | 
* Deliveries +t Insulated winding wire and flexible cord for instruments and equipment are excluded. 


¢ Number exported, excluding radiograms. 
self-sufficiency, one of the most serious problems 
British manufacturers are likely to have to face in 
the next few years. 

While the demand for most domestic appliances 
fell off early in 1948, the demand for electric washing 
machines and refrigerators showed no sign of falling 
until the end of 1949;- output has continued to 
rise and averaged 26,100 washing machines a month 
during the first ten months of the year, compared 
with 12,000 a month in 1948 (see Table III, here- 
with). Deliveries of refrigerators averaged 690,000/. 
a month in 1949, as compared with 450,000/. a 
month in 1948 (see Table IV, opposite, which, 
like Table ITI, is taken from the Monthly Digest of 
Statistics). Home deliveries have been limited 
hitherto by the necessity to export a high proportion 
of output (54 per cent. for refrigerators and 33 per 
cent. for washing machines) ; but, in recent months, 








sales have become more difficult at home and it is 


resources at the disposal of the companies have 
made possible many technical improvements which 
have resulted in lower prices for the consumer. 
Recently, price reductions have been made in anti- 
cipation of production improvements which are 
expected to result from the installation of two new 
American, bulb ribbon machines, each with a capa- 
city of a million glass bulbs a day, installed by the 
General Electric Company and the British Thomson- 
Houston Company in a joint venture. The demand 
for electric bulbs increased steadily after the war. 
Improved standards of household lighting resulted 
from the rise in the fixed domestic charge for 
electricity, coupled with a fall in the charge per 
unit, which has reduced the incentive to economise ; 
it is estimated that the number of electric lamps per 
household is now between 11 and 12. There has 
also been a growing preference for the higher- 
powered lamp of 100 watts. The rising trend of 


So far, there has 
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sales of electric lamps, however, was arrested in 
1949; output, which averaged 912,000. a month 
in the first nine months of 1948, was only 818,000. 
in the corresponding period of 1949. Against this 
background of falling demand, the agreement 
between, the two largest producers of electric lamps 
outside the Electric Lamp Manufacturers Associa- 
tion, announced last month, is of particular interest. 
Thorn Electrical Industries, Limited, and the Ekco- 
Ensign Electrical Company, which together account, 
for a little under 30 per cent. of the industry’s total 
output of lamps, are to continue to compete for 
orders ; but orders received will be executed in 
whatever factory of either partner can most con- 
veniently handle them. The arrangement is ex- 
pected to increase efficiency and reduce costs, and 
it will be interesting to see whether or not it will 
result in lower prices. Some reduction in the price 
of fluorescent tubes may, perhaps, result. Thorn 
Electrical Industries, by an arrangement with 
Sylvania Electrical Products, Incorporated, of the 


TABLE IV.—UNnNItTED KinepoM: DELIVERIES OF REFRIGERATORS, BY VALUE (£1,000). 
OR CALENDAR MONTHS). 


however, was less than that experienced by Britain’s 
chief competitor, the United States, and has been 
by no means uniform in all the markets. Sales to 
India, Malayaand Egypt have all steadily increased. 
India took 44,700 British sets in 1949, but Murphy 
Radio of India, Limited, have opened a new factory 
in Bombay and the industry, which expanded 
capacity from 8,000 sets a year in 1947 to 15,000 
at the end of 1949, is expected to expand further to 
17,000 sets a year in 1950. 

Rising television sales may eventually compensate 
for the fall in demand for radio receivers. In the 
first eleven months of 1949, the output averaged 
15,800 a month, as compared with 7,700 a month 
in the corresponding period of 1948 ; in November, 
1949, it reached 37,600 sets, compared with 12,000 
in November, 1948. Sales might have been even 
higher, had there been no uncertainty about 
the date of the opening of the Sutton Coldfield 
transmitter. A definite date was not announced 





till eleven weeks before the opening in December. 
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Commercial. 
Total. For Export. Total. For Export. Total. For Export. 
1947 249 69 503 61 137 73 
1948 = a 450 235 576 96 161 76 
1948—October .. 588 313 543 61 232 61 
November 593 317 586 fetal 184 107 
December 591 334 496 109 228 84 
1949—January .. 690 380 428 104 227 95 
February 589 340 489 04 325 106 
March 546 396 | 696 138 309 109 
April 586 346 628 72 248 108 
May 716 407 | 819 } 126 250 94 
June 727 355 834 177 217 82 
July 630 280 680 80 120 70 
August .. 800 370 | 610 90 200 80 
September 8380 470 } 610 210 180 80 
October . 820 420 450 | 90 230 120 
TABLE V.—UNITep KINGDOM: EXPORTS OF ELECTRIC WIRES AND CABLES. 
~ jo st ee a oe naa ese 7 
Tons. Value (£1,000). 
Bog ee seed oe od ~ 
1947. | 1948. | 1949. | 1947. | 1948 | 1949. 
Telegraph and Telephone and Wire Cables— | | | 
Submarine... im # = sy 5,053 4,375 | 7,321 | 485 | 409 856 
Other .. ne sh i * ‘6 17,892 36,936 37,295 3,079 | 7,525 | 8,093 
Other types of wire and cable, rubber insulated 20,060 20,041 19,085 | 5,013 | 5,243 | 4,880 
Insulation other than rubber to— | | : | ; : 
British West Africa .. : 104 | 1,143 1,270 | 24 110 | 215 
Union of South Africa Bi 6,057 | 123868 8,378 | 783 1,888 1,405 
Southern Rhodesia os 526 | 1,357 | 1,494 | 70 218 266 
ndia .. a mee | } 
ea jj} me | S| St me | Me] Oe 
Malaya ae 442 CO} 1,159 1,319 | 91 202 237 
Hong Kong 214 1/290 2°312 41 223 | 438 
Australia a ie 2,275 8,420 9,615 369 1,374 1,816 
New Zealand .. 1,392 | 2,623 2,140 239 488 | 439 
Other British countries 1,638 2,698 4355 313 513 | 803 
Irish Republic ee 887 1,881 1,507 171 | $25 | 344 
Sweden = 2.393 2071 | 495 440 | 425 | 175 
Norway “fi id a ay x3 2,565 939 1,546 351 160 284 
ey amram 574 1,343 1020 | 85 212 | 179 
I gypt .. 333 1,325 | 1,679 55 | 236 313 
a 741 | 1,234 671 | a 219 | 130 
ran. 277 1,463 | 3,068 44 | 217 518 
Argenting =. !! 2,990 21237 753 346 | 372 | 172 
Other foreign countries 5,694 | 6,785 5,220 906 | 1,277 1,140 
Total, Insulation other than rubber. . 33,516 60,574 62,064 | 5,065 | 9,998 11,540 
Grand Total, Electric wires and cables 76,521 | 121,926 | 125,765 | 13,642 23,175 25,369 
| 





United States, now use a process developed by the 
Sylvania Company for the mass production of tubes 
of high quality at low cost. This process and the 
manufacturing facilities of Thorn Electrical Indus- 
tries are now available to the Ekco-Ensign Company. 

The demand for domestic radio receivers revived 
somewhat in the latter months of 1949. Output 
averaged 110,000 a month from January to Novem- 
ber, compared with 133,000 a month in the corre- 
sponding period of 1948, and the peak output of 
165,000 a month in 1947. Ina keenly competitive 
market, manufacturers have made every effort to 
reduce prices. Further improvement in home 
demand may require a revision of purchase tax. 
The revival of sales in the latter part of 1949 can 
probably be accounted for by the public’s expecta- 
tion of higher prices, following devaluation and the 
economy cuts. At the National Radio Exhibition 
at Olympia in August, the trend towards small 
compact low-priced sets was evident. 

The fall in demand abroad has been parallel with 
that at home. In 1947, 407,000 sets were exported ; 
In 1948, 308,000 and in 1949, 295,000. The decline, 








The industry must plan production at least a year 
ahead, and it is hoped that the Government will be 
more specific in announcing the opening of other 
transmitters. The new station, which is stated to 
bring television within the range of six million 
more people, should assure manufacturers of a 
rising volume of sales in 1950. The possibilities 
for expansion should not be over-estimated, however. 
In London, three and a half years after the resump- 
tion of the television service at Alexandra Palace, 
less than 8 per cent. of the families within range 
have a receiver, and it is unlikely that this propor- 
tion will increase greatly, unless prices are con- 
siderably reduced. Small-screen table television 
sets have fallen in price by 25 per cent. over the 
past 18 months ; whereas, in the early history of 
radio, prices fell by about 40 per cent. in four years. 
Television, however, embodies all the radio know- 
ledge already gained, and the scope for further price 
reduction is comparatively small. The cheapest 
receiver at present marketed sells at 36 guineas, 
plus purchase tax, but the addition of 10/. tax puts 





the set beyond the means of most families. 





The five-year plan of station construction, out- 
lined by the Lord President of the Council, will 
eventually bring television to about 30 per cent. of 
the population. The method of financing the plan, 
however, is unsatisfactory. The capital develop- 
ment expenditure of the British Broadcasting 
Corporation has to be sanctioned by the Treasury 
each year, and the B.B.C. cannot, therefore, place 
orders for more than a year ahead. Manufacturers 
of transmitting equipment are unable, therefore, to 
make satisfactory production plans, and manufac- 
turers of receivers cannot forecast the demand with 
any degree of accuracy. 

The possibility of developing an extensive export 
trade depends upon a quick expansion, of the home 
market. Rapid expansion of television facilities in 
the United States, where 3-5 million television sets 
have now been sold, has given a marked advantage 
to manufacturers. Their output has increased from 
600,000 sets in 1948 to about 2-25 millions in 1949, 
and new transmitting stations being completed in 
1950 will cover an additional area with a population 
of 90 millions. This expansion may provide a large 
market for British manufacturers of transmitting 
equipment. Messrs. Pye, Limited, have already 
despatched transmission equipment manufactured 
in their Canadian factory to the United States. 
Their prices were 15 per cent. lower than the 
American, and delivery dates were nine months 
shorter. The Marconi Company and Electrical and 
Musical Industries, Limited, who are studying the 
market closely, are reported to be favourably 
impressed with their prospects. 

The varying television standards adopted by the 
few countries which already have television render 
the assessment of British export prospects difficult. 
Britain is wedded to a 405-line system, the United 
States to a 525-line system, while the six proposed 
Australian stations are to have one of 625 lines. 
The manufacturing problems arising from the 
differences in the number of lines employed are 
not, however, so serious (they involve only minor 
adjustments in the construction of sets) as the 
differences in modulation. Britain uses positive, 
and the United States negative, modulation. An 
agreement among European countries to accept 
positive modulation was secured with some diffi- 
culty in 1949, but Italy, which was given an Ameri- 
can 525-line transmitter and has since adjusted it to 
625 lines, has decided to adopt negative modulation. 
American and British manufacturers are fighting 
each other to secure world-wide adoption of their 
own systems. Outside the Commonwealth, the 
odds appear to favour the United States manu- 
facturers. They have shown themselves willing 
to give away transmitters, or to offer them at a 
discount, in order to get the receiver market. 
However rewarding such a policy may be, it is 
beyond the resources of British manufacturers, who 
are not following suit. One hopeful sign for British 
manufacturers is the adoption of the British and 
French systems for the two new Canadian stations 
at Montrea] and Toronto, which are expected to 
be in operation in the autumn of 1951. 

The prospects of the electric wire and cable 
industry during the next two to three years are 
good. One firm, Scottish Cables, Limited, report 
that the volume of orders in hand in 1949 was 
60 per cent. greater than in 1948. Urgent home 
demand, mainly for heavy cables, will ensure a 
high and stable volume of employment until 1952 ; 
but the fall in export demand, which became 
evident in 1949, is likely to continue. Japanese 
and German competition is growing, and British 
manufacturers may find it hard to keep their 
workers fully occupied by 1952 or 1953. 

Copper and lead supplies were fairly adequate, 
and, although lead is still rationed, the industry 
has been receiving an increasing share of available 
supplies. In the first eleven months of 1949, it 
accounted for 40 per cent. of a lead consumption 
in the United Kingdom which totalled 303,000 tons, 
compared with 33 per cent. in 1948. The use of 
aluminium as a substitute for lead, moreover, has 
helped to ease the situation. Johnson and Phillips, 
Limited, who are now producing seamless aluminium 
sheathed cables, have supplied more than 100 miles 
in the first year. These cables, they state, sell at 
lower prices than the standard lead-sheathed types. 
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The Ministry of Supply’s decision to align its 
selling prices of non-ferrous metals with the 
American prices, made in the middle of 1949, was 
long overdue. In the early part of the year, British 
manufacturers were at a considerable disadvantage 
in the export markets in having to pay prices of as 
much as 20]. a ton higher than those ruling in the 
United States. Unfortunately, the rise in non- 
ferrous prices, following devaluation, has negatived 
any advantages which might have followed from 
the new price policy. 

The improved supply of raw materials permitted 
a substantial increase in the production of electrical 
wires and cables in 1949. The value of output in 
the first nine months of 1949, 18-81. millions, was 
2-31. millions greater than in the corresponding 
period of 1948, in spite of a reduction in the labour 
force by 3,400 to 61,700. Production for the home 
market amounted to 12-61. millions, as compared 
with 10-7/. millions the previous year; production 
for export increased by 500,000]. Table V, here- 
with, taken from the Trade and Navigation Accounts, 
shows that the total exports of electric wires and 
cables increased by 10 per cent., from 23-21. millions 
in 1948 to 25-41. millions in 1949; but the volume 
of exports increased by only 3-3 per cent. This 
compares with an increase of 59 per cent. in 1948. 
Important local manufacturing industries have 
developed in the main British markets and, in 
many cases, British manufacturers have set up 
subsidiaries, or, at least, have provided a large 
proportion of the capital and given technical 
assistance in the belief that, if they did not do so, 
someone else would. Sir Alexander Roger, K.C.L.E., 
the chairman of British Insulated Callender’s Cables, 
Limited, in his statement circulated for the annual 
general meeting in July, said that, ‘‘ As regards local 
manufacture, we have always adopted the policy 
that where we feel this is justified economically we 
willingly co-operate with the local interests—our 
company is, in many cases, also acting as technical 
advisers. We have for many years had substantial 
share holdings in important manufacturing interests 
in Australia, India and South Africa. Some of 
these are now being extended, and, together with 
other manufacturers, we are starting up manufac- 
ture in New Zealand.” Aberdare Cables, Limited, 
also extended their overseas manufacturing facilities 
when the factory of the South African subsidiary 
began production in May. An agreement was 
signed, also in May, between the Standard Telephone 
and Cable Company of Great Britain and the 
Government, under which a cable factory, estimated 
to cost 750,000/., is to be set up in India. 

The strength of the Cable Makers Association 
makes for effective joint action in the export 
markets and has assured for manufacturers a large 
share of world demand. It is significant that, 
whereas cables constitute between one-quarter and 
one-third of the total electrical exports of the United 
Kingdom, they constitute only a negligible propor- 
tion of the electrical exports of the United States. 
The strength of the C.M.A., however, gives rise to 
possible abuses, and the industry at present is the 
subject of inquiry by a public commission investi- 
gating monopolies. Cable-making, by its very 
nature, requires large amounts of capital and the 
output per head is extremely high. This in itself 
explains the concentration of capacity in a com- 
paratively small number of concerns. Moreover, 
where the products are highly complex and require 
the maintenance of highly-trained technical and 
research staff, the resources of a small firm are rarely 
adequate. A small firm, for example, could not 
have evolved the complicated cables for use with 
television cameras, such as were used at the Boat 
Race in 1949 with outstanding success. At present, 
the economical limit for power transmission is 
between 500 and 700 miles, and, to increase this, 
very high voltages will be required. British Insu- 
lated Callender’s Cables have orders on hand at 
present from the British Electricity Authority to 
supply and erect a section of the first transmission 
line in this country to work at 275,000 volts, which 
is more than twice the highest transmission voltage 
already in existence in Britain. Small firms could 
not undertake cable-laying operations on the scale 
required ; for example, the electrification of rail- 
ways. The electrification of the 110 single track- 
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miles between Liverpool-street and Shenfield, one 
of the most congested and complicated construction 
areas in the world, was completed last year; and, 
as described on page 205, ante, the electrification of 
300 single track-miles on the Manchester-Sheffield- 
Wath lines, suspended in 1940, has been resumed. 
A high proportion of the standards issued by the 
British Standards Institution refer to cables, and 
the industry is well organised to secure internal 
agreement on standards. The problem of stan- 
dardisation, however, is a difficult one and no 
quick returns can be expected. The necessity for 
cost reduction is immediate. It is probable that 
there is scope for economies through more efficient 
use of resources, but many important cost factors 
are outside the control of the industry. Better 
buying techniques might secure lower prices for 
some raw materials, but, since the prices of non- 
ferrous metals are fixed by the Ministry of Supply, 
the scope is limited. It is unlikely that the labour 
employed can be induced to work longer hours, and 
lower wage rates are out of the question unless 
there is some reduction in the cost of living. In 
fact, cable manufacturers have recently had to 
accede to an increase in wage rates. A demand 
for a rise of 5s. a week for all adult workers went to 
arbitration, and, at a meeting of the Joint Industria] 
Council on September 20, it was agreed to accept 
the arbitrators’ award of 2s. 9d. There is no evidence 
that profits were unduly high. It would seem, 
therefore, that the industry can do little to reduce 
its prices, though it is only too evident that, unless 
costs are cut drastically now, it will be difficult to 
maintain employment and output after 1953. 
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120-FT. TRANSPORTABLE 
STEEL TOWER. 


Tne extensible ladders made by Messrs. Merry- 
weather and Sons, Limited, of Greenwich, are 
familiar equipment of fire brigades all over the 
world, and their mechanical details have been 
described in ENGINEERING on more than one 
occasion. During the recent war, they appeared 
in a new role, being mouited on Dukw landing 
craft and used as scaling ladders in the Normandy 
invasion. Still more recently, another use has been 
found for them—or, at least, for a variant of the 
same general design of appliance—as masts to sup- 
port targets for artillery practice : a development 
which gave rise to a number of novel problems 
because of the special features involved. The main 
requirements specified by the Ministry of Supply 
were that the towers, which are 120 ft. high and 
are used in pairs, should be carried on trailer chassis, 
suitable for towing by Army vehicles; that they 
should be capable of elevation and extension by 
hand ; and that they should be able to withstand 
the side load imposed by the weight, wind pressure 
and shell impact on a target supported by a wire 
suspended between the tops of the pair of towers. 
Figs. 1 and 2, above, and Figs. 3 to 5, on the oppo- 
site page, show how these requirements have been 
met. Fig. 1 shows the tower folded down on its 
trailer chassis, the overhanging portion being at the 
rear. The method of elevating it is illustrated in 
Figs.2and 3. The diagram in Fig. 4 shows the lead 
of the wire ropes which extend the telescopic sec- 
tions ; and Fig. 5 shows the tower fully extended. 








MARCH I0, 1950. 


ENGINEERING. 








PORTABLE TELESCOPIC TOWER. 


MERRYWEATHER AND SONS, LIMITED, GREENWICH. 














Fig4. 07 

















ak 
OT 





ee 








at 


“ENGINEERING” 


<—To Winch 


(9728.0) 








Fie. 3. Frst Stace in Ratstina Tower. 


As will be seen most clearly from the last-men- 
tioned illustration, the tower consists of five sections, 
each formed of tubular corner members, braced 
together by angles. It is arc-welded throughout, 
and the makers state that the total length of the 
welded joints is approximately a mile and a quarter. 
The lowest section, which is locked to the chassis 
when the tower is erect, is 31 ft. 1 in. high and has 
corner tubes 6 in. outside diameter and } in. thick, 
spaced at 5 ft. 6 in. centres. The first and second 
sliding sections are 30 ft. 4 in. long, with corner 
tubes 5 in. in diameter in the first and 4 in. in dia- 
meter in the second, by } in. thick in each case, with 
centres spaced at 4 ft. 54 in. and 3 ft. 6} in., respec- 
tively. The third sliding section has 3-in. tubes, 
4 in. thick, spaced at 2 ft. 8} in. centres, and is 
29 ft. 4 in. long. The fourth sliding section has 
2-in. corner tubes, 9 s.w.g. thick, at 2-ft centres, 
and is 27 ft. 10 in. long. On the top of this section 
is mounted the sheave over which the target wire 
passes to the top of the other tower of the pair. 

Each corner tube of the sliding sections has two 
rubbing strips welded to it, these consisting of 1 in. 
by } in. by } in. channels, attached to the tube by 
the flanges, with the 1-in. flat outwards. They are 
attached at 90 deg. apart in plan, so that the eight 
flat faces on the completed tower enable the tower 
to be squared up during construction to guard 
against twisting when welding the respective sec- 
tions ; it is obviously essential that the sections 
should be straight and square, and that play 
between the sections, which would cause a lack of 
rigidity when the tower is extended, should be 
reduced to the minimum. The faces abut against 
Meehanite rubbing blocks on the inside of the next 
larger section, and these blocks can be adjusted as 
necessary to ensure smooth operation. A steel 
ladder is built into one side of each tower as part 
of the bracing ; this can be seen in Figs. 1 and 3. 
The weight of the complete tower is 5 tons. The 
hinged gantry used to elevate the tower into the 





vertical position is made of 6-in. tubes, similar to 
those used in the lowest section. 

The process of raising and extending the tower 
is shown diagrammatically in Fig. 2. By means 
of an “‘ inching” gear at the rear end of the chassis 
(the left-hand end, in Fig. 2), attached to a 
cranked lever which is mounted on the bottom 
cross-member, the gantry is raised to a vertical 
position, as is shown by chain-dotted I'nesin Fig. 2, 
on the opposite page. The hoisting wires between 
the top of the gantry and the top end of the re- 
cumbent tower will then be taut. Wires leading 
from the top of the gantry to an elevating winch 
(to which further reference is made in the next 
paragraph) are then wound in to pull the gantry 
down to the front end of the chassis, thus raising 
the telescoped tower turning it about the t. unnions 
on the rearward side of its base; this stage is 
shown in Fig. 3, above. 

After the point of balance is reached, the tower 
moves under its own weight, settling gently into 
its front trunnions under the control of a hydraulic 
buffer at that end of the chassis. The buffer consists 
of an oil cylinder and piston, the flow of oil being 
regulated by the movement of a tapered spindle in a 
hole through which the compressed oil is allowed to 
escape. An automatic quick return is effected by 
four coil springs which raise the piston and its lever 
arm to the “out” position, the oil then passing 
through metal valves of the piston. The winch drum 
used for elevating the tower is chain-driven through 
a worm reduction gear to which hand power is 
applied through two winding shafts, coupled together 
and each having a pair of two-man crank handles, 
thus employing eight men in all. While the tower 
is being raised to the vertical position, the trailer 
chassis is held steady by four screw jacks attached 
to side struts and provided with sole plates to give a 
good bearing on the ground ; these can be seen in 
Fig. 3. When the tower is vertical and secured to 
its front trunnions, four additional side struts are 
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Fig. 5. Tower EXxtTenpeEp. 


placed in position, as shown in Fig. 5: these also 
are fitted with screw jacks, and are connected by 
tie bars at their bases, to give extra stability. Two 
of the struts, and their tie-bars, can be seen on the 
ground beside the trailer, in Fig. 3. 

The struts being in position and the tower truly 
plumbed by means of the jacks, the elevating drum 
is declutched and the winch drive engaged with 
two extension drums, one on each side of the elevat- 
ing drum. Each extension drum carries two wire 
topes, making four ropes in all. Each rope passes 
up inside one of the tubular corner members of the 
bottom section of the tower, over a sheave at the 
top, and down the outside of the tubes to the bottom 
of the first sliding section, where they are secured 
to adjusting screws. The first sliding section is 
similarly coupled to the second, the second to the 
third, and the third to the fourth, so that all four 
sliding sections are extended at the same time. 
The lead of the wires from section to section is 
shown in Fig. 4. As the tower extends, four wire- 
rope guys, also indicated in Fig. 4, are unwound 
automatically from ratchet reels at the four corners 
of the tower; and the target wire, which is not 
shown, but which passes axially up the tower, is 
similarly paid out from a drum, placed centrally 
beneath the tower. The guy lines are attached 
to the top of the third section and, when extension is 
completed, are secured to ground eyes and tightened 
on the ratchet drums. 

The trailer is basically an ordinary commercial 
type, with four twin-tyred wheels, but with the side 
members considerably stiffened at the front end 
to take the heavy downward load when elevating 
the tower. Extra stretchers had to be provided to 
support the hydraulic buffer, and a head rest at the 
rear end, to support the housed tower clear of 
the winch drums. When housing the tower, the 
sequence of operations described above is exactly 
reversed, except that the initial travel frém the 
vertical position to the point of balance must be 
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covered by pulling the tower over, either by a team 
of men or a tractor, until the winches can take the 
weight. The time of operation in erecting the tower 
is 20 mmutes for elevation to the vertical position 
and a further 30 minutes for extension, When 
the tower was erected in Messrs. Merryweather’s 
yard, however, and the photograph reproduced in 
Fig. 5 was taken, winding was effected, as a 
matter of convenience, by means of a tractor. The 
rear of the tractor was jacked up so that the driving 
wheels were clear of the ground and the power 
was transmitted by chain from a sprocket wheel, 
attached to the hub of one driving wheel, to 
another sprocket on the winch axle. 





ULTRASONIC TESTING OF WELDS, 


Durine the course of an exhibition arranged by 
the British Welding Research Association and described 
on page 161, ante, demonstrations were given of the 
ultrasonic method of testing welds which is being 
applied to the all-welded steel structures under con- 
struction at the Abbey Works, Margam, for the Steel 
Company of Wales, Limited ; the nature of the flaws 
in seven faulty joints specially prepared by the 
Association was also successfully indicated. Mr. E. M. 
Lewis and Mr. J. W. Fox, of Messrs. W. S. Atkins and 
Partners, 158, Victoria-street, London, S.W.1, who gave 
the demonstrations, said that other non-destructive test- 
ing techniques, such as X-ray and gamma-ray methods, 
were originally considered for the Abbey Works 
project, but were rejected as being too cumbersome 
or too costly at the time, particularly for the testing 
of welds on crane runways and in similar positions. 
Portable ultrasonic equipment, supplied by Messrs. 
Henry Hughes and Son, Limited, New North-road, 
Barkingside, was therefore tried out, and in view of 
the favourable results obtained, special apparatus was 
subsequently designed and constructed for weld testing 
on site. 

The ultrasonic methods employed (it was explained) 
are based on echo techniques analogous to those of 
radar ; high-frequency sound waves above the audible 
range are injected into the steel and the echoes received 
are used to indicate the position and nature of flaws in 
the weld seam. For testing welds these waves have 
three important properties: they can be propagated 
along narrow divergent beams if the diameters of 
the generating sources are longer than the wavelengths, 
and they are partly reflected at the interfaces between 
media having different acoustical properties. If these 
are widely dissimilar, as in the case of steel and air, 
there is almost complete reflection, but little or none 
occurs if the materials are acoustically matched. 
The waves also obey laws of refraction analogous to 
those for light, the angles of refraction depending on 
the wave velocities in the respective transmitting media. | 

In ultrasonic testing the waves are propagated in 
short trains or pulses by piezo-electric quartz-crystal 
probes set into mechanical vibration by high-frequency 
currents from an oscillator operating at frequencies 
between about one to five megacycles per second. 
Reflections and echoes are picked up by similar probes, 
and are converted into electrical signals, which are 
amplified and shown on the screen of a cathode-ray 
tube, together with the signals due to the transmission 
of the original pulses. The cathode-ray beam sweeps 
across the screen in synchronism with the pulses, and 
the quiescent period between each of these is made long 
enough to allow echoes from the far side of the steel 
beyond the weld seam to be reflected to the receiving 
probe before the next pulse is transmitted, flaw echoes 
being indicated by earlier signals. 

The case of a single flaw A at a distance x from a 
transmitting probe B on the flat surface of a test piece 
is illustrated in Fig. 1, the transmitting distance to the 
bottom or far side being y ; the incident beam, and the 
effective cover of the receiving probe are represented 
by the dotted lines. Fig. 2 represents the cathode-ray 
screen, with signals at a, 6 and c occurring at times 
corresponding to the transmission of the pulse, and 
to the reception of an echo from the flaw and from the 
far side, respectively. The time intervals x, and y, 
are in the same ratio as the corresponding distances x 
and y in the test piece, so that the distance of the flaw 
from the probes can be determined, and its position 
found by aligning the incident beam in different direc- 
tions. 

The waves are damped or attenuated by internal 
losses, and there are shadow effects caused by flaws in 
the path of the beam. These phenomena, as well as 
resonance effects, have all been applied to flaw detection, 
but the echo techniques were considered to be more 
suitable, ially as all reflections from the interior 
of a weld have some significance and can be readily 
amplified. The most powerful echoes are obtained 
when the longest dimension of a flaw is at right-angles 
to the incident beam, and, as flaws usually follow the 
line of the weld seam, the beams are directed to strike 





the seams at large angles. For the testing at Abbey 
Works, the probes are cut to refract the waves into 
the steel along beams aligned at about 20 deg. to the 
surface. This allows the probes to be used at con- 
venient distances from the welds, so that signals from 
near surface defects close to the probes can be distin- 
guished from those due to the initiation of the pulses. 
A film of oil is introduced between the probes and the 
steel to exclude air, and to minimise the effects of 
surface irregularities. 

When the construction of the Abbey Works com- 
menced, certain welding standards were adopted, and 
it is now suggested that such standards might be based 
ae specially-prepared welds containing given types 
of flaw to predetermined extents; these standard 
welds should be similar to those to be used on site. 
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The extent to which flaws may be accepted without 
remedial action might be decided either in the light 
of previous experience, supplemented by mechanical 
tests, or by the examination of polished sections, or by 
radiographs. With appropriate standards, however, 
the operator might determine by direct comparison 
whether the site welds were better or worse, and so 
decide what action was needed. Testing procedures 
might also be simplified by using electrical circuits 
which rejected all signals from unimportant flaws, so 
that only those from the more serious ones appeared 
on the screen. The thorough examination of important 
welds by non-destructive methods is reassuring in 
practice, especially in cases where there are to be 
reversals of stress, as in continuous crane runways. 
The incidence of welding flaws at the Abbey Works has 
always been very low but has steadily fallen, and this is 
attributed largely to the use of ultrasonic echo tech- 
niques, which enable i ion and non-destructive 
testing to be applied to all important work. 





CERAMICS FOR HIGH-TEMPERATURE APPLICATIONS.— 
The results of some recent tests at the United States 
National Bureau of Standards on ceramics developed 
for high strength at high temperature are summarised 
in the January issue of the Bulletin of the American 
Society for Testing Materials. In general, each combina- 
tion of stress and temperature was maintained for about 
160 hours, orone week. Tensile strengths up to 18,000 lb. 
per square inch, at 1,800 deg. F., and 15,000 lb. per square 
inch at 1,900 deg. F., were observed. Above 1,900 deg. F. 
the strengths dropped rapidly to an average of about 
5,000 Ib. per square inch at 2,000 to 2,200 deg. F. The 
maximum observed creep rates ranged. from about 
0-0001 to 0-0002 per cent. per hour at 1,700 deg. F. 
for the range of stress used ; from 0 -0002 to 0-0008 per 
cent. per hour at 1,800 deg. F. and a stress of 16,000 Ib. 
per square inch; and from 0-0030 to 0-0040 per cent. 
per hour at 1,900 deg. F. and a stress of 10,000 Ib. per 
square inch. 
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UNDERGROUND HYDRO-ELECTRIC 
POWER PLANTS.* 
By Joszrn D. Lew, M.A.S.C.E. 


(Concluded from page 237.) 


Full-face excavation necessitates roof supports, 
usually of a 180-deg. arc. Bench excavation requires 
lighter roof supports, of 120-deg. arc, which are abutted 
into the rock. The 180-deg. supports often require 
heavy wall-plates and post supports. The flat-roof 
supports (120 deg.) seldom require any posts. There- 
fore, it may be stated that it is possible, by using 
smaller charges (with less fracturing of rock) and 
limited excavation (bench method) to save as much as 
50 per cent. in the weight of steel roof supports. Natur- 
ally, in good rock like Swedish granite, where unsup- 
ported excavations as wide as 40 ft. and even 50 ft. are 
possible, the full-face method should be employed. In 
weaker rocks, such as shales, shists, and laminated 
sandstones, the relative advantages of bench methods 
must be analysed. 

The advantages of the Atlas-Diesel drill and the 
Sandvik ‘‘ Coromant’”’ hard bit can be seen from the 
experience during the inspection of driving a tailrace 
tunnel, of horseshoe shape, 39 ft. 6 in. wide and 41 ft. 
high, with an excavation area of 1,453 sq. ft., or about 
54 cubic yards per foot of excavation. The rock was 
hard granite. Twenty-four light Atlas-Diesel drills 
were mounted on a light wooden movable scaffold. 
One hundred and seventeen shot holes, 19-7 ft. deep, 
were drilled, and the advance was 18 ft. per round. 
This amounts to 970 cubic yards of rock removed per 
round. The 2,300 ft. of holes drilled amounted only 
to 2-4 ft. per cubic yard; 1-3 lb. per cubic yard of 
gelatine dynamite was used. 

A crew of only 16 men was working on the face. 
Excavation proceeded from a construction shaft in 
two directions. While one face was drilled and 
blasted, the excavated material was being cleared from 
the other face. After drilling and blasting one face, 
the crew switched to the other face. In other words, 
the same crew was responsible for 36 ft. advance per 
shift. In 128 man-hours, 1,940 cubic yards were 
excavated ; that is, 15 cubic yards were excavated per 
man-hour. The cost of drilling, blasting and clearing, 
including surveying, inspection, overhead and plant 
installation, was 17 kr. per cubic metre. If this cost 
were converted into dollars and multiplied by a factor 
of wage-pay ratio of Swedish and American labour 
cost, the adjusted cost of excavation would be about 
5-80 dols. per cubic yard, about a third of the prevailing 
cost in the United States. Therefore, it is under- 
standable why the Swedes choose unlined tunnels in 
lieu of lined tunnels, of somewhat smaller diameter. 
Another Swedish tailrace tunnel costs 6-80 dols. per 
cubic yard, after adjusting to United States conditions. 

The question of bench advance instead of full-face 
advance is more complicated. Under the present 
American practice, the contracts provide for special 
payments per cubic yard excavated and per pound of 
steel roof support. There is no incentive to the con- 
tractor to reduce the quantity of steel since the more 
steel installed, the greater the profit. Therefore, the 
contractor does not seek a method which would reduce 
the use of steel roof supports. The excavation of the 
power-house for Ampezzo, 64 ft. wide, in badly fissured 
dolomitic limestone, would be prohibitive, were it 
not for the adapted method of excavating the rest of 
the power-house. However, this procedure would be 
quite impossible with heavy drifters, because of space 
limitations. 

For security reasons, details of the Swedish tailrace 
tunnels have been withheld. However, the method is 
well illustrated in the Stockholm tunnel, using a truck- 
mounted jumbo and collapsible flooring. The jumbo 
is simplicity itself. A similar arrangement has been 
used at Harspranget, except that here there were two 
sectioned jumbos, which were moved by trucks. 
It is interesting to analyse the man-power used in this 
tunnel. illing was done by a crew of five, with one 
foreman. Two drillers operated on the upper platform 
and three from the floor. The foreman assisted in 
starting the holes and made preparations for the 
charging. Drilling was done with Atlas-Diesel pneu- 
matic pusher drills, with a feed piston of 56 mm. stroke. 
The Sandvik ‘‘ Coromant’”’ drills were 5 ft. 3 in. and 
10 ft. 6 in. long, with }-in. bar and 3-ft. 4-in. shanks. 
The drilling rate, including time for rigging, runs from 
30 to 46 ft. per man per hour. Firing was done 
electrically with 220-volt direct current. The excava- 
tor used was a Ruston-Bucyrus No. 4, with a }-cubic 
yard shovel. Twenty-nine holes were drilled by two 
men on the platform, and 44 holes by three men below. 
Since this work was done in 3} hours, each man on the 
platform was driving 41 ft. per hour and each man 





* Paper presented to the Power Division of the 
American Society of Civil Engineers, at the Annual 
Convention held in New Yorkin January, 1950. Abridged. 























Oe a a a ee a ee ee a ae 


mA awh 4 & oe oe Se 


~s «£ & Awe =~, | A oe 


dl 








MARCH I0, 1950. 





ENGINEERING. 





265 








b 


di 


pi 


‘ow 42 ft. per hour, this time including the setting of 
ills, starting holes, changing drill steel, adjusting the 
tforms, etc. 

talian and Swiss powerhouses are excavated hori- 
zontally ; an example is Cencenighe. First, the crown 
heading is excavated, then the roof arch is concreted. 
Following this, the walls are concreted, the turbine 
foundation excavated, and the equipment set. At 
Harspranget, in Sweden, another method has been 
used successfully. First, four draft tubes were ex- 
cavated from the tailrace tunnel. These same draft 
tubes were used in the construction of the old Porjus 
power plant. Then a small vertical shaft was excavated 
from the surface to the draft-tube level. Finally, the 
shaft was enlarged, starting with the level of the 
powerhouse ceiling. The muck was scooped by a 
winch and a scraper bucket to the vertical shaft, where 
it was dropped to the bottom of the draft tube, whence 
the muck was loaded directly into Euclid trucks. 
Excavation progress in the powerhouse was 600 cubic 
yard per 24 hours. After the excavation, the construc- 
tion shaft was concreted. The cost of excavation of 
the powerhouse was as low as 4-07 dols. per cubic yard. 
The cost of excavation of the draft tubes was 6-14 
dols. per cubic yard. 

Though some small-diameter tunnels and shafts 
have been driven in Europe, a 13-ft. diameter bore is 
the smallest economical excavation, in the light of 
American experience. Therefore, depending cn the 
margin set for overbreakage, and for the required 
tunnel] lining, the minimum inside diameter of a pres- 
sure tunnel is between 9 ft. and 11 ft. The average, 
or 10 ft. diameter, can be considered as good value 
for preliminary design estimates. The waterway area 
of a small pressure tunnel, therefore, is 78-5 sq. ft., 
and the corresponding area of excavation is 132-7 
sq. ft., or about 70 per cent. larger. This increase in 
area is nearly sufficient to account for the increase of 
the friction coefficient of the unlined tunnel. Just a 
small additional excavation is required to make both 
friction losses the same. However, the fact that the 
cost of lining is saved outweighs all other considera- 
tions ; therefore, unlined tailrace tunnels are economic- 
ally justified. Roughness of excavation involves not 
only overbreakage, but also increased hydraulic losses, 
which cause continued losses in the revenue of a plant. 

As to the length of the tunnel, it might be stated that, 
while European tunnels have been driven from head- 
ings 7,000 or 8,000 ft. apart, the American practice 
has been to space the headings as far as five miles 
apart, and, in the latest tunnel, even eight miles apart. 
This is the result of the high speed of advance in 
tunnels. The latest practice in Sweden seems to 
indicate a distance of three miles between headings. 
How such driving can affect the economy of the under- 
ground development can be demonstrated at Innert- 
kirchen, which is a typical tail development. To drive 
a 32,800-ft. pressure tunnel, four construction drifts 
were used. For the pressure shaft and surge chamber, 
an additional four drifts were needed. Because of the 
glacial mountain conditions, access to the drifts was 
extremely difficult and expensive. Furthermore, to 
keep the drifts short, the tunnel was placed near the 
surface, thus requiring a circuitous route. If proper 
tunnelling technique were employed, it would result in 
a head development with several advantages, namely, 
a new power-house located near the existing Handeck 
power-house ; simplified operation of two plants; 
simplified access, by using existing access to Handeck ; 
simplified power transmission and switchyard; and 
unlined tailrace tunnel in better and deeper rock; a 
tunnel that would be shorter by about 5,000 ft., or a 
saving of 15 per cent. in tunnel length, tunnel cost 
and hydraulic loss ;and the elimination of an extremely 
expensive surge shaft. In order to achieve these 
objects, however, and at the same time to maintain 
the construction schedule, high-speed machines are 
essential. 

The basis of Swedish rock-drilling equipment is 
the “ Coromant”’ drill steel, a j-in. or l-in. hexagonal 
drill with a chisel bit about 1-3 in. wide. The bits are 
not detachable, but form part of the hardened hollow 
alloy-steel rod, and have an insert of exceedingly hard 


wear-resistant tungsten carbide, with a percentage of 
cobalt. The insert cannot be fo or ened ; it 
can only be ground. The bit can drill 70 ft. in the 


hardest , a before regrinding is needed. The 
entire is good for 700 ft. to 1,200 ft., after which 
it is discarded. 

Among the advantages claimed for these drills are 
the fact that the wear-resistance permits the drivi 
of a holes ; fewer changes of bits are requi 
—an 18-ft. hole can be driven without changing the 
bit; a higher drilling speed is practicable—in hard 
granite, as much as 12 in. a minute, as compared with 
6 in. to 9 in. a minute with a conventional bit ; fully 
automatic, yet lighter, drilling machines can be used, 
weighing only 33 to 55 lb. and operating on com- 
pressed air at 120 lb. per square inch pressure. 

The lighter drilling machine permits a saving in 
man-power and of air; one man can operate two to 


four Atlas-Diesel machines. The regrinding of bits 
does not involve any forging or hardening, and can be 
performed on the spot. These claims seem to have 
some justification. At Hjalta, the driving of a hole 
6 in. deep was done in 15 minutes, including one change 
from a 4-m. rod to a 7-m. rod. The advantage, in 
comparison with conventional American drilling, which 
requires changes-of bits every 1} to 2} ft., is apparent. 
Furthermore, because of the smaller diameter, = rock 
has to be ground up, thus less compressed air is 
required. The automatic unattended work of the 
Atlas-Diesel machine allows enough time for the driller 
to set up the next machine, and, in some cases, the 
driller can operate even four machines by himself. The 
machine drills a set number of feet, stops drilling, 
washes out the hole, retracts the drill steel, and then 
stops. Regrinding is extremely simple ; the drill steel 
is placed on a rig and the tip is ground either by a 
estal grinder or by a hand grinder. After 52 ft. of 
drilling in hard rock, the wear is hardly noticeable. 
The automatic grinder oscillates while grinding and pro- 
vides a desired curvature of the cutting edge. 

In connection with long tunnels, air consumption 
gains in importance. Compressed air plants of 5,000 
to 6,000 cub. ft. per minute are common in America. 
The use of Atlas-Diesel drills reduces the required 
capacity, roughly, by one-third. The reduction in air 
consumption, based on a cost of 6 cents per 1,000 cub. ft. 
of air at the plant, results in a saving of 4 to 5 cents 
per cubic yard of rock; and the reduction in size of 
the compressor plant and pressure line, if amortised 
for a period of three or four years, produces an addi- 
tional saving of 5 to 10 cents per cubic yard. The most 
important saving lies in the reduced pressure losses ; 
based on the standard loss of 1 lb. of pressure per 
1,000 ft. of line, a tunnel with an 8-mile heading dis- 
tance would lose somewhere from 10 to 20 Ib. per 
square inch. 

A new and significant development in circular tunnel 
linings is the prestressing of the inner concrete shell 
to a compressive stress higher than the tensile stress 
produced by the hydraulic head under the working 
conditions of the. pressure tunnel. The prestressing 
utilises fully the compressive values of concrete, up to 
3,000 and 4,000 Ib. per square inch, reduces the amount 
of reinforcing steel, and—what is more important— 
prevents formation of cracks or fissures in the concrete 
lining. Prestressed linings consist of precast concrete 
blocks, from 14 in. (Innertkirchen) to 4 in. thick. 
Normal blocks have a strength of 9,000 to 10,000 lb. 
per square inch ; in exceptionally good blocks, 18,000 Ib. 
per square inch. The blocks are placed into the 
excavation to form a full ring and are compressed 
either by high-tensile steel wire hoops, or by high- 
pressure grouting. The prestressing is designed to 

roduce in the linings compressive stresses 50 per cent. 
bigher than the expected tensile stresses ; thus, under 
load, the lining is always in compression. At Innert- 
kirchen, the 14-in. liner blocks were treated with asphalt 
compound, thus increasing their impermeability and 
reducing the friction coefficient. The thin pre- 
stressed linings also reduce the required area of excava- 
tion, thus contributing further savings. 

The method of prestressing with steel hoops requires 
steel wires of high-tensile steel, of an ultimate tensile 
strength up to 425,000 lb. per square inch. The wires 
are from 2 to 5 mm. in diameter, and are prestressed 
to 200,000 or 250,000 Ib. per square inch. The hoops 
are placed first, and then the liner blocks. The hoops 
are connected to jacking and clamping devices of 
various designs. A hand-hole in one of the blocks per- 
mits manipulation for jacking the wires. When the 
wires are stressed, they are anchored with clamps, the 
jacking devices are removed, and the concrete or grout 
is pumped into the interspace between the rock excava- 
tion and the prestressed shell. Finally, the handhole is 
plugged tight under high pressure. 

Of the various methods of prestressing the lining by 
means of grouting pressure, the most promising is the 
method developed by Alois Kieser of Bregenz, Austria. 
He first applies a thin concrete layer to the excavation 
to form a circular section; then liner blocks with 1-in. 
outside lugs are placed to form a complete ring. A 
l-in. annular space is left between the previous con- 
crete lining and the lining ring. At every 5 m., the 
blocks have a rim, thus closing the annular space and 
sub-dividing it into about 16-ft. sections. The blocks 
are laid in mortar and are ar ap at the edges. 
Grout is introduced into a grout-hole at the invert, 
a venthole at the crown permitting air to escape. 
When the grout appears at the venthole, the hole is 
plugged, and the grout pressure is increased to the 
desired amount and held for 24 hours. 

The cost of tunnel lining for a pressure tunnel of 
8 ft. internal diameter compared with that of two 


the other for a high head. The costs of roof supports, 

inage and ventilation are the same, the main 
difference being in the excavation and the concrete 
work. The unit prices are those prevailing in 








standard American designs, one for a low head and/|h 


in the following Table. The saving with the Kieser 
method can run as high as 30 per cent. for low-head 
pressure tunnels, and up to 50 per cent. for high-head 
pressure tunnels. Besides the possible saving in 
investment, the main advantage of the prestressed- 
lined tunnel lies in the facts that the concrete lining is 
never subjected to tensile stresses, and that it is 
possible to use this method for high-water pressures 
with insufficient rock cover, a condition which cannot 
be fulfilled by conventional concrete linings. 


Costs of Prestressed Tunnel and Conventional Concrete- 

















Lined Tunnel, 
Conventional Lining. 
Prestressed 
onesie ' Lining. 
| Low Head. | High Head. || 
Inside diameter 8 ft. O in. 8 ft. Oin. 8 ft. Oin. 
Annular spacer — — lin. 
| (2-6 cm.) 
Total thickness --| 1. 7in. 2 ft. Lin. 1 ft. 3 in. 
Outside diameter ..| 11 ft.2in. | 12 ft.2in. | 10 ft. 6 in. 
Excavation, cub. yd. 
per ft. oie oa 3-8 4-3 3-2 
Concrete, cub. yd. 
per ft. 6 ae 1-95 2-5 1-35 
Cement, at 2 bbls. 
per cub. yd. -.| 8-9 bbls. 4-9 bbls. — 
Cement, at 1-6 bbls. 
per cub. yd. ois os _— 2-16 bbis. 
Cost of excavation, 
at 21.00 dols. per ft.| 80.00 dols. | 92.50 dols. | 67.00 dols. 
Concrete, at 21.00 
dols. per ft. vn) 4480. 51.50 ,, 27.40 , 
Cement, at 4.25 dols. 
per ft. ~ --| 16.60 ,, 20.80 ,, an. 
Total .. .-| 137.60 dols. | 164.80 dols. | 103.60 dols. 
Cost in percentages. . 133 159 100 














In order to co-ordinate the relationship of under- 
ground — developments to the hydraulic develop- 
ment of the various countries, the following short 
summery is given. 

Sweden.—The 2,400,000-h.p. of the Swedish under- 
ground water developments are mainly in three loca- 
tions. North of the Arctic Circle are Porjus and 
Harspranget, both underground. In central Sweden, 
where the majority of plants are located, are Hjalta, 
Krangede, Jarpstrommens, Forsmo, Norrforsen, and 
Hornso. In the south west, near Trollhattan, is the 
Hojum plant. 

Switzerland.—About 1,500,000 h.p. are installed or 
planned. Most of the plants are located in the Alps, 
on the borders of France, Italy and Austria. Lavey 
is located in the west, south west of Lake Leman. 
In the centre is the Oberhasli development, with 
Innertkirchen and Handeck II underground. Farther 
east is the projected Brenno development, with 
19,500 h.p. at Somvix, 32,000 h.p. at Lavaz, 170,000 h.p. 
at Luzzone, 180,000 h.p. at Olivone and 180,000 h.p. 
at Biasca ; the last two are projected as underground 
plants. On the easternmost extremity is the projected 
Unterengadin development, with Zerez ar Tarasp 
underground. At the south east corner, near Robbia, 
is the oldest, Palue, a pumped-storage plant. 

Russia.—Only three plants are known. The Niva 
development on the Kandalaksha Bay is just south of 
Murmansk. Sevan is on the south slope of the 
Caucasus, at the outlet of the Sevang (or Sevanga) 
Lake, near the Turkish border. Sulak is on the north 
east slope of the Caucasus. There are supposed to be 
some plants in Siberia, but their names, location and 
status are not known. 

Italy.—About 2,000,000 h.p. is the total develop- 
ment. Two plants, Flumendosa and Coghinas, are 
located on the island of Sardinia, and the rest are in 
northern Italy along the watersheds of Cordevole 
(Cencenighe, Agordo, and Stanga); Isonoz (Doblari 
and Plava); Isarco (Ponte Gardena, Glorenza, and 
Castelbello); Lake Camposto (Provvidenza, Santo 
Giacomo, and Mortorio); and the Piave (Soverzene) 
and Tagliamento (Ampezzo). 

France.—Two plants, Brommat on the Truyére, and 
Baton, are situated in central France. 

Peru.—Caiion del Pato is the only plant known to 
be in Peru. 

Australia.—A far-reaching project for developing 
Australian power resources includes Snowy River, 
with 16 underground stations and a total capacity of 
2,860,000 kW, and Kiewa (Victoria), which is under 
construction ; one station, of 26,000 kW capacity, has 
been in operation for some years. The completed 
Kiewa scheme will comprise six power stations with a 
total capacity of 289,000 kW, and all except the 
existing station will be underground. At Barron Falls, 
Queensland, a station has been in operation for some 
years. This plant comprises a diversion weir and 
eadrace, and a steel penstock, 1,300 ft. long, leading 
to an underground station where three 1,750-kW 
generators are installed. The operating head is 450 ft. 
The dimensions of the underground station are 84 ft. 
by 27 ft. in plan, with walls and roof of reinforced 
concrete. 





1948 in the New York area. The comparison is shown 
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BORING LATHE WITH OPTICAL 
TOOL SETTING. 


A surFactne and boring lathe with optical equipment 
and a translucent viewing screen for indicating the 
accuracy of the final cuts in obscured positions has been 
produced by Messrs. Alfred Herbert, Limited, Coventry, 
in collaboration with Messrs. George Swift and Company 


Limited, Halifax, and the Bristol Aeroplane Company, | 


Limited, Bristol. It was designed in*tially to reduce 
the overall time to machine dovetail grooves for 
holding stationary blades on the inside of com- 
pressor casings for aircraft gas-turbine engines. With 
the cutting tool in operation, though it is hidden from 
view, its position is controlled by observing the posi- 
tion of graticule images which are projected on to 
a 20-in. by 15-in. viewing screen, thereby eliminating 
the usual inspections made between cuts. A photo- 
graph of the lathe is reproduced in Fig. 1, and a close- 
up showing the boring bar and some of its cutters is 
given in Fig. 2. The complete machine weighs about 
15 tons, and it is approximately 18 ft. long by 6 ft. 
wide overall. 

The compressor casing is made from two aluminium- 
alloy halves which are bolted together to make the 
hollow frustrum of a right-cone, with 13 equally- 
spaced dovetail grooves around the inside. The 
diameter of the grooves across the casing varies with 
the taper bore, but otherwise all the grooves are 
identical in size and form, the bottom of each being 








| radially to correspond with the longitudinal pitch of 


| the grooves 1, 3, 4, 6, 8, 10 and 12. After the taper 

(4 | boring and facing operations are complete, the bar is 
fed into the casing until the cutters are correctly 

| located longitudinally ; a gauge is used to ensure that 


| the first groove is formed at the correct distance from 
| the end of the casing, the relative position of the others 
| being automatically secured by the pitch of the cutters. 
| The saddle and the bar are then locked longitudinally, 
rene) the latter being clamped against a shoulder in the 
parallel to the casing axis; for convenience, the | housing by a star wheel. The grooves are machined 
grooves are numbered | to 13, counting from the larger | one at a time ; when one is finished the bar is rotated 
end. | or indexed through 40 deg. to bring the next cutter 
The lathe headstock can be swivelled up to 10 deg. | into the working position, the longitudinal setting 
horizontally, as shown in plan in Fig. 3; this enables | remaining unchanged. After the first seven grooves 
the horizontal centre line along the inside of the bore | have been formed, the saddle is unlocked, and the 
nearest the operator to be brought parallel to the| bar moved further into the bore of the casing by a 
boring bar. The machining operations include facing | horizontal distance equal to one groove pitch, thus 
the end of the casing in a plane at right angles to | enabling the remaining six grooves, 2, 5, 7, 9, 11 and 13, 
its axis, rough and finish boring of the internal taper, | to be cut. The use of seven cutters to form 13 grooves 
rough-forming the 13 grooves, semi-finishing them to | in this manner allows them to be spaced radially sufii- 
produce the relief at the bottom of each, and finally, ciently far apart to prevent any of the idle cutters 
finish-forming their dovetail sides. A facing slide, | from striking the inside of the casing. 
fixed to the top of the main cross slide on the saddle, The lathe has a gap bed with a 4 ft. 6 in. diameter 
carries the facing tool and can be swivelled, as shown | swing over the gap, and its spindle is driven through 
in Fig. 3, so that the end of the casing can be faced | helical gears which engage with a vertical shaft con- 
square to its axis. | centric with the headstock pivot centre. It is driven by 
The boring bar is 64 in.diameter, and carries a cutter | a 25-h.p. variable-speed motor with a 7-5 to 1 speed 
at its end for machining the taper bore, as well as| variation. The motor, coupled through a clutchiess 
seven grooving cutters which are spaced 40 deg. apart ' gearbox, having ratios of 1 to 2 and 1 to 1, gives 


Fig.4. 
® 
(a) (b) 
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BORING LATHE WITH OPTICAL TOOL SETTING. 


Hig. 5. 
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spindle speeds ranging from 10 to 75, and 20 to 
150 r.p.m., respectively. Push-buttons are provided 
on the saddle for starting, stopping, increasing and 
decreasing speed, and for quick left and right power 
traverse to the saddle. They are duplicated on the 
headstock, excepting those for saddle traverse. The 
main per — on the _— diliney = = deg. to the 
lathe and carries the auxili ide supporti 
the boring-bar housing as well as the small facing slide: 
The auxiliary slide is normally set parallel to the lathe 
bed, but as illustrated in Fig. 3, it may be swivelled to 
enable the boring bar to be traversed parallel to the 
bottom of the grooves to form the dovetails. Slip 
gauges are used for setting the headstock and the 
—— slide to the required inclinations. 

The lathe equipment also inciudes a work-holding 
fixture, bolted to the spindle flange and carrying 
detachable flame-hardened steel locating rings. A 
register finish boring head is strapped to the boring 
bar for sizing the final register diameters and ensuring 
concentricity with the ves. Setting gauges and a 
levelling block with a dial gauge are used to check and 
measure the projection of each cutter from the bar. 
The cutters are Ardoloy tipped and, when working, are 
supplied with independent suds lubrication from pipes 
re in grooves along the bar. The feed-box of the 
lathe provides nine feeds from 10 to 300 cuts per inch. 

The position and movement of the cutting tools 
relative to the work are indicated on the viewing screen 
by enlarged images of graticule lines projected by an 
optical system which magnifies tool movement 50 times. 
The optical equipment, which was supplied by Messrs. 
Taylor, Taylor and Hobson, Limited, toughton-street 
Works, Leicester, includes a compact high-pressure 
mercury-vapour lamp and a system of lenses and 
mirrors which project a light beam from the lamp 
through graticules to other mirrors and thence to the 
translucent screen. There are two graticule holders, 
and both are bolted to a facing at the rear of the boring- 
bar assembly so as to move across the vertical light 
path in accordance with the longitudinal or transverse 
movements of the tool; these produce horizontal or 
vertical displacement of the images, respectively. The 
centres of the holders are spaced apart horizontally by a 
distance equal to the horizontal pitch of the grooving 
cutters, the left-hand holder being used for grooves 1, 3, 
4, 6, 8, 10 and 12, and the right-hand holder for 
perm 2, 5, 7,9, 11 = a each holder there are 

wo graticules, one, adjustable, superimposed on the 
other, which is fixed; the lines on the upper and lower 
graticule are similar to the V markings shown at a 
and 6 in Fig. 4, opposite. The complete assembly 
produces a pattern of intersecting or overlapping V’s 
similar to those shown in diagram c, the area of the 
pattern projected on to the viewing screen dependi 

a the position of the cutting tool relative to the 
work, 

The optical equipment is housed in a cabinet 
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mounted on a saddle which can be adjusted by screw 
and handwheel along longitudinal guideways bolted 
to the rear of the lathe bed as indicated in Fig. 3. 
After the cabinet has been set, subsequent movements 
of the boring-bar housing move the graticules across the 
path of the light beam and so move the images across 
the viewing screen. Fixed datum lines drawn on the 
screen help to give initial settings for the cutting tools 
and optical equipment, as well as indicate the limits 
between which the images should move for correct 
depths of cut. The combination of the light source 
with the lens and mirror system produces screen images 
which can be easily seen even in a well-illuminated 
workshop. The mirrors are of surface-aluminised glass ; 
some of them are held in a common cradle and can be 
adjusted to ensure the correct light path distance for 
the required magnification, as well as coincidence of the 
optical image plane and screen. 

The rectangular screen consists of a piece of trans- 
lucent material between two pieces of plain glass, the 
whole being bound at the edges; datum lines are 
drawn on the material in Indian ink. It is readil 

















and F are magnified and indicated by the corresponding 
sloping lines, E, and F,, on the screen. The micro- 
meter is graduated so that an anvil movement of 
0-0025 in. adjusts the upper graticule in a transverse 
direction and so either increases or decreases the 
total distance between the intersecting points by 
0-001 in. Thus the initial setting of the micrometer 
automatically fixes the intersecting points at appro- 
priate distances to suit the width of the cutter; and, 
in practice, the graticule holders are designed so that a 
given micrometer reading corresponds to a cutter of 
the same width. 





PLASTIC SCALES. 


A NEw range of laminated-plastic precision scales 
for architects and draughtsmen has been developed 
by the Watts division of Messrs. Hilger and Watts, 
Limited, 48, Addington-square, London, 8.E.5. Known 
as “ Presrule”’ scales, they are made of a high-grade 
paper-laminated pheno] formaldehyde, a stable and 
strong material which does not warp or shrink, and which 
is light and flexible. The body of the scale is cut to 
shape on high-speed routing machines, and is then 
sprayed with several layers of a white synthetic paint. 
After spraying, the scales travel on a conveyor chain 
through an infra-red oven, where the paint is stove- 
hardened. The surfaces are then hand-worked to a 
smooth finish, and the scale markings are impressed 
by a brass die, a pressure of about $ ton per square 
inch applied by a hydraulic press, in conjunction with 
the application of heat. The dividing lines are filled in 
with a black filler, and the whole surface is polished to 
give a finish resistant to dirt and grease. The edges 
of the scales are finished on a routing machine before 
final inspection and packing 





changed, and is adjusted by screws so that an inclined 
datum line tallies with the angle to which the boring- 
bar carriage and casing axis has been adjusted. In 
setting up the machine, the cutter is corectly posi- 
tioned relative to the compressor casing by means of 
the setting gauge, and the graticule in the appropriate 
holder is then adjusted to bring the projected image 
to the correct position on the viewing screen. 

Typical positions of the dovetailing tool are illus- 
trated in Figs. 5 to 8, above, together with diagrams 
indicating the corresponding areas of the graticule 
pattern which appear as images; these areas are 
depicted by the small rectangles in the central dia- 
grams. When the bar is safely positioned for indexing, 
as in Fig. 5, V-images appear from the (diagram- 
matically) lower part of the graticules, and the 
coincident apices of the horizontal and vertical V’s 
should then meet on the central datum line. Figs. 6, 
7 and 8 show the respective images when a grooving 
cutter is at the correct depth, and at the extreme 
left- and right-hand traversed positions. Longitudinal 
feed during dovetailing is indicated by the moving 
of the apex of the horizontal V along the inclined datum 
line A B, the vertical datum line C and D showing the 
extreme limits of travel; the line A B slopes nearly 
5 deg. downwards in accordance with the same angular 
displacement of the casing axis and boring-bar carriage. 

A micrometer control is incorporated to enable the 
upper graticule in each housing to be set precisely in 
relation to the lower so that the position of the points 
at which the overlapping V’s intersect can be altered ; 
this control allows adjustments to be made for slight 
variations in tool size, as well as for alterations due to 
regrinding. Fig. 9, above, for example, depicts the 
limiting left- and right-hand travels from the central 
position of the dovetailing cutter. The distances E 





To ensure great accuracy in the reproduction of the 
scale divisions, a glass master scale is prepared; @ 
strip of plate glass is coated with an acid-resisting 
material, through which graduations and markings are 
cut by a precision dividing machine. The lines and 
figures are etched into the glass by hydrofluoric acid 
vapour, the resisting material is removed, and the lines 
are filled with black filler. The die, representing the 
reverse of the master scale, is produced from the master 
scale by the process of photographic engraving on the 
surface of a thin brass sheet. The divisions and figures 
stand out in sharp relief above the etched background 
of the brass sheet. 





THE Ex-BRITISH WESTINGHOUSE ASSOCIATION.—The 
annual dinner of the Ex-British Westinghouse Associa- 
tion will be held on Friday, March 17, at 6.0 for 6.45 p.m., 
at the Connaught Rooms, Great Queen-street, London, 
W.C.2. The chair will be taken by Mr. T. F. Lister. 
We are asked to state that applications for late tickets 
should be addresssed to Mr. W. D. Taylor, St. Paul’s 
Corner, 1, St. Paul’s Churchyard, London, E.C.4. 





LONG CHAIN FOR BRICK WoRKS.—Messrs. Chain Deve- 
lopments Limited, West Bromwich, have recently com- 
pleted a welded steel chain over one mile in length, 1% in. 
in diameter, and containing 19,278 links. The chain 
has been made to the special requirements of the brick 
works where it will be employed for tub haulage. The 
chain was made from a low-carbon 1-5 per cent. man- 
ganese steel and the links were electrically flash butt 
welded, and, after heat treatment, subjected to rig 
tests. 
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BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales ent of 
the Institution, 24, Victoria-street, London, S8.W.1, 
at the price quoted at the end of each paragraph. 


Fusion-Welded Pressure Vessels for Chemical Indus- 
tries.—A provisional British Standard Code, B.S. No. 
1500, for fusion-welded steel and alloy-steel pressure 
vessels for use in the chemical and allied industries 
has now been published. It consists of seven sections, 
the first of which deals with definitions and general 
directions on the use of the Code. Section two indi- 
cates the range of materials covered and lays down 
stress values for the materials. Section three deals 
comprehensively with all aspects of design and covers 
such matters as corrosion and protection, joint effi- 
ciency, form and design of vessel ends, openings and 
connections, and supports. Section four concerns 
construction details, tolerances, methods of making 
welded joints and other matters. Section five covers 
inspection, testing and acceptance, and section six, 
protective devices, while the seventh and final section 
deals with such points as inspection during construction 
and permissible repairs on site. Details of the forms 
of test pieces to be used for testing welded seams are 
given in an appendix, while provision has been made 
for the inclusion of requirements for non-ferrous metal 
vessels at a subsequent date. A supplementary publica- 
tion, containing particulars of the steels referred to in 
the Code, is to be issued shortly. It is also proposed, 
in due course, to prepare similar codes to cover forged, 
riveted and brazed vessels. [Price 25s., postage 
included. ]} 


Steel Pipe Flanges and Fittings for Petroleum Industry. 
—A new specification, B.S. No. 1560, covering steel 
pipe flanges and flanged fittings for the petroleum 
industry, is a companion publication to B.S. Nos. 1575 
and 1576, relating to cast-iron flanges and fittings, 
reviewed on page 210, ante. The new specification 
provides for seven classes of flanges and flanged 
fittings, designated class 150, 300, 400, 600, 900, 
1,500 and 2.500, according as they are for primary 
service-pressure ratings of from 150 to 2,500 lb. per 
square inch. Details for the design and construction 
of the flanges and fittings are given and tables contain- 
ing all the dimensions required are furnished. [Price 
12s. 6d., postage included. ] 





CONTRACTS. 


MEeEssrs. G. AND J. WEIR, LIMITED, Cathcart, Glasgow, 
S.4, have received an order from the Government of the 
Netherlands West Indies for evaporating plant to cost 
500,000 U.S. dols. The plant will be installed in the 
Islands of Curacao and Aruba where Messrs. Weir have 
already constructed installations for the production of 
fresh water from sea water. The purpose of these plants 
is to supplement the limited water supply of the islands. 


During the past month the British Electricity Author- 
ity, Great Portland-street, London, W.1, have placed 
contracts for power-station, switching- and transforming- 
station, and transmission equipment amounting, in the 
aggregate, to 3,059,8791. Among the principal orders 
are high-pressure steam and feed piping for Deptford 
East Station, with JoHN THOMPSON WATER TUBE 
BOILERS, LIMITED ; high-pressure pipework for Brightou 
“B” station, with SreEwaRTs AND LLOYDS LIMITED; 
interconneeting pipework and valves for Blackburn 
station, with BaBcock aND WiLcox LimiTrep; water- 
treatment plant for Huncoat station, Accriagton, and 
coal-handling plant for Chadderton station, Oldham, 
with SmmON-CaRVES LimireD ; structural steelwork for 
Usk Mouth station, Newport, with BRAITHWAITE AND 
CoMPANY (STRUCTURAL), LIMITED, 132-kV 2,500-MVA 
switchgear for Keadby substation, Lincolnshire, with 
A. REYROLLE AND COMPANY, LimITED; 45 MVA 
132/33-kV transformers for Chichester substation, and 
45 MVA 132/66-kV transformers for Cheltenham sub- 
station, with the GENERAL ELECTRIC COMPANY, LIMITED ; 
132-kV 2,500-MVA switchgear for Roosecote substation, 
Barrow, with FERGUSON PaILIN, LDTED; similar 
switchgear for Churchill substation, Somerset, with the 
METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED; 
similar switchgear for Taunton substation with the 
BRITISH THOMSON-HOUSTON COMPANY, LIMITED; 45- 
MVA 132/33-kV transformers for Ellesmere Port sub- 
station, Cheshire, with C. A. PARSONS AND COMPANY, 
LIMITED; 275-kV overhead line from West Melton to 
Barnby Moor, with BaLrour BEATTY AND COMPANY; 
132-kV overhead line from Poplar to Brimsdown, with 
J. L. EVE CONSTRUCTION COMPANY; 132-kV overhead 
lines from Nursing to Fawley and from Rye House to 
Watford, with W. T. HENLEY’s TELEGRAPH WORKS 
ComMPaNyY, LIMITED ; and from Braehead to Govan and 
Hage’s Road 132-kV. 33-kV and pilot cables with 
ENFIELD CABLES LIMITED. 





BOOKS RECEIVED. 


Stdhlerne Briicken. By PROFESSOR GOTTWALT SCHAPER. 
Seventh enlarged and revised edition in three volumes. 
Volume I. Part I. Wilhelm Ernst und Sohn, 
Hohenzollerndamm 169, Berlin-Wilmersdorf, Ger- 
many. [Price 18 D.M. in paper covers; 20-50 D.M. 
bound.] Lamge, Maxwell and Springer, Limited, 
41-45, Neal-street, London, W.C.2. [Price 31s. 6d. in 
paper covers ; 36s. bound.) 

Layout Planning Techniques. By ProFEessorR JOHN R. 
IMMER. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
5 dols.) McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
42s. 6d.) 

Grinding Practice. Typical Machines and Methods Used 
in a Wide Variety of Work. By FRED H. COLVIN and 
FRANK A. STANLEY. Third edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 3-75 dolls.) McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 32s.] 

Lloyd’s Register of Shipping. Appendiz to Lloyd’s Register 
Book, 1950. Offices of the Register, 71, Fenchurch- 
street, London, E.C.3. [Price 63s.] 

Department of Scientific and Industrial Research. National 
Building Studies. Technical Paper No. 4. Investiga- 
tions on Building Fires. Part I. The Estimation of 
the Maximum Temperature Attained in Building Fires 
from Examination of the Debris. By Dr. T. W. 
PARKER and R. W. Nurse. Part II. The Visible 
Changes in Concrete or Mortar Exposed to High Tem- 
peratures. By G. E. BeEssEy. H.M. Stationery Office, 


Kingsway, London, W.C.2. [Price 9d. net.] 

Overseas Economic Surveys. New Zealand. By R. 
BOULTER. July, 1949. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 3s. net.] 

Ministry of Educati. Sci Museum. Outline History 





of Transatlantic Steam Navigation. As Illustrated by 
the Collections at the Science Museum. By H. P. 
Spratt. H.M, Stationery Office, Kingsway, London, 
W.C.2. [Price 2s. net.] 

Ministry of Labour and National Service. Careers Guide. 
Opportunities in the Professions and in Business Man- 
agement. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 2s. 6d net.] 

B.B.C. Television Service. A Technical Description. 
The British Broadcasting Corporation, Grammar 
School, Scarle-road, Wembley, Middlesex. [Price 2s.]} 

The Magic of a Name. By HaROLD NocKoLps. G. T. 
Foulis and Company, Limited, 7, Milford-lane, Strand, 
Lordon, W.C.2. [Price 25s. net.) 

Steel and Ships. The History of John Brown’s. By Sir 
ALLAN GRANT. Michael Joseph, Limited, 26, Blooms- 
bury-street, London, W.C.1. [Price 15s. net.] 

Hardenability and Steel Selection. By WALTER CRAFTS 
and JoHN L. Lamont. The Pitman Publishing Cor- 
poration, 2, West 45th-street, New York, U.S.A. 
[Price 5-50 dols.] Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 35s. net.] 

The Calculation of Sheet Metal Work. For Students and 
Craftsmen. By A. Dickason. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 15s. net.] 

Engineering Precision Measurements. By A. W. JUDGE. 
Second revised edition. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 30s. 
net.) 

Electrical Engineers’ Handbook. Electric Power. Edited 
by Dr. HAROLD PENDER and WILLIAM A. DEL Mar. 
Fourth edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
8-50 dols.] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 68s. net.] 

Technical Sketching and Visualization for Engineers. By 
Hyman H. Katz. The Macmillan Company, 60, Fifth- 
avenue, New York 11, U.S.A. [Price 5 dols.] Mac- 
millan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 37s. 6d. net.] 

Society of Chemical Industry. Chemical Engineering 
Group. Proceedings. Volume XXIX. 1947. Offices 
of the Society, 56, Victoria-street, London, S.W.1. 
[Price 218.} ’ 

An Introduction to Heat Transfer. By Proressors M. 
FISHENDEN and O. A. SAUNDERS. Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 15s. net.] 

The College of Aeronautics, Cranfield. Report No. 31. 
On the Application of Oblique Co-ordinates to Problems of 
Plane Elasticity and Swept Back Wings. By W. 8. 
Hemp. No. 32. An Empirical Method for Rapidly 
Determining the Loading Distributions on Swept Back 
Wings. By R. Stanton Jones. No. 34. The Charac- 
teristics of Systems Which are Nearly in a State of 
Neutral Static Stability. By Proressorn W. J. DuN- 
can. The Librarian, The College of Aeronautics, 
Cranfield, Bletchley, Bucks. [Strictly limited issue ; 
copies free to approved firms, institutions, and official 
bodies.) 









PERSONAL. 


Str LAWRENCE BraGG, M.C., M.A., F.R.S., Cavend'sh 
Professor of Experimental Physics, Cambridge, is to h:.ve 
conferred upon him the honorary degree of Doctor of 
Civil Law at a congregation, to be held on May 24 in 
Durham Castle at the installation of Dr. G. M. Trev 
YAN, O.M., C.B.E., as Chancellor of the University of 
Durham. 


Str EDWARD APPLETON, G.B.E., K.C.B., D.Se., F.R.°., 
Principal of the University of Edinburgh, bas ben 
awarded the Sir Deva Prasad Sarvadhikary Gold Medal 
of the University of Calcutta. The award is a biennil 
one and the recipient for 1947 was Professor P. M. s. 
Blackett and for 1945 Professor Einstein. 

PROFESSOR J. L. MATHESON, M.B.E., Ph.D., M.Se., 
who hs occupied the chair of Civil Engineering in t!:c 
University of Melbourne, Australia, since January, 1{!7, 
has been appointed Beyer Professor of Engineering in (hic 
University of Manchester ard director of the Whitworth 
Laboratories. 


Mr. E. G. Paturrs, O.B.E., M.I.Mech.E., has beon 
elected chairman of the East Midlands Branch of the 
Institution of Mechanical Engineers; PROFESSOR Ii. 
Wricut BAKER, D.Sc., M.I.Mech.E., chairman of the 
North-Western Branch; Mr. T. Irvine Hupsovn, 
M.1.Mech.E., chairman of the Southern Branch; Mr. 
H. F. Pinups, D.C.M., M.I.Mech.E., chairman of tle 
South Wales Branch; Mr. C. THOMPSON, B.Sc.. 
M.1I.Mech.E., chairman of the China Branch and Mr 
G. B. W. Dominy, M.I.Mech.E., chairman of the River 
Plate Branch. 


Mr. D. McKENNA, rolling stock superintendent, rail- 
ways, London Transport Executive, has been appointed 
joint commercial manager with Mr. J. H. F. BENForD 
To fill the vacancy caused by the transfer of Mr. McKenna. 
Mi. G. S. Brncuam has been appointed assistant mech- 
anical engineer (running). 

Mr. A. Burrows, A.M.I.C.E., has been appointed to 
succeed Mr. T. H. P. VEAL, B.Sc., A.M.I.C.E., as honor- 
ary secretary of the Midlands Association of the Institn- 
tion of Civil Engineers, when Mr. Veal retires from office 
at the close of the current session. 


Mr. J. WEDLAKE, M.B.E., acting senior Deputy 
Director of Armament Supply, Admiralty, has been 
appointed to succeed Mr. G. B. McCorMICK, C.B., 0.B.E., 
as Director of Armament Supply on May 15, when Mr. 
McCormick retires. 

Mr. J. M. ROBERTSON has retired from the position of 
secretary of the Furness Shipbuilding Company, Limited, 
Haverton Hill, Billingham, County Durham, and has 
been succeeded by Mr. A. A. MCNauGHTON, A.C.A. 

Messrs. ELECTRO DYNAMIC CONSTRUCTION COMPANY, 
Liwtrep, St. Mary Cray, Kent, have transferred their 
automatic control-gear department to their Bridgwater 
Works, which will now be devoted chiefly to the extension 
of this new department’s activities. Mr. BERNARD 
FELTBOWER, B.Sc. (Eng.), A.M.I.E.E., is manager at 
Bridgwater. 

Messrs. A. C. WICKMAN Limirep, Coventry, have 
assumed the sole export agency for Messrs. A. W. 
MACNAMARA LIMITED. manufacturers of wire and strip 
forming machines and barrel plating machines, Foundry- 
lane, Smethwick, Birmingham, 40; and for MESSRS. 
HirimMor LIMITED, manufacturers of bending machines, 
65, Calshot-street, King’s Cross, London, N.1. In the 
latter case the agency excludes South Africa, Holland 
and the Dutch East Indies. 

Messrs. PROTOLITE LIMITED, Central House, Upper 
Woburn-place, London, W.C.1. announce that the tele- 
phone number of their London office has been changed to 
EUSton 8265, and the telegraphic address to Prolite 
Kincross London. 

Messrs. DAVID BROWN AND Sons (HUDDERSFIELD) 
Limirep, Huddersfield, have acquired a wholly-owned 
subsidiary company in South Africa, namely, PRECISION 
EQUIPMENT (PTyY.), LIMITED, Benoni, Transvaal. This 
company is additional to that of DavipD BROWN AND 
Sons S.A. (Pry.), LimITED, Johannesburg. 

The Section of the Import LICENSING BRANCH of the 
BOARD OF TRADE which deals with applications for import 
lincences for machinery and motor vehicles removed its 
offices on March 8 from 91, Victoria-street, to Romney 
House, Tufton-street, London, S.W.1. The new tele- 
phone number is ABBey 9080. 


The name of TRANSPORT (1910) LmurreD, 33, Tothill- 
street, London, S.W.1, bas been changed to TOTHILL 
Press LIMITED. The company publishes oar contem- 
poraries : The Railway Gazette, Shipbuilding and Shipping 
Record, Power and Works Engineering, and other technical 
and trade journals. Recently, the St. MARGARET'S 
TECHNICAL PRESS LIMITED, NEMA Press LIMITED, THE 
Dtmecrory PUBLISHING CoMPANY LIMITED, and the 
RalLway PuBLIsHING CompaANy LIMITED, and other 
subsidiary companies of Transport (1910) Limited, were 
wound up and: the assets transferred to the parent com- 
pany. In September, 1945, the control of Transport 
(1910) Limited, passed to OpHAMS PRESS LIMITED. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel.—The slight reduction in steel-ingot 
output foreshadowed last week continues, but the overall 
production remains on a high level. Although pig-iron 
outputs are affected by the re-lining operations pro- 
ceeding at the No. 2 blast furnace at Clyde Iron Works, 
an adequate supply of metal, both pig iron and scrap, is 
provided for the steelmakers. The proportion of scrap 
in the melting charge is high. Makers are taking notice 
of the rapid increase of steel production in Germany, in 
view of a possible reduction in scrap tonnages from that 
country, should the industry expand further. Although 
the market is still out of balance on account of the 
intense activity in plates and sheets, as opposed to 
re-rolling products, the general position is gratifying and 
makers are looking forward with confidence to the 
highest shipments of finished products this quarter since 
the middle of 1946. Plate makers are busily engaged. 
Production and current home orders are now comfort- 
ably equated, but it is fully expected that, if reduced 
requirements for shipbuilding materialise, the potential 
surplus capacity will be absorbed by the execution of 
larger tonnages for export. Sheets, both black and 
galvanised, move off promptly to consumption, with 
bookings balancing the full production from the mills. 
Re-rollers are managing to ward off the threat of short- 
time working, with little in hand, however. The relaxa- 
tion in regard to shipment of small bars to the Colonies 
has been welcomed. Orders for joists, T-sections, and 
channels are scarce, pending an easing of the building 
restrictions. 


Scottish Coal.—Mediocre production, aggravated by 
sporadic strikes, has been making it impossible for 
distributors to maintain full supplies to users. Divisional 
outputs since the turn of the year are about 50,000 tons 
below the corresponding figure for 1949, while fuel 
requirements are at least as heavy as they were then. 
Space-heating loads are a considerable drain, while 
industrial consumption is high. Power stations and 
gasworks are a little better supplied in view of their 
natural priority, but, although the strong demands for 
gas and electricity are being met, fuel margins are small. 
Round coal falls short of the requirements. Domestic 
deliveries are being upheld at near the basic level, 
although at the sacrifice of quality on occasion. Distri- 
butors are struggling to provide scheduled tonnages for 
the railways. Shipping programmes have been stretched 
on account of the shortage of coal arising from difficulties 
in meetirg inland needs. Exports last week included a 
cargo of 2,000 tons of duff for Germany, the second this 
year, and a mixed consignment of 1,500 tons of duff 
and 1,500 tons of coke breeze for Portugal. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Production problems have been eased 
by the abolition of the winter system of staggered hours 
of working necessitated by power shortage. Since 
November 21, industry had been organised in five 
groups which took turns to work a late shift from 
11.30 a.m. to 8 p.m. during a five-day week. Manufac- 
turers are urged to exercise care in the use of power, 
throughout March, particularly between 8 a.m. and 
10 a.m. In anticipation of a big influx of buyers in 
forthcoming months as a result of determined efforts to 
secure more foreign trade, the Chamber of Commerce 
has prepared a Buyer’s Guide to the city and its products. 
One of the aims is to ensure that trade visitors can be 
quickly referred to firms making exactly the type of 
product they need. Regional lists have also been pre- 
pared so that a buyer can make a number of calls in 
the same area. A cutlery-resesarch plan is being sub- 
mitted to cutlery manufacturers, in the hope that its 
successful adoption may be an alternative to a develop- 
ment council which has already been rejected by an 
overwhelming majority. The British Iron and Steel 
Research Association has offered financial assistance and 
accommodation and propose to put their experience at 
the disposal of the cutlery industry. A suggestion that 
the industry should send a production team to America 
has not been received with enthusiasm and is in abeyance. 
Sheffield industry continues to be well employed, but 
there are some instances of an easing of demand. 


South Yorkshire Coal Trade.—The production of coal 
in South Yorkshire has fallen off, in spite of the fact 
that some pits in the area, as in the Sheffield, Worksop 
and Doncaster districts, have increased their outputs. 
The demand is strong, especially for industrial steams. 
Fuller production at some opencast sites has been taking 
place now that weather conditions are more favourable. 
Coking coal is in adequate supply and gas coal is fairly 
plentiful, although consumption is still very heavy. 
House coal is in relatively short supply. More coal than 
is available could be handled forexport. Bunker demands 
ave brisk. 








NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 
The Welsh Coal Trade.—A plea for cheaper coal and 
an enlightened long-term export policy is made by Mr. 
H. H. Merrett, a leading South-Wales coal exporter who 
has recently completed a 17-country survey of overseas 
markets and their possible needs during the next ten 
years. He places their total requirements of coal at an 
annual average of 51,000,000 metric tons. Fiercer com- 
petition from Poland and Germany is forecast, since these 
countries are free from rigid standards of working con- 
ditions or niceties of trade-union procedure, and also 
from South Africa and possibly America. South Wales 
anthracite sales to Canada, last year, were valued at 
1,500,0001. said Mr. G. E. Aeron-Thomas, chairman of 
the South-Western Divisional Coal Board, last week. 
He estimated that sales this year would reach the 
2,500,0001. mark. By exporting coal that no other 
division could supply, South Wales was able to purchase 
practically all the materials the coal industry required 
from the other side of the Atlantic. Mr. T. S. Charlton, 
production director for the divisional board, has said 
that the reduction in coal-production costs, in the South 
Wales coalfield in the past year, was four times that in 
the country as a whole. Trading conditions have again 
remained difficult on the Welsh steam-coal market 
throughout the past week. The demand has come in 
steadily but salesmen have experienced an acute shortage 
of available supplies for delivery over the next month or 
so. The home section continues to provide a ready 
outlet for a very large portion of current output and 
little slackening in this demand is expected before the 
spring. Consequently, exports are again held in check. 
Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand from home consumers im- 
proved and a much increased volume of business was 
transacted. The greater portion of this was for delivery 
during the current period. The export market was fairly 
ective and the number of orders booked showed a slight 
increase. Makers of steel sheets are unable to satisfy the 
demand and new business negotiated is mainly for 
deferred delivery. A strong demand is maintained for 
most descriptions of iron and steel scrap. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—There has been extensive buying 
in a strong market and inquiries continue on a substantial 
scale. Outputs of iron and steel are absorbed by current 
requirements but foreign competition for overseas trade 
is keen and increasing and threatens to jeopardise the 
present satisfactory state of the order books of North- 
East Ceast producers. Raw materials from both home 
and overseas sources continue in ample supply and 
merchants still manage to provide large quantities of 
iron and steel scrap for prompt delivery. Pig-iron 
parcels reaching consuming plants are maintained on a 
fairly satisfactory scale but there is still no tonnage 
available for export ; in fact, occasional small quantities 
of Continental iron are still accepted by British con- 
sumers. Most semi-finished commodities are in good 
supply and the tonnage distribution of the various 
finished descriptions of material remains at a high level. 
Restrictions in regard to steel constructional work, how- 
ever, have limited the home demand for certain types of 
finished steel and the re-rolling mills are somewhat less 
active than they have been. At the same time the total 
tonnage output of steel continues to be very heavy. 

Foundry and Basic Iron.—The ordinary foundry pig 
iron, required for consuming works between the Tees 
and the Tyne, has still to be secured, almost entirely 
from producing plants at a distance but the parcels 
coming forward—largely from the Midland iron area— 
practically cover the current needs of regular users. The 
entire output of the basic blast furnaces has to be 
retained for the makers’ own consuming departments. 

Hematite, Low-Phosphorus and Refined Iron.—The 
steady distribution of East-Coast hematite meets the 
actual requirements of usual consumers but larger 
deliveries would be acceptable. Engineering and 
speciality foundries are engaged on contracts that call 
for full allocations of low-phosphorus grades of iron. 
Refined-iron firms continue to pay careful attention to 
their extensive commitments. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers have good bookings in 
hand. There is a continued eager demand for the 
heavy production of steel ingots, and sheet bars and 
slabs are steadily taken up; prime billets are in ample 
supply. Makers of most classes of finished steel are 
overwhelmed with work. There is no easement of the 
big demand for strip and boiler plates, and producers’ 
order books are well filled. Sheet mills are operating to 
capacity limit and home buyers are still in the market 
with substantial orders, while much more export business 
is offered than makers can accept. 





NOTICES OF MEETINGS. 


Tr is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF PACKAGING.—Monday, March 13, 6 p.m., 
Grand Hotel, Manchester. ‘‘ Fibreboard in Packaging,” 
by Mr. J. Castle. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North-East- 
ern Centre: Monday, March 13, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘“ Automatic Control of Lead- 
Acid Battery-Charging Equipment,” by Mr. R. A. 
Harvey. London Students’ Section: Monday, March 13, 
7 p.m., Victoria-embankment, W.C.2. ‘* Electronic Per- 
formance of Simple Mathematical Processes,” by Mr. 
R. C. Orford. Measurements Section: Tuesday, March 
14, 5.30 p.m., Victoria-embankment, W.C.2. “ The 
Design of Pulse-Monitored Servo Systems,” by Dr. A. 
Porter and Mr. F. W. Stoneman. North Midland Centre : 
Tuesday, March 14, 6.30 p.m., 1, Whitehall-road, Leeds. 
“Motor Uniselector and its Application in Telecom- 
munications,” by Mr. W. H. Grinsted. Radio Section: 
Wednesday, March 15, 5.30 p.m., Victoria-embankment, 
W.C.2. “The Barium-Titanate Class of Ceramic 
Materials,” by Professor Willis Jackson. Mersey Centre: 
Wednesday, March 15, 6 p.m., 9, The Temple, 24, Dale- 
street, Liverpool. Joint Meeting with LIVERPOOL ENGI- 
NEERING Society. “ Nature of the Electric Spark,” by 
Professor J. M. Meek. 

INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, March 13, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Heavy Steelworks Plant,” by 
Mr. W. Bailey. Birmingham Section: Wednesday, 
March 15, 7 p.m., James Watt Institute, Birmingham. 
Annual Meeting. ‘‘ Modern Forging Practice,” by Mr. 
J. Sharman. Western Section: Weduesday, March 15, 
7.15 p.m., Grand Hotel, Bristol. ‘“ Fabrication and 
Welding of Stainless and Heat-Resisting Steels,” by Mr. 
F. Jukes. Glasgow Section: Thursday, March 16, 8 p.m., 
39, Elmbank-crescent, Glasgow. Annual Meeting. 
“ Effective Use of Materials,” by Mr. J. Binnie, Mr. F.H. 
Perkins and Mr. J. Platt. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 
14, 5.30 p.m., Great George-street, S.W.1. ‘“‘ Govern- 
ment Offices, Whitehall Gardens : The Special Problems 
of the Re-Siting of an Historic Building,” by Mr. L. 
Scott White and Mr. G. A. Gardner. Midlands Associa- 
tion: Wednesday, March 15, 7 p.m., Loughborough 
College, Loughborough. “The Walsall Generating 
Station,” by Mr. L. F. Jeffrey. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, March 
14, 5.30 p.m., 85, Minories, E.C.3. “ Design of a Modern 
Tanker, Especially the Machinery,” by Mr. W. L. Nelson. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
March 14, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. Research papers. 

ILLUMINATING ENGINEERING SocieTy.—Tuesday, 
March 14, 6 p.m., 2, Savoy-hill, W.C.2. “ Acrylic 
Enclosures for Flameproof Lighting Equipment,” by 
Mr. P. H. Collins and Mr. W. EK. Harper. 

INSTITUTE OF FUEL.—VYorkshire Section: Wednesday 
March 15, 2.30 p.m., University, Leeds. “ High-Tem- 
perature Refractories,” by Mr. A. E. Dodd. 

INCORPORATED PLANT ENGINEERS.—Wednesday, 
March 15, 7 p.m., Royal Society of Arts, John Adam- 








street, W.C.2. Discussion on ‘‘ Uses of Compressed Air.” 
Roya Socrery.—Thursday, March 16, 11 a.m., 
Burlington House, Piccadilly, W.1. Discussion on 


“ Measurement of Growth and Form,” opened by Mr. S. 
Zuckerman, F.R.S. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
March 16, 2.30 p.m., Caxton Hall, S.W.1. “‘ Cooling 
System Design for Diesel Engines,” by Mr. J. L. Koffman. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
March 16, 5 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. (i) “ Hollow Charge Effect,” by Dr. 
W. M. Evans. (ii) “ Polyphosphates in Cyanidation,” 
by Mr. Norman Hedley. 

RoyaL AERONAUTICAL SociETY.—Thursday, March 16, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “ Air Survey,” by Mr. F. C. V. Laws.) 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Thurs- 
day, March 16, 6.30 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. “Modern Testing Equipment,” 
by Mr. S. G. Mundy. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
March 17, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Annual Meeting. AUTOMOBILE DIVISION.— 
Tuesday, March 14, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. “ Air Condition Control for Automobiles,” 
by Mr. C. S. Steadman. North-Eastern Centre: Wednes- 
day, March 15, 7:30 p.m., University, Leeds. ‘“‘ Per- 
formance of Crankcase Lubricating Oils,” by A. Towle. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, March 
17, 6.30 p.m., 39, Victoria-street, S.W.1. “‘ Cutting 
Tools : Development and Design,” by Mr. W. Castledine. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMprte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





yable to “‘ ENGINEERING,” Ltd. 

crossed ‘‘ The National Provincial 

Charing Cross Branch.” Post Office 

Orders should be made payable at Bedford Street, 
Strand, W.C.2, 


Accounts are 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
es 


For Canada 


£410 0 
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Subscribers receiving incomplete cepies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the 
art paper oe on the inside black and white pages 
and in the buff art ~~ two-colour supplement, as 
well as for insets, can obtained on application to 
the . The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “* Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
Feceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to cubaals 
Proofs for approval. 

The Proprietors will not hold themselves 
for advertisers’ blocks left in their possession 
than two years. 
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THE ROYAL CORPS OF 
NAVAL CONSTRUCTORS. 


In the very near future, the new House of 
Commons will have the task of debating—and, 
no doubt, of ultimately accepting—the Navy 
Estimates. It has been announced already that 
no large programme of new construction is likely 
to be undertaken. Such vessels as may be ordered 
will be in the categories of small ships and, probably, 
will be mainly experimental in type ; for it is the 


green | now familiar experience that the peace-time Navy 


is almost always short of funds. Yet if, in an 
emergency, the Navy were found to be lacking in 
efficiency, by comparison with that of any conceiv- 
able opponent, a mere want of funds certainly would 
not be accepted as a reasonable explanation of any 
shortcoming; the peace-time personnel of the 
naval Service—including the civilian staffs of the 
Admiralty in all its numerous departments—may 
not be expected to make bricks without straw, but 
they are expected, nevertheless, to become highly 
proficient in brickmaking without much oppor- 
tunity to practise the art, or much reward for 
doing what little they can with the materials at 
their disposal. That this is not an exaggerated 
analogy has been well brought out by recent letters 
to The Times, from Lord Caldecote, and Admirals 
of the Fleet Lord Chatfield and Lord Cunningham 
of Hyndhope, on the subject of the pay, status, and 
general conditions of service of that unique profes- 
sional body, the Royal Corps of Naval Constructors. 

As a training ground for young naval architects, 
the Royal Dockyards have long enjoyed an enviable 
position. For more than half a century, however, 
it has been the experience of the Admiralty to find 
their most promising naval architects tempted away, 
to posts in the private shipyards, by the better 
prospects that private shipbuilding could offer to 
a really good man; and more than once the 
Admiralty have been obliged, in consequence, to 
persuade back from the private yards a naval 
architect of the standing necessary to fill the office 
of Director of Naval Construction. Sir William 
White, on whose initiative the Royal Corps was 
founded on August 23, 1883, was one of them; 
he had resigned his Admiralty employment in order 





to join Sir William Armstrong, Mitchell and Com- 
pany at Elswick before his proposal, originally 
made in 1880, reached fruition, but was brought 
back in 1885 to succeed Sir Nathaniel Barnaby. 

From the outset, however, it would seem that the 
permanent officials of the Admiralty secretariat— 
and possibly of the Treasury—never really appre- 
ciated the importance of the Royal Corps; or, at 
least, did not regard their peculiar qualifications and 
absolutely essential skill as deserving particular 
financial recognition. The history of the first 
60 years of their existence as a Corps followed a 
pattern that was depressingly uniform—always the 
most promising men were leaving the Service for 
private employment ; and always, or so it appeared, 
those in control of the Admiralty policy and purse- 
strings seemed content.to let them go, apparently 
feeling confident that, in an emergency, additional 
staff could be collected by drawing upon the private 
yards—not by any means a safe assumption or, 
had it been practicable, an entirely satisfactory 
solution. In 1943 and 1944, however, strong 
representations were made by the Commanders-in- 
Chief of the principal Fleets (who had members of 
the Corps on their staffs throughout the war) that 
a re-organisation of the Corps was overdue ; but 
the matter was held in abeyance on the ground 
that the time was inopportune for any radical 
change. In September, 1945, the war no longer 
providing a valid excuse for inaction, a salary olaim 
was submitted by the R.C.N.C.; but this was 
referred back by the Secretary of the Admiralty, 
to await the consideration of a committee which 
had been appointed, under the chairmanship of 
Lord Trent, to examine and report upon the con- 
stitution of the Royal Corps. 

Before the committee met, Lord Trent was 
obliged, for reasons of health, to relinquish the 
chairmanship, in which he was succeeded by His 
Honour SirTom Eastham. The other members were 
Sir Harold Yarrow, Bt., Admiral Sir Percy L. H. 
Noble, G.B.E., Sir J. Sidney Barnes, K.C.B., Vice- 
Admiral Sir Henry C. Phillips, K.B.E., and Captain 
8S. M. Raw, C.B.E., R.N., whose place was later 
taken by Rear-Admiral H. W. U. McCall, D.S.O. 
It will be seen, therefore, that the committee was a 
strong one, well able to assess both the technical 
and operational points at issue and to present what 
should have been an influential judgment on their 
terms of reference, which were ‘“‘To consider and 
report on the constitution of the Royal Corps of 
Naval Constructors, its contacts with and relation 
to the Navy, its organisation and recruitment, and 
its training and employment ashore and at sea.” 
It may be remarked that, as a consequence of their 
intimate war-time contacts with the corresponding 
professional warship designers of the United States 
and other Allied navies, there had developed already 
among the members of the Royal Corps a widespread 
opinion that many of their disabilities would be 
overcome if the Corps were made an integral part 
of the naval Service, and its members given naval 
rank, as was the case in the United States Navy. 

In December, 1946, the Eastham Committee 
(as it had become known) presented a unanimous 
report to the Admiralty and, having done so, was 
disbanded; and, in the following November— 
11 months later—this report was passed to the 
Treasury, with their Lordships’ amendments and 
recommendations. What those recommendations 
were, the public had no means of knowing and does 
not know yet, for all attempts to secure publication 
of the report have been successfully resisted by the 
Admiralty. It is fairly common knowledge, how- 
ever, that the Committee had proposed a consider- 
able re-organisation, with scales of pay which 
would have represented an appreciable improvement 
on the rates previously in force. Once the report 
had reached the Treasury, however, it appeared to 
encounter a resistance which prevented any further 
progress. Twelve months later, we understand, a 
deputation from the Royal Corps expressed to the 
Secretary of the Admiralty the keen disappointment 
caused by the long delay, but without obvious result. 

In February, 1949, the matter was taken up in 
the House of Lords by Lord Teynham, deputising 
for Lord Beatty, who was prevented by illness from 
doing so; and he was powerfully supported by 
Lord Cunningham of Hyndhope and by Lord Chat- 
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field. Lord Cunningham revealed in his speech that 
the Eastham Committee “‘ decided against the grant 
of naval status to the Constructor Corps—unfor- 
tunately, as some people think. But they also 
made recommendations for entry, recruitment, 
post-graduate courses, training and, I believe, more 
sea service, and also for improvements in pay and 
status and conditions of service, with the object of 
ensuring that the Navy had the best possible 
Constructor service.” Then, with that studied 
moderation of language characteristic of the Upper 
House, but which seems somehow to be so much 
more emphatic than the occasionally explosive 
diatribes of the Commons, Lord Cunningham con- 
tinued: ‘‘My Lords, it is two years and more 
since the Eastham Committee reported, and so far 
as is known nothing has been done to implement 
these recommendations. In these days, when the 
opportunities in every other walk of life for good 
men, such as one would wish to attract to the 
Royal Corps of Naval Constructurs, are so many 
and so attractive, I think the parent of a youngster 
who looks into the question of the conditions of 
service of the Corps to-day would probably decide 
to leave it alone. To say the least of it, that is 
highly unfortunate. . Lamsure that, if early 
action is not taken on the recommendations of the 
Eastham Committee, the Navy will suffer for it, 
as it suffered after the 1918 war. - Whatever 
shape the Navy of the future may take, it must have 
a first-rate Constructor Corps, and one that the 
Navy recognises as being first rate.” 

The First Lord (Viscount Hall), in reply, tem- 
porised, and not very convincingly, stating that, 
“So far as rates of pay and career prospects are 
concerned, my aim is to be able to offer as soon as 
possible such revised conditions as will attract 
further recruits from the universities and the dock- 
yards.” He added that the new rates would be 
retrospective, and would take effect as from Janu- 
ary 1, 1946, and that the rate of recruitment had 
been increased to a figure which, by 1953, would 
bring the strength of the Corps up to about 140 per 
cent. of the pre-war total. These new scales, we 
understand, are now in force, but—as was rather 
expected—have proved to be much less satisfactory 
than had been hoped ; in some grades, indeed, they 
suggest the traditional ‘‘ Irishman’s rise,” and are 
believed to be appreciably below the rates unani- 
mously recommended by the Eastham Committee. 
As the Admiralty maintain firmly that the Com- 
mittee’s report is a confidential submission to the 
Board, and refuse to disclose its contents, this 
impression cannot be checked ; but such reluctance 
to permit publication rather suggests that the belief 
may be justified. Meanwhile, it is well known in 
the shipbuilding industry that resignations from the 
Royal Corps are continuing. Some 50 per cent. of 
the ex-university entrants who, in the national 
need for more constructors, were taken into the 
Service, have already left it; even though, to 
do so, they had to surrender the 3001. bond into 
which they were required to enter on joining. 
The recent correspondence in The Times, to which 
we have referred, appeared at a somewhat un- 
fortunate time, when the public mind was fully 
occupied with thoughts of the impending General 
Election, and there was no opportunity to secure 
any effective reconsideration of the matter in 
Parliament ; but those who do understand and 
appreciate what the Royal Corps of Naval Con- 
structors really means to the country would do well 
not to rest too long from their efforts. They should, 
in our opinion, continue to press for the publication 
of the Eastham Committee’s report, as an essential 
preliminary without which the new scales cannot 
be properly appraised. Meanwhile, the present 
members of the Royal Corps (and those who have 
resigned from it) are probably contemplating with 
somewhat sardonic amusement the persuasive little 
brochure, A Job Worth Doing, which the Admiralty 
have just produced for the information of potential 
Dockyard apprentices and their parents. The 
R.C.N.C. has a job that is superlatively well worth 
doing, and which must be done superlatively well. 
The Treasury should be reminded again, with the 
full weight of Parliament behind the reminder, that 
there is a proverb about “ Spoiling the ship for a 
ha’porth of tar.” . 





ELECTRICITY SUPPLY IN 
1947-48. 


CuavsE | of the Electricity (Supply) Act of 1919 
established ‘‘a body to be called the Electricity 
Commissioners, who shall have such powers and 
duties as are conferred on them.” Clause 27 of 
the same Act laid down that the supply authorities 
were to furnish the Commissioners with ‘such 
accounts, statistics and returns as they may require,” 
while a note on this clause in the fifth edition of 
Will’s Electric Lighting records that the Electricity 
Commissioners actually demanded “a four-weekly 
return of fuel consumption, units generated, etc.,” 
and issued an annual questionnaire covering ad- 
ministrative, engineering and financial particulars. 
It is probably axiomatic that no one likes to 
be asked for statistics, partly for the reason that 
trouble is involved in collecting them and partly 
because there is no knowing to what use they will 
be put. It is not surprising, therefore, that the 
receipt of these demands initially gave rise to 
criticism, especially as in those far-off days a certain 
reticence about their activities was not thought to 
be unbecoming by some of the undertakings. 
Compliance with the law was, however, inevitable. 
Moreover, it soon became evident that the publi- 
cation of these statistics, although sometimes 
belated, engendered a useful spirit of competi- 
tion among those concerned and brought about 
indirectly, rather than directly, more than one 
technical advance. In fact, the set of volumes 
which now occupies a prominent place in our 
library, gives a completely detailed account (the 
accuracy of which has never been impugned) of the 
development of a great industry. The claim may 
also be made that they are superior to similar returns 
which are published in other countries. 

It is therefore with regret and misgiving that we 
record the publication of the return of engineering 
and financial] statistics relating to authorised under- 
takings in Great Britain for the year 1947-48, which 
has been published by H.M. Stationery Office 
under the authority of the Ministry of Fuel and 
Power.* We say with regret because, as already 
indicated, we have always found these publications 
very useful in our work. We express some mis- 
giving because we have yet to learn whether so 
much information will be forthcoming from the 
Ministry of Fuel and Power and the British Elec- 
tricity Authority, the two bodies which now control 
the destinies of electricity supply in this country. 
In ary event, the returns will be different. The 
methcd of presentation will, of course, have to be 
changed ; and the number of undertakings dealt 
with will perforce be fewer. The present issue, 
naturally, shows no departure in layout from its 
immediate predecessors, and, like them, will provide 
much useful information for future historians. 
Historians may deem it worthy of notice that the 
Electricity Commissioners were financed, not by 
the taxpayer, but by the industry ; and that they 
carried out their duties with an economy which may 
be commended to their successors. 

The report now under review covers the period 
which ended with the dissolution of the Commis- 
sioners on March 31, 1948. As in previous reports, 
the returns for the English local authorities and Joint 
Boards refer to the period ending on that date. Those 
for the companies, joint electricity authorities, Cen- 
tral Electricity Board and North of Scotland Hydro- 
Electric Board, are for the year ended December 31, 
1947. The returns for the Scottish local authority 
undertakings are also made up to March 31, 1948, 
but as the usual completion date for these bodies was 
previously May 15, on this occasion they only cover 
a period of 104 months. 

At the end of 1947-48 there were 560 authorised 
undertakings, including the Central Electricity 
Board and the North of Scotland Hydro-Electric 
Board, of which 556 were providing supplies. This 
was five less than in the previous year and indicates 
that amalgamations were still taking place. There 
were 348 generating stations, containing nearly 
13,000 MW of plant, of which about 60 per cent. 





* Ministry of Fuel and Power. Electricity Supply 
1947-48. London: H.M. Stationery Office. [Price 
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was owned by local authorities and about 40 per 
cent. by companies. This plant capacity showed 
an increase of rather less than 500 MW over the 
figure for the previous year, a condition which was 
not in accordance with either estimates or require- 
ments. The concentration of generating plant was 
maintained, since the 114 largest stations, or 32-8 
per cent. of the total, each contained an installed 
capacity of 25 MW or over, and accounted for 
11,792 MW of generating plant, or 91 per cent. of the 
total installed. These figures differ but little from 
those for 1946-47. The total amount of electricity 
generated during the year amounted to 42,698 mil- 
lion kWh, compared with 41,977 million kW): in 
1946-47, an increase of only 1-7 per cent. This is 
well below the figure for previous years and is prob- 
ably, in the American phrase, an “all-time low.” 
Nevertheless, the trend in output is still upwards 
and the actual total compares favourably with 
the next highest figure of 38,245 million kWh, 
attained during 1944-45. The reasons for this state 
of affairs have so often been discussed that they 
need not be repeated on this occasion. The gross 
public supply, consisting of electricity generated at 
the stations of the authorised undertakings, together 
with supplies purchased from outside sources, 
amounted to 42,895 million kWh, compared with 
42,224 million kWh in 1946-47, an increase of 1-6 
per cent. The sales to consumers were 35,983 
million kWh, an increase of 2-6 per cent., of which 
power accountea for 51 per cent. and lighting, heat- 
ing and cooking for 44 per cent. These were the 
same percentages as in 1946-47, while the actual 
figures were also closely comparable. 

Although supply on the alternating-current 
system is becoming almost universal, some con- 
sumers were still being supplied with direct current. 
This is reflected in the fact that while 550 under- 
takings gave an alternating-current supply, no less 
than 227 of these also gave a direct-current supply. 
Only four undertakings, however, gave a direct- 
current supply exclusively. Actually, about 
11 million consumers were supplied with alternating 
current, practically all of which was at 50 cycles, 
and only 0-9 million with direct-current. The 
aggregate of the maximum load of the undertakings 
during the year was about 13,400 MW, the corre- 
sponding figure for 1946-47 being 13,250 MW. On 
the other hand, there was a small decrease in the 
collective load factor, the figure for 1947-48 being 
42-0 per cent., compared with 42-8 per cent. in 
the previous year. 

As regards operating and financial data, the 
return shows that coal and coke consumption 
during 1947-48 amounted to 26,148,000 tons (in- 
cluding 5,796,000 tons of pulverised fuel). The 
consumption in 1946-47 was, of course, somewhat 
lower at 25,963,000 tons (including 4,971,000 tons 
of pulverised fuel), the average cost per ton un- 
fortunately rose, being 49s. 4d. per ton in 1947-48, 
compared with 45s. 9d. per ton in 1946-47, a 
movement which will, we hope, be reversed before 
long. The amount of oil fuel used for boiler-firing 
increased slightly from 24,317 tons to 25,700 tons, 
and that for oil-engine plant from 14,296 tons to 
18,538 tons. The price of this fuel also showed an 
increase from 142s. to nearly 161s. per ton. 

The total expenditure charged to capital account 
amounted to 900,420,000/. at the end of 1947-48, 
compared with 838,115,000. twelve months earlier, 
the net capital expenditure during the year amount- 
ing to 62,305,0001. The total revenue of all the 
undertakings was 183,313,0001., compared with 
175,690,0001. in 1946-47, an increase which obvi- 
ously reflects the rise in consumption. This total 
revenue was equivalent to 1-223d. per kilowatt-hour 
sold, which was slightly in excess of the 1-203d. 
attained in the previous year. The total working 
expenses in 1947-48 amounted to 135,362,0001., 
compared with 121,688,000/. in 1946-47. The 
former of these figures represented 73-8 per cent. of 
the revenue, a proportion which compared with 
69-3 per cent. in the previous year. The surplus 
was 53,527,0001., or 5-9 per cent. of the total 
capital expenditure. It may be pointed out that 
the surplus for the first year’s working of the British 
Electricity Authority, as recorded on page 71, ante, 
was 4,391,684J. It would, however, be unwise to 
draw premature conclusions from these figures. 
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NOTES. 


INAUGURATION OF Locu Stoy Hypro-E.ecrric 
ScHEME. 


THE first major project in the North of Scotland 
Hydro-Electric Board’s schemes of development 
was brought into operation on Monday, March 6, 
when a set in the Inveruglas station on Loch 
Lomond was started by the chairman, the Rt. 
Hon. Thomas Johnston. The machine was then 
synchronised with the network and power trans- 
mitted to Glasgow through the Windyhills sub- 
station. At present, the load on the machine is 
26 MW, which represents about one-sixth of Glas- 
gow’s peak load, but it is hoped to increase this to 
the full load of 32-5 MW next week. It may be 
recalled that preliminary work on the Loch Sloy 
scheme, of which the Inveruglas station forms 
part, began in 1945. The construction of a dam 
1,160 ft. long and 165 ft. high across Loch Sloy 
started in the following year, while at the same 
time the driving of a two-mile tunnel through Ben 
Vorlich and the erection of the generating station 
were commenced. The scheme, which has been 
designed for peak load operation, is to utilise a 
catchment area of 32 square miles, in which the 
average annual rainfall is 120 in., although 160 in. 
was attained during 1948. The dam will impound 
water sufficient for the generation of 20,000,000 
kWh, and the reservoir is connected through a 
horse-shoe tunnel with an equivalent diameter of 
16 ft., a surge chamber 273 ft. deep, and a pipe-line 
642 ft. long to the power station. The gross head 
is 910 ft., and the generating plant will eventually 
consist of four 32-5-MW vertical Francis turbines, 
from which an annual output of 130 million kWh 
is expected. 

THE INSTITUTION OF MECHANICAL ENGINEERS. 

A Hydraulics Group paper on ‘‘ The Friction of 
Flexible Packings”’ was presented by Mr. D. F. 
Denny, B.Sc. (Eng.), 8.I.Mech.E., at a meeting of 
the Institution of Mechanical Engineers held on 
Friday, March 3. Mr. F. H. Towler, M.I.Mech.E., 
was in the chair. Mr. Denny dealt mainly with 
tests using packings of Perbunan synthetic-rubber 
rings for reciprocating motion. The seal, he said, 
was caused initially by the slight pressure between 
the rubber and the wall on assembly ; in addition, 
when the fluid pressure was applied it spread like 
a hydrostatic pressure through the rubber and was 
superimposed on the existing stress, so that the sum 
of the pressures at the wall exceeded that of the oil 
and there could be no leak. The mechanics of 
friction remained unexplained ; and although there 
were many puzzles in the behaviour of rubber-like 
surfaces, they exhibited the three usual kinds of 
friction: at one extreme, with dry surfaces, the 
friction might exceed the contact pressure ; at the 
other extreme, at high speeds, the lubrication of 
lightly-loaded rings became film-like ; and over an 
extensive intermediate range, rubber moving over a 
wet surface exhibited features characteristic of 
boundary lubrication. Tests with synthetic-rubber 
rings showed that, when the clearance was small, 
the friction increased linearly with pressure ; when 
it was large there was additional loading, and 
that caused greater friction, the increase appearing 
to vary as the square of the pressure. When fluid 
pressure was applied, the friction of a wide ring 
increased more than that of a narrow ring, but the 
Treason was not clear. Some paradoxical evidence 
mentioned by the author could be accounted for if 
the pressure was assumed to act in two ways, 
namely, pressing the whole length of the packing 
against the wall, and pressing, very intensely, only 
the part near “‘ the extrusion ” (i.e., where the ring, 
on one side, ‘‘extruded” slightly between the 
piston and the wall). Mr. Denny said that the 
observed friction was not inconsistent with a formula 
he gave, embodying three forms representing the 
initial loading, the width-pressure effect, and the 
extrusion-pressure effect. The behaviour of pack- 
ings under film conditions was studied in a large 
model which was lightly loaded so that the film was 
built up at quite low speeds. The packing was 
Tepresented by a soft rubber block slotted to form 
two separated sealing pads which were pressed on 
a rotating glass-topped table. Lubricant under 
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pressure was applied to the slot; a uniform layer 
remained on the glass as it rotated, the thickness 
varying greatly with speed and loading. The fric- 
tion of the pads, one motoring and the other pump- 
ing, appeared to be the same, and was found to 
conform to a formula the author gave. At reduced 
speeds the film began to break down; smooth 
sliding was replaced by a jerky “‘stick-slip ’’ move- 
ment. Mr. Denny then dealt with the three 
regions of the probable friction-speed curve— 
boundary, transition and film—and finally ad- 
vanced a formula relating static friction, to the time 
the surfaces had remained in contact. His tests 
suggested that this friction was due to chemical 
action rather than mechanical interlocking or 
squeezing out of the molecular oil film. He con- 
cluded that the greatest need was for a fuller under- 
standing of the nature of the forces which made up 
boundary friction. This seemed to represent the 
consensus of opinion of those who took part in the 
discussion ; several speakers proposed explanations 
for the phenomena, some of them anomalous, which 
Mr. Denny had reported. Dr. D. Clayton, 
M.I.Mech.E., recalled the article on “‘ Frictional 
Properties of Oil-Seal Materials,” by Mr. P. G. 
Forrester, M.Sc., A.I.M., which appeared in Enct- 
NEERING, vol. 164, page 121 (1947), describing work 
which had been due towards the recognition of the 
importance of the boundary friction conditions. 


INDUSTRIAL APPLICATIONS OF ATOMIC ENERGY. 


In the Trueman Wood lecture on ‘‘ The Industrial 
Applications of Atomic Energy,” which was delivered 
before the Royal Society of Arts on Wednesday, 
March 8, Professor M. L. Oliphant dealt mainly 
with the possibility of generating power in large 
fixed reactors and its subsequent distribution as 
electrical energy. At first sight, the production of 
atomic energy for industrial purposes was not 
encouraging. Of the two fast and slow types of 
neutron reactors, the fast required concentrated 
fissile material, which was difficult and expensive 
to produce. The slow reactor utilised only a small 
fraction of the rarer isotope of uranium and pro- 
duced the same quantity of plutcnium. A fission 
process, releasing several neutrons, say three, one of 
which could be utilised to produce a fresh fission by 
absorption into the nucleus of another fissile atom 
was, however, possible. The second neutron could 
then be captured by uranium of mass 238 to pro- 
duce an atom of plutonium, thus replacing the 
atom of fuel which had been used. The third 
neutron could be absorbed by a secord uranium 
238 atom to give another plutonium atom. Such 
a reactor prcduced more nuclear fuel than was 
burnt and was called a “breeding reactor.” It 
made the utilisation of the whole of the uranium 
possible and in time should enable a change over 
to the more plentiful thorium as a fuel to be effected 
for the production of nuclear power. The Atomic 
Energy Commission of the United States had 
announced the construction of two types of breeding 
reactor, one of which was designed to investigate 
the feasibility of breeding with fast neutrons and the 
application of liquid metals to the removal of fission- 
produced heat at high temperatures. The second 
was to be employed to determine whether breeding 
was possible in a reactor using neutrons in the inter- 
mediate range of energies. The possibility that 
industrial power might one day be produced from 
hydrogen must be considered ; one pound of hydro- 
gen transformed into helium would prcduce 100 mil- 
lion kWh and would thus be about ten times as 
productive, weight for weight, as uranium. At the 
moment, however, such conversion was only a 
remote possibility. On the other hand, industrial 
power from uranium was “‘on the doorstep,” and 
would almost certainly be used successfully. 


RoyaL AERONAUTICAL SOCIETY. 


Some of the factors affecting the reliability and 
the difficulties of maintenance of modern aircraft 
were discussed in a lecture presented by Mr. R. E. 
Bishop, C.B.E., F.R.Ae.S., to the Royal Aeronautical 
Society on Thursday, March 2. The servicing 
problems for civil transport and military aircraft 
were, he said, very different ; whereas a civil trans- 
port aircraft would have a life of about 20,000 to 
30,000 hours, an operational fighter or bomber 





aeroplane would probably have a life of 500 hours or 
less, even in peace time. Facilities for the main- 
tenance of military aircraft were usually inferior 
to those of the civil operators and, therefore, routine 
maintenance should be kept te the minimum. He 
thought it should be possible to design a jet fighter 
aircraft to function satisfactorily for, say, 100 hours, 
without any attention other than refuelling or 
greasing. At the end of this period, the machine 
would be withdrawn from service and sent to a 
properly-equipped, workshop for a major overhaul. 
Owing to the thin wings and fuselage which future 
high-performance military aircraft would have, 
accessibility of the components for removal would 
inevitably be reduced and, he suggested, much of the 
equipment might be built in. In the civil trans- 
port aircraft, long life of components and quick 
interchangeability was required. Discussing the 
design features contributing to easy maintenance, he 
said that reliable, well-tried engines must. be selected. 
The low-wing layout gave access to engines, refuel- 
ling points, and inspection panels without the use of 
ladders ; cable runs, wiring, and hydraulic piping 
could be carried under the fuselage with access for 
inspection and servicing through doors in the 
underside of the fuselage. He preferred wing 
joints at the side of the body to the conventional 
stub wing arrangement, for easier transport and 
because, in the event of a bad landing, damage was 
confined to the outer wing and dismantling was 
simpler. The best method of remote control was, he 
thought, by direct mechanical linkage rather than 
by electric actuators, which were fragile and com- 
plicated mechanisms. The cable control was 
reliable, required little servicing, and needed no 
position indicator. The tendency to add or dupli- 
cate equipment to guard against possible failure 
was a source of complication; it was better to 
develop the original unit thoroughly by testing it 
as a complete system under conditions approaching 
as nearly as possible those in which it would have 
to work. Aircraft designers and equipment sup- 
pliers should co-operate in laying down a test 
schedule representing the operating conditions. 
Some increase in price, to cover the cost of testing, 
might be expected, but the operators would, he 
thought, be willing to accept this if they could be 
sure of obtaining reliability. 


New BroapcastInc WAVELENGTHS. 


The “ congestion of the ether ” has for long been 
so pronounced that some allocation of the wave- 
lengths used for various radio communication 
purposes has been necessary, while within the 
broadcasting band more detailed control has 
been essential, in order to avoid heterodyning and 
consequent deterioration of the service. Since 1934, 
the British Broadcasting Corporation and similar 
organisations in other European countries have 
been working more or less closely to the ‘‘ Lucerne 
plan,” which provided such an allocation of wave- 
lengths. Since the war, however, as pointed out 
by Sir Noel Ashbridge at a Press conference on 
Tuesday, March 7, this has not proved satisfac- 
tory, especially on the Continent. To improve 
matters, therefore, a world conference was held 
at Atlantic City in 1947, at which a reasonable 
measure of agreement was reached. This was fol- 
lowed by a meeting at Copenhagen, in 1948, to 
deal specifically with European broadcasting. After 
certain initial difficulties at this gathering, it 
was found possible to work out the Copenhagen 
Wavelength Plan, which was ratified by H.M. 
Government on December 3, 1949, and will come 
into operation on Wednesday next, March 15. The 
general effect of this plan is that 25 European coun- 
tries (Luxembourg, Iceland, Sweden, Turkey and 
Spain being the exceptions), will share the same 
number of wavelengths as before, but that their 
allocation will be altered. . The result in this country 
will be that the new frequency for the main Home 
service will be 908 kilocycles (about 330 metres), 
instead of 877 kilocycles (342 metres), and the new 
medium frequency 1,214 kilocycles (about 247 
metres), instread of 1,149 kilocycles (261 metres). 
The Third Programme will be radiated on 647 kilo- 
cycles (464 metres) and 1,546 kilocycles (194 metres), 
instead of on 583 kilocycles (514 metres) and 1,474 
kilocycles (203 metres), as at present. Similar 
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changes will be necessary on the European Service 
of the Corporation, but the 200 kilocycle (1,500 
metre) and the short-wave and television trans- 
missions will not be affected. Sir Noel pointed out 
that while these changes would not immediately 
benefit British broadcasting, conditions would soon 
have become chaotic without the Copenhagen 
agreement. An advantage will be that the power 
of the transmitters will be raised by about half. 
Nevertheless, owing to the lowering of the wave- 
lengths, there will still be some fading in the 
‘“‘fringe” areas after dark. A new high-power 
transmitter at Daventry will permit a 25-per cent. 
increase in the number of listeners receiving the 
Third Programme. 
MaNCHESTER JOINT RESEARCH COUNCIL. 

The main object of the Manchester Joint Research 
Council, which was founded five years ago, is to 
foster close and efficient relations between academic 
science and practical industry. The chairman 
is Sir E. Raymond Streat, C.B.E., and 13 members 
of the Council represent the University of Man- 
chester, the same number representing the Manches- 
ter Chamber of Commerce. The joint honorary 
secretaries are Mr. James Ainsley, secretary of the 
Manchester Chamber of Commerce, and Mr. W. M. 
Cooper, Registrar of the University of Manchester, 
while the executive liaison officer is Mr. A. D. 
Butchart, at the Manchester Chamber of Commerce. 
In the annual report of the Council for 1949, which 
has recently come to hand, it is stated that efforts 
have been directed along three lines, in two of 
which a substantial measure of success has been 
reached. These comprise a study of the appli- 
cation of the techniques of operational research to 
industry, and the questions surrounding the use, by 
industry, of the university graduate. So far as the 
first of these is concerned, the Council has endea- 
voured to make available to industry some know- 
ledge of what is already being done, at six meetings 
held during the year. These were addressed, respec- 
tively, by Mr. H. Bradley, director, British Boot, 
Shoe and Allied Trades Research Association ; Mr. 
D. Hicks, director of scientific control, National 
Coal Board; Mr. L. H. C. Tippett, Mechanical 
Processing Division, British Cotton Industry Re- 
search Association; Mr. A. W. Swan, Statistical 
Section, Research and Development Department, 
the United Steel Companies, Limited; and Dr. 
W. H. Glanville, director, Road Research Labora- 
tory. The sixth meeting took the form of an 
“‘open forum ”’ conducted by Sir Raymond Streat 
and Professor P. M. S. Blackett. To further their 
second line of effort, the Council convened a con- 
ference in May, 1949, on ‘‘ The Place of the Graduate 
in Industry.” This was well attended and the 
speakers included Dr. F. A. Vick and Dr. J. O. 
Cutter. Other lectures, conferences and open dis- 
cussions were promoted during the year. The 
Council’s third line of effort concerns the investi- 
gation of the scientific needs of industry in the 
North-West. This involves the making of a survey 
of fundamental character, and the Council is 
endeavouring to elucidate the problem of finding 
the right type of persons to undertake the survey 
and also that of the financing of the venture. It is 
expected and hoped that a decision on these 
questions will be reached early this year. 





GIRDER LIFTING BRIDGE IN NEw YorK.—A four-span 
plate-girder bridge, 956 ft. long, for pedestrians, will 
incorporate a 312-ft. lifting span, believed to be the 
longest girder lifting span, and possibly the longest 
simply-supported girder span, in the world, across the 
Harlem River channel in New York. The February 16 
issue of Engineering News-Record reports that two 
silicon-steel plate girders for the lifting span are now 
being fabricated ; each girder will be 10 ft. deep and 
will consist of an }} in. web plate, four angles 8 in. by 
8 in. by }§ in., and six 22 in. by } in. cover plates, the 
top cover plate extending over the full span. In the 
closed position, a minimum clearance of 55 ft. for ships 
will be provided ; when the lifting span is raised, there 
will be a clear height of at least 135 ft. above the water. 
The shafts, machinery housing at the top of the two 
supporting towers. and the counterweights will all be of 
box construction, and will be supported by massive 
r te pedestals, each resting on a single concrete 
caisson carried down to solid rock or to a firm bed of 
sand and gravel at a depth of about 80 ft. 








OBITUARY. 


PROFESSOR J. J. WELCH. 


Tue Institution of Naval Architects has lost one 
of its oldest members, and a highly regarded honor- 
ary vice-president, by the death, on February 28, 
of Dr. J. J. Welch, Emeritus Professor of Naval 
Architecture at Armstrong College (now King’s 
College), University of Durham. Professor Welch, 
who was 88 years of age, had been living in Bourne- 
mouth since his retirement in 1928, and it was 
there that he died. 

John Joseph Welch was a native of Chatham, 
where he was born on November 9, 1861. Part of 
his schooling was received in Sheffield, but in 1876 
he entered H.M. Dockyard, Chatham, as a ship- 
wright apprentice, where he continued his education 
in the Dockyard School. In 1881, he secured the 
first place in the open scholarship competition for 
apprentices in all the Royal Dockyards and thus 
was enabled to proceed to the Royal Naval College, 
Greenwich, to study naval architecture. Three 
years later, he passed out of the College at the head 
of the list and was appointed to Chatham Dockyard 
as an assistant constructor. He returned to the 
Royal Naval College in 1886 as junior instructor in 
naval architecture and was promoted in 1890 to 
the position of senior lecturer in the same subject. 
Shortly afterwards, he was transferred to the 
Admiralty, to join the staff of Sir William White, 
then Director of Naval Construction, though he 
continued for some time to lecture at Greenwich. 
In 1895, he was selected for the post of Inspector of 
Contract Work, his particular duties being concerned 
with the construction of torpedo boats and destroyers 
in the private shipyards. This appointment, which 
he held for four years, brought him into close con- 
tact, among other firms, with Laird Brothers, 
Limited, at Birkenhead, who invited him, in 1899, 
to leave the Admiralty serv'ce in order to become 
manager of their shipbuilding department. At 
Birkenhead, he was concerned with the design and 
construction of some notable vessels, including the 
battleship Exmouth and the destroyer Cossack, of 
the original Tribal class. He had a large part, 
too, in the design of the 36-knot Swift—the 
prototype of the flotilla-leaders; but, before she 
was completed, he had accepted the newly estab- 
lished chair of naval architecture in the University 
of Durham, taking up this appointment early in 
1907. His tenure of the chair lasted until 1928, 
when he retired, being already over the age limit, 
and was succeeded by Sir Westcott Abell. He 
served as Dean of the Faculty of Science from 1925 
to 1927. 

Professor Welch, who was a D.Sc. of the Univer- 
sity of Durham, joined the Institution of Naval 
Architects in 1890 and was elected to the Council in 
1909. He became a vice-president in 1930 and was 
made an honorary vice-president six years later. 
He contributed several papers to the Institution, 
on the design of battleships, watertight subdivision 
(he was a member of the 1913 Bulkheads Com- 
mittee) and on the influence of war-time experience 
on the design and construction of merchant ships. 
He was also a member of the Institution of Civil 
Engineers, to which he was elected in 1904, and of 
the North East Coast Institution of Engineers and 
Shipbuilders, which conferred upon him the distinc- 
tion of Fellow in 1925. He was also the author of a 
Text-book of Naval Architecture, which is of particular 
interest as containing much information bearing 
particularly upon the constructional practice of the 
Cammell Laird shipyard at Birkenhead. In addition 
to his professorial duties, he was directly concerned 
with a number of important inquiries into the Joss 
of ships, especially those of the Blue Anchor liner 
Waratah—the disappearance of which vessel, off 
the Cape of Good Hope, was never satisfactorily 
explained—and the Canadian Pacific liner Empress 
of Ireland, which sank in the St. Lawrence after 
collision with the cargo steamer Storstad ; in the 
latter instance, he was appointed by the Canadian 
Government as their naval architect assessor. For 
many years, also, he was a member of the Advisory 
Committee of the William Froude Experimental 
Tank at Teddington. 
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SCIENTIFIC RESEARCH IN 
AUSTRALIA. 


THE status and future prospects of scientific 
research in Australia have undergone a change of 
some interest in consequence of the promulgation 
last year of the Science and Industry Research Act. 
By the provisions of this Act, the Council for 
Scientific and Industrial Research, which had been 
the controlling body for state-sponsored scientific 
work in Australia since 1926, was replaced in May, 
1949, by a new body, named the Commonwe:!th 
Scientific and Industrial Research Organisation, 
The powers and functions of C.S.I.R.O. (as, prob- 
ably, it will come to be called) are similar to those 
of the previous Council, and the work of the latter 
is being carried on without interruption. There 
has, however, been a major change in administrative 
responsibility, in that the governing body of the now 
organisation is an executive of five persons, in 
contrast with the whole of a large Council which 
included six chairmen of State Committees and ten 
specialist co-operated members. No doubt, the 
State Committees, and through them an Advisory 
Council, will be re-established, so that the eventual 
influence of the Act on the administration of Aus- 
tralian Government research will, in fact, be little 
more than nominal. 

Already, however, there are evidences of change 
in the scope of research, of which the most important 
is due to the transfer of the old Division of Aero- 
nautics to the Department of Supply and Develop- 
ment, following the passing of the Public Service 
(No. 2) Act of 1948. Otherwise, the different 
branches of research are somewhat more numerous 
under the new Organisation than heretofore, and 
there are now 14 major divisions, in addition to 
nine independent sections, i.e., establishments of 
smaller scope and magnitude, as well as five Regional 
Centres at which co-operative research units, staffed 
by the appropriate divisions, are attacking the 
local problems of particular districts. Evidently, 
a good deal of expansion is envisaged in the volume 
of Government research, and corresponding atten- 
tion is being given to improving the information and 
documentary services of the Organisation, as well as 
the dissemination of the results of completed 
research. In all such directions, the recommenda- 
tions of the Royal Society Scientific Information 
Conference, 1948, are being implemented, while the 
Australian Scientific Liaison Offices in London and 
Washington are rapidly increasing in importance 
for the international interchange of scientific 
knowledge. 

As a consequence of the altered administration, 
the 22nd annual report of the Council for Scientific 
and Industrial Research is the last to be published 
under that title. Shortly after the receipt of that 
report,* we received an advance copy of the first 
annual report of the Commonwealth Scientific and 
Industrial Research Organisationt. The former 
covers the activities for the year ended June 30, 
1948, and the latter deals with the subsequent 
12 months; and, since the work is substantially 
continuous throughout both years, it is convenient 
to deal in the following summary with the complete 
two-year period. As in the case of previous descrip- 
tions of scientific and industrial research in Australia 
which have appeared in ENGINEERING, attention is 
directed almost exclusively to subjects which are 
primarily of interest to engineers, as being concerned 
with the mechanical and physical sciences and their 
applications. It should be made clear, however, 
that a large proportion of the investigations des- 
cribed in the annual reports is devoted to agri- 
cultural and hiological subjects—properly so, since 
the economy of Australia is largely dependent on 
vegetable and animal products. Such matters as 
the nutrition and welfare of sheep and cattle, the 
development of pasture and fruit crops, the indus- 
tria] applications of forest products, and the asso- 





* Twenty Second Annual Report of the Council for 
Scientific and Industrial Research, for the Year Ended 
30th June, 1948. Government of the Commonwealth of 
Australia. [Price 8s.) 

+ First Annual Report, for the Year Ending 30th June, 
1949. Commonwealth Scientific and Industrial Research 
Organisation, 314, Albert-street, East Melbourne, C3. 
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ciated problems of pestology, diseases, and the 
pre-essing and preservation of fruit, meat, fish and 
dairy produce therefore figure prominently among 
the researches in progress. Similarly, long-term 
investigations arising from soil studies and irrigation 
projects have been in active progress for many years, 
while the study of meteorology, with special reference 
to agricultural prosperity, has been undertaken, 
somewhat more recently, on a considerable scale. 

Almost all of these divisions of research offer 
opportunities for the application of physical and 
mechanical scientific knowledge; or, as often 
happens, themselves suggest lines of approach to 
physical problems of intrinsic interest. The sys- 
tematic survey of only slightly explored terrain, 
for example, may be carried out primarily for the 
purpose of assessing its potentialities for producing 
vegetable and animal foods, but the incidental 
discovery of mineral resources is only slightly less, 
and may be more immediately, valuable to the 
well-being of the Commonwealth. Similarly, from 
the application of research to the improvement of 
wool or of industrially important timber trees, it 
is but a short step to the underlying physics and 
chemistry; and the close relationship between 
biological pests and diseases, and the engineering 
practices entailed in controlling them on a large 
scale, further exemplify how vague and changing 
is the demarcation between the various branches of 
industrial science. 

These matters are, of course, well understood in 
Australia, and full advantage is taken of the inter- 
action of physical science in all avenues of research. 
It appears, however, that the new Organisation 
intends to develop purely physical research 
more actively than has been done in the past. 
Studies of atomic and extra-terrestria] physics 
have been started recently ; a Coal Survey Section 
has been established, to investigate the physical 
and chemical] properties of Australian coals; and 
the expansion of mathematical statistics in the 
direction of mechanical and electrical computation 
equipment seems to foreshadow important develop- 
ments in the many lines of physical inquiry to which 
statistical] methods are appropriate. 

Since aeronautics is the only branch of research 
in which the new Organisation is less comprehensive 
than the old Council, it is convenient to start by 
giving some account of the aeronautical investiga- 
tions in progress during 1948, a year which was 
notable for the first meeting in Australia, in the 
month of April, of the Commonwealth Advisory 
Aeronautical Research Council, set up by the 
Governments of the United Kingdom and various 
Dominions as the outcome of recommendations 
made at the British Commonwealth Conference on 
Aeronautical Research, held in London in 1946. 
The primary function of the Advisory Council is to 
co-ordinate research programmes, to suggest pro- 
mising lines of work, and to act as a liaison agency 
for the dissemination of scientific information on 
aeronautics. By so doing, it is the intention to 
reduce the time and expense entailed in solving 
the numerous pressing problems now presented, 
especially in the field of gas dynamics. During the 
year, work was in progress on the auxiliaries needed 
for the proper operation of the variable-pressure 
tunnel; but tests showed that the maximum 
attainable Mach number with the original design 
was only 0-82, the total ‘‘loss coefficient ’’ of the 
tunnel, attributed to the unknown behaviour of 
boundary layers in adverse pressure gradients under 
conditions of compressible flow, being 75 per cent. 
higher than was estimated. It has been necessary 
to redesign the fan, and the power of the tunnel 
will have to be increased to achieve the performance 
originally specified. Other work on supersonics 
includes the design of a ‘‘ shock tube,” for experi- 
mental investigations on shock waves generated by 
& piston accelerated from rest to the speed of 
sound. For supersonic speed-testing of aerofoils, a 
technique has been developed for casting small 
hollow meta] models in a dental plaster mould. The 
surfaces so achieved are so smooth that very little 
polishing is necessary. 

At the London Conference in 1946, it was sug- 
gested that Australia should develop the suction 
wing by wind-tunnel research and glider flight trials. 
The aerofoil selected for this work, a GLAS II 





profile, 31-5 per cent. thick, has an estimated 
critical Mach number of 0-43, which is within the 
capacity of the unmodified supersonic tunnel. The 
latter has been fitted, therefore, with a temporary 
rectangular working section, having adjustable top 
and bottom walls of plywood, and Perspex windows 
in the side walls to allow shock-wave phenomena to 
be photographed by: Schlieren apparatus. Other 
wind-tunnel experiments on a model of the same 
suction wing, of 8-ft. chord, have disclosed the need 
for the theoretical profile to be modified near the 
slots if the flow is to adhere to the surface with a 
reasonable expenditure of suction power. A theory 
for the performance of two or more slots open to a 
common suction duct has been evolved and used in 
designing the entry, throat, and diffuser of the 
slots, with the object of minimising the resistance 
of the suction system. The important influence of 
surface waviness on the success with which the 
laminar boundary layer persists as far as the first 
suction slot, and the effect of a large favourable 
pressure-gradient in this connection, are being 
studied by experiments with a glass plate on which 
waviness of known extent is imposed while the 
desired pressure gradients are simulated along its 
length. Tests on a complete model, of one-eighth 
full size, of the glider intended for flight trials of 
the suction wing have revealed that the stability, 
control and general aerodynamic behaviour of the 
aircraft should be satisfactory, either with or 
without suction. ; 

Interesting possibilities of flight research into 
aerodynamic and structural problems, as well as 
of investigating meteorological conditions, are 
opened up by some recent experiments with radio- 
controlled flying models. Difficulty was experienced 
initially in handling such small gliders and a 12-ft. 
span tailless aircraft developed in Australia, as well 
as a United States target model of about the same 
size, both crashed after short flights. They were 
launched by a catapult and radio-controlled. Two 
subsequent models, one a ‘‘ Shark” of 8-ft. span 
and the other a 10-ft. span ‘“‘ Stork,” have been 
successfully flown under radio control, both as 
gliders and when powered by an American resonant 
jet engine. Launching was achieved by towing 
behind a motor car, release being delayed until the 
altitude was severa] hundred feet. The models 
were flown to over 1,000 ft. alt'tude within a radius 
of a mile, the duration of flight being limited by 
the fuel supply to 15 minutes. Control in flight 
appears to have been easy, but considerable skill 
was required to land the models undamaged. This 
substantial measure of success in manceuvring 
technique has encouraged further trials upon a 
12-ft. span taiJless model, and the modification of 
the “‘ Stork” to embody a twin-jet power plant, 
so that experiments can be made on ramp launching, 
radio control at higher speeds of flight, and tele- 
metering equipment. For the 12-ft. model, a 
specially designed V two-stroke engine, weighing 
only 7 Ib., has developed 4 h.p. under test. It 
drives contra-rotating propellers through appro- 
priate gearing. Another and somewhat larger model 
is to have a single-cylinder two-stroke engine with 
opposed pistons and a propeller on each crankshaft. 
It will be supercharged by a Root’s blower to achieve 
a design power of 24 h.p. at 18,000 ft., but it is 
hoped that this model will reach an altitude of 
40,000 ft. 

Most of the other aero-engine research in Australia 
has been concerned with gas turbines, but it is 
worth recording that the conductivity of the oil 
film between the piston ring and cylinder wall of a 
conventional engine has been substantially increased 
by additives of the ‘‘anti-wear’’ type, and still 
further improved by the addition of an “ oiliness ” 
agent in combination. A long investigation of 
engine wear due to dust, with an associated study 
of the optimum design characteristics of air-intake 
filters, is now in the report stage. Though this work 
has been primarily directed towards minimising 
piston and cylinder wear, the knowledge gained 
about the effects on wear of particle size and dust 
concentration, and of the effects of filter geometry 
on the pressure drop through air-cleaners,. should 
prove valuable in connection with gas-turbine 
developments. Under this latter head, a long-term 
investigation of the fundamental effects of turbu_ 





lence on, combustion is in progress, in the first place 
at low pressures, with air supplied to the combustion 
chambers by fans ; later work is projected at high 
air pressures, when a compressor becomes available. 
A particular object of this work is to ascertain the 
effect on flame speed of adding to the fuel certain 
compounds, such as aldehydes, which are formed as 
intermediate products of the combustion process, 
dependent upon the heating to which the air-fuel 
mixture is subjected before it reaches the flame 
front. In connection with these combustion studies, 
the experimental measurement of flame tempera- 
tures in the region of 2,000 deg. C. is being attempted 
by means of thermocouples, of which a tungsten- 
molybdenum combination shows promise ; and also 
by means of a two-colour radiation pyrometer, hav- 
ing photo-electric cells as the measuring elements. 

Other gas-turbine projects include an examination 
of the effect of atmospheric temperature on engine 
performance—a matter of serious importance, as air 
temperatures in some parts of Australia are high 
enough to reduce significantly the power output of 
gas turbines—and a comparison of various means 
of arranging a turbine engine to provide suction for 
boundary-layer contro] as well as propulsion. An 
attempt is also being made to put the design of com- 
pressor and turbine blades on a rational basis by a 
mathematical method which permits blades to be 
designed for a specified velocity distribution, in 
contrast with the more usual procedure of calculat- 
ing the velocity distribution round a pre-selected 
blade form. These blade cascades, designed by the 
new method, are under test in a cascade wind tunnel 
in which a maximum air speed of 120 ft. per second 
is obtained with the expenditure of 40 h.p. The 
new method of design results in a blade with an 
infinitely small included angle at the trailing edge ; 
and since this is not practicable, the effect of a finite 
trailing-edge angle on velocity distribution is being 
examined. The influence of air flow on the vibra- 
tion of a cascade of blades, analagous to the flutter 
of aircraft wings, is also being studied. 

By a recommendation of the Commonweelth 
Aeronautical Research Council, Australia has been 
given the leading part in the field of aircraft struc- 
tural research. Accordingly, a thorough study has 
been started of the strength and stability of open 
sections, formed from light-alloy sheet or strip, 
subject to compressive and bending forces. It will 
be extended to include similar sections of mild or 
low-alloy steel strip, suitable for general engineering 
designs under light loading. Grid panels, compris- 
ing two thin sheets of aluminium alloy, separated 
and stabilised by wood slots, are under investigation 
for wing and fuselage construction of high-speed 
aircraft, and the results will contribute to a com- 
prehensive examination of the minimum structure 
weights necessary to comply with airworthiness, 
strength and stiffness requirements. One valuable 
conclusion which has emerged already is that, for 
cylinders representing fuselage construction, a non- 
buckling skin is more efficient than one which 
buckles at relatively low loads. An approximate 
solution has been found for stresses at the root of a 
swept-back wing in which the ribs are perpendicular 
to the axis of sweep-back. By means of recorders 
fitted to about 20 machines, data are being accumu- 
lated regarding the air-load fluctuations encountered 
by civil aircraft flying on scheduled routes in 
Australia. Associated experiments have shown 
that, between Australia and Japan, the atmospheric 
conditions are significantly different from those on 
other trans-ocean routes, while tests with sailplanes 
over land have indicated that a very wide range of 
disturbances, with vertical velocities up to at least 
35 per ft. per second, can occur in clear air. The 
effects of repeated live loads on the structures them- 
selves are of great interest. It appears from 
elaborate cyclic-loading trials that, in the case of 
modern wings, the ultimate static strength is not 
seriously affected by a large number of repetitions 
of very high load, whereas meta] wings fail after 
relatively few applications of the high-load range. 
The disparity in behaviour is attributed to the 
stress concentrations at riveted and bolted joints in 
metal structures. 

Bearing on these conclusions are a number of 
researches into fatigue. of aircraft structural metals 
and alloys. They include a determination of the 
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notch sensitivity of a high-strength aluminium 
alloy, a general study of the anomalous high fatigue 
strength obtained with notched bending-fatigue 
specimens, and the investigation of the influence on 
fatigue resistance of surface defects due to machining 
and finishing operations. Another metallurgical 
aspect of aircraft materials is exemplified by investi- 
gations of the chromium-tungsten and chromium- 
beryllium systems, with a view to the extreme 
temperature demands of gas turbines. Refractory 
vessels of extreme heat-resistance, required for this 
work, have been obtained by slip-casting and 
pressing beryllium oxide. Since high-temperature 
alloys usually fail along the grain boundaries, the 
nature of the grain boundary is being studied by 
various methods dependent on the electrical resist- 
ivity at the boundary, the distortion of crystals 
and boundaries as revealed by ‘‘ photogrid ’’ tech- 
nique, and the differential evaporation at the grain 
boundaries which occurs in the thermal etching of 
silver. In the somewhat related field of powder 
metallurgy, the influences of particle-size distri- 
bution and surface area on the physical and mech- 
anical properties of sintered compacts is being 
investigated with the aid of apparatus to produce 
spherical powders, separation into various size- 
fractions being achieved by elutriation. Experi- 
ments with electrolytic-copper powder have shown 
that, during the pressing operation, neither the 
rate of pressing nor the time of ‘‘ dwell ”’ are signi- 
ficant within wide limits. The corrosion of aircraft 
materials, investigated with reference to cooling 
systems, has given results of value in the similar 
circumstances obtaining in power-station steam 
condensers. It appears that the prime cause of 
corrosion is differential aeration of the cooling water, 
the cathodic deposition of copper being a subsidiary 
effect. The nature of the so-called “‘ impingement 
corrosion ’’ was found to be fundamentally different 
from that suggested by previous investigators, 
while “‘ biological corrosion,” attributed to sludge 
deposits, is a misnomer and has no real existence ; 
sludges in condensers merely tend to accelerate 
corrosion by other causes, notably differential 
aeration. In the course of experiments on the 
stress-corrosion of aluminium in tap water, aeration 
and de-aeration of the water were found to produce 
marked changes in the electrical potential values 
obtained. 

Important contributions to the success of all the 
foregoing work in aeronautical matters are due to 
special instruments. Among them is a high-speed 
recording electrometer for measuring potentials in 
corrosion researches, and a rapid recorder to deter- 
mine, to one hundred-thousandth of a centimetre, 
the expansions of small specimens of refractory 
alloys, heated to elevated tempertures. An auto- 
matic arrangement for the radio-control of the 
flying model aircraft includes a simple form of 


automatic pilot, which it is hoped to develop to _— 


considerably smaller size and lighter weight than 
any such equipment now existing. Other instru- 
mental research has been concerned with improving 
wire resistance strain-gauging apparatus. (Con- 
trasting with these applications of physics to aero- 
nautics are some items in which aeronautical know- 
ledge has been applied to quite other problems. 
One of them is a novel type of pest-destructive 
sprayer for fruit trees, in which the insecticide 
liquid is sprayed into a jet of air blown at the tree. 
Also concerned with horticulture is an experiment 
in which horizontal fans, 12 ft. to 30 ft. in diameter 
and mounted on towers up to 30 ft. high, are being 
used to draw warm air down from above ground 
level and to distribute it round fruit trees and 
vineyards to prevent ground-frost damage. Finally, 
mention may be made of the use of aircraft struc- 
tural materials and design principles in the con- 
struction of relaxing frames for the therapeutic 
treatment of patients suffering from poliomyelitis. 


(To be continued.) 





LECTURES ON ALUMINIUM AND Its ALLOYs.—Three 
Cantor Lectures on “‘ The Manufacture, Properties and 
Applications of Aluminium and its Alloys” will be 
delivered by Dr. C. J. Smithells, M.C., at the Royal 
Society of Arts, John Adam-street, Adelphi, London, 
W.C.2, on Mondays, March 20, 27 and April 3, com- 
mencing at 6 p.m. each day. 
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SOIL-COMPACTING MACHINE. 


A SELF-PROPELLING machine, suitable for compacting 
soil in confined—as well as in open—spaces, is now 
being made in this country by Compactors Engi- 
neering, Limited, la, Brailsford-road, London, S.W.2. 
Known as the “ Vibrosoil’’ compactor, it is a Swiss 
invention, and has been used for several years on 
the Continent, where it is manufactured under licence 
from the Société General de Materiel d’Entrepreneurs, 
Antwerp, Belgium. Soil is often compacted by pres- 
sure due to heavy rollers, or by tamping with rammers, 
but both principles are combined in this machine, 
which vibrates bodily over the soil in a rap‘d succes- 
sion of small jumps caused by a continuous periodic 
out-of-balance force produced by three rotating weights 
in a steel housing at the front. The machine, which 
is illustrated on this page, weighs about 2 tons, and 
its bulk is spring-supported on a flat-bottomed steel 
The out-of-balance force has a frequency of 
about 1,000 cycles per minute to correspond with the 
so-called natural vibration-frequency of the soil ; 
under normal conditions, it raises the pan about 4 in. 
from the ground once every cycle and propels the 
machine forward at a speed of about 20 ft. to 25 ft. per 
minute. 

Each weight is screwed eccentrically to one of three 
parallel shafts, which are spaced about 4} in. apart 
and are geared together to rotate at about 1,000 r.p.m. 
The centre shaft is belt-driven from a 8-h.p. Diesel 
engine running at about 1,200 r.p.m., and a 
at the rear of the spring-cushioned horizontal e- 
work of the machine. The shafts are ball-bearing 
mounted in a steel housing which can be turned and 
secured about a horizontal axis to alter the direction of 
the resultant forces produced. In cross-section, each 
weight is shaped roughly like a semi-circle with its 
centre coincident with the axis of the shaft, the mass 
of the centre shaft and balance weights being equal 
to the combined masses of the other two. A flywheel, 
external to the housing, is attached at each end of the 
centre shaft, one of them serving as a pulley for the 
belt-drive from the engine. 

The direction of the periodic force produced by the 
rotating weights can be controlled by adjusting the 
angular position of the housing; this can be set to 
produce a force in any direction between the horizontal 
and the vertical, so that the vertical hammering or 
tamping action of the machine may be ‘varied from 
zero to a maximum to suit the particular soil condi- 
tions. The housing is turned by a tommy bar and 
secured in the required position by two locking screws ; 
in normal circumstances, it is set to produce periodic 





forces or vibrations in a direction at about 45 deg. 











to the ground, the tamping effect then being about 
70 per cent. of the maximum value. The horizontal 
components of the vibrating force then serve to jerk 
the machine forward in small jumps, which enable 
about 500 sq. yards to be passed over in an hour. It 
is claimed that only one or two passes over the same 
ground are needed, as compared with the much greater 
number required with rollers. 

The track width of the machine across the base pan 
is about 2 ft. 10 in. ; the overall width and length being 
4 ft. 8 in. and 7 ft. 6 in., respectively. The machine can 
thus be used in narrow trenches which are being filled, 
for example, to carry cross-over roads, or in excavations 
for foundation work. It is manipulated by a single 
operator, and is fitted with two detachable skid-wheels 
controlled from a steering wheel at the rear. The skid- 
wheels are independently mounted on stub-axle sup- 
ports, and slide over the ground when the machine is 
being used. By turning the steering wheel the appro- 
priate side of the machine is slightly raised to rest on 
one of the skid wheel supports ; this skid wheel is then 
pressed into the ground to form a pivot about which 
the machine can turn. A locking device on the steering- 
wheel mechanism enables the machine to be raised on to 
both skids simultaneously for towing by lorry or 
tractor. If there are no space restrictions, both skids 
may be detached, and the machine is steered by a long 
handle fixed to the rear. 

A warping capstan at the front is permanently 
geared to the driving mechanism of the shafts through 
wormwheel reduction, and slowly turns while the 
engine is running. By taking a turn or two of wire 
rope round the drum of the capstan, and attaching the 
other end to a tree or ground anchor, forward propul- 
sion of the machine is ensured under adverse conditions 
or up adverse gradients. The main framework of 
the machine is supported on four helical springs, 
two at the front and two at the rear; four horizontal 
springs at the top of the balance-weight housing also 
serve to cushion the Diesel engine from the effects of 
vibration. 





THE CHEMICAL SOCIETY RESEARCH FuND.—The Re- 
search Fund of the Chemical Society provides grants 
for the assistance of research in all branches of chemistry ; 
about 7007. per annum is available for this purpose. 
Applications for grants will be considered in June, 1950, 
preference being given to Fellows of the Society. Appli- 
cation forms aud regulations governing the award of 
grants may be obtained from the general secretary, 
Burlington House, Piccadilly, London, W.1; the com- 
pleted forms should be submitted not later than Monday, 
May 1, 1950. 
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With the ee of three steamers totalling 2,800 
tons, the vessels launched in Sweden last year are com- 
posed entirely of motorships. Of the 44 ships, niaking 
together 268,137 tons (and representing 83-1 per cent. 
of the total tonnage launched) intended for registration 
in other countries, 36 vessels comprising 230,687 tons, 
are for Norwegian owners. Holland’s output for 1949 
consists of nine steamers, aggregating 15,217 tons, and 
91 motorships, totalling 154,078 tons. The largest 
ship launched was the 16,000-ton twin-screw motorship 
Oslofjord, mentioned above, which is for registration in 
Norway. Included in the French total of 154,859 tons 
are 44 motorships, aggregating 115,709 tons. The 
largest was the 14,681-ton oil-tank motorship Ariane. 
The first returns from Japan to have been included in 
the Summary since the conclusion of the war show that 
the tonnage launched in 1949 comprises 57 steamers, 
totalling 120,916 tons, and 27 motorships, aggregating 
27,058 tons. The only vessel exceeding 5,000 tons is 
the oil-tank motorship Fernmanor, of 13,500 tons, 
which is for registration in Norway. Of Italy’s output 
of 46 ships, 35, comprising’ 88,225 tons and representing 
89 per cent. of the total tonnage launched, are intended 
for registration in other countries. Of these, 21 ships, 
aggregating 50,324 tons, are for registration in Argen- 
tina, including the three largest vessels launched in 
Italy during 1949, each of which is between 10,000 and 
11,000 tons. Two oil tankers, making together 
20,550 tons, were launched in Denmark, the larger, the 
10,600-ton motorship Jane Mersk, being also the 
largest ship launched in the country during 1949. 
Included in the Canadian Great Lakes total are the 
two 11,997-ton bulk-cargo steamers, Coverdale and 
Hochelaga. Norway’s 1949 total comprises nine 
steamers, aggregating 18,678 tons, and 38 motorships, 
totalling 40,535 tons. Only one ship exceeds 4,000 tons 
and all the steamers are fitted for burning oil fuel ; 12 
small motorships are constructed of wood. Three 
motorships, making together 33,550 tons, launched in 
Belgium, are intended for the carriage of oil in bulk, 
and no other ship exceeds 4,000 tons in size. 

In addition to the national statistics with which we 
have so far dealt, some interesting facts of a more 
general nature regarding special types of ships and 
machinery are contained in the Summary. The 
steamers launched in the world last year, comprising 
311 vessels, totalling 1,366,382 tons, include one ship, 
a dredger of 11,903 tons and launched in the United 
States, to be fitted with turbo-electric drive; 102 
vessels, making together 1,015,811 tons, to be fitted 
with geared turbines ; and 18 ships, comprising 83,952 
tons, having a combination of steam reciprocating 
engines and turbines. About 1,156,000 tons of the 
steamers launched in the world in 1949 are fitted for 
burning oil fuel in their furnaces. The 615 motorships 
launched last year total 1,765,423 tons and include 
12 ships, making together 15,022 tons, fitted with 
electric drive. The oil-tank steamers and motorships, 
of 1,000 tons gross and upwards, launched during 1949 
total 119 vessels aggregating 1,335,528 tons, of which 
77, amounting to 706,627 tons, are motorships. In 
conclusion, it may be of interest to note that 62-15 per 
cent. of the steamers and motorships launched in the 
world during 1949, namely, 1,946,380 tons, were being 
built under the survey of Lloyd’s Register of Shipping 
with a view to classification in the Society’s Register 
Book. 





LAUNCHES AND TRIAL TRIPS. 

S.S. “ Punta MEDANOS.”—Twin-screw oil tanker, built 
by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Argentine Navy. 


Main dimensions: 470 ft. (between perpendiculars) by | P©°P’ 


62 ft. by 35 ft.; deadweight capacity, 8,250 tons on a 
normal service draught of 25 ft.; gross tonnage, about 
8,060. Two sets of steam turbines with double-helical 
gearing and two Babcock and Wilcox integral-furnace 
oil-burning boilers constructed by the Wallsend Slipway 
and Engineering Company, Limited, Wallsend-on-Tyne. 
Launch, February 20. 


S.S. “ OLmnDA.”—Single-screw cargo liner, bvilt by 
Messrs. Williem Denny and Brothers, Limited, Dum- 
barton, for the British India Steam Navigation Company, 
Limited, London, E.C.3. First vessel of an order for 
two. Main dimensions: 442 ft. (overall) by 57 ft. 3 in. 
by 38 ft.; deadweight capacity, about 9,000 tons. 
Triple-expansion reciprocating engines worki:g in con- 
junction with Bauer-Wach turbines, and oil-fired boilers, 
constructed by Messrs. John G. Kincaid and Company, 
Limited, Greenock. Speed, 12 knots. Trial trip, March 1. 


M.S. “ BRITISH CONSUL.”—Single-screw tanker to 
carry petroleum in bulk, bvilt and engined by Messrs. 
Harland and Wolff, Limited, Govan, Glasgow, for the 
British Tanker Company, Limited, London, E.C.2. 
Third vessel of an order for three. Main dimensions: 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons. Harland-B. 
and W. six-cylinder single-acting four-stroke Diesel 
engine. Launch, March 2. 





LABOUR NOTES. 


Proposats for a ballot of engineering and ship- 
building ws to determine what action should 
be taken, following the rejection of their wage claims 
for an all-round increase of 11. a week, came before the 
executive council of the Confederation of Shipbuilding 
and Engineering Unions at their meeting yesterday. 
The rejection of the claims was considered at length by 
the national committee of the Amalgamated Engineer- 
ing Union when that committee met in London on 
March 2. The committee, which is the highest delegate 
body in the A.E.U., decided by 39 votes to 13 that the 
Union’s executive was to urge upon the Confederation 
executive that such a ballot should be taken among 
the members of all the 37 unions affiliated to the Con- 
federation at a very early date. The national com- 
mittee of the A.E.U. also requested that the ballot 
should ask the membership of the Confederation 
whether they were in favour of strike action being used 
to support the wage claims, or whether they were in 
favour of the claims being submitted to the National 
Arbitration Tribunal. 


At the meeting of the national committee of the 
A.E.U.. on March 2, the Union’s executive recom- 
mended that the Government should be urged to con- 
duct a fact-finding inquiry into the financial structure 
of the engineering industry, with particular reference 
to profits and productivity, and their relationship to 
the wage claim. The executive’s recommendation was 
rejected, and a motion proposing that the national 
campaign already commenced in favour of the wage 
claim should be developed and end with notice of 
strike action, was placed before the 52 delegates attend- 
ing the meeting of the committee. The motion further 
suggested that a ballot of engineering employees should 
be held on the one question of whether strike action 
should, or should not, be taken, These proposals were 
defeated on the narrow margin of 29 votes to 23. 
Ultimately, the Union’s executive was instructed to 
request the Confederation to take a two-question ballot 
of all affiliated unions, as outlined in the first para- 
graph. 


It may be recalled that the demands for the wage 
increases came before the Confederation at their 
autumn conference and were originally for an overall 
advance of 40s. a week. This sum was scaled down 
during the ensuing discussions to 20s. a week all round, 
which was considered to be “ more realistic.” When 
claims for that amount were accordingly presented to 
the Engineering and Allied Employers’ National 
Federation, and to the Shipbuilding Employers’ 
Federation, at the end of 1949, the Confederation 
stipulated that the sums necessary to satisfy the 
demands should be paid out of profits, and should not 
be added to the prices of the products of the industries. 
As some 2,250,000 workpeople are concerned in the 
claims, it is estimated that the cost of conceding the 
claims in full would be well over 100 million pounds 
annually. The claims were rejected by the Engineering 
and Allied Employers’ Federation on February 2, and 
by the Shipbuilding Employers’ Federation on March 1. 








In the course of a long and detailed statement, the 
engineering employers put forward reasons why the 
wage claims could not be met from the profits of the 
engineering industry, and showed that if the claims 
were granted, the prices of engineering manufactures 
must be affected. They also expressed the view that 
acceptance of the demands might force some firms 
out of business altogether, thereby leaving their work- 
le without employment. The decision of the 
Shipbuilding Employers’ Federation to reject the ship- 
building claim was made known at a joint meeting 
between representatives of the Federation and leaders 
of the Confederation. The President of the Federation, 
Sir Lawrie Edwards, stated that the shipbuilding 
employers had given the most careful consideration to 
the unions’ case but, having to all the circum- 
stances and to the position of the industry, they had 
reached the unanimous conclusion that the application 
could not be granted. The disappointment felt by the 
unions at the rejection of the das was expressed by 
Mr. E. J. Hill, chairman of the Confederation’s ship- 
building sub-committee, who said that the position 
would have to be reported to the general council of 
the Confederation. 





An alternative to the proposals of the Amalgamated 
Engineering Union for a ballot was placed before the 
Confederation at yesterday’s meeting by the General 
and Municipal Workers’ Union. This Union, which 


includes among its membership a large number of 
labourers in the engineering industry, has always been 
opposed to the claim for a 20s. a week increase. The 
G.M.W.U. advocated yesterday, as they have done on 
previous occasions, that that claim should be dropped, 
and that the Confederation should concentrate instead 
on the earlier claim for revision of the wage structure of 





—— 


the industry. Such a claim, if successful, would provide 
@ minimum basic be, rate of 51. a week for adult 
employees. The G.M.W.U. has emphasised on varions 
occasions that many of its members are on a bagic 
rate of only 41. 12s. a week. 





The joint committee of representatives of the 
Confederation of Shipbuilding and Engineering Unions 
and of the Trades Union Congress General Council, 
known as the engineering advisory committee, has been 
re-established. "on formed gp bem the recent war 
to watch over the trade-union interests of engineering 
employees. The immediate concerns of the committee 
in its revived form will be to examine and report on 
labour questions in the engineering and shipbuilding 
industries, and to investigate ways of obtaining in. 
creased productivity in those industries. The first 
meeting of the committee since its resumption took 
place on March 1 in London. The proposals of the 
Government that a development council for the ship. 
building and ship-repairing industry should be sect up 
were considered and a meeting with representatives of 
the Admiralty, for further discussion of the Govern. 


ment’s suggestion, was proposed. 





Representatives of the tram, "bus, and trolley-’bus 
drivers and conductors employed by the London 
Transport Executive are to meet at an early date to 
consider a suggestion that the executive of their union, 
the Transport and General Workers’ Union, should 
ask for an increase of 20s. a week on their behalf. The 
proposal was first put forward by the Central London 
*busmen’s committee, which represents about two. 
thirds of the 54,000 drivers and conductors in the 
service of the Executive. It was decided on March 2 
that the proposed claim should be referred to the 
London passenger group committee of the Union. 
This committee protects the interests of all road staff 
employed by the Executive and its endorsement of 
such a wage claim is a necessary preliminary to securing 
sponsorship of the claim by the T.G.W.U. executive. 





Employees in the London district feel that the fares 
now paid by them are high enough and many are 
opposed to the proposals recently made on behalf of 
the British Transport Commission that road and rail 
charges in the area should be increased by an average 
of 44 per cent. Objections to the pro Is have to be 
submitted to the Transport Tribunal not later than 
March 28 and the London Trades Council, which claims 
to represent 680,000 trade-union members, announced 
on March 2 that it would oppose the suggested increase. 
The Council stated that workpeople in London were 
already paying high transport charges. Many, in fact, 
had to find 6s. to 7s. a week to get to and from their 
work. The Tribunal’s inquiry, which will be held in 

ublic, is expected to open in May and to last about 
‘our weeks. The Commission hope to bring the new 
rates into operation on October | next. 





The United Patternmakers’ Association has been 
unsuccessful in its efforts to settle its difference 
of opinion with the Confederation of Shipbuilding and 
Engineering Unions on the question of the differential 
rate paid to patternmakers. The U.P.A. objects to 
patternmakers’ differential rates being the subject of 
negotiation by the Confederation in the endeavours 
of the latter to secure national wage ments for 
maintenance men in various industries. The difficulty, 
which arose previously in the gas industry, has been 
repeated in connection with the water industry, and we 
dealt with the matter at some length on page 106, ante. 
Mr. W. B. Beard, O.B.E., the general secretary of the 
U.P.A., states in its Monthly Report for February 
that the Confederation decided in January to settle 
the agreement respecting maintenance men in the 
water industry. He moved an amendment at the 
Confederation meeting that patternmakers should be 
omitted from the agreement, but his suggestion was 
not supported. 


Some unions, Mr. Beard reports, did not vote, and 
the only positive support for the U.P.A. came 
“* strangely enough, from the General Workers’ Unions, 
who argued that if fitters received an extra rate over 
that for semi-skilled men, then it was logical that 
patternmakers, who were the highest skilled craftsmen 
in the industry, should receive, as indeed they did 
elsewhere, a differential above that for fitters in the 
water industry. The position now is that the Con- 
federation have, in effect, decided that they have the 
right to negotiate patternmakers’ rates, on their terms, 
at least in the water industry.” As a result, the 
executive committee of the U.P.A. have arranged for 
a vote to be taken at March meetings of their branches 
on the question of giving the committee power to 
secede from the Confederation if and when they deem 
such action to be necessary. 
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ROYAL NAVAL ENGINEERING COLLEGE. 








Fig. 5. 
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IMPERIAI, COLLEGE SUMMER SCHOOL IN RELAXATION 
METHODS.—In the long vacation of the years 1945-48, 
Summer schools in “ relaxation methods” were held 
at the Imperial College of Science and Technology, South 
Ker sington, London, S.W.7, and, in 1949, at Michigan 
University, U.S.A. Their success has encouraged the 
provision of similar courses both in England and the 
United States during the coming long vacation. At 
Imperial College the course is planned for the four weeks, 
August 29 to September 22. The course will cover the 
numerical solution of linear algebraic equations, frame- 
work problems, Laplace’s ard Poisson’s equations, the 
biharmonic equation, problems, the heat-conduction 
equation and other applications. The fee for the 
course will be 5/., and further particulars are obtain- 
able from Mr. D. N. de G. Allen, at Imperial College. 
Inquiries concerning the course in the United States, 
which will occupy six weeks in June and July, should 
be addressed directly to Professor D. H. Pletta, at 
Virginia Polytechnic Institute, Blacksburg, Virginia, 
where the course will be held. 








Trest House ror INTERNAL-CoMBUSTION ENGINES. 








Steam TURBINE. 


NORTH OF ENGLAND INSTITUTE OF MINING AND 


MECHANICAL ENGINEERS CERTIFICATED STUDENTSHIP | fl 


EXAMINATIONS.—The annual examinations for certi- 
ficated studentships in vocational subjects in mining and 
mechanical engineering, held under the auspices of the 
North of England Institute of Mining and Mechanical 
Engineers, will take place in the King’s Hall, King’s 
College, Barras Bridge, Newcastle-upon-Tyne, 1, on 
Thursday, April 20, at 10 a.m. There is no entrance fee 
and no age limit, and the examinations are open to all 
suitable applicants whether members of the Institute or 
not. Pamphlets have been prepared containing full 
particulars regarding the objects of the examinations, 
how to apply for permission to sit, forms to be rendered 
by the applicant, and examination rules, instructions 
and advice. Further particulars, copies of the pamphlets 
and the requisite forms may be obtained from the 
honorary secretary, Institute Board for Examinations, 
Neville Hall, Neweastle-upon-Tyne, 1. Completed appli- 
cations must be received by the secretary not later than 
March 18. 





DEVELOPMENTS AT THE ROYAL 
NAVAL ENGINEERING COLLEGE, 
MANADON. 


THE need to one the facilities for 
engineering officers of the Royal Navy was apprecia’ 
some considerable time before the outbreak of the 
Second World War ; but the site of the original Royal 
Naval Engineering College at Keyham, near Plymouth, 
which was founded in 1880, was not suitable for the 
desired extension and the Admiralty, therefore, pur- 
chased, in 1936, a 100-acre country site at Manadon, a 
few miles from Keyham, with the object of transferring 
the College there. The war delayed the move, but, 
despite this, several modern buildings, comprising 
laboratories, lecture rooms, workshops and aircraft 
hangars, were erected. Both sites remain in use at 
present under the name of H.M.S. Thunderer, but, 
during the course of the next few years, constructional 
work will be completed at Manadon and the training 
of officers will then be concentrated there. 

As things are at present, the basic facilities, such as 
machine shops, laboratories and lecture rooms, are 
duplicated at Keyham and Manadon, the proportion 
of officers under instruction at each being approxi- 
mately equal. The engine-test section, however, is 
still situated at Keyham, and all electrical instruction 
is given at this college. Aircraft engineering, on the 
other hand, is already concentrated at Manadon. So 
far as possible, a separate lecture room is allocated to 
each subject and is equipped accordingly. Demonstra- 
tion models are employed extensively, but, where 
feasible, the actual components, suitably sectioned, are 
used ; for example, the lecture room in which the Weir 
closed-feed system is taught contains sectioned float 
valves, etc. The workshops at both Keyham and 
Manadon are exceptionally well equipped, both con- 
taining a wide range of modern machine tools. It 
should be pointed out, however, that the course is 
more concerned with giving a proper appreciation of 
what can be accomplished with tools rather than in 
training skilled fitters and machinists, though, to judge 
by some of the finished work which we saw during a 
recent visit, considerable progress is made in the latter 
direction also. 

The aircraft-engineering section at Manadon is 
particularly interesting, as all stages of training, up to 
flying, are covered. The construction of aircraft frames 
is taught on various types of modern aircraft which can 
be partly stripped for the purpose, and the strength of 
aircraft structures can be examined on two beam testing 
machines, one of which is equipped for the study of 
stress measurement by the electrical strain gauge 
method. Jn addition, a selection of aircraft, representa- 
tive of the latest types, is kept in two large for 
practical instruction on maintenance, dismantling and 
assembly. One of the hangars is illustrated in Fig. 1, 
on page 270; and two photographs of the aircraft- 
structure laboratory are reproduced in Figs. 2 and 3, 
on the same . 

The equipment for the study of aircraft engines is 
exceptionally comprehenaive and includes a number 
of partly-sectioned engines ; among items of particular 
interest is a Junkers opposed-piston two-stroke Diesel 
engine. The jet engines available at the College include 
Rolls-Royce Derwent I and Welland engines, an 
Armstrong Siddeley experimental unit, and a German 
bi-fuel rocket motor, as used on guided missiles. 
Separate rooms are set aside for instruction on the 
Rolls-Royce Griffon and Bristol Centaurus piston 
engines, each room being equipped with a complete 
engine as well as a full range of component parts and 
wall charts. Separate rooms are allocated also for the 
study of ignition and carburation, practical work on 
the latter subject being carried out in a flame-proof 
building fitted out with a Stromberg flow bench, a 
Hartridge fuel-pump test bench and other ancillary 
equipment. officers are encouraged to take up 
flying and become qualified pilots ; this is an invaluable 
qualification as, in addition to giving an insight into 
the pilot’s point of view, it enables them to carry out 
lying tests on the completion of repairs and overhauls. 
Initial flying instruction is given at Plymouth Airport, 
ost Mga establishment maintains two Tiger Moth 


Another interesting section of the College is that 
devoted to engine testing, which, as previously men- 
tioned, is still situated at Keyham. This section is 
used for giving practical instruction in all forms of 
marine prime-movers, ranging from petrol engines to 
steam turbines. It is divided into two parts, one for 
internal-combustion engines and the other for steam. 
On the internal-combustion engine side, instruction on 
the smaller type of engine, as used in launches, etc., is 
given on a Ford V-8 petrol engine and a Perkins P6M 
marine Diesel engine. The larger type of Diesel engine is 
represented by a Vickers four-cylinder blast-injection 
unit of 150 h.p. and a General Motors eight-cylinder two- 
stroke engine, developing 500 brake horse-power. Both 
engines are coupled to Heenan and Froude water- 
brake dynamometers, and the Vickers engine is 
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provided with a Ford torsionmeter. Some of these 
engines can be seen in Fig. 4, on page 270, and. in Fig. 5, 
on page 279. The Vickers engine is particularly useful, 
as it has been designed to operate with variable injec- 
tion timings and pressures, and runs at a sufficiently 
slow speed, namely, 300 r.p.m., for satisfactory indi- 
cator cards to be taken. Other equipment in the 
engine-testing section includes an ex-German variable- 
compression single-cylinder engine and a small carbon- 
dioxide refrigerating plant. The variable-compression 
engine is connected to an electrical dynamometer and 
at present is being used to study the effect of compres- 
sion ratio on engine efficiency. 

The equipment installed in the steam section includes 
a two-cylinder compound steam engine, fitted with a 
Hopkinson torsionmeter and coupled to a 50-kW 
generator and a British Thomson-Houston two-stage 
impulse turbine, also coupled to a 50-kW generator ; 
this turbine is illustrated in Fig. 6, on page 279. The 
two units are complete with condensers, circulating 
pumps, air pumps, etc., provision being made to 
measure the condensate. Steam is supplied by a Yarrow 
three-drum marine boiler and an Admiralty-type boiler 
of a similar pattern, the former supplying saturated 
steam at a pressure of 250 lb. per square inch and the 
latter, superheated steam at a pressure of 400 lb. per 
square inch, and a temperature of 700 deg. F. The 
machinery, however, is not suitable for operating on 
superheated steam, so the high-pressure boiler is pro- 
vided. with a Hopkinson external and an Admiralty- 
pattern internal desuperheater. The'two boilers operate 
under demhentahela conditions and are arranged to 
burn oil fuel in Admiralty-type burners. 

Normally, there are some 400 officers under training 
in H.M.S. Thunderer, the majority being young officers 
drawn from public and secondary schools. The training 
of engineer officers, however, is by no means co! 
to courses in H.M.S. Thunderer, as each potential 
officer first serves for two terms of four months each 
at sea as a cadet in a training cruiser. At the end of 
this period, each cadet an examination to become 
Midshipman (E), and serves for a further period of eight 
months in the gunroom of a seagoing vessel, the 
training received being divided about equally between 
engineering and the other departments of the ship, 
such as executive, supply, gunnery, torpedoes, etc. 
At the end of the secon: riod of service at sea, the 
midshipmen enter BMS. Thunderer, where they 
undergo a two-years basic course of engineering, the 
subjects covered including mathematics, mechanics, 
thermodynamics, electricity, chemistry and practical 
work. The practical work covers a wide field and 
includes machine-shop and fitting-shop practice, 
patternmaking, foundry work and boiler-shop practice, 
including forging and welding. On conclusion of the 
basic engineering course, the academic standard reached 
approximates to that of an engineering degree, which, 
combined with practical engineering work, renders the 
officers eligible for associate membership of the Insti- 
tution of Mechanical Engineers. At present, H.M.S. 
Thunderer is only equipped with machine and fitting 
shops, and all other practical work is carried out in 
H.M. Dockyard, Devonport, but two new large blocks 
of buildings are in course of erection on the Manadon 
site, one of which will form a factory for teaching 
those subjects at present taken in the dockyard. The 
subjects taught during the basic course are, of neces- 
sity, confined to engineering and its allied sciences ; 
in order, therefore, to broaden the syllabus, lectures 
are given from time to time by visitors, the subjects 
of which cover a wide field. Recreational facilities 
include dinghy and ocean sailing, etc., in addition to 
organised games. The qualities of leadership are also 
developed by giving the officers as much responsibility 
as possible in the executive running of the establish- 
ment. 

The two-years basic course is followed by a year’s 
practical engineering in a warship, after which all 
officers return to H.M.S. Thunderer for a year’s specialist 
course in either aeronautical, marine or ordnance 
engineering ; the decision as to which branch the 
officer will specialise in, however, is taken at the end 
of the two-years basic course. Specialisation in ord- 
nance engineering is undertaken at present in H.M.S. 
Excellent, but some instruction in this subject is given 
in H.M.S. Thunderer, the necessary equipment being 
housed temporarily in one of the hangars. In due 
course, a large part of the specialist ordnance engineer- 
ing course will be undertaken at the Royal Naval 
Engineering College, and plans for the future include an 
ordnance engineering building. At the completion of 
the one-year specialist course, a proportion of the 
officers is selected for a further two-years specialist 
course. At the moment, some 15 per cent. of the 
officers undergo this further training, but it is hoped 
to increase this proportion to 25 per cent. 





IRON AND STEEL ORDER.—A new Control of Iron and 
Steel Order (No. 77, 1950) increases the maximum prices 
of certain classes of stainless-steel tubing, mild-steel 
wire flats, and die blocks, 





RAILWAY BREAKDOWN AND 
RE-RAILING EQUIPMENT.* 
By G. H. K. Lunp, A.M.I.Loco.E. 


DERAILMENTS are due, in almost equal proportions, 
to errors on the part of drivers, shunters, signalmen ani 
to defective permanent way. The civil engineering 
department often escapes responsibility under General 
Rule No. 111 (iv), but it is extremely rare for the loco- 
motive itself to be at fault. The types of derailments 
can be classified under five main headings : (1) wagons 
—four or six wheels; (2) coaches and other bogie 
vehicles ; (3) articulated vehicles; (4) locomotives, 
involving : one pair of wheels, several pairs of wheels, 
all wheels, or tenders; (5) cases where vehicles are a 
considerable way from the track, as, for example, when 
they have fallen over a bridge or embankment. The 
main causes are as follows: wheels passing on the 
wrong side of a point blade ; wheels striking the nose of 
a crossing; road spreading; buffer locking; buffer 
stops carried away ; and collisions. 

The simplest derailments are often dealt with by the 
trainmen themselves, with or without the assistance 
of the local stationmaster or yard foreman. Sometimes 
the attempts of the train crew to re-rail vehicles are not 
successful and occasionally the position is made worse 
by these well-intentioned efforts. In such cases, and 
in all the more difficult ones, a description of the 
accident is to the control, which advises the 
motive-power depot in whose breakdown area the acci- 
dent has occurred. The ideal engine for general work 
is a six-coupled freight engine of medium size, but in 
cases of emergency the first available engine capable of 
hauling the train is utilised. If the derailment is at a 
considerable distance and the crane of a type which 
can be run safely at high speed, a mixed-traffic engine 
is an advantage. The crew carried on a breakdown 
train depends upon the nature of the accident and 
whether or not the depot a steam crane. 
A typical gang is as follows: one crane driver, one 
slinger, four labourers or fitters’ assistants, one fitter, 
if a locomotive is derailed, one van attendant who also 
acts as coox, and one supervisor, The crane driver 
travels on the crane and so ensures that a full head 


of steam and water are available when the job is| 8T®@ 


reached. If no crane is available, an additional four 
men are usually taken. 

In any serious derailment involving a passenger train, 
the primary task is the extrication of any passengers 
and staff. With wooden coaches, large bars, cross-cut 
saws, hand saws and axes are sufficient in most cases. 
Great care must be taken to ensure that fire does not 
start due to carelessness of men with naked lights, 
particularly if there are gas reservoirs on any of the 
coaches. With modern steel coaches it is often neces- 
sary to cut away the steel sheeting with oxy-acetylene 
cutters. Great care must be taken to avoid burning 
imprisoned passengers and also to prevent setting fire 
to fittings and upholstery. Smouldering upholstery 
can easily cause suffocation in a confined space. 

If a line carrying a high traffic density is involved, 
the district motive-power superintendent or his 
assistant will have proceeded to the accident by car 
and will have made his appreciation before the break- 
down train arrives. He is then in a position to make 
preliminary arrangements for the disposition of the 
crane and vans and so save considerable time. It 
sometimes happens that he is able, by his greater 
knowledge and experience, to effect rerailment with 
the equipment available, such as ramps and broken 
timber. When one line is clear, or can easily be cleared, 
for traffic, and it is considered by the operating depart- 
ment that less interference and delay will be caused by 
working “ single line’ until a busy period has passed, 
the motive-power department must accept the operat- 
ing department’s decision and wait until an opportunity 
is given to do the job. In general, however pre- 
liminary work can be done during the waiting period 
and if the job is likely to be a long one, the opportunity 
is taken to feed the crew. The closest contact should 
be maintained between the motive-power and operating- 
departments as well as with the representatives of the 
chief mechanical engineer, civil engineer and signals and 
telecommunications engineer, to ensure that the best 
efforts can be made to resume normal working at the 
earliest possible moment. 

The motive-power officer may find that the accident 
is of such a nature that a second crane is necessa 
so that the work can be tackled from both ends simul- 
taneously. It is usual for a foreman most conversant 
with the working of the crane to be in charge of it, and it 
is worth while posting a senior officer to ensure that no 
interference with this man is permitted after the 
general line of attack has been given to him. More 
delay and difficulties are caused by well-intentioned 
suggestions and advice being given to persons in 
charge of cranes than is often realised. Where a major 





* Paper presented at a meeting of the Institution of 
Locomotive Engineers, held in London, on Thursday, 
March 2, 1950. Abridged. 





derailment involves main lines it is usual to throw 
any badly damaged vehicles clear, if this is possible, 
so that “through” working can be resumed at the 
earliest possible moment. The damaged vehicles 
can then be stripped and loaded on wagons on a 


d | Sunday, or other suitable time when traffic is light and 


can be diverted or suspended. Where electrified 
lines are involved, special arrangements are made {ir 
cutting off the power supply and short-circuiting birs 
are clamped between the live and earth supplies to 
safeguard the workmen. In the case of overhead 
equipment it is necessary to have this dismantled 
before a crane can work. It is sometimes possible when 
a double-catenary method of suspending contact wires 
is used, to uncouple the mid stringers at the adjacent 
gantries and draw the wire with blocks and tackle 
sufficiently to permit a short-jib crane to work. The 
London Transport railways possess special equipment 
for dealing with derailments in tunnels. 

Re-railing can be done in three ways: by hauling or 
moving the vehicle over ramps or packing, by the use 
of jacks, or by the use of the crane ; or a combination 
of two or all three of these methods. Re-railing by 
hauling is liable to be uncertain in the hands of the 
inexperienced, and even with the most skilled staff 
damage is usually done to the permanent way, etc., 
but it has the advantage of being rapid. It is said that 
all ordinary derailments can be tackled in two ways: 
the rapid and uncertain method, or the slower but 
reliable method. The person in charge must consider 
what are likely to be the results of using the different 
methods. The quick ones can be tried while jacks 
and packing are being brought on to the site and little 
time is lost. The decision, therefore, lies between the 
time it will take to make good the damage to the 
permanent way and signalling apparatus, as compared 
with the time taken to effect the re-railment with jacks 
orcrane. Where only trap or single points are involved 
the quicker methods are generally used, but at an 
important junction or station where electric points, 
complicated switches, etc., are involved, hauling should 
never be employed. The same veto should also be 
applied to bogie vehicles, though damage is not likely to 
result from hauling the lighter bogie vehicles, providing 
t care is taken to make the rising slopes very gradual 
and uninterrupted. 

The type of ramp in use on railways is usually 
made of annealed cast steel. Continental railways 
generally use the Stroudley or Bunge types. Ramps 
manufactured by the Kelbus Company are designed 
to be non-tilting ; nevertheless, it is desirable when 
re-railing loaded wagons or locomotives to pay careful 
attention to the packing so as to support the ramp 
and to prevent distortion or overstrain. Ramps are 
made in pairs for left- or right-handed use by Messrs. 
Transport Engineering and Equipment Company, 
Limited, who also have a patented point ramp. All 
these ramps are cast with a guiding plate which directs 
the wheel flange over to the rail. In the earliest form, 
the flange-guiding plate was studded or riveted on to 
the ramp. The end is tapered away to prevent a sudden 
drop, which, even if it does not damage the ramp, is 
liable to shake it out of line, so that the following 
wheels will not be guided on to the rail. 

Years ago, if hauling was not possible, jacks were 
the only method of re-railing until the introduction of 
cranes. Originally, the jack was a simple screw in a 
stand, but these have been developed to use hydraulic 
power, and have been placed on carriages which can 
be traversed by means of a screw. More recently, 
railways have returned to the manually-operated jacks 
of the geared rack-and-rachet type as they require 
less maintenance and are more reliable as compared 
with the hydraulic jack. ; 

The Simplex jack is a good example of this type. 
The Duff screw jack is built in a large variety of sizes 
and has ial features in the geared screw and the 
automatically-controlled lowering mechanism. There 
is also the ex-L.M.S. 40-ton standard oil jack and the 
20-ton two-pump type of jack, all of which are in 
general use. The 20-ton jack is very reliable in action, 
having two plunger pumps operated by a rocking 
lever. The latest arrangement, not yet much used in 
this country, is the battery of oil jacks described later 
under the devices used on the French State Railways. 
The jack with the separate pump has much to recom- 
mend it. Often the position in which a jack has to be 

laced is conditioned by the necessity of permitting 
cn movement of the operating handle. A further 
advantage is that the men operating the pump can 
be at a distance from the jack where they can see 
the movement of the lift as a whole, free from the 
danger of injury if the jack or the load moves. 

Packing for making up the height of jacks, and 
packing for crane beams and general use in derailments, 
is usually hardwood of standard length and breadth. 
The width is usually about 1 ft. and the length 2 ft. 
and 3 ft. The thicknesses are 1 in., 2 in., 3 in., 4 in., 
6 in. and 12 in. A small number of large beams 1s 
usually carried in the jib wagon of cranes to provide 
solid packing when exceptionally heavy lifts are to be 
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Fie. 1. 


120-Ton Crane ; Messrs. Cowans, SHELDON AND Company, LiMiTED. 


























Fie. 3. 50-Ton Crane; Messrs. Cowans, SHELDON AND Company, LIMITED. 


made, Sufficient packing for normal lifts should always 
be carried in the jib wagon of cranes. It is not cus- 
tomary to carry large quantities of timber as, if any 
really extensive timbering is required, it can be assumed 
that the locomotive or vehicles have fallen clear of the 
main lines and that time will be available, after restoring 
normal traffic, for the civil engineer’s staff to make up 
timbering to carry temporary track for the purpose of 
either taking the crane or hauling a locomotive. A 
variety of wedges is carried. The sizes vary from about 
8 in. to 18 in. in the wedge length and from 2 in. to 3 in, 
in height, with a wedge angle of approximately 15 deg. 
In addition, 45-deg. chocks are also carried for checking 
the movement of vehicles during lifting. 

It was the practice, until only a few years before the 
war, to use large paraffin ducklamps, about the 
size and shape of a gallon-size domestic water can. 
Some companies introduced acetylene generator and 
lamps combined, but these required careful attention 
and were not very popular. A few fortunate units 
had the acetylene flare lamps mounted on a gas cylinder 
as used by the civil engineer’s department. About 
1935, the Tilley lamps—paraffin lamps with incandes- 
cent mantles—came into general use and are now 
looked upon as giving the best general service. Many 
steam cranes are fitted with steam-driven generators 
which give a supply for electric lights on the crane jib, 
ete., and hand ps, which can be plugged in. The 
hand lamps are not generally used for breakdown 
work, the length of cable being a nuisance, but they 
are a great advantage for bridge and similar work. 





The most recent innovations have been small air-cooled 
petrol engines directly coupled to a generator and 
supplying a small switchboard in a light case. From 
the switchboard a lamp can be plugged in as required. 
The engine and generator are mounted in a light 
tubular frame with a weight of 128 Ib. and can easily 
be carried where required by two men. 

Providing that instructions are laid down and 
observed for the loading and use of supporting beams, 
a steam crane is the best way of dealing with the 
majority of derailments. The time required, however, 
to set up and down a large crane is considerable, and in 
straightforward jobs probably represents 75 per cent. of 
the time for doing the work. Thirty years ago, the usual 
size of crane was one of about 25 tons maximum lift 
at 25 ft., and it could be set up by an experienced 
gang in ten minutes. These cranes did not require 
the use of beams, except for side lifts, and even then 
simple single packing tightened by wooden wedges 
was sufficient. They were able to deal with all coaches 
and wagons and locomotives up to 60 tons. If the 
jack and counterbalance method is used, even the 
heaviest locomotive could be dealt with by them. In 
this country to-day, 45-ton and 50-ton cranes at 
20-ft. radius, and 15 tons at 45 ft., are standard. 
These are very fine machines, but the time required to 
set them up and down is not less than half an hour 
and often double. Though actual operating speeds 
with large loads are of little consequence, makers 
quote lifting figures from 10 ft. to 100 ft. per minute, 
according to the load. What is important is that 





Fic. 2. 105-Ton CRANE; Messrs. RANSOMES AND RAPIER, LIMITED. 


jibs can be raised in a minimum of time, but it must 
be remembered that the limiting factor is the power 
required to lift the jib off the saddle of the runner. 
In big jobs derricking should be kept to a minimum 
as a large quantity of water is used. Water is carried 
in a service tank on the crane, adjacent to the boiler, 
and in addition a large tank of 1,000 gallons capacity 
or more is usually fitted between the carriage frames. 
Boilers are fed by a feed pump or an injector and 
lifting apparatus is often fitted for replenishing water 
supplies from rivers or locomotive tanks. A feed 
pump has the advantage over an injector that it can 
be regulated to work very slowly and maintain the 
boiler with less attention. Though no very large 
cranes have been built for British Railways, some of 
the largest in the world have been made by British 
manufacturers. The largest is of 120 tons capacity, 
built by Messrs. Cowans, Sheldon and Company, 
Limited, for the South Australian Railways. The largest 
remaining in this country is 105 tons at 20 ft., built 
for the War Office by Messrs. Ransomes and Rapier, 
Limited. The S.N.C.F. have a crane, lifting 130 tons 
at 204 ft., for the whole of their system, stationed at 
Paris. It is shown, lifting a locomotive, in Fig. 5, on 
page 282. The Diesel-electric ““ Duplex” crane, built 
for the Union Terminal at Cleveland, Ohio, by the In- 
dustrial Brownhoist Corporation, is an interesting 
machine. There are two jibs, one at each end of the 
unit, each with a lifting capacity of 95 tons at a 
radius of 24 ft. 2 in. The total weight of the crane is 
205 tons and it measures 71 ft. 6 in. overall. It 
is carried on four four-wheeled bogies and is specially 
designed to deal as rapidly as possible with derail- 
ments, even of the heaviest locomotives, in this busy 
station. Fig. 1, on this page, shows the 120-ton crane 
built by Cowans, Sheldon, and Fig. 2 shows a 105-ton 
crane by Ransomes and Rapier. To conclude this section 
on cranes, Fig. 3 shows the latest type of 50-ton crane 
built by Cowans, Sheldon for the Swedish State Railways. 
It is fitted throughout with roller-bearing axleboxes. 
The hinged type of outriggers may be noted. 

When a locomotive is derailed and lying at some 
distance from the track, perhaps on its side, the pro- 
blem is to bring it back on to the rails with a minimum 
of delay to traffic and with the least cost. The methods 
used vary greatly according to the terrain and the 
position of the engine. Despite the weight and size of 
modern locomotives, it is usually possible to turn or 
roll one into an upright position with one crane. The 
two methods used to bring the locomotive back to 
the rails when down an embankment are: if the 
horizontal distance ig not too great, to.use two cranes ; 
if the horizontal distance is too great for cranes, or 
other circumstances prevent their use, rails are laid 
down and the locomotive is hauled up. On occasions 
the locomotive may have to be hauled broadside on, 
until cranes can reach it. Fig. 4, page 282, shows the 
two-crane method in use when an engine, after becom- 
ing derailed, rolled down the embankment at Inveruglas 
on the West Highland Railway. 

No special description has been given of the lifting 
tackle of cranes, as this is usually supplied to match 
éach one. It is almost universal practice now to use 
large beams which give greater stability, but plain 
slings have many advantages when lifting great 





282 


ENGINEERING. 





MARCH Io, 








1950. 


RAILWAY BREAKDOWN WORK. 








Fie. 4. Two Cranzs in Uss ror RIGHTING 


weights, and can be attached by double eyes and bolts 
to bushes in locomotive frames. Wire slings are now 
in general use, instead of chains, being lower in first cost 
and not requiring periodical annealing; light chain 
slings are carried for holding up bogies and Bissel 
trucks when li 

The hauling of derailed vehicles is normally a very 
rough method, though frequently successful, and there 
are occasions and places where a crane cannot be used. 
In order to improve the methods of hauling, a block 
and tackle are used. Unless specially constructed, 
however, these are usually heavy and cumbersome, 
but the Transport Engineering and Equipment Com- 
pany make one an eccentric rail clamp for 
an anchor which dismantles into easily transport- 
able pieces. The hauling of derailed vehicles is usually 
limited by the strength of the attachment to the vehicle, 
and as the process can be done gradually (as slow as 
2 ft. or 3 ft. per minute), the placing of the packing can 
be changed as movement dictates. The Kelbus hauling 
tackle, shown in Figs. 6 and 7, comprises two three- 
sheaf pulley blocks with cast-iron sheaves having roller 
bearings and nickel-chrome steel pins. Mild-steel 
brackets for the hauling rope attachment are also fitted 
with nickel-chrome steel pins. Two cast-steel eccentric 
tail clamps are used for securing the anchor rope to the 
rails, and these are supplied in two types, one to suit 
bull-head rails and the other for flat-bottom rails. 
An oak prop, iron bound at the ends, is fitted between 
the rails with two wedges to resist the tendency for 
them to be drawn together. The anchor rope is 1} in. 
diameter, 12 ft. long, fitted with eyeholes at each end 
and passing through a pulley in the crosshead of the 
fixed pulley block. The weight of the pulley block 
is 2 cwt. each, and of the anchor 1} cwt. 

Cutting apparatus is usually of the standard British 
Oxygen Company or United Service pattern. It is 
customary to carry one bottle of acetylene and two of 
oxygen of standard size. The apparatus will cut all 
parts likely to be found at a derailment, steel up to 12 in. 
thick and cast iron up to 3 in. thick, which is ample for 
all railway work, the heaviest cut usually required 
being a drawbar. A few items of miscellaneous equip- 
ment may be mentioned. Clamps for broken axles or 
crankshafts consist of }-in. or 1-in. steel bars of round 
or square section, threaded at both ends and about 6 ft. 
long, fitted with rectangular plates and nuts. Two or 
three are fitted through the wheel spokes to hold 
together the two parts of a broken axle or crankshaft. 
Restraining irons are pieces of 4-in. steel plate. about 
2 ft. long, with lugs bent to fit round the back side of a 
rail, the front side projecting about 4 in. above the top 
of the rail and being parallel to it. They are used when 
vehicles are being thrown over with jacks or slid on 
plates to prevent wheels coming across the top of the 
rail. Wheel forcers are similar in principle to the 
restraining iron, but are of more robust construction 
and are fitted to take a jack to force a wheel on to the 
rail. The Yale “ Pul-lift” is a most useful appliance, 
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130-Ton Crang, Frenon Stats Rattways. 
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co ing of a strong double chain with a hook at one 
end. The chain is threaded through a box to which is 


attached a second hook. A ratchet handle is fitted 
to a sprocket wheel and the chain worked through the 
box. A pull of 3 tons can be exerted. The Yale 
Pul-lift is used instead of rope blocks for pulling 
vehicles to the rail when they are being jacked or when 
a crane cannot slewthem. Tie-bars are permanent-way 
material, but are so useful when re-railing on track 
which has spread, that all tool vans should carry at 
least three of them. They are simply two {-in. or 
l-in. bars, joined in the centre by an open screw-box 
with right- and left-hand threads, the ends being bent 
round to engage the outsides of the rails. 

All equipment is carried in one or two vehicles, 
excepting those which are most conveniently carried 
in the crane runner or jib wagon. Where two vans are 
used, all timber and packing is carried in one and all 
tools and metal equipment in the other. Where one 
large van only is used, the packing is stored in racks 
at one end. Bogie vehicles are preferableto six- 
wheel vehicles, as the latter are liable to derail on sharp 
curves in private sidings, etc., and are difficult to 
re-rail. Most large depots in this country now have 
bogie tool vans. Light jib cranes are fitted in many 
vans, by which the heavier equipment can be lifted 
or lowered. It is usual to coil long wire ropes on 
drums so that they can be Po out through holes or 
traps in the floor. The spindles of the drums are fitted 
with handles to wind in the ropes. One or more small 
stoves are usually fitted to keep the equipment from 
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rusting and if the timber end can be screened off, it can 
be used as a drying room for wet clothing. In addition 
to the tool vans, a staff van is also necessary. 

By the courtesy of Mr. A. M. Newbold, agent general 
of British Railways in France and the engineer-in-chief 
(traction) of the S.N.C.F., I have had much information 
on breakdown work on the French State Railways, and 
the following notes may be of interest. The S.N.C.F. 
have the most complete system of documentation and 
standardisation of both equipment and, so far as is 
possible, of methods. Each breakdown train or 
train de secours, and all responsible officers are sup- 
plied with a set of books, giving, not only the regula- 
tions for the operation of the trains, but also 
methods of tackling derailments, together with draw- 
ings of each crane and piece of equipment. The equip- 
ment is very complete and includes special tackle for 
securing different types of bogies; Bissel trucks, etc. 
In the crane instruction books, sketches of all the 
mechanism of the crane are included, together with 
diagrams of the packing arrangements for the various 
lifts and diagrams of the out of balance forces for all 
lifts within the capacity of the crane ; the danger areas 
are also shown very clearly. 

The §.N.C.F. are well supplied with cranes, the 





erat a r= 


modern cranes being from 32 tons to 85 tons, built 
by French, American and British firms. In addition, 
there is the giant crane lifting 130 tons at 20 ft. 6 in. 
which is stationed in the Arrondissement of Paris. This 
crane, which is shown in use in Fig. 5, will lift 60 tons at 
The height of lift at 130 tons is 25 ft., 


33 ft. radius. 
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_ at a radius, 11 ft. above rail to the bottom 
T 7 of the track. Figs. 8 and 9, on this page, show the 
RAILWAY BREAKDOWN WORK. lifting of a Pacific-type locomotive which was upside 
down at the bottom of an embankment. 

One arrangement in particular which is worthy of 
consideration in this country is the traction-department 
first aid. This is, in effect, a squad who carry equip- 
ment in haversacks and who can be rushed to the scene 
of an accident by road or the shortest possible means. 
The equipment is made up in five haversacks and is 
specially constructed for the purpose of extricating the 
dead and wounded from the wreckage; it includes 
lighting equipment, oxy-acetylene cutting apparatus, 
timber and metal saws, hammers and bars, and hand 
tools. The average weight of each haversack complete 
is 25 kg., or, say, half a hundredweight. 

Large 8.N.C.F. cranes, of 50 tons capacity and over, 
carry special slings for lifting electric locomotives. These 
consist of beams to pass under the locomotive, a 
spreader being used at the top to prevent the slings 
from bending or damaging the body or roof of the 
locomotive. Special mention may be made of the 
methods to be used in re-railing the 2-D-2 locomotives, 
which weigh 130 tons. These can be re-railed by three 
methods: (1) ramps and packing, (2) 50-ton crane and 
jacks, or (3) jacks only. In case (1), great care is to be 
used to see that the instructions for the use of ramps 
are carried out. This is to ensure that no damage is 
done to the motors, cables or running gear. In the 
second method, use is made of 70-ton oil jacks, placed 
under the exterior frame at each side, to lift up the 
locomotive on to packing and so provide a counter- 
balance weight to enable the 50-ton crane to be used. 
For example : by supporting the locomotive on packing 
under the first motor axle, a counterbalance of 45 tons 
is obtained, this reducing the effective weight of the 
Fie. 8. OvEeRTURNED “ Pacrric” Locomotive, Frencu State Rariways. locomotive to 85 tons ; when the lift is made from the 
opposite end, the maximum weight to be lifted by the 
crane does not exceed half this, or 42} tons. It is 
important to pack up the axleboxes of the motor axles 
| to the maximum height. Where method (3) is used, 
the poulain des verins (Fig. 10) are most useful, pro- 
viding a means whereby the locomotive can be lifted 
and then moved sideways on to the rails. After re- 
railing 2-D-2 electric locomotives, great care must be 
taken not only to gauge all wheels and axles, as is done 
on all vehicles, but also to check the interior and 
exterior frames to ensure that they have not suffered 
any deformation. 

The jacking units shown iu Fig. 10 consist of a 
number of powerful jacks of 50 to 100 tons capacity, 
mounted on small four-roller trucks and arranged to 
run on pairs of rails. The rails are supplied in 5-ft. 
sections and can be coupled together. The jacks can 
also ‘be coupled together, the distance between them 
being adjusted by links and screws so that they can be 
hauled on their rails simultaneously however placed 
under the load. The jacks are operated from an 
independent pump unit through individual valves. 
They can also be operated through one master valve. 
| The top of the jack ram is screwed and fitted with a 
heavy threaded collar which can be screwed down so 
as to take the weight off the ram leather, transmitting 
it from the ram head through the collar to the jack body. 
Two types of pump unit are supplied with each set, 
the first operated by compressed air from a locomotive- 
‘ brake system and the second a manually-operated one. 
Fie. 9. Enorne RiGHTeD anp Lirtep By Two CRANES ON TIMBER CRIBS. These units have been supplied to a large number of 
the breakdown trains. 






































THE OLD CENTRALIANS.—The next monthly luncheon of 
the Old Centralians—the old students’ association of the 
City and Guilds Engineering College—will be held on 
Tuesday, March 14, at 12.45 for 12.55 p.m., at the 
restaurant “‘ Chez Auguste,” 47, Frith-street, London, 
W.1. The after-lunch speaker will be Mr. H. F. Cronin, 
C.B.E., chief engineer of the Metropolitan Water Board 





CouRSE ON TIMBER AT OxFoRD.—Dr. H. E. Desch, 
F.R.1.C.S., 1B, Middle Temple-lane, London, E.C.4, 
informs us that he will be repeating his one-week timber 
course at the Hostel of Lincoln College, Southfield House, 
Oxford, from March 27 until April 1. Those taking the 
course will assemble at 6.30 p.m. on March 26. The 
fees, which include tuition, board and accommodation 
for the duration of the course, are 131. 16s. Further 
particulars and entrance forms are obtainable from Dr. 
Desch. 





ALMANACS AND CALENDARS.—A wall calendar with 
detachable sheets showing on each the current month 
in heavy type, and the preceding and following months 
in smaller type, has been received from Messrs. Parolle 
Electrical Plant Company, Limited, Priuces Buildings, 
2, King-street, Newcastle-upon-Tyne, 1. A monthly 
tear-off wall calendar having a movable date indicator 
has reached us from the International Construction 
Company, Limited, 56, Kingsway, London, W.C.2. 
Both calendars are current from March, 1950, to 
Fie. 10. Jacking Umits; Frencu State Raitways. February, 1951, inclusive. 
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NOTES ON NEW BOOKS. 


Patent Law. By CHester H. BresterFeip. Second 
edition. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 4 dols, | ; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 24s. net.] 

In the preface to this edition of his book, the author, 
who is a member of the New York and Delaware Bars 
and of the Bar of the District of Columbia, states that 
he has endeavoured to present the basic principles of 
substantive patent law in the United States in terms 
that the general reader will understand. In this, he 
appears to have succeeded. Within the limits of a 
volume of modest size, he has produced an outline of 
these principles which will be appreciated by the 
researcher, be he chemist or engineer, patent agent or 
inventor, and he appears to have made a sound selection 
of important Court decisions, a number of which have 
been made since the first edition was published. The 
chapter on unpatentability of uses involved consider- 
able revision to bring it up to date, and his comments 
on liability for infringement are interesting in the light 
of the Act of Congress in 1946, which abolished recovery 
of profit in favour of general damages which shall be 
not less than a reasonable royalty. In view of the 
recent changes in British patent law, readers in this 
coun will probably find greatest interest in the 
author’s selection of decisions on “invention and 
discovery 
able to suggest that the chapter devoted to the owner. 
ship of inventions and shop rights will be equally o 
interest to the British employee-inventor and will be 
read by him with some feeling of regret that similar 
provisions are not available here in settling conflicting 
claims on the issue of master and servant as applied to 
patents. 





Mathematics: A Text-book for Technical Students. 
Second edition. By B. B. Low, M.A. Longmans, 
Green and Company, 6 and 7, Clifford-street, London, 
W.1. [Price 17s. 6d. net.] 

Taat Mr. Low’s book undoubtedly continues to 

supply a need is indicated by the fact that seven 

successive impressions of the first edition have been 
ealled for over a period of 19 years. The subject- 
matter covers a commendably wide field, from simple 
equations to differential equations, and, in the present 
edition, the scope has been extended by the inclusion 
of a chapter on the elementary properties of deter- 
minants. As in the earlier work, the line of approach 
to the new matter is by easy steps and illustrative 
examples which go to show that the rules of operation 
are few and simple, well within the grasp of readers 
acquainted with the rules of ordinary algebra. This 
is desirable, since the theory of determinants originates 
in the necessity of solving simultaneous linear equations 
and of dealing in a compact manner with linear trans- 
formations from one group of variables to another. 
But the method of expanding a determinant according 
to elements of a row or column is in general of practical 
use only when the determinant is less than the 4th order; 
for higher orders the process has to be repeated, and the 
number of terms soon becomes very large. In such 
cases, therefore, less cumbersome methods based on 
the systematic reduction of a determinant to one of 
lower order are to be preferred in practice. Most of 
these methods are variants of one ascribed to Chid, 
and the utility of Mr. Low’s instructive chapter on the 
subject would have been increased by the addition of a 
section on the pivotal method of condensation. It so 
happens that the procedure is easy to follow and readily 
lends itself to the solution of two or three of the exercises 
to be found on page 435, so that the point merits 
consideration in the preparation of the next edition 
of this useful text-book. The idea of determinants 
is not so well understood as it should be by many 
students of applied mathematics, as the author remarks 
in his preface, and this is to be regretted when account is 
taken of the great importance attached to the related 
subject of matrices in performing linear transformations. 





Cais Hydrodynamics. By Prorxssor L. M. 


Mrtye-THomson. Second edition. Macmillan and 

Company, Limited, St. Martin’s-street, London. 

[Price 60s. net.] 
‘Tue gradual clarification and development of the 
mathematical theory of fluid motion renders the 
subject one of constant interest to the serious student 
of hydraulics, naval architecture, or aerodynamics, 
as the second edition of Professor Milne-Thomson’s 
book indicates by bibliographical references to recent 
papers on the subject. Thus this concise and methodical 
exposition of the fundamental principles amplifies 
and extends the problems discussed in the previous 
edition. In the matter of detail, there is the author’s 


useful circle theorem, whereby the disturbance of a 
given two-dimensional flow brought about by the 
introduction of a circular cylinder can be written down 
and also the corresponding 


without calculation ; 


» in the United States ; but it is also wer 


theorem for an obstacle of spherical shape. Of parti- 
cular value to those concerned with aerodynamical 
applications is the new chapter on the flow of com- 
pressible fluids, under the main heading ‘ Subsonic 
and Supersonic Flow.” In this part of the work, the 
hodegraph method is formulated, and the resulting 
equations for the case of isentropic flow are deduced, 
as a preliminary step to the study of flow in a conver- 
gent-divergent nozzle. In the following peges, the 
theory is expounded in easy stages with the view to 
explaining why supersonic flow, in which the air-s 

exceeds the critical value, is physically different from 
subsonic flow, the difference manifesting itself mathe- 
matically by the change of the differential equations 
from the elliptic to the hyperbolic type. Then the 
reader passes to the consideration of a characteristic, 
that is, a surface which moves through the fluid in 
such a way that the magnitude of the component of 
the velocity of each point of the surface relative to the 
fluid in the direction of the normal to the surface at 
that point is equal to the local speed of sound there. 
Experience as a teacher has shown the author where 
beginners are likely to go astray, and he has been very 
successful in smoothing out difficulties as the student 
proceeds from flow in a straight-walled nozzle or round 
a corner to questions relating to shock waves and to 
characteristics in adiabatic flow. The book also 
contains a valuable and comprehensive collection of 
—S and exercises. 





ie of Materials. By Prorszssor F. V. Warnock, 
Ph.D., F.R.C.Sc.I. venth edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 15s. net.] 


In preparing a text-book on the strength of materials, 
an author has an enormous mass of information at his 
disposal, relating to both the theoretical and experi- 
mental sides of a subject which touches that of metal- 
lurgy, on the one hand, and the theory of structures 
on the other. Hence the task involves a process of 
selection, and in this Professor Warnock has been 
largely guided by the requirements of students reading 
for the university degree of B.Sc. in engineering or 
for the associate-membership examination of the senior 
professional institutions. inning with the idea of 
stresses and strains, he on to the simple mechani- 
cal properties of metals, and then applies the theory in 
the case of thin cylinders, spheres and pipes. A 
chapter on moments of inertia and the ellipse of inertia 
preceeds a group of five chapters dealing with various 
aspects of the theory: bending moments and 
shearing forces, stresses in beams, slope and deflection, 
fixed and continuous beams, and beams with large 
initial curvature. While due attention is paid to 
the useful method of finding beam deflections from the 
moment of inertia of the bending moment diagram, 
the same cannot be said of Macaulay’s method. The 
author’s appreciation of the fact that a book of this 
type stands or falls by the method of presentation rather 
than by the matter presented is indicated by the 
commendably light mathematical training required to 
cover the prescribed course of study, which includes 
also the torsion of shafts, columns and struts, thick 
cylinders and spheres, as well as rotating discs and the 
transverse vibration of slender shafts. Chapter XV, 
occupying 70 pages, contains an instructive introduction 
to the work of testing materials, and to the machines 
and apparatus employed for the purpose; but the 
practical value of the descriptive matter to the engineer 
would have been enhanced by the inclusion of sections 
on the electrical-resistance strain gauge and on the 
measurement of strain by brittle lacquer coatings. 
The phenomenon of creep of metals is discussed with 
special reference to the effect of carbon, molybdenum 
and other elements on the creep of steels. In the present 
edition, the worked examples have been extended, 
and a new chapter added on the principles of the 
photo-elastic method of stress analysis. 





STANDARD FORM OF CONTRACT FOR CIVIL-ENGINEERING 
CONSTRUCTION.—The publication, in December, 1945, of 
@ model form of “ Conditions of Contract,’ prepared 
by the Institution of Civil Engineers jointly with the 
Federation of Civil Engineering Contractors, and recom- 
mended by both these bodies for use in connection with 
works of civil-engineering construction, was an occasion 
of considerable importance in the civil-engineering world. 
The recent issue of a new and revised edition marks a 
further forward step in standardisation, since it owes its 
existence not only to the two bodies which participated 
in the preparation of the original document, but also to 
the collaboration of the Association of Consulting Engi- 
neers, which has endorsed the form, as now revised, 
with its approval. The revisions, which, in some respects, 
are substantial, have taken into account difficulties which 
certain of the provisions of the original form presented in 
practical use. The three bodies concerned have set up 
and intend to maintain permanent machinery to keep the 
form under regular review. 
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CATALOGUES. 


Steel Shuttering—We have received from Messrs, 
Guyrex Equipment, Limited, 25, Craven-street, Strand, 
London, W.C.2, an illustrated brochure on their stee}. 
shuttering components. The shuttering consists of joist. 
supported steel panels rigidly connected together by 
means of single clamps engaging with beading on the pane] 
flanges and passing through continuous slots in the joists, 

Contact Sulphuric-Acid Plants.—We have receiveq 
from Messrs. Simon Carves, Limited, Chemical Plant 
Department, Stockport, an illustrated brochure giving 
particulars of the Simon-Carves Monsanto contact 
sulphuric acid plant. The plants are of two main types— 
“‘ hot-gas purification ” plants for burning sulphur, and 
“cold-gas purification ” or ‘ metallurgical ” plants for 
impure sulphur-bearing materials. The brochure also 
contains useful tables of chemical and physical data, 

Air-Conditioning Plant, etc.—The Sturtevant Engineer- 
ing Company, Limited, Southern House, Cannon-street, 
London, E.C.4, have sent us a copy of a 48-page catalogue 
which describes their wide range of products. These 
include air-conditioning plant, heating and ventilating 
plant, fans, dust-collecting equipment, crushing, grinding, 
screening and separating plant, and associated apparatus, 
A large number of illustrations is included showing the 
equipments installed and in use. 

Hydraulic Precision Grinding Machines.—An illus- 
trated brochure received from Messrs. A. A. Jones and 
Shipman, Limited, Narborough-road South, Leicester, 
describes their range of “1001” hydraulic precision 
grinding hi with capacities ranging from 7 in, 
diameter swing by 18 in. traverse to 14 in. diameter 
swing by 60 in. traverse. Some machines are hand 
Shipman. Limited, Narborough-road South, Leicester, 
operated and others are of the automatic-cycle type. 

Car Batteries.—A new edition of the Exide car and 
motor-cycle battery trade catalogue has been issued by 
the Chloride Electrical Storage Company, Limited, 
Clifton Junction, near Manchester. It contains revised 
lists of 6- and 12-volt battery reference numbers with 
details of the corresponding ampere-hour capacities, 
dimensions and weights, as well as lists showing the types 
of battery recommended for various makes of private 
ear, commercial road vehicles and motor cycles. Hints 
on battery maintenance are also included. 


Air-Conditioning Plant.—Pamphlets have been sent 
to us by Messrs. Richard Crittall and Company, Limited, 
151, Great Portland-stree., London, W.1, iliustrating 
some of the equipment they have installed in various 
factories for controlling ventilation as well as the 
humidity and temperature of the air. Some details are 
given of the Sunzway radiant heating system which em- 
ploys coiled steam or water pipes inside welded-steel 
panels fixed along the walls or near the roof. 

Emergency Lighting Systems.—An illustrated catalogue 
has been issued by the Chloride Electrical Storage Com- 
pany, Limited, Clifton Junction, near Manchester, 
which describes their Keepalite emergency systems 
for ensuring lighting supplies when the normal supply 
mais fail. Trickle-charged batteries, with quick charging 
by hand control after discharge, are incorporated, 
together with automatic switching of the emergency 
lights. Static rectifiers are used for battery charging, 
except in the case of direct-current mains, when resistors 
are provided. 


Electric Tachometers.—Messrs. Everett, Edgcumbe 
and Company, Limited, Colindale Works, London, 
N.W.9, have issued an illustrated and priced leaflet 
describing electric tachometer equipment for giving 
remote indications or recordings of shaft speeds. Each 
unit consists of a transmitter driven from the shaft to 
generate a voltage proportional to speed, and an indicator 
or recorder which is essentially a voltmeter calibrated 
directly in r.p.m. The recorders are fitted with 4-in. 
wide charts which are run at speeds between } in. and 
12 in. per hour. 

Remote Control Equipment for Gas.—The Automatic 
Telephone and Electric Company, Limited, Strowger 
Works, Liverpool, 7, and the Bryan Donkin Company, 
Limited, Chesterfield, have issued a joint publication 
describing and illustrating systems and equipment for 
regulating the bulk supply of gas to district holder 
stations and for controlling the interchange of ga8 
between generating stations. Standard equipment in- 
cludes display meters and panels for enabling various 
operations to be effected from a central control point 
remote from the gas-holder sites. 


Resistance Wire Strain Gauges.—A booklet on their 
electrical resistance wire strain gauges for measuring 
changes in mechanical stresses under static or dynamic 
conditions has been sent to us by Messrs. H. Tinsley and 
Company, Limited, Werndee Hall, South Norwood, 
London, 8.E.25. It contains a list of the gauges and 
describes measuring techniques, and the precautions to 
be observed for ensuring reliable results. Diagrams af 
included to show the method of calibrating the g.uges, 
the types of electrical circuits which may be used, %& 
well as various forms of end connection. 
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THE GEOMETRY OF QUASI- 

CIRCULAR SHAPES AND THE 

BEHAVIOUR OF DRILLS AND 
REAMERS. 


By E. V. Warr, B.Sc., B.E. 


Tris well known that if we hold fixed the inscribed 
and circumscribed circles of a regular polygon the 
polygon can be rotated so that its sides will con- 
tinually touch the inscribed circle and its vertices 
continually lie on the circumscribed circle. This is 
illustrated in Fig. 1. Both properties of the circle 
are widely used in the production and measurement 
of cylindrical surfaces, but unfortunately, they are 
not peculiar to the circle but are shared with 
closed curves of other types. Thus, if the centre 


of a regular straight-sided polygon of n sides travels 
Fig.1. 








(9766 a) 


n times around a small closed orbit, as the polygon 
makes one revolution its vertices can each trace 
out a common closed curve and its sides can each 
continucusly touch another common curve. The 
existence of curves of both types has been known 
to mathematicians for some years but, so far as 
the author is aware, their engineering significance 
has not been stressed. They have been called by 
Hayashi* the “‘in-revolvable and circum-revolvable 
curves of a regular polygon.” It is the purpose 
of this article to give a simple geometrical construc- 
tion for curves of both types and to point out their 
practical applications. 

To construct in-revolvable and circum-revolvable 
curves of a straight-sided regular polygon of n sides, 
proceed as follows : Draw a “‘ centre orbit ” which 
may be any small closed curve. Mark a large 
number of centre points 0,, Og, O3,... On. 
around it in the order named, m being the tota 
number of points marked. Draw the polygon with 
its centre at O,. 





* Hayashi, T., “‘ On Curves of Constant Breadth and 
the Convex Closed Curves Inscribable and Revolvable 
in a Regular Polygon,” Sci. Rep. Tohoku Univ., vol. 5, 
pages 303 to 312 (1916); also, by the same author, “‘ On 
In-Revolvable and Circum-Revolvable Curves of a 
Regular Polygon,” Ebenda, vol. 15, pages 261 to 263 and 
499 to 502 (1926). 








Rotate the polygon through = deg. and draw 
it with its centre at O,. Rotate the polygon through 
a further ~ deg. and draw it with its centre at O,. 


Repeat the process until the centre has been placed 
on each of the m points and has returned to O,. 

In this position the polygon will be exactly 
superimposed on the first drawing made. A curve 
can now be drawn to touch all the sides of all the 
polygon drawings and another to pass through all 
their vertices. If the process of rotating the 
polygon and moving its centre is continued until 
the polygon has made one complete revolution, 
each of its sides will take up, in turn, the positions 
of other sides already drawn. When the centre 
orbit is a sufficiently small closed curve and the 
points chosen on it are not too irregularly spaced, 
it will be found that the curve touching the polygon 
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sides will be continuous and lie wholly inside all 
the polygons drawn, and the curve drawn through 
the polygon vertices will be continuous and lie 
wholly outside all the polygons. These curves 
can then be called “‘in-revolvable and circum- 
revolvable curves’? for the regular polygon.* 
Fig. 2 illustrates the method of construction of 
both curves for an equilateral triangle. Fig. 3 
illustrates the construction of a circum-revolvable 
curve for a regular pentagon using a centre orbit 
too large for an in-revolvable curve. 

In using the term “orbit,” which is generally 
applied to planetary bodies, we must bear in mind 
two differences in the motion of the polygon while 
rotating about one of its in-revolvable or circum- 
revolvable curves and the motion of, say, the earth 
around the sun. The polygon centre orbit is always 
small relatively to the polygon itself and is traversed 
an exact number of times for every revolution of 
the polygon. The orbit of a plenet is always large 
relatively to the planet itself and is traversed only 
once for a large number of revolutions of the planet 
about its own axis. In other respects the term 
‘* orbit ’’ is fairly suitable. 





* The ar‘hor is not familiar with all the published 
literature ou such curves and cannot say whether the 
method of construction described bas been given before, 





There are some irregular polygons which can be 
placed over a regular polygon having a greater 
number of sides.so that all their vertices coincide 
with vertices of the regular polygon. For instance, 
the irregular pentagon A C E F H, shown in Fig. 4, 
can be placed so that every vertex coincides’ with 
a vertex of the regular octagon ABCDEFGH. 
In such cases a circum-revolvable curve for the 
regular polygon will also be circum-revolvable’ for 
the irregular polygon. Similarly there are some 
irregular polygons which can be placed over a regular 
polygon having a greater number of sides so that all 
their sides lie in the same straight lines as sides 
of the regular polygon. For instance, the irregular 
hexagon J BC D K G, shown in Fig. 4, has been so 
placed with regard to the regular octagon. In sueh 
cases, an in-revolvable curve for the regular polygon 
will also be in-revolvable for the irregular polygon. 

If we have a regular polygon of x n sides where 
is any positive integer, its circum-revolvable: and 
in-revolvable curves will also be circum-revolvable 
and in-revolvable for regular polygons of m sides 
having respectively the same circum-radius and 
the same inscribed circle radius. The proof is by 
super-position as above. 

Since the orientation of the centre orbit can 
vary relatively to the rotating polygon in the first 
position drawn, and since the orbit shape and size 
and the spacing of the centre points on it can all 
vary, provided that the orbit is kept small, it is 
obvious that a great many varieties of in-revolvable 
and circum-revolvable curves can be drawn for any 
regular polygon. The revolvable curves may be 
either irregular shaped or ‘‘regular curvi-sided 
polygons.”” For the purposes of this article we shall 
define a regular curvi-sided polygon of n sides as a 
closed curve formed by joining each pair of adjacent 
vertices of a regular straight-sided polygon of n sides 
by curves of constant shape. It will be noticed that 
a circle and also a three-lobed figure, as in Fig. 5 on 
page 286, are both “regular curvi-sided polygons ” as 
defined above, since it is permissible for the curves of 
constant shape to blend at the vertices. The term 
‘* polygon ” has already been used by Continental 
mathematicians to denote many-sided figures with 
curved sides as, for instance, in the ‘‘ Reuleaux 
Polygon.” Some readers may object to its now 
being applied to figures which have no defined 
vertices but the term “‘ regular curvi-sided polygon ”’ 
has been found convenient for the purposes of this 
article and will be used throughout. 

The necessary conditions for the circum-revolvable 
and in-revolvable curves to be regular curvi-sided 
polygons are as follows. (1) The centre orbit must 
be a regular curvi-sided polygon, with centre points 
similarly spaced in each side ; and (2) every position 
of the revolving polygon relatively to its orbit 
must be repeated regularly a constant number of 
times per revolution. A simple way in which these 
conditions can be fulfilled for a revolving polygon 
of n sides is for its centre orbit to contain » — 1 or 
nm-+1 sides according tc whether the orbit is 
traversed in the same or in the opposite direction 
to the rotation. In both cases, the number of sides 
of the orbit polygon will be the same as the number 
of sides of the in-revolvable and circum-revolvable 
curves. 

As an example we shall take a regular hexagon 
revolving about a centre which moves six times per 
revolution around a regular curvi-sided pentagon 
in the same direction as the rotation. The method 
of proof will be applicable to rotating polygons of 
any number of sides. In Fig. 6 the regular curvi- 
sided pentagon DEF GH has four centre points 
similarly spaced in each side (total, 20 points). It 
is the centre orbit for a rotating regular hexagon 
having centre O and A for one of its vertices. 

The axes C D, C E, CF, CG and C H are spaced 
72 deg. apart and divide the pentagon into: five 
equal figures. In the first position drawn the straight 
line OA (produced) made an angle « with CD. 
As the centre moves from each point to the next 

360 
the hexagon turns through wane deg. Now 


after the centre. has made one complete tour of thé 
orbit and traversed one-fifth of the second tour it will 
have passed through 20 + 4 points and will have 


turned through 24 x =" = 72 deg. cocttiogee 
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The distance OC of the hexagon centre from the 
pentagon centre will be the same as for the first 
position and the straight line O A (produced) will 
now make an angle « with C E and the initial position 
of the hexagon relatively to the orbit wil] be simu- 
lated. It will also be simulated when the centre 
has made 23, 33, 4¢ tours and finally 6 complete 
tours of the orbit when the hexagon will have made 
one revolution. Hence the conditions are 
fulfilled. They would be fulfilled also if the orbit 
had been a circle with points evenly spaced around 
the circumference or similarly spaced in each of 
five equal arcs. 

We have so far considered only the in-revolvable 
and circum-revolvable curves of a regular straight- 
sided polygon. Similar curves can be constructed 
which are in-revolvable or circum-revolvable around 
a regular curvi-sided polygon. In the simple regular 
curvi-sided polygen of n sides illustrated in Fig. 7, 
there are n points of maximum radius and n of 
minimum radius and inner and outer circles can 
-be drawn to touch the polygon at these points. To 

‘draw non-circular in-revolvable and circum-revolv- 
able curves, proceed as for a straight-sided regular 
polygon described above. When the drawings 
-have been made, an envelope can be drawn outside 
each of the polygons touching each at n points, 
and a similar envelope can be drawn inside each of 
the polygons touching each of them at n points. 
The first curve will be circum-revolvable and the 
second in-revolvable for the curvi-sided polygon. 
The construction of a circum-revolvable curve for 
the regular curvi-sided pentagon of Fig. 7 is shown 
in Fig. 8. The centre orbit chosen for the sake of 
clear pictorial representation has been too large to 
permit the drawing of an in-revolvable curve. 

If a circum-revolvable curve of any regular poly- 
gon is fixed and the polygon is rotated inside it, 
then at any instant the vertices of the polygon will 
each move in the direction of the tangent of the 
curve at the point of contact, and normals to the 
curve at these points will all meet at the instan- 
taneous centre of rotation of the polygon. This is 
illustrated in Fig. 9. Similarly, if the in-revolvable 
eurve of any regular polygon is fixed and the polygon 
rotated outside it, then at any instant normals to 
the polygon sides drawn through each point of 
contact with the curve will all meet at the instan- 
taneous centre. These properties have been 
noticed by Hayashi.* 

The breadth of an in-revolvable curve, for any 
direction across it, is obtained by measuring the 
distance apart of parallel lines between which it 
will just fit ; and for curves in-revolvable in regular 
straight-sided polygons having an even number of 
sides the breadth is constant for all directions and 
is equal to the distance apart of any pair of opposite 
sides. In such a curve it can be shown that there 
is a chord of fixed length rotatable in it without 
slack and equal to the breadth. We shall prove 
this result for the simplest curve of constant breadth, 
namely, that produced by the rotation of a straight- 
sided polygon of two sides. 

In Fig. 5 the parallel straight lines A B and C D 
may be regarded as portions of a regular polygon 
having two sides of infinite length and vertices at 
two infinitely distant points where A B and C D 
intersect. The centre of the polygon can be con- 
sidered to be at any point O midway between A B 
and CD. The construction given above will enable 
any of a variety of in-revolvable curves to be drawn. 
With any such curve, normals at any two points of 
instantaneous contact, E and F, will be co-linear 
(passing through the instantaneous centre of rota- 
tion). Holding the curve fixed the straight line 
,E F is greater than any other chords drawn parallel 
‘to it and this holds good when the curve is revolved 
to any other porition between the parallel lines. 

. The theory of in-revolvable and circum-revolvable 

curves has many practica] applications, and we shall 
consider them under séparate headings, dealing 
first with reamers and screwing taps. A reamer is 
a rotary tool for enlarging or finishing to size a hole 

‘previously formed. In many cases it is not rigidly 
held and is guided more by the hole it is enlarging 
than by its holder. Various types of reamers are 
illustrated in British Standard No. 122-1938 and 
in American Standard ASA. B5.14-1941. From 





* Loc. cit. 
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the latter specificatfon it will be seen that with 
parallel reamers all teeth act as cutters over a 
portion of their length where they form part of the 
chamfered end. of the reamer or part of the starting 
taper rear the point. All teeth also act as 
guides over the rest or following portion of their 
length. 

When a hole has been well reamed, the reamer 
can afterwards be placed in it and rotated without 
the guiding portion of any tooth breaking line 
contact with the hole sides. However, even when 
this condition is achieved, it does not follow that 
the reamer will be rotating about a fixed axis and 
producing a truly circular hole. Reamers for parallel 
holes were first made with equally spaced teeth 
parallel to the axis. It was found that they were 
apt to cut out-of-round holes, particularly when the 
teeth had no cylindrical margin to their leading 
edges. When a reamer has equally spaced teeth, 
their leading edges will appear in cross section as 
points at the vertices of a regular polygon and a 
cross section of the hole cut can be a circum- 
revolvable curve for this polygon. 

To emphasise the point two models were made in 
each of which a wooden rotor shaped to an enlarged 
cross section of a four-fluted reamer was placed 
inside a wooden ring cut with a band saw to the form 
of a circum-revolvable curve for a square with 
vertices at the rotor cutting edges. Photographs 
of the two models are reproduced in Figs. 10 and 11. 
The reamers were constructed to the following data : 
(1) centre orbit a circle of radius one eleventh of 
that of the reamer. tre points equally spaced 
around the orbit and traversed in a direction 
opposite to the rotation (Fig. 10); and (2) centre 
orbit a straight line of length ~,ths of the reamer 





radius. Centre points spaced to give simple 











harmonic motion to the centre for rotation at con- 
stant speed (Fig. 11). 

We may now discuss the possibility of a floating 
reamer adopting a motion of one of the kinds illus- 
trated by the models. In Fig. 12 we have a circum- 
revolvable curve for a square constructed as in (1) 
above, and in Fig. 13 a curve similarly constructed 
except that the movement of the centre around its 
orbit has been reversed. In both cases, regular 
curvi-sided polygons have resulted. In Fig. 12, 
when any vertex is at a point on the circum- 
revolvable curve closest to the centre C of this 
curve, the movement of the centre of the square 
and the movement of the vertex are parallel and 
in the same direction (as shown by the arrows). 
They are parallel and in opposite directions when the 
vertex is at a point on the circum-revolvable curve 
farthest from its centre. In the first position we 
should have maximum velocity for the reamer tooth 
shown dotted and in the second case minimum 
velocity. In Fig. 13 the circum-revolvable curve is 
three-lobed instead of five-lobed and the direction 
of the arrows representing centre and tooth velo- 
cities show that the latter is a minimum for positions 
on the circum-revolvable curve nearest its centre. 

The motion of the square in Fig. 12 is more 
dynamically probable for a reamer and we should 
expect five-sided holes to be frequently cut with 
four-fluted reamers, particularly when the positive 
rake and radial clearance are Jarge and the physical 
properties of the material being cut also encourage 
a tendency to dig in. 

Any four-fluted reamer having equally-spaced 
teeth will revolve without slack in holes cut with an 
eight-fluted reamer of the same circum-radius and 
having equally spaced teeth of the same shape. The 
centre orbiv is then the same for both reamers. | 
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the eight-fluted reamer had rotated with constant 
angular velocity to produce a nine-sided hole, its 
tooth velocity would everywhere be lowest where 
the deepest cut was being taken, and the same is 
true for a four-fluted reamer cutting the same nine- 
sided hole. In both cases, the motion is dynamically 
possible for floating reamers. In general we should 
expect that a reamer having n equally-spaced teeth 
would cut holes of x n + 1 sides more or less equally 
spaced, where x is any positive integer. 

Tests made in the New South Wales Railways to 
demonstrate the value of unequal spacing of reamer 
teeth showed that four-fluted reamers with equally- 
spaced teeth cut five-sided, nine-sided and multi- 
sided holes, while five-fluted reamers with equally- 
spaced teeth cut six-sided, eleven-sided and multi- 
sided holes. Eighteen reamers were tested and 
about 50 holes were cut. The reamers had 1 in 8 
taper teeth, each without any conical margin to the 
cutting edge, and were of a type used in these rail- 
ways on locomotive boiler crown sheets. In addi- 
tion to proving the value of unequal spacing, the 
tests showed that reamers with equally spaced teeth 
and small radial relief cut holes which had a small 
number of sides of regular shape, while reamers with 
equally spaced teeth and large radial relief cut holes 
with a large number of sides of less regular shape. 
When such a hole is appreciably out-of-round, the 
outline of its cross-section is necessarily made up 
of a large number of small sharply curved arcs and 
the cutting edge of a reamer tooth with small radial 
telief is unable to trace them because of interference 
at the heel. The reamers were driven by pneumatic 














| motors used in boilermaking. Each hole was tested 


with a dial indicator after its test plate had been 
centred or a face plate fixed to a shaft rotating in 
accurate bearings. 

The wooden model illustrated in Fig. 11 shows 
the cutting action of a four-fluted reamer with 
equally-spaced teeth when the centre of its cross 
section moves backwards and forwards along a line 
with simple harmonic motion four times per revolu- 
tion. A hole somewhat of this kind might be pro- 
duced if a hard spot were encountered by the reamer 
teeth at one side of the drilled hole, or if a keyway 
had been cut before reaming. 

After a reamer has been in use for some time its 
teeth may become worn at the edges, or they may 
have been originally ground with a cylindrical margin 
over their parallel portion. In such cases, reamers 
can still produce out-of-round holes in which they 
will rotate without slack. Reamers do not then 
make contact with the sides of the hole at the leading 
edge of the teeth only but also at the back. This is 
iliustrated in Fig. 14. 

(To be continued.) 





DIRECT-CURRENT LOCOMOTIVE WITH ALTERNATING- 
CURRENT Suppiy.—It is reported in Railway Age 
of February 4 that an experimental locomotive has 
been equipped by the Westinghouse Electric Corpora- 
tion with direct-current series traction motors which are 
supplied through rectifiers from an overhead alternating- 
current system. It is claimed that the new system 
combines the advantages of high-voltage alternating- 
current transmission of power with the superior traction 
characteristics offered by direct-current motors. 
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Deformation and Flow: An Elementary Introduction to 
Theoretical Rheology. By PROFESSOR M. REINER, 
Dr.Tech. H. K. Lewis and Company, Limited, 136, 
Gower-street, London, W.C.1. [Price 32s. 6d. net.] 

In numerous industries, increasing importance is 

attached to the variation of stress or strain with 

time, temperature or chemica] composition of a wide 
variety of substances. Information on the subject 
is of practical importance in the preparation of 
food, paint, industrial plastics, oil, soap, and glass. 
Inasmuch as the object of study of the rheologist 
is the deformation and flow of matter under pre- 
scribed conditions, it has a bearing also on the 
related properties of cement, metals, and other 
materials of construction. In his book, Dr. Reiner 
expounds the theory from the simplest beginnings, 
and proceeds in a manner that can be followed by 
those with the minimum amount of mathematical 
training, since the treatment is based on a course of 
lectures given to chemists in the Hebrew University, 

Jerusalem. 

The first four chapters, starting with strain, de- 
formation and flow, together give meaning to 
viscosity and plasticity generally, so that the reader 
acquires a working knowledge of structural viscosity. 
These topics are of primary importance in rheological 
analysis, given in Chapter V, where the aim is the 
derivation of data on the structure of a dispersed 
system by experimental methods. The procedure 
is exemplified by the viscometric measurement of 
rubber-toluene solution for different values of shear, 
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temperature and concentration, and it is thus shown 
how the phenomenon of structural viscosity is 
caused by the liberation of the solvent through 
partial destruction of the aggregation or partial 
straightening of the curled molecules. From the 
next two chapters, bearing the titles ‘‘ Power 
Laws” and the ‘‘ Generalised Newtonian Liquid,” 
respectively, the student will realise that much 
depends on the formulation of the law connecting 
shearing stress with the product of the coefficient 
of viscosity and the rate of change of strain. This is 
one of the more difficult parts of the study for the 
beginner, owing to the number and nature of the 
variables. In the case of structural viscosity, the 
power dissipated by the viscous resistance of a 
Newtonian liquid, for example, is taken up by the 
viscous resistance of the medium, interference by 
the suspended particles with laminar flow, and the 
energy required to effect a change in structure. 
There are also factors of experimental origin, one 
of which is discussed in Chapter VIII, namely, the 
resistance to flow on the interface of the solid 
boundary of a vessel containing a liquid or a soft 
plastic substance. 

In the second half of the book, the author investi- 
gates aspects of rheology which touch engineering 
science at many points, problems relating to exten- 
sional deformation, work-hardening, bending and 
torsion, creep, and the strength of both liquids and 
solids. The chapters devoted to these matters are, 
therefore, of some interest to structural engineers in 
particular. -Under the main heading of creep, for 
instance, the phenomenon is examined in some detail 
with reference to concrete, and the creep viscosity of 
cement-mortar is, to a first approximation, expressed 
as a function of the viscosity of neat cement by a 
modified form of aa equation due to Einstein. [If, 
as with concrete, the material is porous, part of it 
may flow into the interstices, and this gives rise 
to a volume viscosity. This side of the subject has 
much to do with the phenomena of elastico- and 
firmo-viscosity, as is shown in Chapter XIV; 
but it is worth noting that Professor H. Jeffreys no 
longer considers the term “‘ firmo-viscosity”’ as 
correct, according to Professor B. Gutenberg 
(Internal Constitution of the Earth, page 365). Be 
that as it may, Dr. Reiner presents an informative 
account of the subject, including the question of 
complex bodies and that of dilatancy. For an intro- 
ductory text-book, however, some readers may 
regard the style as somewhat discursive, and a 
number of the footnotes as being out of place ; for 
example, on page 5, where the author introduces the 
idea of a tensor in connection with stress, and, in 
doing so, states that ‘‘ the term ‘ traction ’ for force 
per unit area is due to Love (Theory of Elasticity).” 
As a matter of history, that term is to be found in 
the Treatise on Natural Philosophy published by 
Kelvin and Tait in 1883, nine years before the first 
edition of the late Professor Love’s treatise. 





Sound Absorbing Materials. By C. ZwWIKKER and C. W. 
Kosten. Elsevier Publishing Company, Limited, and 
Cleaver-Hume Press, Limited, 42A, South Andley- 
street, London, W.1. [Price 22s. 6d.} 

THE significance of reverberation in auditorium 

acoustics was pointed out some 50 years ago by 

W. C. Sabine, and he was the first to show how it 

could be controlled by appropriate absorptive treat- 

ment of the surfaces on which the sound waves 
impinge. Since then, so many measurements of 
sound-absorption coefficients have been carried out 
on both traditional and new building materials at 
different frequencies that faulty acoustics should 
now be as inexcusable as defective ventilation. 

Much less work has been done on the propagation 

of sound through porous materials, and this book 

provides a more detailed mathematical analysis 
than has hitherto been attempted of the physical 
processes involved in sound transmission, through, 
and sound absorption by, such materials. Publica- 
tion of the original text, prepared by Dr. Zwikker 
during the winter of 1944-45, was unavoidably 
delayed and, in order to include work that became 
available after the war, the whole text was revised 
by Dr. Kosten, who also added the chapter on 
absorption by resonators. 

The simple theory of sound absorption by a homo- 
geneous layer is based on the impedance concept, 








and the formule thus derived are shown to be 
capable of graphical representation in the complex 
plane. This method is explained and illustrated 
and is profitably used throughout the book. Other 
important factors introduced in deriving the general 
equations governing wave propagation in a porous 
material with a rigid frame are the structure 
constant, the porosity and the resistance constant. 
It is shown that, at very low frequencies, the air 
resistance and the compression modulus have their 
static values while the effective density is increased, 
whereas at extremely high frequencies the density 
has its normal value, the air resistance is modified 
and the compression is adiabatic. Over an inter- 
mediate frequency range, both viscous and thermal 
effects have to be taken into account simultane- 
ously. After outlining Kirchhoff’s theory, it is 
extended to cover sound propagation in cylindrical 
tubes and pores, and the experimental evidence for 
its correctness is indicated. Where the frame is of 
finite stiffness the possibility of coupled vibrations 
between frame and air has to be considered. 

After the relevant mathematics have been worked 
out, experimental methods for the measurement of 
porosity, air resistance, compression modulus and 
stiffness are described. Chapter V provides a useful 
summary of the most promising methods for mea- 
suring normal impedance and absorption. In the 
following chapter,.the results of measurements 
carried out on representative samples are discussed 
and exhibited by the plotting of impedance con- 
tours. In the extended treatment of the absorbing 
properties of resonators of the Helmholtz type, the 
single resonator in an infinite wall, perforated 
panels mounted some distance in front of a rigid 
wall, and multiple resonators in panel array are 
considered in turn. Except in the final chapter, 
attention is confined to absorption at normal 
incidence to which most of the measurements so 
far made refer. Oblique incidence raises many 
problems on which much work remains to be done 
and it is to be hoped that this too brief account 
may be considerably expanded in the future. 
Although, in places, both the spelling and the 
English need revision, by its penetrating analysis 
of the absorption process this book provides the 
acoustic designer with a deep insight into the basic 
problem of architectural acoustics and a solid 
scientific basis from which to work for its solution. 





Steam-Engine Builders of Suffolk, Essex and Cam- 
bridgeshire. By RoNaLD H. CiarK, A.M.I.Mech.E. 
Augustine Steward Press, Norwich. [Price 6s. 6d.) 

Mr. Ciark’s earlier book, Steam-Engine Builders of 

Norfolk, which was reviewed on page 340 of our 

165th volume (1948), has gone out of print with a 

rapidity which must be highly gratifying to him, 

however disappointing to some tardy enthusiasts 
for East Anglian engineering, and we entertain little 
doubt that this companion volume will prove to be 
equally popular. In style it follows closely upon 
that of its predecessor, the various firms being 
discussed, in alphabetical order under each county 
heading ; they number 15 in Suffolk. 16 in Essex, 
and four in Cambridgeshire. Included among those 
in Essex, somewhat unexpectedly, is the railway 
works at Stratford, formerly those of the Great 

Eastern Railway and, still earlier, of the Eastern 

Counties Railway, whence the late Dr. W. H. Maw 

came in 1866 to be the first editor of ENGINEERING. 

They are included because steam tram engines 

were built there between 1883 and 1921. The 

amount of information that Mr. Clark has collectcd 
is remarkable, and shows how much can be 
recovered by persistent and energetic research. 

Not all of it, of course, reaches a uniform level of 

historical interest and value, but these are not the 

only criteria, for there is always the possibility that 
the casual fragment of more or less unrelated gossip 
may fill a gap in the work of others. The illustra- 
tions, too, vary greatly in worth and clarity, yet 
there are few that we would suggest might be 
omitted ; and if the author’s style tends at times to 
be over-colloquia] (his ‘‘ locos ” are almost as plenti- 
ful as the “tractions” of which we complained 

previously), these are small matters to set against a 

collection of historical facts that few could have 

gathered with equal industry or with a truer sense 
of the urgency of the task, 
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XI.—TeExtTILE MACHINERY. 


THE signs that the boom has ended for the makers 
of textile machinery, already perceptible a year ago, 
are now clearer. The flow of incoming orders has 
slackened, in most sections of the industry, to 
level below that at which deliveries are } eing 
affected ; moreover, some order books have heen 
found to include many orders which were little more 
than inquiries, and have had to be severely pruned, 
Textile Machinery Makers, Limited, who account 
for the bulk of the output of preparatory and spin- 
ning machinery for cotton, can now quote six to 
nine months for the delivery of a complete spinning 
mill. Similarly, the time required for the delivery 
of most types of winding machinery is now a matter 
of a few months, and the supply position for finish- 
ing and printing machinery and textile mill acces- 
sories, hitherto very difficult, has eased consider- 
ably. Loom production alone lags far behind de- 
mand, and manufacturers have made little progress 
in reducing their overcrowded order books. The 
British Northrop Loom Company are still quoting 
four or five years delivery for automatic looms, and 
this section of the industry has at least three or four 
years’ work on its books at the rate of output obtain- 
ing in the last quarter of 1949. 

Employment in most sections of the industry 
increased during 1949, the general index (1938 — 
100) rising from 152 in August, 1948, to 158 in 
October, 1949, when the industry employed 63,285 
people. Table I, opposite, shows that the employ- 
ment increases are by no means evenly distributed 
among the main sections of the industry. Manu- 
facturers of preparatory and spinning machinery 
have more than doubled the numbers of their 
employees since 1938, and manufacturers of hosiery 
and lace machinery have increased theirs by 75 per 
cent. The employment index for both these sec- 
tions rose between August, 1948, and October, 1949, 
but, in the case of preparatory and spinning machin- 
ery, only slightly, from 195 to 203. In the case of 
hosiery and lace, the index rose from 154 to 175. 
Another sharp rise was registered in the weaving- 
machinery section, from 143 to 164. The very large 
section of the industry which manufactures acces- 
sories is now employing approximately the same 
number of people as before the war, and the total 
may rise slightly during the next year, now that 
most shortages of raw materials, such as wood for 
bobbins and steel wire for card clothing, have 
become less acute. The increase in employment in 
dyeing and finishing machinery manufacture was 
small, from 150 to 156. There was a decline in 
employment in the section manufacturing bast and 
leaf-fibre machinery. 

The employment trends indicated above are 
paralleled by the trends in deliveries, for which 
quarterly value figures are shown in Table II, for 
1948 and 1949, and by twelve monthly periods 
(ending September 30) for the four years 1946-49 
in Table III, on page 289. The value of deliveries 
rose steadily from 12-71. millions in the first quarter 
of 1948 to 16-8/. millions in the first quarter of 1949 ; 
thereafter it declined very slightly. 

It is difficult to make valid generalisations about 
an industry with so varied a range of products. 
Obviously, the demand for card clothing, which is 
relatively inelastic, cannot be discussed under the 
same heading as the demand for heavy preparatory 
and spinning plant, which, in the past, has fluctuated 
with the trade cycle. It would appear reasonable, 
however, to expect that, as the boom comes to an 
end, the industry will gradually revert to ita pre-war 
size, provided that due allowance is made for the 
likely effect of developments in synthetic-fibre 
manufacture. It is also reasonable to expect the 
world consumption of textile materials to be at a 
higher level than ten years ago, because of the vast 
increases in the world population. This should 
largely offset the probable losses of markets which 
cotton, wool and silk are making to rayon, nylon 
and other synthetics, such as polyvinyl chloride in 
electrical insulation. It is probable, therefore, that 
the world’s requirements of traditional machinery 
for the preparation and spinning of the ‘‘ natural ” 
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fibres will tend to diminish in relation to textile 
production. Employment is expected to decline, in 
1950 and 1951, from the present 19,000 to between 
12,000 and 14,000. The output of winding machin- 
ery, on the other hand, and of looms and knitting 
machines, required for synthetic fibres as well as 
natural fibres, is likely to remain high, and probably 
to increase during the next two years. On balance, 
therefore, it is likely that the output of textile 
machinery will continue to be high as a total figure, 
but some painful readjustments may have to be 
made during this year and next. 

The prospects of the manufacturers of preparatory 
and spinning machinery will doubtless be influenced 
by the British cotton industry’s response to the 
(Cotton Spinning Re-equipment (Subsidy) Act, under 


ever, relaxation of import quotas and revision of 
tariffs, such as is taking place in Western Europe 
under American pressure, is far more likely to secure 
a high volume of exports and to forestall what 
would appear to be an otherwise inevitable decline 
in the production of spinning machinery. 

The slowness of Lancashire to respond to the 
Government’s subsidy scheme to stimulate plant 
replacement in cotton spinning mills was much 
discussed in recent months. Mr. John Edwards, 
Parliamentary Secretary to the Board of Trade in 
the last Government, said in November that, mea- 
sured by the number of firms and of mills which 
have registered under the Act, the re-equipment 
subsidy scheme has begun to show a modest success. 
Some 28 groups in the industry, representing 59 per 





‘TABLE I.—TEXTILE MACHINERY INDUSTRY: ESTIMATED NUMBERS EMPLOYED. 








August, 1948. 











1938. June, 1946. August, 1947. | October, 1949. 
Type of Machinery. ——e _ |_ eee: Sacer nee eee ret » 
Numbers.| Index. Numbers Index. | Numbers.| Index. Numbers | Index. | Numbers.| Index. 
i \ | 
Spinning and preparatory pro- ) (| 17,420 | ] f, 19,130 (; 18,8397 
cesses .. ee ee | | | 
Processes subsequent to wn 12,780 100 | 16,300 128 | +1734 | 195< | | 203 
ning. but preparatory to ( | { 
weaving .. se 7 ; L| 4,710 |} (| 5,720 |J | 7,548 | J 
Weaving .. pe 4,450 100 |, 4,950 111 ~| 6,240 140 6,380 |” 143 7,318 |” 164 
Dyeing and finishing as aia 2,340 100 2,180 93 3,170 136 | 3,520 | 150 3,658 | 156 
Jute, flax and hemp spinning and | | 
weaving a ‘ 4,500 | 100 7,530 167 7,340 163 7,950 | 176 | 7,465 | 165 
Hosiery and lace .. 3,950 100 5,170 131 5,660 143 6,100 | 154 | 6,892 175 
Accessories 12,000 100 | 10,310 86 | 10,570 88 | 11,260 94 | 12,012 | 100 
40,020 100 | 46,440 | 116 | 55,110 | 137 | 60,060 | 152 | 63,285 


TABLE II.—UnITEp KINGDOM: QUARTERLY 











DELIVERIES OF TEXTILE MACHINERY (£1,000). 






































1948. 1949. 
Type Of Machinery. 3rd Quarter. | 4th Quarter. Ist Quarter. | 2nd Quarter. 3rd Quarter. 
Total. | Export. | Total. | Export.| Total. Export. | Total. | Export.| Tota]. | Export. 
Spinning, twisting and prepara- j 

tory processes .. wn -.| 4,104 | 3,258 5,112 | 3,972 | 4,857 3,714 | 4,917 3,684 4,812 3,576 

Processes subsequent to spinning, | | | | | 
_but preparatory to weaving ..| 1,368 | 594 | 1,566 762 | 2,274 | 1,002 2,178 972 2,178 753 
Weaving .. “ = ..| 1,389 | 603 | 1,590 768 | 1,725 | 621 | 1,617 546 | 1,803 597 

Bleaching, dyeing, printing and | | | 
finishing .. < = ..| 1,101 495 1,248 546 1,458 | 615 | 1,398 606 | 1,290 | 570 
Jute, flax and hemp --| 1,647 1,146 1,440 1,041 | 1,542 1,167 1,407 978 1,524 1,119 
Hosiery and lace .. ‘"} ies 615 | 15420 770 | 1,380 | ‘680 | 1/360 710 | 1,260 660 
Accessories ..| 3,210 | 1,194 | 3312 | 1,254 | 3.585 | 1,407 | 3,705 | 1,536 | 3,252 | 1,230 
Total .| 18,942 | 7,905 | 15,688 | 9,098 | 16,821 | 9,206 | 16,672 | 9,032 | 16,119 | 8,505 

ae et 2 7 ey | 9 ee | | | 
TABLE III.—DELIverrIes oF TEXTILE MACHINERY (£1,000). 

12 Months ended 


September, 1947. 


Type of Machinery. 


12 Monthsended | 12 Months ended | 


September, 1948. September, 1949. 





Export. | Total. 














| Total. | Export. | Total. | | Export. 
Spinning, twisting and preparatory processes ee ..| 12,888 7,122 14,769 11,439 19,618 14,946 
Processes subsequent to spinning, but preparatory to 1) | ( 5,268 2,289 8,196 3,489 
weaving 4,268 | 1,656 | 
Weaving .. + ar ee és he J | 1 5,034 2,112 | 6,735 | 2,517 
Bleaching, dyeing, printing and finishing .. na a 2,533 940 4,050 | 1,827 5,394 2,337 
Jute, flax and hemp spinning and weaving .. 4,439 3,003 6,069 | 4,365 | 5,913 | 4,305 
Hosiery and lace ; es ite a on --| 2,722 1,286 4,367 | 2,212 | 5,420 3,435 
Acessories wD sao |) 5av2 | gana | «5,115 | 18,044 | 5,427 
Total ..| 35,899 19,479 | 51,668 29,359 65,220 | 36,456 
which a subsidy of 25 per cent. of the cost of re-equip- | cent. of the spindles, have registered already and 


ment is granted to units controlling 400,000 spindles. 
The closing date for registration under the Re- 
equipment Act has now been extended to April, 
1950, and, though fewer companies have so far taken 
advantage of the subsidy than had been expected, 
it is probable that substantial orders will be placed 
before the new closing date. Home orders received 
by Textile Machinery Makers, Limited, in the first 
five ménths of 1949 were more than double those of 
the first five months of 1948. Much will depend 
also « m how far improved delivery dates will influence 
foreign spinners to place orders. The price com- 
petition is likely to be keen; at present, British 
prices are generally below the American and Swiss 
Prices, though higher than the Japanese. It cannot 
be expected, however, that the advantages derived 
from the devaluation of sterling will continue to be 
as marked as they are at present. British manufac- 
turers are now making a drive to extend their sales 
in North America, where exports in 1949 were 
slightly less than in 1948. In the long run, how- 


one or two more are expected to do so. Neverthe- 
less, the response has been disappointing. The main 
purpose of the Act was to encourage small pro- 
ducers to unite to secure the economies of large- 
scale organisation, but most of those who have 
registered already controlled more than the mini- 
mum number of spindles required to qualify. Very 
few of the small concerns have been willing to sink 
their identity in mergers. Moreover, the re-equip- 
ment proposed by the groups which have registered 
covers only a small proportion of their interests ; 
out of 280 mills owned by these groups, proposals 
for modernisation have been submitted in respect 
of only 60. This reluctance to invest in new plant 
cannot be entirely attributed to traditional Lanca- 
shire conservatism. Mr. Edwards thought the 
reason, was that a large proportion of the firms’ 
working capital was required for the financing of 
stocks following devaluation, ‘‘and things of that 
kind.” Another probable reason is the uncertainty 
about future market prospects, coupled with doubts 








about the economies to be derived from modernisa- 
tion at a time when new plant costs two or three 
times as much as it did before the war. Professor 
E. Devons, in, a paper on prices and costs presented 
at the Cotton Board Conference at Harrogate last 
October, emphasised the hypothetical nature of 
much of the information available about the effect 
of re-equipment on costs, and concluded that ‘‘ the 
cotton industry is not one in which one can expect 
large-scale investment to take place over the next 
few years.” Depreciation allowances which were 
more realistic in relation to the rise in prices of new 
machinery would doubtless stimulate investment 
more than a conditional subsidy, which only partly 
offsets the rise. A Lancashire delegation which 
visited Sweden in May reported to the Cotton Board 
that re-equipment of Swedish cotton mills ‘‘on a 
lavish scale, quite outside the scope of the British 
industry, certainly under present conditions,” was 
greatly encouraged by the Swedish taxation system. 
Prices of most types of machinery made by 
Textile Machinery Makers, Limited, which had 
remained unchanged since 1946, were revised in the 
middle of 1949, and though, in some cases, prices 
were marked down, the net effect was probably a 
small average increase. Sir Frank Platt, managing 
director of the Lancashire Cotton Corporation, is 
reported to have said that the changes were taking 
away the advantages of the subsidy, and the 
Federation of Master Cotton Spinners’ Association 
have expressed concern over the revised prices. 
Manufacturers of textile machinery were severely 
criticised in the First Report of the Committee on 
Industrial Productivity (Cmd. 7665), published in 
April. In the view of the Committee, “no major 
improvement in either spinning or weaving machin- 
ery appears to have been made in this country in 
the past 50 years,” and to this they attribute the 
very disappointing level of output per man in the 
cotton industry. In fairness to the makers of 
textile machinery, it should be said that the cotton 
industry has rarely provided them with much 
encouragement to experiment with new types, 
practically all of which had to be developed for 
overseas users. Had the Committee on Produc- 
tivity been given the opportunity to visit the 
Textile Machinery Exhibition in Manchester in 
October, they would probably have been less severe 
in their condemnation of the machinery makers. 
The emphasis throughout the Exhibition was on 
machines calculated to improve output and working 
conditions. Of particular interest was the new high- 
draft speed frame, the M.S.2 of Messrs. Dobson 
and Barlow, which continues the modern trend of 
reducing the numbe1 of separate operations in the 
early spinning operations. Among the advantages 
claimed are increases in production up to 15 per 
cent., a mechanical efficiency of 20 per cent. above 
that of existing machinery, 50 per cent. less end 
breakages, and a reduction in the accumulation of 
waste by as much as 75 per cent. The M.S.2 was 
developed in close collaboration with the research 
station of Textile Machinery Makers, Limited, at 
Helmshore. The automatic spinning-frame doffer 
evolved by the Shirley Institute, the research station 
of the cotton industry, is another significant de- 
velopment, and one of the first fruits of the new 
co-operation between the users and makers of 
machinery. This may qvercome one of the principal 
difficulties in textile spinning, namely, the removal 
and replacement of full bobbins of yarn, an operation 
which at present has to be performed slowly and 
laboriously by hand. A prototype was designed as 
early as 1939, but development was delayed by the 
war. There are still some technical difficulties to 
be overcome, but eventual success and wide adop- 
tion of the machine appears to be assured. These 
two new machines follow hard upon the introduc- 
tion of a centrifugal method of spinning woollen 
yarns by Messrs. Price-Smith and Stells, Limited, 
to which reference was made in last year’s article. 
This process has been adopted by some woollen 
mills and, when it has proved itself under mill con- 
ditions, it will probably be widely adopted by the 
cotton and woollen spinning industries. These 
developments effectively scotch the statement that 
there has been no significant progress in the past 
50 years, though doubtless it was a correct inference 
from the type of machinery that the committee saw 
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in use. On the other hand, some time is likely to 
elapse before new types come into wide use ; manu- 
facturers are not likely to discard old but proved 
machinery for new, until the latter has proved its 
worth for a year or two under mill conditions. 

The committee were severely critical. of the 
apparent neglect of research, saying that the 
research and development facilities available in the 
industry are very meagre. The Research Associa- 
tions serving the textile industries have not hitherto 
devoted their major effort to machinery develop- 
ment and, in consequence, do not possess sufficient 
facilities for such work, though this gap is being 
filled. They welcomed the establishment of the 
research branch of Textile Machinery Makers, 
‘which should go some way to remedy the position 
in the spinning section of the industry.” Mr. 
A. P. H. Aitken, the chairman of Textile Machinery 
Makers, Limited, speaking at a Press conference on 
September 9, claimed that none of the countries 
competing with Britain—America, Switzerland, 
France and Italy—had facilities in any way com- 
parable ; 100,000/. a year is spent on the research 
station, which was formed with a capital of 50,0001. 
Faced with a shortage of scientifically trained staff, 
they have been forced to concentrate upon a few of 
the more urgent research projects, but they are 
co-operating closely with the Shirley Institute and 
good progress is being made. The scope for increas- 
ing standardisation is being investigated continu- 
ously ; committees set up in January, 1949, with 
the co-operation of the British Standards Institution, 
to secure agreement in accessories and components 
are reported to be making progress. The imple- 
mentation of standards is slow work, but interim 
progress reports would probably save textile- 
machinery makers from being criticised as they have 
been by the Committee on Industrial Productivity, 
and would be a welcome innovation. British manu- 
facturers invited their foreign competitors to exhibit 
at Manchester, and practically all of the leading 
American, Italian and French firms had their newest 
machines on view ; but there was little which, tech- 
nically, was far in advance of the British products. 

The British Northrop Loom Company, by far 
the largest of the loom manufacturers, increased 
output from 7,000 looms in 1948 to 9,000 in 1949. 
The shortages of hardwood, steel wire and tubing, 
which restricted output in 1948, eased considerably 
in 1949; output is still increasing and presumably 
will continue to expand until the programme of 
extension to the company’s works is completed. 
Since only 6 per cent. of the looms in the British 
cotton industry were automatic in 1948, compared 
with 95 per cent. in the United States, the potential 
home market is great. Overlookers and weavers 
have shown some unwillingness to accept the new 
automatic equipment, but their opposition has not 
in any way retarded the flood of home orders. To 
give priority to the home market, the proportion 
of output going for export was reduced from 40 
to 25 per sent. at the end of 1948. This restriction 
of exports, even if unavoidable, is hardly desirable, 
since it means loss of business to foreign com- 
petitors. The Japanese Toyoda loom sells at a 
lower price than the British, and large quantities 
have already been sold to India, Hong Kong and 
the Dutch East Indies. So far, Czechoslovakian 
manufacturers have been producing mainly for 
their home market, but they are expected to pay 
great attention to the export markets in future. 
The prices of American and Swiss looms are higher 
at present than the British, but the ability of manu- 
facturers to give prompt delivery will secure for 
them many valuable orders. 

The export quota for hosiery and lace machinery 
is somewhat more generous than for automatic 
looms, but, freed from restrictions, manufacturers 
could export considerably more than 55 per cent. 
of their output. Many small orders have been 
received, even from those markets which have been 
closed to most other types of British machinery. In 
many cases, of course, where it was clear that these 
were placed solely with the object of studying the 
latest British technical developments, they were 
turned down. There is now every prospect that the 
shortage of needles will soon disappear. Hitherto, 
manufacturers have had to rely Jargely on imported 
supplies, mainly from dollar sources, which cost the 
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country about 500,000. annually. British manu- 
facturers, however, believing that the present high 
level of demand is purely temporary, and looking 
ahead to a time when the need to cut imports will 
be less vital, were ‘unwilling to extend capacity. 
They have now received an assurance that imports 
will be restricted, and it is hoped that, when the 
planned extensions to capacity are completed in 
12 to 18 months, it will be possible to meet home 
requirements in full. Output of hosiery and lace 
machinery, which increased from 4-4/. millions in 
the year to September, 1948, to 6-11. millions in 
the year ended Sentember, 1949, should increase 
still more in 1950. Mellor, Bromley and Company 
hope to accelerate their extention programme, which 
should begin to show results in the near future. 
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10 per cent., the hosiery and knitting sections with 
just under 7 per cent., and the dyeing and finishing 
section with 6 per cent. The remainder consisted 
of textile-machinery accessories, such as bobbing 
and card clothing. 

Exports of spinning machinery, at 61,800 tons, 
were 3,300 tons higher than in 1948, but export 
orders fell off substantially in 1949 and a decline in 
exports is now inevitable in 1950. In many coun- 
tries, notably the Dominions, rehabilitation and 
expansion programmes are approaching completion, 
In others, financial difficulties have caused retrench- 
ment. India, by far the largest single market, took 
téxtile machinery to the value of 10/. millions from 
Britain in 1949, compared with 9-01. millions in 
1948, but has now had to cut investment programmes 





TABLE IV.—TExXTILE MACHINERY: EXPORTS BY MAIN MACHINERY GROUPS. 


1938. 1947. 1948. 1949, 
Type of Machinery. ’ _ | Val Val 
Value yalue ajue yaluc 
Tons. | (1,000). | T™*- | (£1,000). | 75 | (£1,000). | 7T* | (£1,000) 
For spinning and twisting and all } 
preparatory processes a 49.005 5,671 41,298 13,816 58,586 | 19,103 61,895 21,566 
For processes preparatory to weav- | 
ing, but subsequent to spinning | 
and twisting o . ia 966 96 1,672 563 3,166 | 1,198 3,715 1,599 
Looms and other weaving machin- | } 
ery - a - ..| 12,497 1,163 14,215 4,116 15,387 3,797 16,431 4,15 
Bleaching, dyeing, printing and | 
other finishing machinery a 4,499 464 3,651 974 5,908 | 1,931 6,893 2,460 
Hosiery and other knitting machin- | 
ery ee ms ~ 562 467 1,110 1,303 1,706 | 2,444 1,829 2.884 
Bobbins, separately consigned 1,553 204 1,903 894 21010 | 952 1,647 S14 
All other sorts ay a 1,694 252 2,613 O44 9,016 5,132 11,467 6,414 
Secondhand .. _ - 14,529 1,925 14,798 1,984 7,953 1,194 
Total 70,776 8,407 80,991 24,535 110,577 | 36,541 111,830 41,088 
TABLE V.—TEXTILE MACHINERY: EXPORTS BY COUNTRIES. 
1938. 1947. 1948. 1949. 
ae : : 
Value ‘ Value | Value ; Value 
Tons. (£1,000). Tons. | (¢1,000). | TS | (£1,000), , TOP*- | (£1,000). 
Eire .. = ae 1,551 149 1,090 341 1,472 | 524 1,100 403 
Union of South Africa 222 29 2,809 692 2,749 826 2,274 728 
India, Pakistan, etc. 27,014 2,673 | 23,404 7,205 28,237 | 9,139° | 32,892 | 10,619 
Australia oe 48 2,613 295 3,000 4,370 1,601 | 4,968 1,967 
New Zealand 172 32 611 | 173 611 | 287 609 | 271 
Canada a a 1,818 | 307 | 1,924 | 672 2,039 | 791 | 1,981 797 
Other British Countries 1,108 109 | 630 | 177 2,742 749 2,858 834 
Finland as ah 704 118 1,081 | 210 | 444 132 | 438 183 
Sweden 631 115 930 413 2,949 1,282 1,776 936 
Denmark .. ne ie a 255 46 696 306 | 1,127 515 1,143 | 589 
Netherlands os of ; al 1,960 258 | 1,304 | 546 5,236 1,819 4,015 1,638 
Belgium i | 1,109 193 2,482 | 969 4,300 1,7 | 5,093 1,994 
France s 784 250 3,726 1,310 3,853 1,533 5,103 2,355 
Switzerland 124 43 502 263 375 | 274 510 | 326 
Portugal .. 430 52 1,464 330 2,570 | 770 | 2,355 | 764 
Czechoslovaki 496 104 104 | 7 447 117 | 1,955 7 16 
reece ay 98 20 | 695 234 | 814 294 | = 1,553 | 529 
Turkey 173 24 919 229 | 669 272 | 874 339 
Lebanon — — 690 134 394 101 249 4 
Palestine 3 | oe i 298 | 143 56 75 a, 
Egypt a ms 1,604 145 9,426 2,175 9,889 2,400 6,705 2,039 
China. . mS ei sis 4,570 389 4,441 917 4,430 1,209 1,031 354 
United States of America .. 1,049 222 2,397 968 2,403 1,244 2,034 1,025 
Mexico - ‘e RA 373 64 1,604 550 | 1,642 639 745 387 
Peru 60 13 437 134 920 297 1,082 41 8 
Chile .. 27 29 797 240 1,623 539 1,347 551 
Brazil 5,048 503 5,199 1,724 | 9,094 2,937 9,289 3,31 3 
Uruguay 22 9 374 24 | 226 125 587 274 
Argentina .. ys 1,177 173 4,279 1,155 | 4,789 1,462 3,548 1,408 
Other Foreign Countries 15,332 2,062 2,908 1,006 10,020 2,846 13,641 9,183 
Total 70,776 | 8,407 80,991 24,535 | 110,577 | 36,540 111,830 41,088 


The acquisition of Wildt and Company by the 
Bentley Engineering Company may also have 
important results. The pooling of the resources of 
these companies may result in production economies 
which will improve prospects in the dollar markets. 
The products manufactured by the Bentley-Wildt 
group have already been selling well in the United 
States, and account for a large proportion of British 
exports of textile machinery to that country. It is 
hoped that the intensive campaign now being con- 
ducted will increase sales still further. Total 
exports in 1949 were only slightly higher by volume 
than in 1948, although some 30 per cent. greater by 
value. Machines continued to find a ready market 
at the higher prices; the average price per ton 
for 1949 was some 10 per cent. greater than in 
1948—348/., compared with 3161. 

The division of exports by main sections of the 
industry is shown in Table IV, herewith, and by 
countries of destination in Table V. It will be seen 
that the preparatory and spinning section accounts 
for just over half the total value, followed in import- 
ance by the weaving machinery section with about 


severely, so that British exporters of textile machin- 
ery have experienced difficulty in obtaining licences 
in recent months. In these conditions, price may 
be more important than quality, and British manu- 
facturers, there, may lose trade to Japan. 

Exports to Egypt declined from 2-41. millions in 
1948 to 2-01. millions in 1949. The number of 
spindles in the Egyptian cotton industry increased 
from 264,500 in 1938 to 510,000 in 1949, but it now 
seems that this large expansion was ill-considered. 
Some mills have shut down already and it is reported 
that ten of the 21 companies have requested the 
Government to take over their concerns. The out- 
look is more promising in Brazil, however, the 
second largest market, to which Britain exported 
machinery to the value of 3-3l. millions in 1949, 
compared with 2-91. millions in 1948. Some 90 per 
cent. of the machinery in the Brazilian cotton 
industry, which has 3-5 million spindles, is reported 
to be more than 25 years old. Reserves of 600 mil- 
lion cruzeiros (121. millions) are said to have accumu- 
lated as a result of the war-time export boom and 
to be available for investment in new machinery. 
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Messrs. Dobson and Barlow and Lustrafil, Limited, 
announced in December that they had secured a 
contract valued at 500,000/. for the supply of plant 
to a Brazilian rayon factory. 

Exports to the United States were valued at 
387,4001. in 1949, compared with 639,300/. in 1948, 
but a major sales effort, now being made, may 
reverse this trend. The United States has always 
been a good market for jute, flax, and hemp machin- 
ery, but it is believed that there are excellent pros- 
pects for other types, since prices and quality com- 
pare very favourably with those of American 


machines. United States manufacturers are holding | “‘ 


an exhibition this year at Atlantic City, but no 
invitations were originally extended to foreign manu- 
facturers, because of lack of space. It now appears, 
however, that Textile Machinery Makers, Limited, 
and a few other British manufacturers have secured 
permission to exhibit. 

Another promising export field is Western Europe. 
In the aggregate, the various markets here are as 
important as India and, with the notable exception 
of Sweden, their re-equipment programmes are still 
far from complete. The report of the Textiles 
Committee of the Organisation for European 
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Economic Co-operation points out that, between the 
wars, the very reduced demand for the products of 
the Western European textile industries rendered 
a large part of existing capacity surplus and, in 
general, reduced earnings to a point where re-equip- 
ment could neither be afforded nor appeared profit- 
able. The last war deferred re-equipment still 
longer and, as a result, much of the machinery is 
technically obsolete. Though some part of existing 
capacity is still idle, the Western European coun- 
tries are making strenuous efforts to re-equip their 
textile industries as quickly as possible in order to 
reduce costs, to meet increasing overseas competi- 
tion in their own countries, to increase labour pro- 
ductivity and to raise the standard of living in their 
own countries. Equipment plans submitted to 
O.E.E.C. involved the replacement of 14-9 million 
of the 53-2 million spindles in existence in 1947, 
and an addition to capacity of 400,000 spindles. 
The Committee express the hope that the planned 
investment programmes will be carried out, for, 
unless such measures are actively encouraged 
during the next few years, there is real danger that 
the vicious spiral—contraction of markets—neglect 
of equipment—rising costs—further contraction of 
markets—will begin again. The present situation 
in which there is an excessive total capacity, largely 
consisting of obsolete plant, requires very careful 
handling.” The progress already made in the 
removal of trade restrictions in Western Europe has 
caused makers of textile machinery to be optimistic. 
Particularly encouraging was the increase in exports 
to France, Britain’s third largest market, from 
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FLOW OF LUBRICATING OIL 
FROM A BIG-END BEARING. 


By J. G. Wrrners, B.Sc., A.M.I.Mech.E., 
anv Dipl. Inj. A. L. Wacwat. 


(Concluded from page 249.) 


Engine speed has a large effect on oil flow from 
bearings. The cause is the heating of the oil film 
due to viscous friction which results in a lower 
working viscosity. Results of some of the tests, 
made with the same oil and at the same inlet 
temperature as before, are plotted in Fig. 8. Taking 
an average of all the tests it has been established 
that the flow increases approximately as the 1-3 
power of the rotational speed. Extrapolation of 
curves such as those shown on Fig. 8 to zero rota- 
tional speed would give the flow under stationary 
conditions were it not for the fact that the flow 
to the big-end bearing is discontinuous in this 
particular engine under running conditions. In 
this case, the extrapolation should be to approxi- 
mately one-third of the corresponding stationary 
flow. The points plotted at zero r.p.m. in Fig. 8 
are the corresponding stationary flows divided by 
three and it is seen that satisfactory extrapolation 
to these points is obtained. The running flow is 
always considerably greater than the stationary 
flow and, depending on conditions, may be 50 or 
more times as great. 

Oil viscosity at the temperature of entry to the 
bearing does not have as large an efiect on oil flow 
as would at first be expected, because any reduction 
in flow rate consequent upon an increase in viscosity 
is partly offset by a rise in film temperature due to 
increased viscous friction. The results of tests 
made with oils of various viscosities are given in 
Fig. 9. The engine speed was 1,200 r.p.m., the oil 
inlet temperature 60 deg. C., and the big-end 
bearing clearance 0-0041 in. These tests show 
that the oil flow decreases as the 0-4 power of 
the absolute viscosity at entry. Thus, halving the 
viscosity at entry only increases the flow by about 
30 per cent. The temperature of the oil feed also 
is not critical as regards flow under running condi- 
tions. A change of 10 deg. C. in feed temperature 
changes the flow rate by about 15 per cent. for the 
§.A.E. 10 oil and 20 per cent. for the S.A.E. 50 oil. 

It can be shown that the viscous flow of a liquid 
through a narrow annulus is given by : 


_P D2 a) 
342 LZ’ 
where Q = flow rate in gallons per hour, P = applied 








1-51. millions in 1948 to 2-41. millions in 1949. 


pressure in Ib. per square inch, D = mean diameter, 
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in inches, of the annulus, x = diametral clearance 
in 0-001 in., L =length of flow path, and Z = 
viscosity in centi-poises of the fluid at the working 
temperature. The constant 342 is changed to 4-51 
if the flow is required in c.c. per minute. The 
length L is the distance from the outer edge of the 
oil-feed groove to the outer edge of the bearing. 
As the oil flows in both directions from the feed 
groove there are two separate flows and the total 
flow, of course, will be the sum of these. 

The expression assumes: (1) that the flow 
conditions are laminar; (2) that the clearance is 
small in comparison with the mean diameter ; 
(3) that no heat is developed, i.e., the parts are at 
rest ; (4) that the circumferential pressure distri- 
bution in the annulus is uniform, i.e., there is no 
circumferential flow ; and (5) that the inner member 
is concentric with the outer, i.e., the thickness of the 
annulus is constant. Conditions (1), (2) and (3) are 
certainly satisfied under normal conditions for engine 
bearings when stationary. Condition (4) is satisfied 
when the oil is fed into the bearing through a com- 
plete circumferential groove. When the oil is fed 
into a bearing through a single hole, condition (4) 
is not satisfied and the flow will be considerably less 
than given by the expression. The difference, 
however, will only be in the constant, the general 


theoretical treatment assumes oil feed over the full 
circumference of the bearing while the experimental 
data apply to the case where oil is fed to the bearing 
through a single hole. A bearing with full feed then 
gives, roughly, 34 times as much oil flow as a bearing 
with a single hole and no grooving. If stationary 
flow tests are taken as soon as the engine has stopped 
after a running test the flow is considerably higher 
than the final stable value, because the running 
temperature of the crankpin and bearing is higher 
than the oil feed temperature and some time must 
elapse after stopping for the temperature to equalise. 

Equation (4) enables the viscosity to be obtained 
for a given measured flow rate and, knowing the 
relation between temperature and viscosity, it is 
possible to estimate the flowing temperature of the 
oil in the bearing at a given time after stopping the 
engine. By extrapolating time on a curve of tem- 
perature against time from stopping back to zero it 
should be possible to estimate the average running 
temperature of the oil in the bearing. There are, 
however, experimental difficulties: first because 
it takes periods of the order of half a minute for the 
engine to come to rest, which introduces a discon- 
tinuity in the cooling in the region where the extra- 
polation is to be made ; and secondly because each 





flow measurement takes a definite time to obtain. 


TABLE IIIl.—Onm, Frow THRovuGH BEARINGS UNDER STATIONARY CONDITIONS. 
































| 
Absolute Viscosity of Oil Flow, c.c. per min. at pres- | 
Test Big-End Feed Oil at Feed Temp. sures in Ib. per square inch. | 
No. Clearance beac. | Remarks. 
(0-001 in.) cs | Kinematic | Dynamic | 69 ib. | 45 Ib. | 30 Ib. | 15 Ib. | 
l | 4 
| me eo oe 
1 1-4 20 100 | 88-7 8-7 — — | — | Room temp. test 
2 2-6 13-8 150 134 61 5 — —- | — | ys pa ™ 
3 2-6 60 17-3 14-9 65 — 29 — | 60 deg. C.—after running test. 
4 3-3 60 17-3 } 14-9 | 135 | 96 62 30 Submerged bearing test. 
5 3-3 21-2 97 86 24-6 | 17-4 11-5 | 5-8 | Room temp. test. 
6 4-1 60 17-3 14-9 202 — | 100 i o— 60 deg. C.—after running test. 
7 4-1 17-6 900 | 795 5-4 —_ | — | — Room temp. test. 
| } 





form remaining unaltered. Condition (5) canriot 
be met by a stationary bearing as the weight of the 
shaft will squeeze out the film on one side and give 
maximum clearance on the other. 

The effect of eccentricity of a journal in its 
bearing, however, can be very easily calculated. 
It can be shown that the expression for flow, taking 
into account eccentricity, becomes : 

PD2 (: + 


“*) 
x 
342LZ 


where y is the distance of the journal centre line from 
the bearing centre linein0-O00lin. Fora stationary 
bearing y will be a maximum, that is, equal to a half 
x. In this case the flow is 2} times the flow for a 
concentric journal. 


@= (2) 


PD2z 
137LZ 


The experimental determination of stationary 
flow was carried out both at ambient temperature 
and at 60 deg. C. feed temperature. In the latter 
case, adequate time was allowed for equilibrium to 
be established ; as will be seen later, this time may 
be an hour or more. The results obtained are given 
in Table III. The linear relation between flow 
and pressure is shown by tests 4and 5. Insufficient 
tests have been carried out to test the validity of 
the above expression for each variable separately, 
but rearrangement shows that x* should be propor- 


or Q max. = (3) 


tional to “8 , other variables being constant. 
These parameters have been plotted in Fig. 10, on 
‘page 291, and give a linear relation within the limits 
of error. 

The expression for the line in Fig. 10 is 


ZQ 


— =6+0-72° . 4 
Pp + (4) 


From equation (1), allowing for full eccentricity 
ZQ_ 2+ Ds 
P 4-51 L 
In the case under investigation D = 2-60 in. and 
L = 1-18 in, therefore “2 = 2-442*. The multi- 


plier for z* in this case is larger than that obtained 
experimentally and this is due to the fact that the 








It was therefore not to be expected that tempera- 
tures obtained in this way would be very reliable, 
but they have some value in showing the relative 
effect on temperature of operating variables. Curves 
obtained in the above manner are given in Fig. 11, 
on page 291, and show the rise in film temperature 
with speed and oil viscosity. All these curves should 
ultimately fall to 60 deg. C. and it is apparent that 
a very long time indeed is necessary for the tempera- 
ture to stabilise. The tests were made with a 
delivery pressure of 60 lb. per square inch, and a 
delivery temperature of 60 deg. C. The big-end 
bearing clearance was 0-0033 in. Curve 1 was 
obtained after running at 1,500 r.p.m. ; curves 2 and 
4 after running at 1,200 r.p.m. ; and curve 3 after 
running at 900 r.p.m. 

Since the effects of journal] diameter and bearing 
length on the oil flow under running conditions have 
not been explored, it would have been useful if 
theoretical expressions could have been developed 
and compared with the experimental data in order 
to estimate the effect of these two variables. There 
are serious difficulties in the way of a theoretical 
approach to the subject. The temperature rise 
in the bearing must first be calculated ; it is depen- 
dent on the heat developed in the film, the heat 
losses by conduction, convection and radiation, and 
the oil flow rate itself. The hydrodynamic theory 
of lubrication shows that the heat developed in the 
oil film depends on the bearing length and diameter, 
clearance, rotational speed, and oil viscosity ; and, 
ag far as the authors are aware, the effects of all these 
variables have not been confirmed experimentally. 
Even though it were possible to develop an expres- 
sion for the temperature rise, there is the further 
difficulty that the oil viscosity cannot be simply 
related to this temperature rise. It is thus extremely 
difficult to obtain an expression for the flow rate 
which does not include the oil viscosity at the film 
temperature. 

Without further work it is not possible to estimate 
how journal diameter and bearing length will affect 
the oil flow rate under running conditions. It is 
therefore apparent that the power functions for 
flow rate under running conditions given previously 
can only be a first approximation and that in 
reality the functions are much more complicated. 











The simple power functions should not, therefo. , 
be used outside the range explored without confirn: - 
tion. Further, it should be pointed out that t:. 
effect of viscosity cannot be given completely | , 
the viscosity at the feed temperature, but a fact: 
dependent on the rate of change of viscosity wit! 
temperature should be included. While the inves:. 
gations have been restricted to big-end bearings it 
probable that the conclusions, in a general for: 
can be extended to other plain bearings, provid 
that the conditions of operation are not far remov: 
from those examined. 

The work described leads to the conclusions that 
the oil flow from a big-end bearing under runni:ig 
conditions is very much greater than when the engiiic 
is stationary, even though the feed temperaturs 
are the same in both cases. It increases roughly 
as the 1-3 power of the speed, as the square of the 
diametral clearances, as the square root of the 
supply pressure, and inversely as the 0-4 power of 
the absolute dynamic viscosity at the feed tempera- 
ture. 

This research was carried out at the Sunbury 
Research Station of the Anglo-Iranian Oil Company, 
by whose permission it is published. 
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THE PRODUCTION OF SAFETY 
GLASS. 


ALTHOUGH safety glass has been in general use for 
some time now, considerable changes in production 
techniques have taken place during recent years. A 
description of the latest processes used at the King’s 
Norton factory of the Triplex Safety Glass Company, 
Limited, therefore, may prove of interest. Two types 
of safety glass are produced by this firm, namely, 
laminated and toughened glass. The principles of 
the former type were discovered accidentally by a 
French chemist, M. Edouard Benedictus, when he 
knocked a glass flask from a shelf. Although the 
flask cracked, it did not shatter and further examination 
showed that it had contained a collodion solution which 
had dried up and left an adhesive coating on the 
interior surface of the flask. Subsequently, M. 
Benedictus produced a sheet of laminated safety glass, 
and, in 1909, he started the first commercial manufac- 
ture of safety glass by founding the Société de Verre 
Triplex, the English company being founded in 1912. 

The laminated safety glass used to-day is considerably 
in advance of that produced originally. The earlier 
methods of manufacture necessitated the use of an 
adhesive, usually gelatine, and the three component 
parts, namely, two outer sheets of glass and an inter- 
vening layer of celluloid, were brought together while 
imme in a liquid which softened the celluloid 
slightly. The finished glass had to be sealed round 
the edges with pitch, not only to prevent the ingress of 
moisture but to retain- within the sandwich formed 
the slightly volatile assembly liquid. Celluloid, 
however, was found to have certain disadvantages, as 
it discoloured, became brittle and blistered. It was 
soon supplanted by cellulose acetate in sheet form, 
which did not possess these disadvantages, although 
the same manufacturing process had to be used. 
Finally, a synthetic resin, polyvinyl butyral, more 
commonly known by the trade name Vinal, was evolved, 
which entirely overcame the disadvantages of both 
celluloid and cellulose acetate. It has a tensile strength 
of approximately 3,000 lb. per square inch, and can 
be stretched some 400 per cent. before breaking ; most 
important of all, it adheres to glass by heat and pressure 
alone and needs no sealing. 

In the manufacture of laminated safety glass at the 
Triplex factory, the Vinal interlayer is placed between 
the two glass sheets, and preliminary adhesion is 
obtained by heating and passing the assembly through 
rubber-covered rollers. Final lamination is achieved 
by heating the assemblies under pressure in an auto- 
clave. Some of the processes involved in its manufac- 
ture are illustrated in Figs. 1, 2 and 3, opposite, and 
in Figs. 4 to 7, on page 298. The glass sheets are 
obtained from an outside source and, on arrival at the 
factory, are inspected visually for flaws. A photograph 
showing part of the viewing room is reproduced in 
Fig. 1, opposite, from which it will be seen that the 
glass sheets are conveyed mechanically past the viewing 
stations. The sheets are then issued to the factory, 
where they are cut to shape, both hand and machine 
cutting being employed for this purpose. They are 
next cleaned in the automatic washing machine, illus- 
trated in Fig. 2; it consists, basically, of a series 
of horizontal rotating brushes arranged to scrub both 
sides with a detergent solution. After washing, the 
panes are dried and placed on a conveyor which 
carries them to the assembly room where the Vinal 
interlayer is placed in position. 
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THE PRODUCTION OF SAFETY GLASS. 


TRIPLEX SAFETY GLASS COMPANY, LIMITED, BIRMINGHAM. 








Fic. 1. Inspection oF Guiass SHEETS. 
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Fie. 3. CoNDITIONING THE VINAL INTERLAYER. 








The Vinal is delivered to the factory in rolls, but 
before it is cut to the required shapes, the moisture 
content is stabilised by passing it through a chamber, 
the humidity of which is controlled within fine limits. 
The conditioning chamber is illustrated in Fig. 3, on 
this page, which shows the Vinal being wound on to 
a roller as it leaves the chamber. After conditioning, 
the rolls of Vinal are passed into an air-conditioned 
room, where they are cut by hand to the required 
shapes ; it is, of course, cut slightly oversize, so as to 
ensure that it completely covers the corresponding 
panes of glass. To prevent self-adhesion, the Vinal 
is coated with sodium bicarbonate during manufac- 
ture ; when cut to size, therefore, the sheets are washed 
to remove this coating, and, after drying, are conveyed 
to the assembly room ready for insertion between the 
glass sheets. The washing process is entirely automatic, 
the sheets being placed on an open-mesh conveyor 
belt which carries them through a series of warm-water 
sprays arranged to impinge on both surfaces. 

The assembly room, like the cutting room, is also air 
conditioned. The two panes of glass and the Vinal 
interlayer are assembled on a conveyor belt which 
passes through the assembly room, the two panes 
being located relative to each other by special tem- 
plates which ensure that the edges are in exact align- 
ment. A photograph showing the interior of the 
assembly room and the conveyor is reproduced in 
Fig. 4, on page 298. After the excess Vinal interlayer 
has been removed by hand, the assembly is passed 
through a series of rubber-covered pressure rollers, 
which cause initial adhesion between the Bea and 
Vinal; during this process, heating is effected by 
electric radiant-heat units. A photograph showing 
the rubber-covered rollers is reproduced in Fig. 5, 
on page 298. Final adhesion is obtained by placing 
the glass in the autoclaves, illustrated in Fig. 6, on 
page 298, where it is subjected to predetermined 
pressures and temperatures. The glass is then edge- 
ground and given a final polish and inspection prepara- 
tory to going to the dispatch section. 

The processes used for the manufacture of toughened 
glass are, of course, completely different from those 
just described. In this case, the sheets of glass are 
heated until they just begin to soften throughout, and 
are then withdrawn from the furnace and subjected to a 
blast of cold air at a considerable pressure. This causes 
the surfaces to harden and contract quickly, but as 
glass is a poor conductor of heat, the inside hardens 
at a much slower rate. This action produces a com- 
pressive stress in the surfaces of the glass and a tensile 
stress in the interior, this stress being equal to the 
opposing compressive stress. Glass, however, is only 
broken by a tensile stress acting on its surface ; 
toughened glass, therefore, is considerably stronger 
than ordinary glass, as any applied loads have first 
to neutralise the surface compression before fracture 
occurs. Toughened safety glass produced in this way 
behaves like the well-known Prince Rupert drops, 
in that it can withstand severe blows without -fractur- 
ing. When it does break, however, it disintegrates 
into particles with blunted edges which are sufficiently 
small to prevent cuts and abrasions. 

The toughening of glass in itself is not difficult and 
small glasses so treated suitable for protection against 
the failure of boiler water-level gauges, were produced 
as far back as 1874. The toughening of larger sheets 
of glass, suitable for use in automobiles and public- 
service vehicles,.so that they retain their flat surfaces 
and light-transmission qualities and yet, if broken, 
disintegrate sufficiently to prevent injuries, is a more 
difficult problem entailing close attention to the con- 
trol of the temperature and pressure and the duration 
of the cooling-air blast. Furthermore, different thick- 
nesses of glass require different temperatures and 
periods of heating; a windscreen, for example, is 
subjected to a different time cycle from a motor-car 
body light. The assessment of all these variables 
called for considerable research, and although the 
theory of toughened glass had been known for a 
number of years, the Triplex Safety Glass Company 
did not commence full-scale production of compara- 
tively large sheets of toughened glass until 1933. 

The earlier processes in its manufacture are, of 
course, similar to those described in connection with 
laminated safety glass, the glass being first inspected 
and then cut to the required shape. Here again,both 
hand and machine cutting is used, the cutting machines 
being particularly interesting. Each machine employs 
a metal cutting wheel fitted to the arms of a swinging- 
link type pantograph arranged to follow an elevated 
metal template, the table on which the glass is actually 
cut being elevated mechanically towards the template. 
After cutting, the edges of the glass are ground to 
remove all sharp corners, etc. This process is carried 
out in two stages, the edges being rough-ground first 
with ordinary pedestal grinding wheels, after which 
they are rounded in special grinding machines developed 
by the Triplex Company for this purpose. 

The toughening process is carried out on a definite 
time cycle, determined in accordance with the size 
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10,000-LB. WATER-TUBE BOILER FOR THE IRAQ PETROLEUM COMPANY. 


MESSRS. FRASER AND FRASER, LIMITED, LONDON. 





Fie. 1. Front or Bormer 


and thickness of the glass. The sheets are heated in 
electric furnaces situated below floor level, into which 
they are lowered by small overhead hoists. When they 
have reached the required temperature, they are raised 
between a pair of grids formed from pipes supplied 
with compressed air, the pipes being drilled so that 
a blast of air is directed against both surfaces of the 
glass. During the cooling process, the grids reciprocate 
in the vertical plane to prevent uneven cooling of the 
two surfaces. After heat treatment, the glass is inspected 
for size and flatness, and is placed on a roller conveyor 
which takes it past a hammer, which automatically 
delivers a blow equivalent to the impact of a stee) ball 
weighing 1-68 lb. dropped from a height of 44 ft. ; 
this process is illustrated in Fig. 7, on page 298. It is 
then inspected in a polariscope for standard strain 
pattern, and, after the trade mark has been sand- 
blasted on the surface, it is given a final inspection for 
surface defects before being passed to the dispatch section. 

The Triplex Safety Glass Company also manufacture 
bullet-proof glass, and during the recent war supplied 
large quantities for use in military aircraft and armoured 
fighting vehicles. Bullet-proof glass, which is in the 
form of a block, is made usually from a combination of 
laminated and toughened glass varying from 7-ply to 
17-ply and up to 7 in. thick. A toughened layer is 
placed near the front of the block to withstand the 
impact of shrapnel and bullets; layers of laminated 
glass are placed behind this, followed by a final layer 
of toughened glass to assist in holding together the 
layers shattered by the impact of the bullet. Safety 
glass of the laminated type is used also in civil aircraft, 
as it can withstand high pressures, this being an impor- 
tant factor for high-altitude flying with pressurised 
cabins. The exceptional strength of the Vinal inter- 
layer is most useful in this application, as even if the 
glass breaks, the Vinal is generally capable of with- 
standing the pressure. Another more recent activity 
of the company is the production of curved safety glass 
for use in automobiles and aircraft. This can be made 
from both laminated and toughened glass. The pro- 
duction of curved safety glass, however, is still in the 
course of development, so that it is not opportune at 
the moment to describe the processes used in its manu- 
facture. 











Fie. 2. Back or Borer. 


WATER-TUBE BOILER FOR THE 
IRAQ PETROLEUM COMPANY. 


MEssrs. FRASER AND FRASER, LimITED, Bromley-by- 
Bow, London, E.3, have been concerned with the 
design and construction of steam boilers since 1825, 
and for a number of years supplied marine boilers to 
the shipbuilding industry at one time established on 
the River Thames. In more recent times, however, 
they laid down a special plant for the manufacture of 
their general-purpose water-tube boiler, which has since 
become their main product. Both horizontal- and 
vertical-drum type boilers are made in a variety of sizes, 
and recently the firm completed one of the largest 
boilers they have made so far, namely, their size No. 18, 
having an evaporative capacity of 10,000 Ib. an hour. 
It is the first of two being built for the Iraq Petroleum 
Company, Limited, and is destined for Qatar, where 
it is to be used, we understand, in connection with a 
distillation plant for the production of drinking water 

m sea water. 

Two photographs of the boiler are reproduced in 
Figs. 1 and 2, on this page, in which it is shown 
erected in the shops of Messrs. Fraser and Fraser, 
Limited. Its construction can best be understood, 
however, from the drawings reproduced in Figs. 3, 4 
and 5, on the opposite , which show a longitudinal 
section, a part front divans and transverse section 
and a plan, respectively. It will be seen from Fig. 3 
that the boiler is made in three main parts, namely, the 
tube banks, the steam drum and the combustion cham- 
ber, the steel case which encloses the combustion cham- 
ber serving as the support for the pressure parts. This 
form of construction has several advantages, as the 
parts can be assembled with comparative ease on the 
site, an important feature when the boiler is intended 
for use in a remote location, and, when erected, the 
tubes, headers, etc., can be readily inspected. The ease 
with which it can be broken down into its constituent 
parts is particularly advantageous for shipment over- 
seas, as the three main are of comparatively 
light weight and the freight is only some 60 per cent. 
of that for a shell-type boiler of equal steaming 


capacity. 


| is refractory lined and is provided with a baffle wal} 
| which ensures that the gases make a double pass over 
the tubes before escaping to the chimney. The 
steel casing of the combustion, as previously mentioned, 
supports the pressure parts and is, therefore, reinforced 
with 6-in. by 3-in. steel channel-section members, 
which are riveted to the casing. There are two banks 
of tubes arranged one above the other, the headers 
for which are connected by short steel pipes ex- 
panded into the side walls of the headers. The tubes 
are arranged directly above the combustion chamber 
and incorporate a baffle plate, which acts as a con- 
tinuation of the baffle wall. The tubes are set at a 
steep angle so as to ensure rapid circulation of the 
water and steam bubbles to the steam and water 
drum. The tubes are of solid-drawn 10-gauge steel, 
having an outside diameter of 1} in. and a length of 
13 ft. 6% in., and, in accordance with usual practice, 
are expanded into the tube plates. There are 248 
tubes in each bank, giving a total heating surface of 
2,200 sq. ft. The headers are built up from steel plates, 
the walls being riveted to right-angle flanges formed 
on the tube plates. They are closed by removable 
covers bolted to heavy square-section reinforcing rings 
riveted to the inner edges of the header walls. It will 
be realised that this form of construction renders it 
particularly easy to inspect the bores of the tubes, as 
it merely entails removal of the cover plates. 

The uppermost header is connected to the main 
drum by four 7-in. diameter circulating pipes ; these 
can clearly be seen in Fig. 5. The steam drum is 
of riveted construction and has an inside diameter 
of 5 ft. 6 in. and a length, excluding the domed 
ends, of 10 ft. 3 in. The shell plates have a thick- 
ness of $4 in. and the domed-end plates which have 
a spherical radius of 3 ft. 6 in., are { in. thick. The 
usual range of fittings are installed. These include 
two sets of water gauges ; 4 in. main and 2 in. auxiliary 
stop valves; a 34-in. double open-lever type safety 
valve ; and the usual check valves, blow-down valves, 
etc.; the headers, of course, are provided with 4 
separate blow-down valve. Provision is made for the 
installation of a Hi-Lo water-level alarm and a manhole 
is fitted at a position 45 deg. from the vertical centre 





As will be seen from Fig. 3, the combustion chamber | line. 
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The furnace is designed to burn either natural gas 
or fuel oil under a system of induced draught created 
by a Keith Blackman fan. This is driven at 1,420 
r.p.m. by a 5-h.p. squirrel-cage motor and delivers 
11,000 cub. ft. of air per minute. The calorific value 
of the natural gas is 1,000 B.Th.U. per cubic foot, and, 
as will be seen from Fig. 1, opposite, the boiler is fitted 
with two burners, which were supplied by Messrs. 
Liptak Furnace Arches, Limited, 68, Victoria-street, 
London, 8.W.1; they are of the natural-draught 
type and operate with a furnace suction of 0-1 in. of 
water, the gas being supplied to the burners at a 
pressure of from 2 in. to 3 in. water gauge. The burners 
are fitted with refractory nozzle blocks and are capable 
of a wide capacity variation, there being no possibility 
of a blow-back at low rates of firing. As previously 
mentioned, oil is used as an alternative fuel, and for 
this purpose Laidlaw Drew “ALM” pressure-jet 
burners are fitted through the centre of the gas burners. 
The gas and oil burners may be used separately or in 
combination as required. 

The boiler has been designed to operate at a working 
pressure of 200 Ib. square inch, the blow-off pressure 
being 210 Ib. per square inch, and the hydraulic test 
pressure 365 lb. per square inch. The final tempera- 
ture of the steam is that corresponding to the working 





water temperature is 110 deg. F. The combustion 
chamber has a length of 9 ft., measured from the front 
wall to the baffle wall, and an internal width of 7 ft. 5 in. 
between the side walls. The overall length of the boiler, 
measured between the front and rear plates, is 14 ft. 4 in. 
and the overall width 9 ft. 9§ in., excluding the boiler 
drum. The combustion-chamber fittings include an 
explosion door and two Fibrico observation ports, one 
at each side of the casing. Two access doors are 


provided, one in the combustion chamber proper and 


the other in the space between the baffle wall and 
the rear of the casing. In addition to the boiler, 








pressure, no superheater being fitted; the feed- 


Messrs. Fraser and Fraser are supplying the chimney 
and its connecting flue. Both these are of mild steel, 
ee having a diameter of 4 ft. and a height of 
60 ft. 





UNITED KInGpoM Pic IRON AND STEEL PRODUCTION, 
—Statistics issued by the British Iron and Steel Federa- 
tion show that the production of steel ingots and castings, 
in February, established a new high record. The annual 
rate was 16,898,000 tons, compared with 16,176,000 tons 
in February, 1949. The annual rate of pig-iron output 
in February was 9,588,000 tons, compared with 9,422,000 
tons in February, 1949. 





“ENGINEERING” 


“‘PREPERITE’’? RUST-REMOVING 
MATERIAL. 


A GENERAL-PURPOSE and economical material for 
the removal of rust from iron and steel surfaces has 
recently been placed on the market by the Pyrene 
Company Limited, Great West-road, Brentford, 
Middlesex. The name given to the new product is 
“* Preperite”’ and we understand that it'can be used 
also for the removal of the corrosion products from 
aluminium and its alloys. The material can be either 
brushed on to the surface requiring de-rusting, or the 
parts to be treated may be immersed in a solution of 
the product, which may be used cold or heated to any 
temperature up to 140 deg. F., the warming of the 
solution. having the advantage that it expedites the 
rust-removal process. A prelimi egreasing 
tion, however, is usually necessary, and this may be 
carried out by any suitable method, such as wiping 
over with a solvent, treatment with trichlorethylene, 
or immersion in an alkali. When applied by brushing, 
the product is diluted in the proportion of two parts 
of Preperite to one of water, and, it is claimed, 
that in all normal circumstances a contact i 
for five minutes ‘is sufficient to remove the rust, 
after which the metal surface may be rinsed in hot or 
cold water. For immersion applications, the bath is 
made up to a concentration of one part of Preperite 
to two of water, and its efficiency will continue un- 
impaired so long as additions of Preperite are made 
from time to time as determined by a simple chemical 
test. The tanks employed should be lined with lead or 
rubber, or, alternatively, glazed earthenware may be 
used. After immersion, the parts are rinsed with 
water, as is the case when brushing is used. 

When dealing with aluminium, the methods and 
concentrations are similar, and it is pointed out that 
the treatment etches the surface, thus forming a bond 
for subsequent painting. We understand that the first 
company to employ Preperite were Messrs. H. J. 
Mulliner and Company, Limited, Bedford Park Works, 
Bath-road, Chiswick, London, W.4, who use the 
material for the preparation of steel scuttles and other 
components for Rolls-Royce motor-car bodies prior 
to painting. The parts are first degreased by rubbing 
over with a solvent and wiping dry. The Preperite is 
then applied by brushing and this is followed by the 
usual rinsing. The next step is to apply a coating of 
metallic phosphate to the steel surface, by means of a 
spray gun, using Bonderising solution. This prepares 
the surface for painting, which is carried out after a 
cold-water rinse and drying by compressed air. Pre- 
perite is supplied in carboys, the minimum quantity 








being seven gallons, 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ TEDDINGTON.”—Single-screw steel tug, built 
by Messrs. Brooke Marine Limited, Lowestoft, to the 
order of Messrs. Tough and Henderson, Limited, Ted- 
dington, Middlesex, for River Thames and canal work. 
Main dimensions: 30 ft. by 8ft.6in. by 5ft. Static pull, 
14 cwt. at approximately 40 b.h.p. ; turning circle, 35 ft. 
Six-cylinder Diesel engine to develop 44 b.h.p. at 1,700 
r.p.m., supplied by Messrs. John I. Thornycroft and 
Company, Limited, Southampton. Speed, 8-15 knots. 
Trial trip, February 10. 

S.S. “ LANARKBROOK.”—Single-screw coaster, built 
and engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for Messrs. Comden Longstaff and Company, 
Limited, London, E.C.3. Fifth vessel for these owners 
since the war. Main dimensions: 200 ft. (between 
perpendiculars) by 31 ft. 6 in. by 14 ft. 3in.; deadweight 
capacity, 1,200 tons on a draught of 13 ft. 11lin. Triple- 
expansion engines of 800 i.h.p. and one oil-fired Scotch 
boiler. Speed of 11 knots. Launch, February 20. 

M.S. “‘ CHANTALA.”—Single-screw cargo liner, to carry 
twelve passengers, built and engined by Messrs. Barclay, 
Curle and Company. Limited, Whiteinch, Glasgow, for 
the British India Steam Navigation Company, Limited, 
London, E.C.3 ; to be used for training cadets. Seventh 
vessel of.a series built for these owners. Main dimen- 
sions : 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to shelter deck ; 
deadweight capacity, 10,000 tons on a draught of 
27 ft. 3 in.; gross tonnage, 9,000. Barclay Curle- 
Doxford six-cylinder opposed-piston solid-injection oil 
engines, to develop 6,800 b.h.p. at 116 r.p.m. on service. 
Speed, 15 knots. Trial trip March 4. 

S.S. “ NORTHERN IsSLEs.”—Single-screw trawler, built 
by Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for Messrs. Northern Trawlers Limited, Grimsby, a subsi- 
diary company of Messrs. Associated Fisheries Limited, 
London, E.C.3. Third vessel of an order for three. Main 
dimensions: 178 ft. (between perpendiculars) by 31 ft. 
by 16 ft.; gross tonnage, 650; fishroom capacity, 
15,150 cub. ft. Triple-expansion engines to develop 
1,100 i.h.p., and one oil-burning boiler, constructed and 
installed by Messrs. Amos and Smith, Limited, Hull. 
Launch, March 6. 


M.S. “ Sr. Nrntan.”—Twin-screw vessel to carry 160 
first-class, 124 second-class and 344 deck passengers, 
144 cattle, 12 horses and general cargo, built by The 
Caledon Shipbuilding and Engineering Company, Limited, 
Dundee, for the North of Scotland and Orkney and Shet- 
land Steam Navigation Company, Limited, Aberdeen. 
Main dimensions : 287 ft. (overall) by 46 ft. by 25 ft. 3 in. 
to shelter deck; deadweight capacity, 700 tons on a 
limited draught. Two British Polar oil engines, to 
develop a total of 2,560 b.h.p. Speed, 15 knots. Launch, 
March 6. 

M.S. “ JEAN INGELOW.”—Single-screw grab hopper 
dredger, built by Messrs. Henry Robb Limited, Leith, 
for the Boston Corporation, Boston, Lincolnshire. Main 
dimensions: 99 ft. (between perpendiculars) by 25 ft. 
by 7 ft. 6in.; hopper capacity, 3,000 cub. ft.; to carry 
150 tons on a mean draught of 6 ft. 3 in. Six-cylinder 
four-stroke Diesel engine developing 294 b.h.p. at 600 
r.p.m. with oil-operated reverse reduction gear to give a 
propeller speed of 300 r.p.m., constructed by Messrs. 
Ruston and Hornsby, Limited, Lincoln. Speed when 
loaded, 7-5 knots. Launch, March 7. 

S.S. “‘ ALAMEIN.”—Single-screw trawler, built by 
Messrs. Cooke, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for the Hull Merchants Amalgamated 
Trawlers, Limited, Hull. Main dimensions: 178 ft. 
(between perpendiculars) by 30 ft. 6 in. by 16 ft.; fish- 
room capacity, about 15,000 cub. ft. Triple-expansion 
engine and one multitubular oil-fired boiler, constructed 
by Messrs. Charles D. Holmes and Company, Limited, 
Hull. Launch, March 8. 





CONTRACTS. 


MESSRS. BURNTISLAND SHIPBUILDING CoMPANY, Lim- 
TED, Burntisland, Fife, have received a contract from 
the Dundee, Perth and London Shipping Company, 
Limited, Dundee, to build a shelter-deck type coastal 
cargo motorship for their Dundee-London service. The 
new vessel will be about 200 ft. in length and will have 
@ service speed of 12 knots. The propelling machinery 
will consist of an eight-cylinder 1,200-b.h.p. British 
Polar Diesel engiae. Al! the auxiliary machinery is to 
be electrically driven. 

MEssrs. DEMOLITION AND CONSTRUCTION COMPANY, 
LimtTepD, 3, St. James’s-square, London, S.W.1, have 
obtained the cortract for the construction of a new 
dry dock at the shipyard of Messrs. T. W. Greenwell and 
Company, Limited, ship repairers, South Dock, Sunder- 
land. The dock will have a length of 650 ft., a width of 
85 ft., and a depth on the sill of 26 ft., and will be able 
to accommodate 28,000-ton oil tankers. In addition to 
the new dock, Messrs. Greenwell are lengthening one of 
their existing docks to 565 ft. and are also increasing the 
length of their deep-water quay to 810 ft. 
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PERSONAL. 


Str RospertT Sinciam, K.C.B., K.B.E., has been 
nominated for a second year of office as President of th. 
Federation of British Industries, by the Grand Counci! 
of the Federation, 21, Tothill-street, London, S.W.1. 


The Rr. Hon. THE EARL OF VERULAM has accepted t}, 
position of chairman of Sterns Limited and Sterno! 
Limited, in succession to his late father, the fourth Ea:l, 
who had held the position for the past 20 years. 


Mr. J. F. Roneoa, O.B.E., A.R.C.Sc., A.M.I.Mech.F., 
Hon.M.Inst.Gas E., who is taking up the office cf 
President of the Institute of Fuel in October, has joined 
the board of directors of Messrs. George Wilson Ges 
Meters Limited. 


COLONEL H. C. Smiru, C.B.E., D.L., J.P., has been 
elected President of the British Tar Confederation, 
9, Harley-street, London, W.1. Mr. C. E. CAREY has 
been elected honorary treasurer and Mr. W. K. Hutcui- 
SON, chairman, and SIR WALTER BENTON JONEs, Bt., 
and Masor A. G. SAUNDERS, vice-chairmen, of the 
Executive Board. 


Mr. W. REES JEFFREYS, who has been associated with 
the Permanent International Association of Road 
Congresses for over 40 years, and the chairman of the 
British Organising Committee, Berkeley Square House. 
London, W.1, for 25 years, has relinquished the latter 
position. He is succeeded by Mayor H. E. ALDINGTON, 
C.B., M.I.C.E., M.Inst.T., Mr. E. B. HuGH JONEs, M.C., 
B.Se., M.I.C.E., the present chief engineer of the Ministry 
of Transport, being elected vice-chairman, and Sir 
Cyr BIRTCHNELL, K.C.M.G., C.B., M.Inst.T., deputy 
secretary of the Ministry of Transport, vice-president of 
the British Organising Committee. 


Mr. LUTHER GriFFITHs, formerly chief engineer of 
Port Talbot and Margam Works, has been appointed 
chief engineer of the Steel Division, Steel Company of 
Wales Limited. In this post he will be in charge of 
the engineering department of the Port Talbot, Margam, 
and Abbey Works and Cornelly Quarry. 


Mr. BRIAN Davipson, B.A., the business manager of 
the Bristol Aeroplane Company, Limited, Filton, Bristol, 
has been elected a director of the company. 


Mr. R. W. L. Harris, B.Sc., M.I.C.E., M.1I.Mech.E., 
M.I.E.E., who has been registrar and secretary of the 
Professional Engineers Appointments Bureau, 9, Victoria- 
street, London, S.W.1, since it commenced operations in 
1945, has resigned to take up an‘appointment with 
Messrs. Preece, Cardew and Rider, consulting engineers. 
Dr. H. J. Nicuo1s, C.1.E., M.1.C.E., A.M.I.Mech.E., has 
been appointed his successor as registrar and secretary 
of the Bureau with effect from March 8. 


In consequence of the appointment of Mr. H. Dawes 
as secretary of the Durham Divisional Board of the 
National Coal Board, CaPTaIn H. P. K. OrnaM, R.N. (ret.), 
Regional Controller for the Board of Trade, Eastern 
Region, has been appointed Controller for the Board of 
Trade in Wales. 


Mr. E. H. GoaTer, formerly Sheffield area representa- 
tive for Messrs. William Jessop and Sons, Limited, and 
their associates, Messrs. J. J. Saville and Company, 
Limited, Sheffield, has now taken over the representation 
of these companies in the Yorkshire (Leeds) area. His 
successor for the Sheffield area is Mr. W. A. Pryor, 
25, Castlewood-road, Fulwood, Sheffield, 10. (Telephone : 
No. 33462.) The two companies have also appointed 
Mr. R. S. Lioyp, 46, Bryn-road, Brynmill, Swansea, 
Glamorgan, to be their representiave in the South 
Wales area. 

An agreement is shortly to be signed between MESSRS. 
HARLAND AND WOLFF LIMITED, Shipbuilding and Engi- 
neering Works, Belfast, and the CooPER BESSEMER 
CORPORATION, Mount Vernon, Ohio, U.S.A., whereby the 
British firm will manufacture certain of the American 
firm’s products. 

Messrs. MEGATOR PUMPS AND COMPRESSORS LIMITED, 
have moved their offices and showroom from Feltham to 
43, Berkeley-square, London, W.1. (Telephone : 
GROsvenor 5771.) 

The name of Messrs. B.M.S. LuwtTeD, Johannesburg, 
the company acquired last year by Messrs. J. Brockhouse 
and Company, Limited, West Bromwich, has been 
changed to J. BrockHoUsE (SOUTH AFRICA) LIMITED. 
A subsidiary company, B.M.S. SaLes LIMITED, operates 
the importing and merchandising activities of the organi- 
sation, and B.M.S. ENGINEERING COMPANY (RHODESIA) 
Limirep, covers activities in Northern and Southern 
Rhodesia and Nyasaland. Mr. J. B. SmirH has been 
appointed general manager of the Group of Com panies. 

Messrs. A. A. JONES AND SHIPMAN LIMITED, Nar- 
borough-road South, Leicester, have been appointed sole 
selling agents for this country and overseas for the stan- 
dard sizes of milling cutters, end mills, reamers and 
ground thread taps, recently introduced to conform to 
British Standard Specifications, by the ALDRIDGE TooL 
AND ENGINEERING CoMPANY, LimiTeD, Aldridge, near 
Walsall, Staffordshire. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The contribution from the Scottish 
sicol-melting shops towards the record output from the 
United Kingdom, during February, constituted a record 
for the country, the annual equivalent of 2,632,400 tons, 
comparipg with the previous best performance of 
2,588,100 tons established in March, 1949. Reflecting 
the New Year holiday interruption, production in 
January reached only 12,730 ingot tons a week, or 
1.857,000 tons per annum. The loss of output from the 
No. 2 blast furnace at the Clyde Iron Works, throughout 
the month, kept the production of pig iron down to an 
annual rate of 648,800 tons, in contrast with 677,200 
tons in January. Corresponding monthly totals in 
1949 were 661,900 and 694,400 tons, respectively, and 
during the year 768,600 tons of pig iron were produced. 
The current production of both steel and pig-iron con- 
tinues on ‘levels similar to those of February. Raw 
materials are in satisfactory supply. Large tonnages of 
plates move off regularly to shipbuilders, locomotive 
and wagon builders, and power-plant producers, all of 
whom still have important contracts to complete. Sheet 
makers also have good order books for both black and 
galvanised products, a considerable proportion of the 
latter being for export. New business has been practi- 
cally balancing deliveries from the mills. The heavy 
mills of the sheet makers, rolling medium and heavy 
plates, are operating to capacity. Substantial tonnages 
of tube strips are being turned out for lap-welded tube 
making. Slabs and sheet bars are adequate. Re-rollers 
continue to operate on slender margins, and a little 
time has been lost. 

Scottish Coal.—The decline in colliery prodaction, since 
the beginning of the year is having the inevitable result 
on distribution, and supplies remain tight for consumers. 
The decrease in output has developed from a fall in man- 
power, coupled with losses from unofficial stoppages. 
Deliveries to industrial firms have been closely related 
to their stock position, and those better off in this respect 
have had to be satisfied with reduced tonnages of fresh 
coal. Efforts have been concentrated on avoiding the 
interruption of industrial production, not the easiest of 
tasks because reserves, in some cases, have fallen very 
low. In the circumstances electricity works are fairly 
well supplied, as are also the principal gasworks, although 
operators are not happy about the ratio of reserves to 
working requirements. Round coal has been strained 
to meet the relatively high leve) of deliveries maintained 
to the domestic market against the basic allocation. 
Railway stocks are fairly good, despite withdrawals to 
meet the shortage in deliveries over a period. In the 
absence of adequate production, exports continue quiet 
pending the abatement of inland requirements. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—Expansion continues in the 
coal-export trade of South Wales, in spite of the difficulty 
of obtaining supplies which shippers have been encounter- 
ing in the past month. Figures issued by the Docks and 
Inland Waterways Executive show that, in the first two 
months of this year, the South Wales ports shipped 
819,898 tons of coal and coke to foreign destinations com- 
pared with 673,476 tons inthe same period of last year. 
Deliveries to coastwise destinations, however, fell from 
last year’s total of 529,167 tons to 495,035 tons. Patent- 
fuel deliveries abroad were smaller, at 33,818 tons, against 
41,003 tons. Operators on the market, have again 
experienced an acute scarcity of free supplies. There 
has been no diminution in the requirements of the inland 
trade and consequently the amount of coal that could be 
spared for delivery abroad has been insufficient to cover 
standing commitments and the volume of business avail- 
able. The position last week was that, as a rule, shippers 
could handle next to nothing for delivery before the end 
of April, and, what coals could be spared were again 
being concentrated, firstly, into the French export trade 
in which there were already substantial arrears of de- 
liveries under the increased programmes for this year 
and, secondly, into the Argentine trade, for which 


country extensive contracts have been booked. As a. 


result there were very few cargoes available for delivery 
to other countries a position which caused complaint 
among shippers. The needs of the inland section con- 
tinue extremely heavy, especially the railways, public- 
utility administrations and the iron and steel industry. 
Patent fuel is steady and cokes come in for a sustained 
jnterest but are already well sold forward. 


j Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate displayed consider- 
‘bly increased activity. This was because home con- 
umers were covering their requirements for the second 
quarter of this year. The demand from overseas buyers 
was also strong and many orders were booked. The 
demand for steel sheets is insistent and supplies of iron 
and steel scrap continue to be sought after. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Accelerated production, largely due 
to the modernisation and re-equipment of the steelworks, 
is diminishing the size of order books in certain depart- 
merts, A Board of Trade official, reporting to a meeting 
of the Regional Board of Industry, has stated that many 
Sheffield steel firms are worried by the state of order 
books and are driving ahead, with some success, to obtain 
orders, particularly on export account. Several leaders 
in the industry, however, do not agree that there is cause 
for anxiety, and, although orders have gone down 
because people are not ordering ahead, the state of order 
books, nevertheless, is good. Talk about a shortage of 
orders is deplored. The managirg director of the English 
Steel Corporation, Limited, Mr. F. Pickworth, says that 
as a result of the continued drive for orders, particularly 
for export, all their departments at Sheffield are well 
occupied and the business, so far received this year, 
which includes a considerable volume for export, indi- 
cates a continuance of full production for some time 
ahead. The same is true, he states, of the departments 
of the Corporation’s works at Openshaw, Manchester, 
and of Taylor Brothers and Company, Limited, of 
Trafford Park, Manchester, which manufacture exclu- 
sively railway wheels, axles and tyres, mainly for export. 
Full advantage, he adds, cannot be taken of the export 
possibilities for certain products owing to a shortage of 
labour in some departments, and also on account of 
Government restrictions on the export of certain types 
of steel. 


South Yorkshire Coal Trade.—Coal production in South 
Yorkshire continues to decline, althougb several collieries 
are exceeding their targets. Opencast production is on 
the increase now that fine weather and longer periods of 
daylight permit uninterrupted operations. The demand 
is very strong. Washed and graded steams are in heavy 
request for the railways and industrial concerns. Alloca- 
tions for export are fully absorbed and further inquiries 
have to be held in abeyance. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH , Wednesday. 


General Situation.—Buyers of iron and steel are pre- 
pared to place considerable orders for many commodities 
if they can be assured of delivery over periods that meet 
their requirements, and the volume of business passing 
is reported on a fairly good scale. The needs of home 
customers continue to be heavy and the export demand 
is still large, but Continental competition for oversess 
trade is increasingly keen. North-East Coast producing 
plavts have heavy tonnages to turn out this month and 
there are indications that there may be uncompleted 
contracts at the end of March, and these will necessitate 
rather extensive re-arrangement of deliveries. A number 
of producing plants are operating to capacity limit and 
the maintenance of outputs at their present high level 
calls for exceptionally large quantities of raw material, 
regular supplies of which, both from home sources and 
from abroad, are coming to hand. The substantial 
parcels of iron and steel scrap provided by merchants 
continue to be readily accepted by consumers. 


Foundry and Basic Iron.—The demand for ordinary 
foundry pig iron absorbs deliverable tonnage, the bulk 
of which is from the Midland producing area. Almost 
the only other source of supply is the light intermittent 
make, on Tees-side, of a special iron intended for foundry 
consumption. As has been the case for a very con- 
siderable time past, the whole make of the Middlesbrough 
basic blast furnaces flows into immediate use at the 
adjoining steel plants. 


Hematite, Low-Phosphorus and Refined Iron.—Steady 
deliveries of East-Coast hematite barely meet the actual 
requirements of the usual customers, and outputs of 
low- and medium-phosphorus grades of iron are moving 
into early use. Refined-iron facturers manage to 
give continued satisfactory attention to their extensive 
commitments. 


Manufactured Iron and Steel.—Stocks of semi-finished 
products at consumers’ works are about as heavy as are 
thought necessary to carry, but deliveries from home 
makers continue and imports from the Continent are 
coming in, though on a reduced scale. Small billets and 
sheet bars and slabs, however, are in quite good request. 
Finished-steel commodities are wanted in larger parcels 
than are coming forward. Pressure for maximum delivery 
is greatest for plates and black and galvanised sheets, 








INTERNATIONAL RUBBER StupDy GrouPp.—The seventh 
meeting of the International Rubber Study Group will 
open in Brussels on May 2. The Group will review the 
world rubber situation and, as usual, will examine the 
statistical position regarding world rubber production and 
consumption. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday> 
March, 20, 5.30 p.m.; and Tuesday, Wednesday and 
Thursday, March 21, 22 and 23, 2.30 p.m. and 5.30 p.m., 
Victoria-embankment, W.C.2. Convention on Electric 
Traction. For programme, see ENGINEERING, vol. 168, 
page 652 (1949). North-Western and Mersey Centres: 
Monday, March 20, 6.30 p.m., Town Hall, Chester. 
“ Overhead Line Regulations,” by Mr. H. W. Grimmitt. 
Mersey Centre: Wednesday, March 22, 6.45 p.m., Phil- 
harmonic Hall, Hope-street, Liverpool. Faraday Lec- 
ture on “ Radar,” by Dr. R. A. Smith. North Midland 
Centre: Thursday, March 23, 6 p.nt., 24, Aire-street, 
Leeds. Discussion on “ The Teaching and Functions 
of Mathematics,” opened by Mr. W. Paterson. Thursday, 
March 23, 7.30 p.m., Yorkshire Electricity Board Offices, 
Ferensway, Hull. ‘‘ Management and the Engineer,” 
by Mr. W. H. Dunkley. 


Royal Society or ArtTs.—Monday, March 20, 6 p.m., 
John Adam-street, W.C.2. Cantor Lecture I. ‘“‘ Manu- 
facture, Properties and Applications of Aluminium and 
Its Alloys,” by Dr. C. J. Smithells. Wednesday, March 
22, 2.30 p.m., “‘ Chemistry as an Instrument of Culture,” 
by Professor John Read. 


INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, March 20, 7 p.m., Neville 
Hall, Newcastle-upon-Tyne. Annual Meeting. South 
Wales Section : Wednesday, March 22, 6.45 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff. 
“ Efficient Tooling for Production,” by Mr. B. Holloway. 
London Section: Thursday, March 23, 7 p.m., Royal 
Empire Society, Northumberland-avenue, W.C.2. “* Use 
and Selection of Materials,” by Dr. R. Genders. 


INSTITUTION OF CIVIL. ENGINEERS.—Road Engineering 
Division: Tuesday, March 21, 5.30 p.m., Great George- 
street, S.W.1. “ Full-Scale Experiments in Road Re- 
search, with Special Reference to Thin Carpets,” by Dr. 
A. R. Lee. : 

INSTITUTE OF REFRIGERATION.—Tuesday, March 21, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park. S.W.1. “ Bulk Transport of 
Liquid CO,,” by Mr. C. E. Paul. 


CHEMICAL ENGINEERING GRroup.—Tuesday, March 21, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1.  ‘“‘ Cost Estimating in Process Development,” 
by Mr. H. W. Ashton and Mr. G. T. Meiklejohn. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
March 21, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
“ Large Sewers,” by Mr. K. W. Shortt. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, March 21, 6.30 p.m., 2, Savoy-hill, W.C:2. 
“ Blectrical Installations and Equipment in Modern 
Aircraft,” by Mr. A. N. Irens. . é 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, March 21, 6.30 p.m., 39, Eimbauk- 
crescent, Glasgow. “‘ Scuffing’ of Teeth in Marine 
Gears,” by Mr. L. Blake. 


INSTITUTION OF MECHANICAL ENGINEERS.—Western 
Branch: Wednesday, March 22, 7 p.m., College of Tech- 
nology, Bristol. ‘‘ Engineering Drawing Office Practice.” 
by Mr. F. M. Rolt. Institution: Friday, March 24, 5.30 
p.m., Storey’s-gate, St. James’s Park, S.W.1. Meeting 
in conjunction with Industrial Administration and 
Engineering Production Group. ‘‘ The Full Application. 
of Motion Study,” by Miss Anne G. Shaw. AUTOMOBILE 
Drvision.—Scottish Centre: “Monday, March 20, 7.30 
p.m., 39, Elmbank-crescent, Glasgow. “ Application of 
Petrol Injection to Automobile Engines,” by Mr. R. 
Barrington and Mr. E. W. Downing. Luton Centre: 
Tuesday, March 21, 7.15 p.m., Towp Hall, Luton. “ Air 
Condition Control for Automobiles,” by Mr. C. 8. Stead- 
man. ‘ 

CuEMiIcaL Socrery.—Thursday, March 23, 4.30 p.m., 
University, Liverpool. ‘‘ Photo-Excited Electron-Trans- 
fer Reactions,” by Professor M. G. Evans, F.R.S. 


INSTITUTE OF MARINE ENGINEERS.—Thursday, March 
23, 7 p.m., Municipal Technical College, Swansea. 
“* Fuvure of Steam for Marine Propulsion,” by Captain (KE) 
W. Gregson. 

Norts East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, March 24, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. “Electric Power Station 
Efficiency,” by Mr. T. P. Everett. 


Junior INSTITUTION OF ENGINEERS.—Friday, March 
24, 6.30 p.m., 39, Victoria-street, S.W.1. 
Engineering Research,” by Mr. J. C. Loach. 

MANCHESTER STATISTICAL SoctETY.—Friday, March 
24, 6.45 p.m., Albert Hall, Peter-street, Manchester. 
Measurement of Production,” by Mr. A. Howarth. 
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THE NAVY ESTIMATES. 


Tue reference which was made to the Navy 
Estimates, in last week’s leading article, was 
written before we had had an opportunity to 
examine them or to peruse the First Lord’s State- 
ment introducing them to Parliament; but the 
expectation of their general nature, which we then 
expressed, is borne out by the more detailed study 
of the Estimates and Statement that has been 
possible during the subsequent week. As it was 
generally supposed would be the case, the proposed 
provision for expenditure on the Navy in the 
financial year 1950-51 shows a considerable increase 
—3,750,0001.—over the figure for the previous year, 
though the amount of new construction is almost 
negligible, and the strength of the personnel is to 
be reduced by 12,500. The total expenditure for 
which authority is sought is 193/. millions, plus a 
further 2]. millions in a supplementary estimate 
for 1949-50. The numbers to be borne, including 
the Royal Marines and 6,000 members of the 
Women’s Royal Naval Service, will be 140,000 at 
the beginning of the year, reducing to 127,500 at 
the end, though the relevant Vote will provide, if 
necessary, for a maximum of 143,000. New warship 
construction accounts for only 12,907,0001., but 
“production and research” (a somewhat elastic 
category) is to be allotted 72,930,000/., which is 
nearly 10/. millions more than in the previous year. 

The Estimates themselves* continue to require 
more and more pages, though the Navy progres- 
sively shrinks ; this year, they extend to 60 pages 
more than three years ago. They repay a careful 
examination, and we will refer to some points of 
detail in due course; but the most convenient 
summary is that provided by the usual Statement of 
the First Lord of the Admiralty Explanatory of th, 








* Navy Estimates, 1950-51. H.M. Stationery Office, 
London, W.C.2. 


[Price 6s. net.) 





Navy Estimates,* in which Viscount Hall presents 
not only the main items in the financial estimates, 
but also a review of the present state of the Royal 
Navy and of the principal naval events of the 
previous year, under the heading of ‘‘ Some Notes 
on Naval Activities and Admiralty Policy.” The 
events recorded are mainly the naval operations in 
the Far East, including the Amethyst episode in 
the Yangtse River, various cruises and exercises 
and the sinking of the submarine Truculent on 
January 12, 1950, after collision with the Swedish 
tanker Divina, when 64 lives were lost. 

The present strength of the Fleet, according to 
the First Lord’s Statement, is, in active service, one 
fleet aircraft-carrier (H.M.S. Implacable); four 
light fleet carriers (Vengeance, Theseus, Glory and 
Triumph) ; 14 cruisers, 34 destroyers, 27 frigates, 
32 submarines and ten minesweepers. These 
vessels, as stated, form what is termed the “ active 
Fleet,” but there are also in commission, with 
special complements, for training or experimental 
work, one battleship (Vanguard), two fleet carriers 
(Victorious and Illustrious), one light fleet carrier 
(Ocean), two cruisers, 18 destroyers, 15 frigates and 
two minesweepers. Vessels in reserve, or reducing 
to reserve, are still fairly numerous. They com- 
prise four battleships (Anson, Howe, Duke of York 
and King George V); three fleet carriers (Inde- 
fatigable, Indomitable and Formidable) ; one light 
fleet carrier (Warrior) ; one escort carrier (Campania 
—which, however, may be “ written off,” as she is 
on loan to the Festival of Britain for two years, as 
an exhibition ship) ; ten cruisers, 61 destroyers, 123 
frigates, two monitors, 34 submarines, 54 mine- 
sweepers and three fast minelayers. Included in 
the summary of the “ Strength of the Fleet,” though 
hardly to be considered as “ strength,” are 20 vessels 
in various stages of construction, comprising two 
fleet carriers, seven light fleet carriers, three cruisers 
and eight destroyers. 

By any standard of comparison, and making all 
proper allowance for the financial difficulties of the 
present time, these figures make a poor showing for 
the Navy of a Power which, in spite of recent 
secessions from the British Commonwealth, has 
practically as many miles of sea lanes to patrol, as 
valuable an oceanic traffic to guard, and as many 
“ public service ” duties to perform, as at any time 
in the past—at least, any time of ostensible peace. 
It must be kept in mind, also, that the figures quoted 
above for the various classes of warship are subject 
to considerable reductions to allow for vessels on 
loan to other navies, and vessels in hand for re- 
fitting ; and it does not follow that, because ships 
are listed as “‘ under construction,” work is being 
done on them. Ships now “refitting ’’—another 
elastic term— include the fleet carriers Indefatigable 
and Indomitable ; a third ship of this class, the 
Victorious, is to be “ taken in hand for modernisa- 
tion” during the present year, and provision is 
made to start “large repairs’ on three cruisers. 
Except that one of the fleet carriers now refitting 
will, presumably, take the place of the Victorious— 
so that the strength of this class will remain constant 
—it may be assumed that the ships listed for refits, 
and the whole of the ships in reserve, might as well 
not exist for all the use that they are likely to be 
during the next twelve months. 

There have been allegations in the recent past 
that far too many of the Navy’s personnel are 
occupied on shore instead of at sea. Concurrently, 
the Admiralty complain that they cannot find crews 
to maintain any more ships than now constitute the 
“ Active Fleet”; though, it might be supposed, 
this position should be greatly relieved by laying 
up all but one of the battleships and four of the 
aircraft carriers. There are aspects of the matter, 
however, which the general public are not likely to 
appreciate. It is of little use to keep ships in com- 
mission if they are to spend practically the whole 
of their time in harbour ; and that is where they are 
likely to stay until the Admiralty can afford to be 
more liberal in supplying fuel. Another argument 
—though one which admits of rather stronger 
counter-arguments—is that the probable conditions 
of naval warfare have undergone such fundamental 
changes, ever in the few years that have elapsed 


* Omd. 7897. H.M. Stationery Office, London, W.C.2. 
[Price 4d. net.] 
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since the last war, that there is not much point in 
keeping at sea ships which could not be kept there, 
except at inordinate risk, if another war should 
break out. On the other hand, it may be questioned 
whether, for the greater part of the fleet that would 
have to be mobilised in the event of another war, 
the conditions would be so very different as some 
prophets imagine. This is an aspect on which, 
naturally, the Admiralty are bound to be even more 
than usually reticent ; but there is a strong body 
of opinion which still holds that the only place to 
train seamen, and especially officers, is at sea. 

A feature of the Estimates which is likely to 
arouse some criticism is the greatly increased appro- 
priation for ‘‘ research ”—yet another elastic term, 
the full meaning of which can only be guessed. The 
Statement devotes considerable space to this subject, 
making great play with the importance of develop- 
ing measures and counter measures for and against 
atomic weapons and high-speed attack. The per- 
formance of carrier-borne fighter aircraft, it is 
stated, ‘“‘ must be increased,’ which involves the 
use of jet-propelled fighters and introduces new 
problems of handling; and “the greater under- 
water threat of the future demands increased ranges 
of underwater detection, new ahead-thrown wea- 
pons, homing torpedoes and fast submarines capable 
of meeting an enemy on terms at least of equality.” 
The Admiralty are also devoting “considerable 
effort” to the improvement of propulsive and 
auxiliary machinery generally—steam and Diesel, 
and gas turbines. The observation that ‘‘ many of 
the projects mentioned above are now entering upon 
the most expensive phase of their development ” is 
encouraging as an indication of progress, but sug- 
gests that the heading of “research and develop- 
ment ” now covers a good deal of work that formerly 
would have come under other headings, which may 
be rather misleading to the student of defence 
expenditure. This impression is strengthened by 
the fact that 616 of Jast year’s research and develop- 
ment personnel now appear under another Vote, 
as “ Production and Inspection Staff.” Their func- 
tion is “‘ to organise the production of radio, naviga- 
tion and other specialised equipment”; very 
necessary work, of course, but it does raise the 
question of what is really comprised in the generic 
term of “research.” The point is of some financial 
significance, as the Royal Naval Scientific Service 
forms part of the Scientific Civil Service and enjoys 
the advantages of a more generous salary scale than 
most of the Admiralty technica] branches. It may 
be noted that the Chief of the R.N.S.S. is paid 
more than the Director of Naval Construction. 

In general, the staffs of the various departments 
coming under the heading of “‘ Admiralty Office ” 
are being reduced by comparison with last year’s 
figures, the total provided for being now 10,111 as 
against 11,258 in 1949-50. The reductions appear 
to be spread fairly evenly, though changes due to 
transfer of responsibilities and personnel from one 
department to another make it difficult to compare 
different years. he total cost of “ Salaries, 
Wages, etc.”, under this heading is down from 
5,590,0001. to 5,303,0007. In numerical strength, 
one of the biggest reductions, pro rata, is in the 
Secretary’s Department—which may surprise some 
of the technically-minded critics—but the corre- 
sponding reduction in cost is not so noticeable, 
indicating that most of the cuts have been in the 
lower-paid grades. These various economies are 
welcome, but the fact remains that 193,000,0001. is 
a lot of money to pay for a Navy which is of such 
modest proportions, measured by the number of 
vessels in active service, and which is to spend on 
new construction, during the coming year, less than 
84 per cent. of the money voted for its maintenance. 
Modernisation of existing ships may be an economi- 
cal alternative, and a considerable amount of 
modernisation must be undertaken in any case, to 
retard the rate of obsolescence; but there are 
strong arguments in favour of increasing the vote 
for new construction The provision of new and 
better ships is only half of the problem. The other 
half is to find and train the men who are to use 
them; and, as Lord Chatfield once observed 
apropos of sailing training, if you want’ good motor- 
car drivers, it is hopeless to expect them to acquire 
the necessary skill by driving a pony and trap. 





ELECTRICAL RESEARCH. 


RESEARCH in almost any field is an expensive 
activity, but this is particularly true in the case 
of electrical engineering, especially when that 
term covers such allied matters as the corrosion 
of condenser tubes and the creep of steel at high 
temperatures. The British Electrical and Allied 
Industries Research Association, by its name and 
its constitution, is concerned with many problems of 
a mechanical, or metallurgical, rather than an 
electrical, nature, as the main bulk of the electrical 
power generated in this country is obtained from 
coal-fired steam-turbine stations. The Associa- 
tion’s laboratories are not equipped to deal with the 
whole range of mechanical questions in which their 
interests are involved and in many matters they 
operate in conjunction with other research bodies. 
The work on condenser tubes is being carried out 
by ‘the British Non-Ferrous Metals Research 
Association, and that on creep at the National 
Physical Laboratory. This latter research is 
sponsored jointly by the Electrical Research 
Association and the British Iron and Steel Research 
Association. 

These joint efforts form good examples of the 
co-operation existing between the many research 
organisations which have been established in this 
country. Further examples are work on the electro- 
physics of the welding arc, in which the British 
Welding Research Association is co-operating, and 
consultation with the Printing and Allied Trades 
Research Association in connection with a method 
of testing the moisture permeability of varnishes. 
Much work for, and in co-operation with, the Associa- 
tion is also being carried on in university labora- 
tories, examples being the relation between the 
crystal structure and dielectric properties of 
materials, being studied by Professor H. Fréhlich 
at Liverpool, and the properties of ferro-electric 
materials which Professor N. F. Mott is investi- 
gating at Bristol. It is stated, however, in the 
report of the Association for the year ended Sep- 
tember 30, 1949, that Sir Lawrence Bragg is unable 
to continue the work on magnetic properties of sheet 
steel which has been carried on at the Cavendish 
Laboratory for some years. University work in 
quite a different field is the investigation of the pro- 
perties of high-pressure, high-temperature steam by 
Professor D. M. Newitt, at the Imperial College. In 
view of the increasing use of high pressures and tem- 
peratures in practice, steam tables are being extended 
to 6,000 Ib. per square inch and 1,400 deg. F. 

The Association also has close relations with 
many Government departments and public bodies ; 
these are frequently of a financial nature, in the 
sense that special grants are made to cover the cost 
of investigations made at the request of the depart- 
ment or body concerned. An example is furnished 
by the assistance given by the Ministry of Agriculture 
and Fisheries to further work on the applications 
of electricity to agriculture and _ horticulture. 
Many different matters are being dealt with in this 
general field of rural electrification. The results 
of an investigation of crop drying employing low 
electric loadings have already been published, but 
work is continuing with the idea of extending the 
field of application and improving the technique. 
Investigations have begun on the applications of 
electricity to poultry keeping, on pest-control by 
high-frequency electric fields and on electrical 
soil sterilisation. A report on electric fences is 
shortly to be published. 

An example of co-operation with, and support 
by, a public body is provided by the 100-kW 
experimental wind generator which is to be erected 
on Costa Head on the Orkney Mainland by the 
North of Scotland Hydro-Electric Board. It is 
stated: that the Board will make the generator 
available to the Association for long-period output 
tests which will be conducted in conjunction with 
comprehensive wind measurement. It is considered 
that the information so far obtained on the subject 
of electrical generation by wind power indicates 
such favourable possibilities that investigations of 
wider scope would be justified ; application has been 
made to the Department of Scientific and Industrial 
Research, therefore, for additional funds to cover such 
work. Financial support is being given in connection 





with wind power by the Ministry of Agriculture snd 
Fisheries to further ‘investigations on small-s. ile 
generation adapted to farms and premises in rem te 
districts. Work has been started on the deier- 
mination of the optimum size for small-scale pla :ts, 

Reference was made at the beginning of this 
article to the cost of research. In spite of assist >.ce 
received from various quarters, it is stated in the 
report that the cost to the Association of mee ing 
its ‘‘ obligations in any fairly full manner grevtly 
exceeds income.” Prior to the nationalisation of 
the electricity-supply industry, the Association was 
supported by subscriptions from the various su: ply 
undertakings and from manufacturers, but with the 
disappearance of former bodies a new situation \as 
created. It was met by a revision of the articl: : of 
association, the Central Authority and the rea 
Boards becoming separate ordinary members ; tiicse 
bodies, together with the North of Scotland Hydro- 
Electric Board, now nominate representatives for 
election to the council, but the balance of interest 
between manufacture and supply on that body 
remains substantially unchanged. In becoming 
members, the Central Authority and the Area 
Boards agreed to pay a block subscription greater 
than the sum of the contributions previously made 
by authorised undertakers. 

That the Association is making financial progress 
is shown by the fact that the subscription income 
was 112,232]. in 1949, compared with 96,600/. in 
1948. The main increase was in the subscriptions 
of ordinary members, who include the nationalised 
supply authorities mentioned above.* The total 
income in 1949 was 205,3831. and in 1948, 181,6521. 
The rise was largely accounted for by an increase 
of 11,7001. in the sliding scale grant from the 
Department of Scientific and Industrial Research 
and contributions of 4,764/. and 1,5001., respec- 
tively, from the Ministry of Agriculture and the 
North of Scotland Hydro-Electric Board. These 
latter sums are for the purpose of furthering work 
on special subjects which, however, fall within the 
proper field of work of the Association. It is clear 
that the Council of the Association handles sub- 
stantial sums of money, but the range of work 
which is covered and the fact that the total staff 
numbers 284 members, indicate that an increase in 
income could profitably be employed. In addition 
to the staff, the report gives a list of 34 extra-mural 
workers in universities and other establishments. 
One matter which constantly engages attention is 
the provision of new laboratories and their equip- 
ment at the Leatherhead station. The Greenford 
laboratories are overloaded and inadequate for the 
demands made on them. 

A section of the report dealing with staff matters 
contains a passage of considerable interest. It is 
stated that scientific staff is now more readily 
available, but that “the highest quality is essen- 
tially limited”; it is to be feared that this latter 
condition applies to most human activities. This, 
however, is not the particular point to which 
attention may be directed. The work carried out 
by the Association is of great secondary value in 
helping to train young people in electrical science 
and while it is stated that the turnover of senior 
staff is fairly small, it is implied that this does not 
rule in the case of juniors. It is in reference to 
these latter that it is recorded that “a rather dis- 
proportionate number of those who leave go to 
university appointments or fellowships.” In the 
extensive discussions and arguments about tecb- 
nical education and particularly about the salaries 
of teachers, it has constantly been emphasised that 
the efficiency of the training institutions is being 
jeopardised by the flow of trained men into industry 
which offers higher salaries than the educational 
institutions are able to do. Most of the contentions 
made by educationalists on'this matter are expressed 
in general terms, but possibly some would be 
prepared to subthit specific evidence if challenged. 
The report of the Association does not give figures, 
but no doubt they are available. It would be of 
interest if these two directly-opposed statements 
could be examined on a statistical basis. Ade- 
quately-trained teachers are as important to indus- 
try as they are to educational institutions and 
specific information, rather than broad contentions, 
would be of value to both parties. 
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NOTES. 


Tue Brirannia TUBULAR BRIDGE. 


Tomorrow, March 18, marks the centenary of 
the opening of the first tube of the Britannia 
tubvlar bridge over the Menai Straits and the 
completion of the railway line from London to 
Holyhead. The line from Chester to Holyhead 
was authorised by an Act of 1844, but this Act 
did not provide for the construction of the bridge, 
which was the subject of a separate Act, passed on 
June 30, 1845. Until it was constructed, passen- 
gers by the “ Irish Mail” had to alight at Bangor, 
whence they were ferried across the Straits to 
join another train, which took them to Holyhead. 
The Chester and Holyhead Railway was planned 
by George Stephenson, but it was constructed by 
his son, Robert, who was also the engineer for the 
bridge, which had to span a waterway 1,500 ft. 
wide at a height of 100 ft., making due allowance 
for a tidal range of between 20 ft. and 25 ft. Work 
was begun on the bridge in 1846, the foundation 
stone being laid on Apri! 10 in that year by Mr. 
Frank Forster, the then resident engineer ; he was 
succeeded as resident engineer by Mr. Edwin Clark, 
who subsequently wrote a book in which he des- 
cribed the work of construction and erection in great 
detail. The bridge consists of two abutments and 
three towers of stonework, carrying eight wrought- 
iron tubes, constructed of plates by Charles Mare, 
the Thames-side shipbuilder. William Fairbairn was 
also closely associated with the work, and especially 
with the preliminary experiments to determine the 
strength and suitability of the type of construction 
proposed. He was to have undertaken part of the 
ironwork, but eventually assigned his contract to 
Mare. The short tubes connecting the shore abut- 
ments to the outer towers were erected by normal 
means, being over land, but the erection of the 
spans over the channel, in which there was a current 
running at six or seven knots at certain states of 
the tide, had to be undertaken by different means. 
The tubes were constructed on shore and floated 
into position on pontoons, at high tide. As the 
tide fell, the tubes were left resting on prepared 
ledges at the base of the towers and were then 
jacked to their final height with hydraulic presses. 
The closing lengths were then built in place, to 
form continuous tubes, one for the up line and one 
for the down line. Robert Stephenson drove the 
last rivet-—said to be the 2,000,000th—on March 5, 
1850. Numerous deflection, etc., tests were then 
made, and, these proving satisfactory, the first 
tube was opened for traffic, as stated above, on 
March 18. The external stonework of the towers 
is Anglesey marble, quarried at Penmon, and the 
internal stonework of red sandstone, brought by 
sea from Runcorn. The ironwork of each tube 
weighs about 4,680 tons. The first pascenger train 
to pass through the bridge was the 3 p.m. express 
from Holyhead to London, which arrived at Euston 
at 11 p.m.—a reduction of an hour on the previous 
time for the journey. The second tube was brought 
into service on October 19, 1850, though the official 
opening did not take place until October 21. The 
total cost of the Britannia Bridge was rather more 
than 600,0001. Ten men lost their lives in the 
building of it ; most of them, however, by accidents 
of a kind that might have occurred in the building 
of any other lofty structure. Extensive observa- 
tions were made of the effect of wind and tempera- 
ture deflecting the tubes before they were finally 
jomed. A violent gale produced a horizontal 
deflection of only a quarter of an inch; but the 
lateral motion on a hot sunny day could be as 
much as 3 in., and the rise and fall more than 2 in. 
When the tubes were connected, the temperature 
effect was reduced to about } in. to # in. 


Tue Instrrotion oF Mrcuantcal ENGINEERS. 


The discussion at the Institution of Mechanical 
Engineers on Friday, March 10, when Dr. W. A. 
Tuplin, M.I.Mech.E., presented a paper on gear- 
tooth stresses at high speed, centred on the limita- 
tions of the British Standard Specifications relating 
to gears and the analytical approach to problems of 
gear design. The paper is reprinted, in abridged 
form, on page 310 of this issue of ENGINEERING. 





The discussion was opened by Dr. H. E. Merritt, 
M.B.E., M.I.Mech.E., who remarked that it was 
difficult to think of any other branch of mechanical 
engineering about which people knew so little and 
thought that they knew so much. [If it were true, 
he said, that the bending stresses might be increased 
considerably, the principal limiting factor, even 
more than before, was the surface stress. It had 
long been assumed that the action of gear teeth 
was expressed by the Hertz equations for cylinders 
in line contact, but this assumption might lead to 
trouble. The unknown factors in line contact were 
the effect of surface motion on surface temperature, 
the true values of the coefficient of friction, and the 
influence of tangential forces due to friction on the 
way pitting cracks developed. He suggested com- 
paring the pitting failure of gear teeth with electrical 
pitting on a roller bearing or cavitation on a ship’s 
propeller. The B.S.S. curve for a speed factor was 
purely empirical ; so were other factors and clauses. 
Dr. G. A. Hankins, Wh.Ex., M.I.Mech.E., thought 
that pitting was the type of failure most commonly 
experienced in service ; he considered pitting to be a 
fatigue failure and thought it might be caused by a 
fatigue crack developing from just below the surface. 
In view of Dr. Tuplin’s doubts on the subject, he 
would say that, on the basis of many years’ experi- 
ence, there was a fatigue limit for steels. Further, 
it was now well known that, as the speed went up, 
the fatigue limit increased. On the other hand, 
whereas they had a reasonable knowledge of the 
intrinsic fatigue strength of steels under bending 
stress, knowledge of the intrinsic properties under 
repeated contact stresses was very small. Mr. D. B. 
Welbourn, M.A., A.M.I.Mech.E., pointed out that 
the author had failed to mention that in large high- 
speed gears the cumulative pitch error could easily 
lead to doubling the normal tooth loads, merely 
due to flywheel effect. He mentioned the relevance 
to increasing permissible surface stresses of the 
Hofer thermal loading factor, and gave some pre- 
liminary results of work on an epicyclic gear which 
suggested that it was possible to achieve a design 
of gear in which there would be no appreciable 
dynamic tooth loads. Professor E. G. M’Ewen, 
M.Sc. (Eng.), A.M.I.Mech.E., discussed the meaning 
of the B.S. bending stress and the desirability of 
including the stress-concentration factor in the 
bending stress. He thought that they should be 
careful in applying fatigue data obtained on labora- 
tory specimens to actual components such as gears. 
Dr. D. G. Sopwith, B.Sc.Tech., Wh.Sc., said that 
his experience suggested that fatigue failure did not 
occur normally under compression. Mr. J. M. 
Newton, B.Sc., M.I.Mech.E., in a final contribution 
to the discussion, drew attention to the enormous 
accelerating effect of slight tooth-to-tooth errors, 
and concluded that, in the present state of manu- 
facture, it was desirable to increase the flexibility of 
teeth. 
THE INstTITUTE OF MARINE ENGINEERS. 

The annual dinner of the Institute of Marine 
Engineers was held at the Connaught Rooms 
on Friday, March 10, the chair being taken by Sir 
Robert Micklem, immediate past-President, in the 
absence of the President, Lord Rotherwick. The 
toast ‘“‘The Royal and Merchant Navies of the 
British Commonwealth’ was proposed by. Sir 
Harold Hartley, who, in expressing his admiration 
for their feats, pointed out that this country owed 
its many centuries of immunity from invasion to the 
courage and skill of the Royal and Merchant Navies. 
After recalling several of the outstanding exploits 
of the two Navies during the Second World War, 
Sir Harold referred to the great part played by 
Admiral of the Fleet, Lord Fraser of North Cape, 
First Sea Lord, in achieving final victory. In his 
reply, Lord Fraser said that, although we could not, 
perhaps, compete in mass production with some of 
our friends across the sea, there was no doubt that 
we had the scientific knowledge and craftmanship 
to compete with anyone in the world. After paying 
tribute to the managements of industries in, this 
country, Lord Fraser said that they did not always 
receive the support they deserved. The toast “The 
Institute of Marine Engineers” was proposed by 
Sir Stanley V Goodall, vice-President of the Insti- 
tution of Naval Architects, who, after referring to 
the differences of a naval engineer’s life now and 





50 years ago, pointed out that, in those earlier days, 
young men were left, largely, to train themselves. 
He felt that there was something to be said for that 
form of training as, although technical qualifications 
were important, self reliance was a very necessary 
attribute for seagoing engineers. Sir Stanley, 
referring to research said that the results should be 
applied as quickly as possible. Sir Robert Micklem, 
in replying, said that the Institute was doing great 
work, especially in the training of engineers. 


Tue LiverPpoot Steam Sur Owners 
ASSOCIATION, 


Strong criticism of the Government’s taxation 
policy in relation to shipping, and of the restrictions 
which hamper shipowners in disposing of old tonnage 
as an essential concomitant of a replacement 
programme, is contained in the annual report, for 
1949, of the Liverpool Steam Ship Owners’ Associa- 
tion. This Association comprises mainly owners 
of high-class liner tonnage, a class of ship which 
suffered especially heavily during the war, both by 
enemy action and by wear and tear; as the report. 
points out, the war losses among the fleets repre- 
sented in the Association amounted to more than 
50 per cent. of the pre-war total, and the casualties 
were particularly severe among the larger and faster 
vessels. Nevertheless, so vigorously has the task 
of replacement been prosecuted that the total ton- 
nage at the beginning of the present year stood at. 
4,374,785 tons gross, a figure which approaches 
within measurable distance of the 1939 total of 
4,511,300 tons. Practically the whole of this 
replacement has been undertaken since the war and 
—as the report stresses—it ‘“‘ has been performed 
by private enterprise without any kind of Govern- 
ment aid. Indeed, the Government enhanced the 
difficulties because the compensation paid through 
the war risks insurance scheme for the ships which 
were lost in Governmert service during the war 
fell far short of the amount required for replace- 
ment.”” Moreover, the report continues, “ the task 
of replacement of war losses has been undertaken 
without any ‘ Working Parties,’ centralised planning 
or other of the nostrums that characterise the action, 
or lack of it, of Bureaucracy, and in, the result it has 
been quietly and efficiently accomplished.” This 
process of replacement, however, is not one which is 
accomplished once for all; it is a continuous 
process and necessarily so if the fleets are to be 
maintained in a proper state of efficiency, and it is in 
this respect that present taxation policy bears so 
hardly on the shipowner. To quote the report 
again: replacement “is being retarded, and in 
the long run will be prevented, by present levels of 
taxation and a system of computation of ‘ profits ” 
for purposes of taxation which fails to give proper 
recognition to the principle ... that no true 
‘ profit ’ emerges until necessary provision has been 
made for the replacement of the tools of the trade.” 
The Association contend that earnings “should 
be relieved of taxation when set aside in the com- 
panies’ accounts for replacement, and in fact so 
used.” Considerable attention is given in the 
report to the relative levels of imports and exports, 
and to this point, of the volume of overseas trade 
available to the shipping industry, the retiring 
chairman (Mr. Leslie Harding) devoted a large 
part of his address at the annual general meeting 
on March 14. The trade figures for 1949, he said, 
while they showed some improvement over those 
of the previous year, were not such as to justify an 
optimistic long-term view. The exports of 1949 
were only three-quarters of those of 1929. It was 
claimed that they were 25 per cent. better than those 
of 1938 ; but 1938 was a year in which there was a 
deficit of 70,000,0007. on the overseas trading 
account. Moreover, the contribution that shipping 
could make to the total of invisible exports, and to 
the earning of foreign exchange, was greatly 
restricted by delays in port, and by the unnecessary 
continuance of war-time controls, which served no 
useful purpose and involved a great waste of time 
and trouble in form-filling. At the meeting, Mr. 
C. D. Storrs, of Messrs. Alfred Holt and Company, 
was unanimously elected as chairman for the 
ensuing year, and Colonel Austin Bates, D.S.O., 
M.C., of Messrs. T. and J. Brocklebank, Limited, as 
vice-chairman. 
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SIR RALPH FREEMAN. 


WE regret to record the death of Sir Ralph 
Freeman, which occurred at Finchley, London, on 
Saturday, March 11, at the age of 69. He had 
an international reputation among civil engin- 
eers as a designer of steel bridges and for a time 
his name was familiar to the general public in 
connection with his work on the famous bridge 





over S}dney Harbour. 
Ralph Freeman was born 
in London on November 27, 
1880, and was educated at 
Aske’s School, Hampstead, 
and the Central Technical 
College, South Kensington, 


of a cantilever bndge, for the construction of 
which firms throughout the world were invited to 
tender. Early in 1923, however, this project was 
abandoned and further invitations to tender were 
issued which embodied specifications both for 
arch and cantilever bridges. As a result, six 
firms submitted 20 tenders, covering no less than 
seven different forms of large-span bridge of 
the two-hinged and three-hinged arch, cantilever- 
arch, cantilever, cantilever-suspension, suspension 
and stiffened-suspension types. Details of these 





tenders, with comments thereon, appeared on 
pages 129 and 169 of our 118th volume (1924), and 





where he obtained the 
Siemens Medal. On leaving 
college in 1901, he joined the 
staff of Sir Douglas Fox and 
Partners ; and was at first 
engaged on Parliamentary 
work in connection with the 
London tube railways and 
with other railways in the 
Manchester and Cork areas. 
He also assisted in preparing 
designs for the 500-ft. bridge 
at Victoria Falls, in South 
Africa, and was for a time 
engaged in the factory of the 
Cleveland Bridge and Engi- 
neering Company in connec- 
tion with its construction. 
After his appointment as 
chief assistant to the former 
firm in 1906, he designed and 
supervised the construction 
of the Alfred Beit, Birche- 
nough, and Otto Beit bridges 
in Rhodesia, and on the Mash- 
onaland and Beira, Shire 
Highland, and Benguella rail- 
ways in Africa, as well as on 
the Sao Paulo Railway in 
Brazil. 

In 1912, he became a 
partner in the firm and was 
responsible for the super- 
vision of the above works as 
well as for the construction of 
a harbour at Beira and a 
ropeway, 50 miles long, in 
Columbia. He also examined 
and reported on a railway, 
which was under construc- 
tion in Illinois and on an- 
other railway, which was 
projected in the same area. 
During the 1914-18 war, he 
was responsible for the con- 
struction of the railways and 
other works at a factory for 
Nobel’s Explosive Company 
and for the building and 
equipment of a cordite fac- 
tory for the Admiralty. He 
became a senior partner of the 
firm (the name of which was 
subsequently changed to 
Freeman, Fox and Partners) in 1921, and remained 
in active control until his death. 

His best known work, however, was in connection 
with the construction of the 1,650-ft. bridge across 
Sydney Harbour, not only on account of its size 
and the novelty of its design, but because of the 
somewhat unusual position which he occupied and 
the rival claims to credit for its conception which 
were advanced. It may therefore be recorded that 
numerous proposals for connecting Sydney and 
North Sydney, either by a bridge or by a tunnel, 
had been put forward at intervals for over a century, 
and that these culminated in a project, which was 
prepared by Dr. J. J. C. Bradfield, chief engineer 
of the Public Works Department of New South 
Wales, in 1921. This project envisaged the erection 
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Tue Late Sm Rarten FREEMAN. 


were also dealt with after the completion of 
the bridge in a paper presented to the Insti- 
tution of Civil Engineers by Dr. Bradfield in 
1934. 

Mr. Freeman’s connection with the work began, 
in 1922, when he was retained by the Cleveland 
Bridge and Engineering Company to prepare designs 
for the bridge. A year later, however, the death 
of their chairman, Mr. C. F. Dixon, caused this firm 
to abandon their intention of tendering. Messrs, 
Dorman, Long and Company then decided to take 
over the work and submitted a tender, which was 
based on designs prepared by Mr. Freeman in 
association with Mr. G. C. Imbault, who, at that 
time, was chief engineer of the company. When 





Messrs. Dorman, Long and Company were awarded 





the contract for the construction of the bridge, on 
the recommendation of Dr. Bradfield, in Ma:h, 
1924, Mr. Freeman was appointed their consul ng 
engineer. As, however, the specification, wile 
defining all the conditions that had to be satis{icd, 
did not include detailed designs, a departmen: of 
Messrs. Dorman, Long was established in Loncn, 
under his direction, to carry through this work » nd 
also to make all the calculations and draw.igs 
necessary in connection with both the perman nt 
structure and its erection. Constructional oy: ra- 
tions on site were directed by Mr. L. Ennis, under 
the supervision of Dr. Bradfield. 

The bridge was comp!cted 
in March, 1932, its construc- 
tion having, in the meantime, 
been described in a number 
of articles which appeare! in 
ENGINEERING from 1926 on- 
wards. A series of detailed 
papers on it were also wriiten 
either jointly or severally by 
those whose names we hive 
mentioned ; and were read 
before the Institution of 
Civil Engineers in 1934. To 
ascribe credit, always a diffi- 
cult task, is in this case 
made more difficult by the 
number of those who shared 
responsibility, and by the 
peculiarity of the conditions 
under which the work was 
conceived and carried out. 
The bridge, however, remains 
a monument to the skill of 
British engineers ; and that 
is, perhamps, what matters 
most. It is _ significant, 
nevertheless, that Freeman 
was the first recipient of the 
Baker Gold Medal, which was 
founded by the Institution 
of Civil Engineers in 1934, 
and is awarded triennially in 
recognition of the class of 
work with which Sir Benja- 
min Baker’s name was identi- 
fied. The specific award was 
made in recognition of the 
development in engineering 
practice disclosed in Free- 
man’s paper on “* The Sydney 
Harbour Bridge: Design of 
Structure and Foundations ”; 
and it is not without interest 
that in granting this honour 
it is laid down that preference 
is to be given to the person 
primarily responsible for the 
development or investiga- 
Lid. tions as described in a paper 

accepted by the Institution, 
especially if such person is 
the author of the paper. 
Freeman also received a 
Telford Meda] for the same 
paper, a similar award being 
made to Dr. J. J. C. Brad- 
field for his paper on the 
“Sydney Harbour Bridge 
and its Approaches,” which 
was presented to the Institu- 
tion in the same session. 

Latterly, Freeman had been engaged on designs 
for a suspension bridge over the Severn with a span 
of 3,300, ft., and for a 3,500 ft. long bridge over 
Auckland Harbour, New Zealand, a main span of 
which is 800 ft. His connection with the Institution 
of Civil Engineers dates from 1898, when he became 
a student and read a paper on “The Design of 4 
Two-hinged Spandrel-Braced Steel Arch.” He was 
elected an associate member in 1907 and was 
transferred to the class of member in 1917. He had 
also served on the Council of the Institution. He 
was also a past-president of the Institute of Welding 
and an honorary fellow of the Imperial College of 
Science and Technology, South Kensington. He 








was knighted in 1947. 
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SIR FREDERICK STEWART, K.B.E. 


Sim FrepErick CuaRLEs Stewart, who died in 
Glesgow on Friday last, March 10, though not 
an engineer by training, was one of the most 
inflnential of Scottish engineering industrialists and, 
in lis working career of practically half a century, 
did much to establish and maintain in Scotland a 
wide variety of the lighter engineering manufactures 
which are so valuable in avoiding the tendency of 
industrial areas to concentrate too closely on par- 
ticular types of products. A native of Dalmuir, 
where he was born on July 2, 1879, Sir Frederick 
received his general education at Glasgow High 
School and, on leaving school, was articled to Wilson, 
Stirling and Company, a Glasgow firm of chartered 
accountants. He was with them only a few years, 
however, when he joined with his father (William 
Stewart, of Blair Atholl) as coal merchants at 
Dalmuir. Very shortly afterwards—in 1901, when 
he was still no more than 22—he and his two 
brothers, Mr. A. W. Stewart and Mr. W. Maxwell 
Stewart—both of whom predeceased him—founded 
the Thermo-Tank Ventilating Company, to make 
ventilating and air-conditioning equipment for 
ships. The business prospered, and, some four 
years after it began, the partners were fortunate in 
securing the contract to fit their plant in the Cunard 
liner Lusitania, then building at Clydebank. The 
design and the size of this plant made it sufficient of a 
novelty to be described and illustrated at length, as 
part of our description of the ship, in ENGINEERING 
of August 2, 1907. 

The Lusitania’s Thermotank equipment proved 
to be a fine advertisement for the rising firm, and 
one that was the more noticeable by reason of the 
contrast between the bridge deck of the Lusitania, 
with its compact and inconspicuous ventilating 
units, and that of the Mauretania, crowded with 
more than a score of great cowl ventilators of the 
old-fashioned type. From this point, the fortunes 
of the company, and of Sir Frederick, never looked 
back. Gradually he extended his industrial interests 
until, at the time of his death, he was (in addition 
to his activities in connection with the several 
Thermotank companies, at home and overseas) 
chairman of the North British Locomotive Company, 
of Kelvin, Bottomley and Baird, Limited, and of 
Kelvin and Hughes, Limited ; deputy chairman of 
Brown Brothers and Company, Rosebank Iron- 
works, Edinburgh ; a member of the Clyde Naviga- 
tion Trust, and a director of William Baird and 
Company, the Clydesdale Bank, the Eagle Star 
Insurance Company, and of a number of other com- 
mercial and industrial undertakings. He was an 
associate of the Institution of Naval Architects and 
had served on the Council in that capacity since 
1945; and was President of the Institution of 
Engineers and Shipbuilders in Scotland for two 
years (1941-43), being subsequently made an honor- 
ary member of that Institution. Sir Frederick, who 
was a Deputy Lieutenant of Dumbartonshire, 
received a K.B.E. in the New Year Honours List 
of 1944, and the honorary degree of LL.D. from the 
University of Glasgow in 1946. 





MR. F. L. DANIELS. 


Iw our issue of December 20, 1946, we described 
the centenary celebrations of the firm of T. H. and 
J. Daniels, Limited, Lightpill Ironworks, Stroud, 
Gloucestershire ; a general engineering business 
which was founded by Thomas Daniels—actually, 
in 1840—as a firm of millwrights. It is with much 
regret that we have now to record the death of Mr. 
Frederick Lionel Daniels, a grandson of the founder 
and joint managing director with his son, Mr. J. 
Daniels. He was 73 years of age and had been in 
poor health for some months. 

Mr. Daniels spent practically the whole of his life 
in and near Stroud, except for periods abroad, 
travelling in his firm’s interests. He was born on 
September 9, 1877, and received his schooling at 
Wycliffe College, Stonehouse. His technical educa- 
tion was obtained at what was then the Stroud 
School of Science and Art, now the Technical College, 
and his apprenticeship was served in the family 
works, Thereafter he worked his way up to a 
directorship and, eventually, to be joint managing 





director. He travelled extensively in various parts 
of the British Empire, mainly in connection with gas 
plants and pumping machinery. He was concerned 
also in the design and development of many types 
of special machinery—for example, for the manu- 
facture of hairpins—and in the organisation of 
production. He was a member of the Institution 
of Mechanical Engineers and of the Institution of 
Production Engineers, and was President of the 
Western Section of the latter institution in 1935 and 
1936. He was also a Fellow of the Geological 
Society, and chairman of the Stroud Urban District 
Council. 





MR. J. H. BARKER. 


Mr. Joun HENRY BarKER, who died at his home 
in Warwick on March 10, in his 84th year, had been 
living in retirement for a number of years ; but, in 
the variety of his previous engineering experience 
he represented a type of all-round professional 
engineer now se!dom encountered. He was born 
on August 6, 1866, and, after receiving his schooling 
at the grammar schoo] at Guisborough, Yorkshire, 
and Middlesbrough High School, and attending 
science classes at Kensington, he served a pupilage 
of four years in the locomotive shops of the North 
Eastern Railway at Gateshead, first under Mr. 
Alexander McDonnell and afterwards under Mr. 
T. W. Worsdell. In 1888, he went into the drawing 
office of Robert Stephenson and Company, New- 
castle-on-Tyne, but relinquished this appointment 
to become a lecturer in machine construction at 
what was then the Durham College of Science. He 
returned to Stephenson and Company in 1891 for 
a few months before going to sea in the Anchor 
liners Ethiopia and Algeria. His next post was 
that of resident engineer on the construction of the 
Newburn bridge across the River Tyne, for the 
consulting engineers, Messrs. Sandeman and Mon- 
crieff. After this experience of mechanical and civil 
engineering, he turned to electrical engineering, 
being appointed in 1893 as general manager and 
engineer of the Cambridge Electric Supply Company. 
During this pericd, he also worked in association with 
the late Sir James A. Ewing, who was then at 
Cambridge University, on the design of electric 
motors. 

In 1901, Mr. Barker returned to the Tyne as 
general manager with C. A. Parsons and Company, 
but remained there for only two years before trans- 
ferring to the Brush Electrical Engineering Com- 
pany, Loughborough, to take charge of their engine 
and dynamo department. Once again he went 
back to Newcastle, establishing himself there in 
1904 as a consulting engineer. Three years later, 
he moved to Birmingham, as genera] manager and 
afterwards managing director of the Birmingham 
Metal and Munitions Company. He remained with 
this firm until 1914, when he joined Messrs. Green- 
wood and Batley, Limited, Leeds, as a special 
director. A year later, he went to Wolverhampton 
as managing director of Messrs. Bayliss, Jones and 
Bayliss, Limited, a post which he held until 1920, 
when he resumed his seat on the board of Greenwood 
and Batley, Limited, and took over also the position 
of general manager. Eight years later, in 1928, he 
retired. 

Mr. Barker was a member of the Institution of 
Civil Engineers, to which he had been admitted as 
a student in 1888, and was awarded a Miller 
Prize. He had been a member of the Institution of 
Electrical Engineers since 1896, and was also a mem- 
ber of the Institution of Mechanical Engineers, 
serving as chairman of the Yorkshire Branch in 
1926 and 1927, and also as a member of the Council 
of that Institution. 





DR. J. BRADBURY WINTER. 


Ir is not often that an amateur model engineer 
earns the unstinted admiration of professional 
engineers, but such was the achievement of Dr. John 
Bradbury Winter, M.R.C.S., L.R.C.P.E., who died 
at Coniston, Lancashire, on March 7. He had spent 
many years in Switzerland, owing to poor health, 
and had been bedridden since 1945. He was 80 
years of age. 





The work which first brought him into prominence 
as a skilled model engineer was the 1-in. scale 
model, “Como,” of a 0-4-2 locomotive of the 
London, Brighton and South Coast Railway. The 
mode! is now preserved at Brighton. Not content, 
however, to follow slavishly the conventional 
machines and materials of construction of the 
engineering industry, he showed a unique originality 
in his later work. His silver model of George 
Stephenson’s Rocket in its original form was a case 
in point. After taking great parns to ascertain the 
exact design of the original, he chose a metal for 
the mcdel which would ensure a long life appropriate 
to a historical model. The silver Rocket is to a 
scale of 2 in. to | ft., and, in 1938, it was lent to the 
Institution of Mechanical Engineers. The Institu- 
tion accepted it as a permanent gift in 1944, and it is 
now in the library at Storey’s Gate. Other charac- 
teristic examples of his work were a perpetual 
calendar in the form of a mechanical signal locking 
frame, so that the wrong combination could not be 
selected, and a Congreve clock which he built in 
recent years. Dr. Winter took a B.A. degree at 
Cambridge in 1895 ; he was a Member of the Royal 
College of Surgeons, a Licentiate of the Royal 
College of Physicians (both of London), a Licentiate 
of the Royal College of Physicians, Edinburgh, and 
a Licentiate of the Royal College of Surgeons, 
Edinburgh. 





SCIENTIFIC RESEARCH IN 
AUSTRALIA. 


(Continued from page 276.) 


THE new Division of Tribophysics has developed 
from a section which, during the war, evolved some 
interesting theories regarding the fundamental 
nature of friction and lubrication. Recent work 
has been more especially directed to ascertain what 
fraction of the energy absorbed in sliding friction 
between two clean metallic surfaces is expended in 
deformation. Tests are in progress, accordingly, 
with surfaces on which exist artificial irregularities 
of known size and shape, and it has been established 
that the work hardening in the immediate surface 
layer is high enough to allow some recovery of the 
mechanical properties of the metal. Further experi- 
ments will be attempted under conditions such that 
the minimum of recovery can occur, and the work 
expended in ‘ploughing through” the known 
irregularities will be calculated. In the case of a 
metallic single crystal, change in surface condition 
may affect its strength in so far as the latter is 
determined by cracks and flaws near the surface ; 
some Russian research has suggested that the 
strength of crystals may be markedly lowered by 
their adsorption of active substances. This result, 
however, has not been confirmed in Australia in 
the case of tin of known orientation, despite elaborate 
tensile tests at various rates of stressing, and mea- 
surements of electrical resistance and rate of 
deformation at constant load. A calorimeter is 
under construction to measure the specific heat of 
a deformed metal as a function of temperature, and 
the twinning deformation of zinc is being studied 
by shearing a single crystal in the known direction 
of twinning. A new etching technique has made 
it possible to observe details of the deformation 
inside polycrystalline metals, and hence to check 
a theory propounded by Sir Geoffrey Taylor more 
than ten years ago. The recent experiments reveal 
that inhomogeneity of deformation, previously 
observed at the surface, is also very large in crystals 
surrounded by other crystals. Such crystals, there- 
fore, do not deform as units, but suffer different 
extents of deformation at their centres from those 
at their boundaries. 

Some valuable work on thin-film lubrication has 
established that the satisfactory reduction, of friction 
between relatively sliding metal surfaces entails 
that the monomolecular film must be solid, i.e., 
below its melting point, and that a chemical force 
must bind the molecules to the metal surface. 
Thus a long-chain fatty acid will not lubricate a 
metal with which it does not react, but is a good 
lubricant of metals with which it forms a metallic 
soap; and it will continue to lubricate up to the 
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melting point of the soap. Direct frictional mea- 
surements have also shown variations in frictional 
force corresponding to known changes in the crystal 
structure of the film at temperatures below their 
melting points. LElectron-diffraction examination 
has confirmed these results, and also indicated that, 
below the melting point, the molecules of a fatty- 
acid film are oriented parallel to each other, but 
with no lateral regularity ; whereas the diffraction 
patterns at melting point correspond to two- 
dimensional soap crystals. Since the long-chain 
molecules of boundary lubricants are electric dipoles, 
the surface potential of a metal surface is altered by 
the deposition of a regularly oriented monomolecular 
film, and changes in the composition and structure 
of the film produce corresponding changes in surface 
potentia). A convenient means of studying the 
behaviour of such films is thus available, and 
electronic apparatus has been constructed for this 
purpose. In connection especially with silicone 
lubricants, the properties of cetyl-silicone films are 
under examination. On the more practical side, 
piston-ring lubrication in engines is being investi- 
gated with the aid of a capacity-type pressure 
indicator which permits simultaneous observations 
to be made of the indicator diagram and the oil-film 
conductance on a double-beam cathode-ray oscillo- 
scope. Running tests of engine-bearing lubrication 
have disclosed marked variations in performance, 
attributed to extremely small dimensional differ- 
ences. A sensitive friction balance is used for this 
work in combination with an electrical resistance 
method of appraising the running performance of 
sleeve bearings. One other valuable piece of work 
by the Tribophysics Division is a survey report on 
the present state of knowledge about electrolytic 
polishing, for which there has been a wide demand. 

Some of the more fundamental problems of 
physical metallurgy are being studied by a small 
research section in collaboration with the Baillieu 
Metallurgical Laboratory at the University of 
Melbourne. The potentialities of titanium for gas- 
turbine work, on account of its high melting point, 
have prompted a thorough examination of the alloys 
of that metal, which is now possible as the outcome 
of new techniques developed for their preparation 
by sintering and smelting. Most progress has been 
made in determining the constitution of the alloys 
of titanium with chromium. The addition of 20 
per cent. of chromium lowers the melting point 
from 1,780 to 1,130 deg. C., but the solid solutions 
of titanium are complicated by the existence of an 
allotropic transformation at 860 deg. C., which 
makes it possible to modify the properties of the 
alloys by heat treatment. A useful technique for 
rapid exploration of the alloy constitution consists 
of measuring the pressure of hydrogen in a closed 
system containing the alloy, under which conditions 
the relationship between pressure and temperature 
varies in correspondence with phase boundaries. 
Like chromium, iron alloyed with titanium produces 
machinable, yet harder and stronger, material than 
pure titanium, ar, in proportions of 15 to 20 per 
cent., reduces its melting point to 1,050 deg. C. 
Fabricated ‘titanium has been found to be surpris- 
ingly ductile, and, by continued fabrication at room 
temperature, the metal can be increased in tensile 
strength from 30 to 90 tons per square inch. 

X-ray equipment is being used to explore the 
mechanism of fatigue failure in metals, the struc- 
tural changes due to slow continuous deformation 
at elevated temperatufes, and the phenomena asso- 
ciated with re-crystallisation. In the particular 
case of lead, the creep characteristics of which are 
profoundly influenced by small additions of other 
elements, an attempt is being made to discover 
what modifications in structure produced the 
observed changes in mechanical behaviour. A pre- 
liminary stage in this investigation has been to 
standardise conditions in the preparation of high- 
purity lead which are known to affect its rate of 
creep. These researches, and others concerned with 
the residual] stresses in plastically deformed metals, 
will advance the meagre knowledge now in urgent 
demand to meet several important trends in modern 
engineering. 

Various other aspects of a metallurgical character 
arise from mineralographic and ore-dressing investi- 
gations, which are carried out in connection with the 





numerous mining activities in in Australia. 
The problem is commonly that of evolving the most 
suitable method of ore treatment in order to recover 
the valuable products, and special attention is given 
to flotation techniques, some of this work being 
fundamental in character. It has been found, for 
example, that the capacity of a flotation cell is con- 
siderably influenced by the interval of time which 
elapses between the collision of an air bubble with a 
mineral particle, and the subsequent adhesion of 
the two. A study of the factors which determine 
froth formation has also been started, with par- 
ticular reference to the industrially valuable tungs- 
ten mineral, scheelite. Also under investigation 
are the effects of the material, and its surface condi- 
tion, of which the earthed plate is composed in 
electrostatic separation processes. An interesting 
adaptation of ore-dressing methods is to the bene- 
fication of yacca gum, a natural resin, from which a 
product containing less than half per cent. each of 
woody and non-volatile matter has been obtained. 
Research by the Industrial Chemistry Division has 
led to a valuable electrolytic oxidation process for 
the production of chromium chemicals from chro- 
mite ore, as well as to methods for separating the 
several rare earths present in Australian monazite. 
Work is also actively in progress on the recovery of 
uranium by leaching from low-grade phosphatic 
ores. Graphite, manganese, rutile and zirconium 
are other industrial chemicals under investigation 
up to the pilot-plant stage. Chemical studies have 
also been conducted upon cement, ceramics and 
refractories, special attention having been given to a 
comprehensive survey of Australian foundry sands, 
and to the performance of alternatives to linseed oil 
for core-binding purposes. Since sulphite liquor— 
associated with the manufacture of paper pulp—is 
not available in Australia as a substitute for linseed 
oil, attention has been given to solutions of lignin 
produced from kraft process liquors, and also to 
zanthorrheea, a resin obtained from the Australian 
“* grass-tree.” In the later (testing) stages of work 
on foundry sands and binders, it has been found that 
consistent values of mechanical strength depend on 
accurate control of the temperature of the test 
piece. 

The new Commonwealth Scientific and Industrial 
Research Organisation has taken over from its 
predecessor the custodianship of the Australian 
Commonwealth standards of physical measurement, 
which are maintained in the National Standards 
Laboratory. The work entails a good deal of 
incidental] research, among which may be mentioned 
a method for obtaining photographic records of 
interference fringes in the calibration of slip gauges. 
New equipment includes a compact interferometer 
for end-gauge calibrations, a device for testing 
photogrammetric cameras used in air surveys, and 
means for producing standards of surface roughness 
by etching rulings on glass in a similar manner 
to that developed at the National Physical Labora- 
tory in England. Experimental weights made of 
stainless steel, nickel chrome, cupro-nickel and brass 
are under observation to appraise the relative 
merits of those materials for the manufacture of 
standards of mass. A steadily increasing demand 
for accurate determinations of the density of solids 
and liquids is noteworthy, to meet which a hydro- 
static balance and a temperature-controlled bath 
have been acquired. Some difficulty experienced 
in achieving consistent readings of sensitive hydro- 
meters in distilled water has been found to be due to 
minute traces of foreign matter on the hydrometer 
stems, which reduced the surface tension of the 
water. It has been successfully surmounted by 
adding a little oleic acid to the water, thereby 
reducing its surface tension to a low and constant 
value. Research into various aspects of applied 
mechanics associated with metrology includes 
developments in strain analysis by photo-elasticity 
and wire-resistance strain gauges, and in measure- 
ments of rotational speeds up to nearly 200,000. 
r.p.m. Of particular interest is a technique for 
determining the diamond-pyramid indentation hard- 
ness of very small steel balls, arising out of which 
an, expression was derived for the indentation area, 
allowance being made for the curvature of the 
spherical] surface. 


(T'o be continued.) 





ADVANCED STUDIES IN 
ELECTRICAL ENGINEERING, 


THE growing need in electrical engineering for 
advanced and up-to-date specialised courses of st dy 
was discussed at a conference, held at the Institw ion 
of Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2, on Monday, March 13. ‘The 
chair at the afternoon session was taken by the Psi. 
dent (Professor E. B. Moullin), who said that the 
questions with which they were about to deal ‘iad 
come before the Council some two years ago. He 
recalled that in his presidential address last Ovt»ber 
he had pointed out that professions such as law :nd 
medicine had long provided professional instruciion, 
employing members in active practice for that purpose, 
The Council had, in turn, recently decided to urge the 
setting up of a wide network of post-graduate courses 
to be given by leading exponents in the profession, 
Development along these lines was now rapidly tating 
place ; and it was worth while pointing out that the 
Sepeien had come from the electrical engineering 
profession and not from the teachers. The present 
discussion would deal not only with principles and 
policy, but with details of syllabuses of the courses it 
was proposed to establish. 

The industrial need for such advanced studies was 
then examined by Dr. P. Dunsheath, who pointed out 
that while the journals of the learned societies formed 
an efficient clearing house for new knowledge, the 
selection of particular information required much 
mental energy. Interpretation of a paper describing 
some modern development by those who had left their 
student days behind was also frequently difficult ; and 
there was a wide scope for condensation and claritica- 
tion. Successful competition in industrial markets was 
becoming more and more dependent on narrowing the 
interval between the discovery or invention of a new 
idea and its application. Moreover, owing to the com- 
plexities of modern design and techniques, the acquire- 
ment of the “ know-how ” involved studious application 
on the part of individuals. There was, therefore, a field 
for advanced courses covering well-defined parts of 
electrical engineering, in which an expert oul bring 
together recently published knowledge, discard the 
non-essentials and interpret the results to those who 
were not so expert. 

New developments in electrical engineering might 
at first be remote from their possible application and 
industry needed to be informed of the potentialities. 
Owing to the wide field of personnel affected, this 
information would have to be conveyed on a flexible 
system, and, in addition to the formal post-graduate 
courses, there was a considerable need for the ad hoc 
courses. The launching of new projects would be 
facilitated by the dissemination of knowledge in this 
way. Firms would also have their eyes opened on 
such matters as approaching replacements of existing 
desi and methods; and automatically their tech- 
nical personnel would be made aware of what was going 
on in other countries. 

“The University ae and Contribution” was 
next dealt with by Professor Willis Jackson, who said 
that the need for extending technological education in 
electrical engineering beyond the present under- 
graduate and Higher National Certificate stages arose 
primarily from the rapid development which was 
occurring in the various iali branches. It was 
also due to the facts that basic scientific knowledge in 
physics, chemistry and metallurgy, as well as in mathe- 
matics, was growing rapidly ; and that the ability of 
students to absorb new information was not increasing 
at a corresponding rate. There was, therefore, an out- 
standing need for a wide range of courses, which would 
ensure that graduate recruits to the industry were 
kept up-to-date with existing good engineering practice 
and industrial organisation, and were given indications 
regarding the directions along which improvements 
might be sought. 

This up-to-date knowledge of ice was, however, 
to be found in industry, not in either the university or 
technical college. The most that either of these two 
institutions could do was to provide an environment in 
which industrial experts could impart knowledge to 
those who wished to acquire it and to act as co-ordina- 
tors. Depending on the character of the local indus- 
trial activity the desirable content of the courses 
would vary from one area to another and, since the 
students would be in employment, the courses would 
have to be either of the part-time day or evening types. 
The organisation of such courses would therefore seem 
to be the duty of the technical colleges, although con- 
centrated courses of a few days’ duration, to which 
men might be attracted from the country as a whole, 
might be held at a university, especially where the 


research interests of the latter made this arrangement 
more appropriate. 
The major university contribution should, however, 
directed towards the instruction on a full-time 
sessional basis of the comparatively small number of 
young men whose inclinations and abilities lay towards 
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research and long-term development work and who, 
after a period of industrial employment, wished to 
strengthen their scientific and analytical knowledge of 
a particular aspect of electrical engineering. There 
were available in the universities physicists, chemists, 
metallurgists and mathematicians who could assist 
their electrical engineering colleagues to the frontiers 
of new relevant scientific and analytical knowledge. 
Advantage should also be taken of the special know- 
ledge by industrial scientists and engineers 
to build up a system of post-graduate courses. These 
courses should, however, be made available only in 
those aspects of electrical science to which the depart- 
ment concerned was contributing fundamentally by 
active research work. 

Discussing “‘The Technical College Aspect,” Dr. 
J. E. Richardson said that these institutions, owing to 
their geographical location and traditions, were the 
obvious centres for the organisation of advanced elec- 
trical engineering courses. In fact, many such courses 
had been established at the Northampton Polytechnic, 
London, during the last four years and had attracted 
no less than 1,560 students in such subjects as vector 
analysis, electromagnetic field theory, applied acoustics 
and servo-mechansims. At present, the technical 
colleges were not in a sufficiently healthy condition to 
meet such demands, being overcrowded and inade- 
quately staffed. 

At the evening session, at which the chair was taken 
by Mr. 8S. E. Goodall, syllabuses of advanced courses 
in telecommunications, measuring instruments and 
apparatus and heavy electrical engineering, which had 
been prepared by specialist panels were brought for- 
ward for discussion. The syllabus for the telecom- 
munications courses was presented by Dr. W. G. Radley, 
who pointed out that although very rapid advances 
had been made during the past 15 years in telecom- 
munications and the allied fields of radio navigation and 
location, the knowledge acquired was still “‘ locked up ” 
in Government experimental establishments and the 
research and development departments of industrial 
organisations. Two syllabuses for courses in modula- 
tion techniques and pulse techniques, respectively, 
in which the advances had been especially rapid, had 
therefore been prepared. A third syllabus dealt with 
the subject of electro-acoustical transducers, a subject 
which was not covered to any extent in college courses, 
but a greater appreciation of the basic principles of 
which would benefit an increasing number of workers 
in the fields of telephony and broadcasting. 

Three syllabuses dealing with ‘‘ Measuring Instru- 
ments and Apparatus” were introduced by Dr. S. 
Whitehead. The first of these comprised what might 
be called the classical methods of measurement and 
its main objects were to indicate a selection of topics 
for a coherent course, so that users would get the best 
results with existing instruments and also be able to 
discuss with manufacturers the choice of instruments 
and their possible modification. The second course 
was = electronic instruments and the third on process 
control. 

In dealing with heavy electrical engineering, the 
panel, under the chairmanship of Mr. R. H. Coates, 
first selected 23 subjects each of which might be suitable 
for an advanced course. Preliminary syllabuses were 
prepared for six subjects and three of these on insula- 





tion and insulating materials, system protection and 
control of electrical machines were presented for dis- 
cussion. The first of these was intended to deal with 
fundamental physical processes. The second was 
intended principally for engineers who had to under- 
take the commissioning and maintenance of protective 
gear in the field. The subject of control, it was pointed 
out, was too often treated as an unnecessary appendage 
to machine design and was also usually dealt with from 
a purely descriptive point of view. A feature of the 
course would therefore be to emphasise the importance 
of the operation of electrical machines when conditions 
were not steady. 





THE ‘‘ROVER’’ GAS-TURBINE 
MOTOR CAR. 


TxE first public demonstration in the world of a 
gas-turbine motor car took place at Silverstone, 
Northamptonshire, on Thursday, March 9. The car is 
in course of development by the Rover Company, 
Limited, Solihull, Birmingham ; nevertheless, on that 
day and on the previous day when it was subjected to 
a test observed by the engineering and technical 
department of the Royal Automobile Club, it gave an 
impressive indication of its qualities and potentialities. 
It was only a matter of a few weeks since the engine, 
after prolonged bench tests, had been fitted in a 
slightly modified Rover chassis. Mr. Maurice C. Wilks 


is the chief engineer, Mr. F. R. Bell is the engineer in 
charge of the gas-turbine project, and Mr. S. B. Wilks 
is managing director of the Rover Company. They 


are seen in the accompanying illustration, which shows 
the car at the time of the first private road trials. 

The turbine installation comprises a centrifugal com- 
pressor, dual combustion chambers, a single-stage tur- 
bine driving the compressor, and an independent power 
turbine which drives a conventional rear axle through 
reduction gearing. A reverse gear is provided, but 
there is no gear changing ;‘ the driver controls the 
gas turbine by means of an accelerator pedal, and the 
only other principal control on the car is the brake 
pedal. The unit is started by a normal starter motor 
controlled by a push-button on the instrument panel. 
The turbine idles at 7,000 r.p.m., and at a road speed 
of 85 miles an hour it runs at approximately 35,000 
r.p.m. Combustion air is admitted through louvres in 
the side of the body, and the exhaust is expelled 
through two vertical pipes near the back of the car. 

Mr. Maurice Wilks has emphasised that the public 
demonstration was in the nature of “a practical 
interim report on the progress of our work.” They 
knew, he said, that they still had a long way to go 
before the gas-turbine car became a marketable pro- 
position, but the demonstration would show’ that 
they had made some progress and that the car had 
some very attractive features. He explained that, for 
test p , the engine had been placed in the chassis 
where the rear seat would normally be; further, the 
present engine did not bear much resemblance to what 
the company had in mind for ultimate use in motor 
cars, either in power output, dimensions or weight. 
“It is obviously the Rover Company’s intention,” he 
said, “‘to produce a gas-turbine car as a marketable 
proposition if and when that becomes practicable, in 





which case it will certainly be as good as—most prob- 
ably better than—existing piston-engine cars in respect 
of performance and weight. Probably, though, it will 
not be quite so good in respect of fuel consumption, 
but to balance that the performance will be superb.” 

The present engine has been arranged to include a 
heat exchanger, but as the design of a suitable heat 
exchanger is one of the most difficult problems, its 
development is being carried out for the most part 
separately from the engine. The first engines are 
being run without heat exchangers, in which condition 
the fuel consumption is more than twice that of an 
efficient piston engine of equivalent power. With a 
heat exchanger, however, the fuel consumption of a 
gas turbine is comparable with that of a piston engine. 
The fuel may be petrol, kerosene or Diesel oil. Nimonic 
turbine-blade material, produced’ by Messrs. Henry 
Wiggin and Company, Limited, Birmingham, has been 
used in the gas turbine, and Messrs. Joseph Lucas, 
Limited, have co-operated in the development of the 
fuel and combustion systems. 

The test of the car, under R.A.C. supervision, was 
conducted at the Motor Industry Research Associa- 
tion’s proving ground at Nuneaton, Warwickshire. 
The R.A.C. report states that, at the time of the test, 
the surface was dry, the weather calm, the wind speed 
5 m.p.h., the temperature 54 deg. F., and the atmo- 
spheric pressure 30-1 in. Hg. Kerosene was used as fuel 
for the gas turbine. The time taken to start and run up 
to idling speed was 13-2 seconds, and the car moved 
forward in a further 3-4 seconds. It was driven for 
five laps of 2-75 miles each. No attempt was made 
to attain maximum speed, but during the course of the 
test a exceeding 85 miles an hour was readily 
attained, at which speed the compressor-turbine revolu- 
tion counter -indicated 35,000 r.p.m. In a test of 
acceleration from standstill, the car smoothly attained 
a speed of 60 miles an hour in 14 seconds. The R.A.C. 
report concludes with the statement that “ although 
no provision for silencing the exhaust was observable, 
the volume of noise was not excessive or unpleasant, 
but was naturally accentuated during acceleration.” 

The Rover Company took part in the early develop- 
ment of aircraft gas turbines, and in their latest venture 
engineers will feel that they are making a historic 
contribution to motor-car design, and will hope that 
when the urgency of their work permits, they will 
allow a technical report, by engineers and for engineers, 
to be published. 





THE Royal INSTITUTION OF CHARTERED SURVEYORS. 
—tThe annual country meeting of the Royal Institution 
of Chartered Surveyors is to be held at Southport from 
Wednesday, June 21, until Friday, June 23. In addition 
to visits to the County Agricultural College at Hutton, 
and to the Mersey Docks on the S.S. Royal Daffodil II, 
a technical session will be held on June 22, at which a 
paper will be read by Professor W. Lyon Blease, entitled 
“ The Counties of Lancashire and Cheshire.” The offices 
of the Institution are at 12, Great George-street, London, 
8.W.1. 





“ MuLtTIPoL ” ELECTRICAL APPLIANCE.—An electric- 
ally-operated hand-tool suitable for a variety of workshop 
or domestic tasks, such as brushing, polishing, drilling, 
or even food mixing, has been produced by Messrs. 
Vactric, Limited, Newhouse, Motherwell, Scotland. 
Known as the Multipol, it weighs about 6 lb., and consists 
of a fractional horse power motor in a light-alloy 
case, bevel-geared to a shaft to which a number of 
accessories may be fitted in turn ; these include brushes, 
buffing- and grinding wheels, as well as drilling and whisk 
attachments. An insulating handle, incorporating a 
thumb switch, is fixed to the casing; this also carries a 
pivoted auxiliary-handle to provide additional grip 
when required. A small metal stand with an adjustable 
arm is supplied so that the tool can be set up as a bench- 
mounted machine and aligned in any convenient position. 

Suip-REPAIRING FACILITIES ON MERSEYSIDE.—At a 
meeting held in Liverpool on December 16, 1949, the 
President of the Board of Trade undertook to consult his 
colleagues concerning the formation of a Working 
Party to report on ship-repairing facilities on Merseyside. 
This Working Party has now been set up “to consider 
whether, in the light of prospective demand, additional 
berths, cranes and dry docks are required for ship 
repairing on Merseyside and, if so, whether they could be 
provided without interference with the working of the 
. .. port facilities.” Asstated on page 306, Sir Lawrence 
Edwards is to be chairman and the other members are : 
Captain I. A. P. Macintyre, O.B., C.B.E., D.S.O., R.N., 
Admiralty Regional Officer, North-Western Region ; 
Mr. F. Williamson, 0.B.E., A.M.Inst.T., of the Ministry 
of Transport, North-West Traffic Area; and Mr. F. 
Tarrant, of the Ministry of Labour, North-Western 
Region. Communications for the Working Party should 
be addressed to the secretary, Mr. E. J. Hooper, c/o 
Admiralty Regional Officer, Britannia House, Fountain- 
street, Manchester, 2. 
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PLASTICS OF BAKELITE, LIMITED. 


Many applications of plastics are shown at a private 
exhibition now being held at the British Colour Council, 
13, Portman-square, London, W.1, by Bakelite Limited. 
The central features are self-contained show cases and 
shelf displays constituting a travelling exhibition which 
has recently returned from the Continent, where it 
was shown in Brussels, Oslo, Stockholm, and elsewhere. 
The aim of the exhibition is to display the > 
products, which include Bakelite, Warerite, and Vybak 
plastics, and to give examples of their uses. One series 
of exhibits is arranged in product groups, and, behind 
shelf displays of the firm’s moulding materials, lamin- 
ated sheet, rod, tube and extrusion compounds ; and 
resins, varnishes and cements, stand panels which 
illustrate graphically the essential properties of the 
ics. Another series of exhibits shows applica- 
tions of the firm’s products in the electrical and general 
engineering, textile, transport, radio and telephony, 
building, packaging, printing, and other industries. 
Typical articles made from plastics are shown and 
enlarged photographs demonstrate the use of such 
components under actual working conditions. 

One of these illustrates a successful experiment 
recently conducted by the Bathford Paper Mills Com- 
pany, Limited. On one of the firm’s paper-making 
machines a new trough, breast box and delivery board, 
made of fabric-based Bakelite laminated sheet, has 
replaced a hardwood box and trough and a noticeable 
improvement in the quality of the paper produced has 
taken place. The hardwood box previously used had 
proved unsatisfactory because the rate of flow of the 
paper stock from the beater was sufficient, when added 
to the chemical action of the pulp liquor, to lift fibres 
in the wood. The raised fibres trapped fibres in the 

per stock and a lump gradually accumulated which 
eventually broke away. Meanwhile, however, marks 
or holes in the finished paper sheet occurred. The new 
laminated plastic equipment has proved satisfactory 
on account of its exceptionally smooth surface and also 
because it is impervious to acids and mild alkalis and is 
immune from attack by the chemicals occurring in 

per-pulp liquors. Other well-known applications of 
Lekincted plastics include noise-reducing gears of: all 
types, rolling-mill bearings and light-weight jigs for 
drilling, routing and other operations. 

In the field of electrical engineering, radio and 
telephony, the firm’s plastic materials find many 
applications. Recent developments range from minute 
precision mouldings for sensitive electronic instru- 
ments to relatively massive heavy-duty mouldings such 
as the “ Davenset” high-disc battery testing 
instrument. The main body of this instrument, 
which is manufactured by Messrs. Partridge, Wilson 
and Company, Limited, consists of two mouldings 
made of a shock-resisting grade of Bakelite material 
(X. 5073), characterised by high-tensile, impact and 
transverse-breaking strengths, in addition to good 
electrical properties. The lower and upper halves of 
the instrument case, and the contact prongs, shunt and 
voltmeter are securely locked together by four screws 
and nuts, the meter being sprung within the moulded 
case. The testing instrument is shaped like a pistol, 
the butt of which is a solid moulding and comfortable 
to hold. The shunt, which places a heavy discharge of 
from 100 to 150 amperes on the battery being tested, 
is separated from the instrument itself by a heat- 
insulating barrier. The firm’s plastics are also em- 
ployed for making television cabinets, instrument cases 
and for such purposes as packing blocks and wedges 
in motors, and bedplate insulation in generators. 

Warerite laminated plastics exist in a number of 
forms, the most important of which are veneers and 
wall panels. The veneers are ,% in., and the wall 
panels in. thicx, and the former are intended for 
application to a plywood core for the construction of 
doors, furniture and the surfacing of walls and tables. 
The wall panels are used for similar purposes but are 
sufficiently strong and stable to be used without any 
backing material. Principally on account of their 
high wear-resisting properties, the materials are used, 
for example, in passenger and other ships for lining 
steel bulkheads, constructing partitions and surfacing 
tables and cabin furniture, and in rent form 
for protecting printed instructions, name plates, labels, 
and signs in such places as ships’ engine and boiler 
,rooms. Vybak plastics are produced in several forms, 
including extrusion compounds supplied for making 
flexible and rigid tubes and various solid sections. 
One of the most important uses to which the extru- 
sion compounds are put is in the insulation and 
covering of electric wires and cables. It is not neces- 
sary for the wire to be tinned before sheathing, 
neither is it necessary to employ cotton covering over 
the wire. The wide range of colours available is also 
of value for coding purposes. 

The exhibition is remaining open until March 31, and 
tickets of admission are obtainable from Bakelite 
Limited, 18, Grosvenor-gardens, Westminster, London, 
8.W.1. 





LABOUR NOTES. 


At the end of January, 1950, the total working 
population of Great Britain numbered 23,370,000, com- 
prising 16,112,000 men and boys, and 7,258,000 women 
and girls. This total com with 23,318,000 at the 
end of December, 1949, and with 23,185,000 at the end 
of December, 1948. The increase of 52,000 during 
January last consisted of 38,000 men and 14,000 
women, in each case including juveniles. As now used 
by the Ministry of Labour and National Service, the 

hrase ‘‘ working population ” is applied to persons of 
th sexes, 15 and over, who work for pay or 
gain, or who register themselves as available for such 
work. The phrase covers members of the Forces, 
men and women on release leave who are seeking 
employment, and the registered unemployed. When 
comparing figures over a period, it should be borne in 
mind that private indoor domestic servants and gain- 
fully-occupied persons over pensionable age are now 
included in the Ministry’s figures, although these 
categories were previously omitted. 





The number of persons retained in the Forces was 
reduced by 4,000 ) a January, 1950, to a total of 
721,000 at the end of that month, of whom 694,000 
were men and 27,000 were women. At the end of 
December, 1948, persons serving in the Forces num- 
bered 808,000 in all (774,000 men and 34,000 women), 
so the country’s total Armed Forces have been reduced 
by 87,000 in thirteen months. Men and women from 
the three Services on release leave who were seeking 
employment numbered 12,000 at the end of January 
last, compared with 11,000 at the end of December, 
1949, with 18,000 at the end of December, 1948, and 
with 92,000 at the end of June, 1948. 





Unemployment figures have shown an upward trend 
for some time. The total number of persons registered 
in that category at the end of June, 1948, was 282,000 
and, by the end of December, 1948, the total had 
increased by 66,000 to 348,000. Twelve months later, 
at the end of December, 1949, the total had further 
increased to 360,000. During the month of January 
last a further 12,000 was added, bringing the total 
number of registered unemployed in Great Britain 
at the end of that month to 372,000. This figure repre- 
sented approximately 1-8 per cent. of the total number 
of employees registered under the national insurance 
schemes. 


As will be seen from the Ministry of Labour figures 
quoted above, the total working population of Great 
Britain at the end of January last, namely 23,370,000, 
included 721,000 Forces personnel, 12,000 Ex-Service 
men and women on release leave seeking work, and 
372,000 registered unemployed, leaving a balance of 
22,265,000 persons in civilian employment. This last- 
mentioned ~—_e comprised 15,142,000 men and boys, 
and 7,123,000 women and girls. The number of 
persons in civilian employment at the end of December, 
1948, was 22,011,000 (15,019,000 men and 6,992,000 
women), com with a total at the end of December, 
1949, of 22,222,000 (15,019,000 men and 7,113,000 
women) ; in each instance including juveniles. These 
increases in the number of persons in civilian employ- 
ment were due, in the main, to the influx of juveniles 
on reaching the school-leaving age. 








In the basic industries of the country, there was a 
decline in man-power by 2,000 during January last to 
a total of 4,239,000 at the end of that month. That 
total compares with one of 4,241,000 at the end of 
December, 1949, and with one of 4,245,000 at the 
close of 1948. The most serious decline in man-power 
during January was one of 1,900 in the coal-mining 
industry. The agricultural industry lost 2,000 em- 
ployees and the transport and communications industry 
1,000. There was, however, an increase of 3,000 in 
the number of ns in the gas, electricity 
and water services. Persons employed in manufac- 
turing industries in in number by 38,000 
(20,000 men and 18,000 women) during January, 
bringing the total at the end of that month to 8,411,000. 
The labour force of the metals, engineering and vehicles 
industries increased by 16,000 to a total of 
3,938,000. Outside the basic and manufacturing 
groups of industries, the distributive trades found 
employment for 2,805,000 persons at the end of January, 
and the professional, financial and miscellaneous ser- 
vices for another 3,887,000. 





A working party has been set up by the Admiralty 
to report on ship-repairing facilities on Merseyside.- 
This action follows reports of increasing unemployment 
and redundancy in the industry in the Merseyside area, 
to which reference has been made in these columns 





from time to time. The terms of reference of the new 


body are “to consider whether, in the light of »rog. 
pective demand, additional berths, cranes, and dry. 
docks are required for ship —— on Merseyside, 
and, if so, whether they could be provided without 
interference with the working of the commercia! sort 
facilities of the area. Its membership will consi:* of 
one representative each from the Admiralty, the 
Ministry of rt, and the Ministry of Lai sur, 
together with Sir Lawrence Edwards as chairman 


Executive officials of the 37 unions affiliated t» the 
Confederation of me a yo and Engineering U: ions 
met in York on March 9 to consider what action should 
be taken in view of the rejection by the employers in 
the two industries of the Confederation’s claims for an 
all-round wage increase of 20s. a week. After a lenvthy 
discussion, at which acute differences of opinion and 
outlook were evident, it was decided on a card yote, 
carried by 624,000 votes to 519,239, that the affiliated 
unions should be instructed to take a ballot of their 
members engaged in shipbuilding and engineering 0: the 
two alternatives of whether they were in favour of 
strike action being used to support the wage claims, or 
whether they were in favour of the claims being sub. 
mitted to the National Arbitration Tribunal. No 
fewer than three amendments were made and defeated 
before the main proposition was put to the meeting. 
This proposition had originated with the Amalgamated 
Engineering Union. It was carried by the votes of 
only seven unions, of which the A.E.U. was one. 
Although 27 unions voted against the motion, these 
comprised, in the main, the small and more specialised 
craft unions. The remaining three unions in the 
Confederation did not record their votes. 





Balloting must be completed by June 30 and the 
result will be reported to the quarterly meeting of the 
Confederation, which is due to be held in York on 
July 13. It is understood that the alternatives placed 
before the meeting on March 9, and rejected, included 
one suggesting that the claim should be submitted 
direct to the Tribunal, and another that the Govern- 
ment should be solicited to conduct a fact-finding 
inquiry into the profits made in the two ‘industries. It 
may be recalled in this connection that, when presenting 
their claims, the Confederation stipulated that the 
100 million pounds needed to meet the cost should be 
paid out of the profits of the industries. The amend- 
ment of the General and Municipal Workers’ Union, 
referred to on page 278, ante, was also lost. This was 
to the effect that the 20s. claim should be dropped 
and that the unions should pursue a previous claim 
for the revision of the wage structure in the industries, 
by which the basic wages of labourers would have been 
increased from 4J. 12s. to 51. a week, and those of 
skilled employees from 51. 7s. to 61. a week. 





Difficulties confronting the Confederation as a result 
of the decision are already making themselves felt. 
The representatives of some unions referred at the 
meeting to the danger of a split in the Confederation. 
There is, in fact, no certainty that all the constituent 
unions will conduct a ballot. Final decisions on this 
point will presumably rest with the executive body of 
each individual union. The position is complicated in 
many directions. Although some 2,750,000 employees 
in the two industries are involved in the wage claims, 
the affiliated membership of the Confederation does not 
greatly exceed 1,250,000. In several instances, the 
affiliated membership of a particular union is much 
less than its total membership. For example, the 
numerically strong Transport and General Workers’ 
Union has a Confederation membership of only 90,000. 


The claims of the National Union of Railwaymen for 
wage increases for their lowest-paid members in the 
employ of the London rt Executive were 
rejected by the Executive on March 10. Of the 16,000 
employees of the Executive belonging to the N.U.R., 
between 4,000 and 5,000 were understood to be affected 
by the claims. Parallel demands made to the Railway, 
Hotels, and Docks and Inland Waterways Executives 
have also been turned down. The Union’s negotiating 
committee is to investigate the whole question of these 
rejected wage claims. 


The agreement between the National Coal Board 
and the National Union of Mineworkers under which 
miners work a Saturday shift, or an extended shift on 
week-days, is to remain in force for another year a8 
from April 30, next. This was one of the decisions 
made at a meeting of the national executive of the 
N.U.M. on March 9. There are signs that the extended 
discussions which have taken place between the North- 
West Divisional Coal Board and local officials of the 
N.U.M. on the supply of concessionary coal to miners 
in Cumberland an of Lancashire, will lead to 
this difficult problem being considered afresh at national 





level. The 1950 annual conference of the N.U.M. will 
be held at Llandudno in July. 
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RECORDING ERRORS IN GEAR- 
HOBBING MACHINE TABLES.* 


By C. Tos, M.Eng., M.I.Mech.E., M.1.P.E. 


For the production of high-speed helical gears as 

used, for example, in marine turbine drives, the hobbing 
machine still remains the accepted method of cutting, 
and the subsequent use of post-hobbing processes, 
such as shaving or lapping, in no way detracts from 
the need for a high standard of machine accuracy. 
The accuracy of the machine table movement in 
relation to the rotation of the hob spindle is of primary 
importance, for any variation in this movement will 
be reflected ‘n the gear being cut. The presence of 
surface irregularities or undulations along the tooth 
flanks may, under certain conditions of tooth loading 
and speed, cause high local stress-concentrations or 
excessive gear noise. Improvement in machine 
accuracy depends, to a large extent, on the provision 
of more convenient and sensitive methods of measure- 
ment, and the electrical recording equipment described 
below constitutes an important advance over the 
existing smoked-glass methods.t While the latter 
system of recording is accurate and simple in operation, 
considerable time is involved in the measurement of 
the records and the analysis of the results. 
: In this investigation, the machine table movement 
is linked to the rotation of the hob spindle by means 
of a friction drive, any variation in relative movement 
being amplified electrically and recorded autographic- 
ally on chart paper. The recordings provide a clear 
indication of the accuracy of the table drive, and the 
effect of any adjustments to the machine, which 
might be considered desirable from a study of the 
initial test results, can be readily observed. The 
work described formed part of the research programme 
of the National Physical Laboratory in association with 
the Admiralty (Engineer-in-Chief’s Department) and 
the Admiralty- Vickers Gearing Research Association. 

Photographs of the measuring equipment as set up 
on a small gear-hobbing machine are reproduced in 
Figs. 1 and 2, herewith. The principal parts are a 
measuring head, mounted on an extension of the hob 
Spindle ; a friction disc drive ; a pressure cylinder, for 


* Communication from the National Physical Labora- 
tory. Abridged. 


t See ENGINEERING, vol. 166, page 337 (1948). 
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| providing contact pressure between the surfaces of the 
| two discs ; and a portable recording power unit. 

Fig. 3, on page 308, shows a sectional view of the 
measuring head, in which the rotation of shaft a is 
related to that of the hob spindle b by means of the lever 
c; any change in angular velocity between the two 
shafts is indicated by the electrical pick-up d. The 
pick-up consists of a variable air-gap inductance, of 
commercial design, attached to the circular frame e, 
which rotates with the hob spindle. The shaft a, 
mounted in two precision ball bearings, carries at 
one end the small friction wheel f and, at the other end, 
the lever c. These parts are assembled in the lower 
frame g, four adjusting screws h providing means of 
setting the friction wheel co-axially with the hob 
spindle. Fig. 4, on the same page, shows the arrange- 
ment of the measuring coils of the pick-up. The 
free end of the lever c makes contact with the armature 
j, which is mounted on two pivot bearings, the lever 
movement being controlled by a light retaining spring k. 
In operation, the contact pressure between the lever 
and the armature is just sufficient to overcome the 
tension of the coil spring. The current is conducted 
from the pick-up to the recording power unit by means 
of slip rings aad brushes / (Fig. 3). 

The friction drive shown in Figs. 1 and 2 consists of 
two hardened and ground steel discs, one of which is 
set concentrically with the table axis, the other forming 
part of the measuring head. The diameter ratio of 
the discs should be a convenient integer, and the 
particular value selected depends, to some extent, on 
the diametral capacity of the table and on the range 
of teeth which the machine is designed to cut. For 
large wheel machines, a reference diameter, ground on 
the periphery of the table, is suggested as an alternative. 
The accuracy of the above type of drive depends 
upon uniformity of motion and on a high standard 
of accuracy for the diameter ratio of the discs. The 
first requirement presents no great difficulty, provided 
that the mating surfaces are well finished and that the 
contact pressure between these surfaces is adequate to 
operate the lever system of the measuring head. In 
the prototype design of head, the force required to 
operate the armature of the pick-up is less than 1 oz. 

Any small departure of the diameter ratio from the 
nominal value yields a progressive error in relative 
movement between the hob spindle and the friction 
wheel, and is characterised by the slope of the resulting 
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record chart. For example, if the nominal diameters 
of the discs are 1 in. and 12 in., respectively, an error 
of 0-0001 in. (2-5) in the diameter of the measuring 
disc will give rise to a progressive change of 0-0012z in. 
per revolution of the machine table. In practice, this 
effect is not so marked, because the length of traverse 
for one setting of the instrument does not normally 
extend beyond a quarter of a revolution. If, however, 
the diameter of the table disc is slightly tapered, 
it is possible to adjust the position of the measuring 
disc to give the exact ratio. A slight camber on the 
periphery of the measuring disc facilitates the setting 
up of the equipment on the machine. 

The arrangement of the pressure cylinder in relation 
to the friction drive is shown in Fig. 2, herewith, and 
Fig. 5, on page 308. Its main function is to ensure an 
adequate contact pressure without restricting the 
angular movement of the measuring disc. The unit 
consists of a spring-loaded plunger m, mounted in the 
sleeve n, which is secured to the machine base or the 
vertical slide by means of a suitable form of bracket. 
Two ball bearings, mounted on the forked end of the 
plunger, are free to rotate with the measuring disc, thus 
reducing any tendency for tangential slipping between 
the discs, which might occur in practice. A radial 
pressure of about 5 lb. was found to be satisfactory. 

The recording power unit isa standard commercial 
equipment supplied by Messrs. Taylor, Taylor and 
Hobson, Limited, Leicester, and consists of a portable 
mains-operated 230-volt alternating-current unit, incor- 
porating a pen recorder of conventional design. A 
choice of two magnifications, having a ratio of 5:1, 
is provided, the actual values depending on the working 
range of the measuring head and on the design of the 
pick-up coils. For example, the two cylindrical 
gauge heads normally supplied with the recorder give 
magnifications of 1,000 and 5,000, or 2,000 and 10,000, 
respectively. This size of head was not convenient, 
however, for the investigation described, and use was 
made, therefore, of the alternative form of unit pre- 
viously referred to. The latest design of recorder is 
supplied with a series of change gears which give a wide 
choice of chart speeds, ranging from | in. to 24 in. 
per minute or per hour. 

The overall calibration of the equipment can be 
readily carried out by the simple ure shown in 
diagrammatic form in Fig. 6, herewith. The small 





disc, secured to the measuring head, makes contact 
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with a precision straight-edge p located in a suitable 
guide g. The movement of the straight-edge in the 
longitudinal direction is controlled by a sensitive 
indicator. The resulting motion imparted to the disc 
is transmitted via the pick-up to the recorder, and the 
displacement of the recorder pen in relation to the 
indicator movement provides a direct measure of the 
overall magnification. Any change in magnification 
can be observed by recording small increments of move- 
ment. Since the pick-up and the recording power unit 
were —_ by different manufacturers, a calibra- 
tion to determine the effective performance was desir- 
able. The pick-up, as supplied by the makers, had a 
working range of + 0-00} in. at a disc radius of 0-5 in. 
This movement was examined at intervals of 0-0001 in. 
and the corresponding chart readings for both the 
lower and higher magnifications of the recorder were 
found to be reasonably linear. These results indicated 
that the electrical characteristics of the pick-up were 
closely matched with those of the power unit. 

Because of the very large machine crrors found in 
the subsequent tests, it was necessary to increase the 
working range of the measuring head to + 0-0035 in. 
This had the effect of slightly reducing both the sensi- 
tivity and linearity of movement. Machine errors as 
large as this, however, are ed as exceptional. 
The results have been included to illustrate the method 
of test and to indicate other possible sources of error 
in addition to the inaccuracies which frequently arise 
in the master worm and worm wheel. They indicate 
that a working range of about +0-002 in. for the 
instrument would be a satisfactory compromise. 

As shown in Figs. 1 and 2, the hob spindle is set 
parallel to the axis of rotation of the table, and the 
relative position of the discs is adjusted until contact 
just takes place. For this purpose, it is convenient 
to use the fine control provided on the radial feed 
movement, the actual contact position being observed 
by a suitably illuminated background. This adjust- 
ment must be carefully carried out in order not to 
disturb the initial setting of the measuring head. To 
ensure a positive drive, the periphery of the discs should 
be thoroughly cleaned prior to measurement. 

A commercial type of gear-hobbing machine tested 
is designed to cut spur and helical gears up to 40 in. in 
diameter, the table drive consisting of a single-start 
worm and wormwheel with 72 teeth of 3 D.P. The 
machine was set to cut 12 teeth, so that one revolution 
of the hob spindle co: mded to six teeth on the 


wormwheel. The results obtained from two different 
sets of measurements, taken over the same angular 
movement of the table. are shown by the chart records 
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Two- Start Worm 
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in Fig. 7. One small vertical division of the chart | 
grid corresponds to an error in table movement of 
0-0001 in. at a radius of 6 in. The chart speed is 
related to the rotation of the indexing worm by a 
series of dots, one of which is recorded on the chart 
for each successive revolution of the worm ; these are 
not shown in Fig. 7. The records show evidence of a | 
systematic periodic error of twice the worm frequency, | 
the total amplitude varying from about 0-0003 in. to} 
0-0006 in. This error was confirmed by independent | 
measurements, taken with the standard design of 
smoked-glass recording equipment. It was not possible 
to carry out a detailed investigation into the source of 
this error, but the makers state that the worm, of a 
linear pitch of 1-04 in., was ground on a machine with | 
a lead screw of 0-5 in. pitch. The shaft adjacent to the 
worm rotates at twice the speed of the worm shaft. 
Measurements were taken also on a Pfauter gear- 
hobbing machine, type R.S. 00. This machine has a 
table diameter of about 14 in. and the drive consists 
of a two-start worm and a wormwheel with 72 teeth. 
It is understood that the machine has been in constant 
use for many years. The resulting wear of the gear 
teeth and journal bearings is evident from the analysis 
of the following records. The table movement was 
examined over a complete revolution and the chart 
recordings obtained have been reproduced in Fig. 8, 
herewith. The numbers above the charts indicate 











the position of successive revolutions of the worm. | 
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Fig. 8. 












naan Vertical Scale :- 1 Division = O-OOO5 Inch 


The charts reveal a periodic error of varying amplitude, 
having a frequency equal to that of the worm. The 
fact that the waveform changes progressively indicates 
other sources of error, in addition to those arising from 
the table drive. The position and relative spacing of 
the dominant peaks yield the following results :— 

Chart position of 

dominant peaks 1 6 12 16 21 

Relativespacingin | | | | 

terms of worm | | | 

revolutions . 9 6 4555 

1s 


27 31 36 





| 
6 4 5 
| 


15 

The above preliminary analysis suggests the presence 
of errors in the intermediate shafts which make a com- 
plete number of revolutions in four, five or six revolu- 
tions of the worm. In addition, the significance of the 
factor 15 indicates that the rotational phase of two 
intermediate shafts coincide at intervals of 15 worm 
revolutions, a possible combination being 5 and 3. 

In the absence of a complete kinematic diagram of 
the machine, it was necessary to determine directly 
the speeds of the intermediate shafts relative to the 
rotation of the worm. The information obtained is 
shown in diagrammatic form in Fig. 9, herewith ; the 
results derived from this sketch agree with the values 
mentioned in the above analysis. A direct measure- 
ment of the movement of shaft a relative to shaft d 
using the smoked-glass equipment, indicated a large 
cumulative division error, which amounted to 0-01 in. 
(total range) at a shaft radius of 2in. This error most 
probably arises from the bevel-gear drive, and the 
resulting variation in relative movement at the radius 
of the measuring disc amounts to 0-001 in. Similar 
measurements were made to determine the effect of 
errors in shafts 6 and c by recording the movement 
of the hob spindle relative to the rotation of shaft a. 
The results indicated a variation in hob rotation of 
about 0-0008 in. at a radius of 0-5 in. A combination 
of these two errors in association with the worm error 
could, therefore, account for the progressive change in 
the amplitude of the waveform shown in Fig. 7. 

Since the initial development of this technique, Dr. 
W. A. Tuplin mentioned to the author that a friction 
drive, some years ago by Messrs. David Brown and 
Sons, incorporated a mechanical lever system giving an 
overall magnification of about 100. 
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35-MM. SOUND-FILM PROJECTOR, | 


Tne 35-mm. sound-film projector, known as §/U/P/A | 
Mark II, which has recently been designed by the 
British Thomson-Houston Company, Limited, Rugby, 
for use in medium sized and small cinemas, embodies 
a number of features of optical and electrical interest. 
The projector, which is separate from the amplifying 
equipment to facilitate installation and simplify con- 
struction, is mounted with the sound drum in the 
mechanism box which is shown in the accompanying 
illustration, while the film path, light tunnel and heat 
reflectors are arranged so that a low gate temperature 
is ensured. 

The motor, which drives the film drum through a 
flexible coupling, is of the single-phase capacitor type 
and is resiliently mounted at the back of the box 
together with the various sprocket assemblies (which 
are carried in ball bearings) and the mechanism for 
effecting intermittent operation. The picture gate is 
curved to give an even distribution of light as well as 
to improve definition and focus and to reduce buckling. 
The flicker shutter consists of a sheet-metal dish 
which projects through the mechanism box at an 
angle. Two shutter blades are formed by cutting 
apertures in the conical side of this dish and the edges 
of these blades are provided with adjustable extension 
pieces so that the sharpness of the cut-off and flicker 
can be reduced and the efficiency improved. The 
sound drum is driven by a separate eddy-current motor, 
the speed of which can be adjusted to suit the film. 
The film is illuminated by a rectangle of light, and the 
image of the sound track thus obtained is then mag- 
nified, focused and projected on to a photo-cell as a 
spot, the intersity of the spot varying with the modu- 
ation, 

The lantern normally used with this equipment has 
a 12-in. mirror with a lens of f2 aperture. The light 
source is an arc, which can be run at from 32 to 35 





volts with a current of 40 to 45 amperes or at 36 volts | 





, with a current of 50 amperes. The arc-feeding system 
is operated by a 40-volt direct-current motor, the 
8 of which can be adjusted by a potentiometer. 


| The feed of the positive carbon can be varied relative 


to that of the negative carbon. Manual operation, 
however, is possible, either for trimming or in emer- 
gency. The arc itself can be adjusted by altering the 
position of the tip of the negative carbon. 

The sound-amplifying equipment associated with 
this projector has been designed to give an audio 


| output of 30 watts with very little frequency or har- 


monic distortion. It is carried on a number of trays 
and housed in a cubicle 49 in. high by 14 in. deep by 
24 in. wide. These trays slide into the cubicle and 
the two upper ones can be tilted after they have been 
pulled out so that access to the wiring is obtained. 
Control is effected from input switch and change-over 
boxes, which are mounted on the wall near each pair 
of projectors. The former contains a volume control, 
selector switch, and change-over push button, acci- 
dental operation of which is prevented by a wire 

a 

The output signal from the photo-cell associated 
with the sound drum is fed into a cathode follower, the 
output from which is transmitted through a coaxial 
cable to the input switch box and thence to the ampli- 
fier. A separate input switch is provided for each 
sound unit and the appropriate projector is selected 
by a relay which is operated by the change-over 
button and connects the appropriate input valve to 
the second stage. The signal selected is fed to the 
second-stage amplifier valve and thence through a 
phase-splitter a to the output stage. This stage 
consists of four pentode valves, which operate in 
parallel push-pull. The amplifier rectifier is of the 
full-wave type with a capacity input filter. In addi- 
tion, there is a metal rectifier for supplying two 
10-volt 5-ampere exciter lamps, while a deaf-aid 
amplifier, consisting of a single-stage pentode valve 
fed from the main amplifier, can also be supplied. 
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The output from the amplifier is fed to the filter 
of the loud-speaker system. This filter is designed so 
that all frequencies below 500 cycles are transmitted 
to the low-frequency speaker system and all high fre- 
quencies to the high-frequency speaker system. The 
latter can be switched out, all the audio power then 
being handled by the low-frequency speakers. The 
standard speaker system consists of two 16-in. low- 
frequency moving-coil speakers of the permanent- 
magnet type, which are mounted on two sides of a 
straight wooden horn 35 in. long. The high-frequency 
system consists of a 2-in. metal diaphragm contained in 
a multi-cellular horn 30 in. long. 








ANNUALS AND REFERENCE BOOKS. 


Newnes Electrical Pocket Book.—The preliminary 
sections of the tenth edition of this pocket book, like 
those of its predecessors, are devoted to theoretical 
groundwork. Applications follow, and include the 
familiar power equipment, especially rectifiers, which 
are dealt with more fully than is usual in such publica- 
tions, overhead lines and cables, motors, switchgear 
and lighting and other domestic apparatus. Except 
for the chapter devoted to high-frequency heating, and 
incidentally elsewhere, only the heavy side of the subject 
is dealt with. When the ninth edition of the book 
was published two years ago, the opportunity was 
taken to include information upon electrical conducting 
materials, special magnetic alloys, liquid dielectrics and 
the latest types of plastics used in electrical engineering. 
On this occasion, details of some further magnetic 
alloys have been added and there are also some brief 
notes on superconductivity. The book should form 
a useful work of reference, though its utility would 
have been increased by a more adequate index. It is 
published by George Newnes, Limited, Southampton- 
street, London, W.C.2, and the price is 7s. 6d. net. 


The ‘“‘M.M.” Year Book, 1950.—The favourable 
opinion that we expressed of this reference book, a 
year ago, has been amply confirmed by experience 
of its use as (to quote the title page) “‘ a comprehensive 
guide to sources of supply of new and second-hand 
machinery of British and foreign origin ” and a reposi- 
tory of a wide range of miscellaneous information about 
the engineering industry. In addition to the ordinary 
items such as lists of engineering and trade associations, 
Government Departments, trade names, etc., there is a 
classified list of machinery merchants (claimed to be 
unique in the true sense of that much-abused word) ; 
a diary (four days to the page) which also includes 
reminders of the principal British and foreign fairs and 
exhibitions ; a section listing, under 65 headings, firms 
who specialise in particular engineering work and 
services ; a list of firms who undertake maintenance 
and repair work; and a transport section which 
includes, inter alia, a list, classified under the names 
of the towns in which they are to be found, of firms 
who have special vehicles and equipment for the trans- 
port of machinery by road. The book is published, at 
15s. net, by The Machinery Market, Limited, 146, 
Queen Victoria-street, London, E.C.4: to whom we 
would suggest, since they invite comment, that reference 
to the Year Book—which is copiously indexed—would 
be made still easier if the paper were not quite so stiff 
and heavy. When the pages are being thumbed 
quickly, there is a tendency for them to “ jump” in 
batches, so that the search must be made anew. 


Definitions and Formule for Students: Applied 
Mechanics.—This booklet of 44 pages, now in its 
second edition, is compiled by Dr. E. H. Lewitt, 
A.M.I.Mech.E., and forms one of a series published by 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. Some teachers of engineer- 
ing subjects deprecate the use of reference books of 
this kind, holding that a student should be able, and 
should be expected, to derive his equations and formule 
from first principles ; but this ideal, wholly admirable in 
theory, can be time-wasting in practice, as was recog- 
nised nearly 90 years ago by Sir Guilford Molesworth, 
when he observed that “* Few are gi with a memory 
so retentive as not to require the aid of written formule 
in working out the numerous calculations constantly 
necessary in the profession of an Engineer.” To his 
first edition, Dr. Lewitt has now added further items 
on beams, a strain-energy method of solution for redun- 
dant frames, and new matter on compressible fluids. 
The price of the booklet is ls. 





Last oF “ CLan ” CxLass LOCOMOTIVES.—The British 
Railways locomotive No. 54,767, Clan Mackinnon, the 
last of the Highland Railway “Clan ” class, has been 
withdrawn from traffic and will shortly be broken 
up. The class comprised eight locomotives designed 
by Mr. C. Cumming, locomotive supermtendent of the 
Highland Railway, and were built by Messrs. Hawthorn, 
Leslie and Company, Limited, between 1919 and 1921 
(the Clan Mackinnon in the latter year), for handling 





the heavy traffic between Perth and Inverness. 
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GEAR-TOOTH STRESSES AT 
HIGH SPEED.* 
By W. A. Turtrn, D.Sc., M.I.Mech.E. 


Tuts paper records some reflections on the stresses 
indiced in gear teeth by errors in pitch, and is presented 
as a subject for discussion rather than as an exposition 
of fully developed ideas. Determination of impact 
stresses in the most accurate possible manner is 
laborious, but an upper limit that would not be exceeded 
even with infinite masses at infinite s , is easily 
discernible ; even assuming that this limit is actually 
reached, permissible nominal stresses in certain 
materials would seem to be considerably higher than 
in present-day practice. The conventional methods 
of determining permissible nominal stress work satisfac- 
torily in practice, but they are open to the criticism 
that they do not accord in every respect with certain 
well-accepted basic principles. 

The teeth of power-transmitting gears are subjected 
to intermittent bending moments, and the permissible 
loading of the teeth may be limited by consideration 
of the bending stresses. One of the oldest formule 
used for determining allowable load utilises bending 
stress as the sole criterion, and limits the stress in a 
given material to a figure that diminishes as the 
circumferential speed of the teeth increases. If all 
gear failures were caused by tooth breakage, such a 
formula for load capacity might be justifiable, but 
gears may fail without evidence of excessive bending 
stress. 

The teeth of gears that have run for long periods 
under load sometimes show surface failure by pitting. 
Usually this occurs gradually, the first pits appearing 
on different teeth at different times; the rates of 
multiplication of pits on different teeth are usually 
low and often vary on different teeth in the same gear. 
Although there appears to be no universally accepted 
explanation of the mechanism of pitting, it is generally 
regarded as a fatigue phenomenon associated with sur- 

_face stresses and therefore influenced by surface rough- 
ness, lubrication, and directions of relative motion of 
contact areas, besides intensity of local line-loading 
and the difference between the radii of curvature. 
(On the other hand, there is no evidence of a fatigue 
limit in connection with the endurance of ball bearings, 
in which the surface-stress conditions bear some 
resemblance to those in gear teeth.) 

Very often prolonged running, under the loading 
that sufficed to initiate pitting, causes the number of 
pits to rise slowly to a limit while the contact area 
spreads, and the gears will run indefinitely under this 
loading with the teeth pitted to an extent that does 
not increase with time. As gears are not specifically 
designed to run with noticeably pitted teeth, some 
apprehension about their safety in that condition is 
understandable, but it is suggested that gears that 
continue to run without undue noise or vibration should 
not be led as having failed, even though their 
tooth flanks have many pits. With sufficiently heavy 
tooth loading, gear teeth may suffer pitting which 
continues to tage until all the original working 
surfaces are broken up, the resulting roughness causing 
noise and vibration, followed by destruction of the 

by abrasion or scuffing. Tooth loading must 
be kept below the intensity that causes such destructive 
pitting to occur. 

In the British Standard Specifications on gears, 
permissible tooth loading is limited by “‘ strength ” 
(consideration of bending stress) and by “ wear” 
(consideration of surface stress). The use of the term 
“strength” in the former connection is reasonable, 
but “‘ wear ”’ is justified by tradition and convenience 
rather than by technical propriety. Correctly lubricated 
gears that are not overstressed and are kept free 
from abrasive matter do not show measurable wear 
even after long periods of running under load. Wear 
is an indication of faulty operating conditions and it is 
not necessary (even though it might be possible with 
difficulty) to devise any general formula by which to 
predict the rate of wear of gears. 

Failure of a gear lubricant to prevent the teeth from 
making metallic contact may result in destruction of 
the tooth surfaces by “‘ scuffing,” “‘ seizing,” or “‘ weld- 
ing”: all different degrees of welding. To avoid this 
type of “failure,” which is fundamentally a failure 
of the lubricant rather than of the materials of the 
gears, the most severe combination of surface stress 
and sliding speed at any point on the tooth surfaces 
must be within the capacity of the most suitable 
lubricant that can beemployed. In the past, this limita- 
tion has not been recognised as distinctly as the two 
already mentioned, because it has nearly always been 
possible for some readily available oil to cope with the 
conditions, but that will not necessarily continue to 
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be the case if higher working stresses are adopted for 
igh- gears. An exception has indeed occurred 
in the case of the hypoid gear in which the combination 
of surface stress at sae severe sliding between 
steel surfaces was too much for the conventional 
mineral oil ; that led to the application to such gears of 
so-called ‘‘ extreme pressura”’ lubricants. 

In this paper, straight-tooth spur gears are considered, 
but some of the conclusions are applicable without modi- 
fication to other types of gear. In a pair of spur gears 
of normal proportions, the load is transmitted by a 
single pair of contacting teeth in certain phases of 
engagement, and is divided between two pairs of teeth 
in all other phases. The phase in which the bending 
moment on a tooth is a maximum is that in which the 
whole transmitted force is applied to that tooth at 
the greatest distance from the root. This is not 
(usually) the phase of tip contact, because there the 
load is divided between two pairs of teeth, but it is 
the phase at which contact is about to begin (or has 
just ceased, according to the direction of rotation) 
at the root of an adjacent tooth in the same gear. 
Contact on the loaded tooth is then as far from the 
root as it can be for single-pair contact, as shown in 
the accompanying illustration. 

The ratio between tooth load per unit width and 
maximum bending stress is determined by the form 
and dimensions of the tooth, and in British Standard 
practice is equal to the quotient of the “ strength 
factor” Y and the diametral pitch P. Calculation of 
the strength factor ignores the so-called “ stress 
concentration” associated with the fillet at the root 
of the tooth. It also assumes that the simple theory 
of bending evolved for a beam of uniform cross-section 
is sufficiently accurate when applied to the non-uniform 
beam formed by the tooth. The stress concentration 
factor depends on the ratio of fillet radius to root 
thickness, and photo-elastic analysis shows that for 
British Standard tooth form in a gear with about 
20 teeth, the actual maximum bending stress is about 
50 per cent. higher than the British Standard formula 


suggests. 





According to British Standard formule, the allowable 
bending stress in a particular material is equal to the 
“basic allowable bending stress’ (about one-quarter 
of the ultimate tensile stress) multiplied by a “ speed 
factor’ the value of which ranges from 0-66 for a 

r making one revolution per minute, down to 
0-25 for a speed of 1,500 r.p.m., and by a “ life factor ” 
ranging from 2 for indefinitely short life to 1 for a life 
of 26,000 hours. Every gear should be of such dimen- 
sions that the bending stress, calculated with strength 
factor and diametral pitch for the tooth load corre- 
sponding to the transmitted power, does not exceed 
the allowable bending stress for the material used, the 
speed concerned, and the desired life. 

It is generally accepted that steels such as those 
normally used for engineering purposes can withstand 
an infinitely large number of stress cycles if the maxi- 
mum stress in each cycle is less than a “‘ fatigue limit ”’ 
for the material and the type of stress cycle and that, 
within that limit, variation in the time of the stress 
cycle makes no difference to the total number of cycles 
required to cause failure. According to Moore and 
Kommers,* the fatigue limit for an average steel under 
a stress alternating between zero and a maximum in 
one direction is about 1-4 times the nominal “ fatigue 
limit” applicable for a stress alternating between 
numerically equal limits of opposite sign. It would 
seem that the maximum bending stress in a gear tooth 
might be allowed to reach the “zero to maximum ” 
fatigue stress limit, regardless of the speed of the gear 
or of the desired life. 

The use of the speed factor in British Standard 
formule is not associated with any diminution of 
endurance of the material with increase in frequency 
of applied load to each tooth. Its use is said to be 
justified by the fact that inaccuracies in gear teeth 
and the inertia of the gears and connected rotating 
masses set up tooth stresses that rise with speed and 
therefore leave a smaller margin of stress to deal with 
the useful transmitted load. It is interesting to con- 
sider what order of bending stress may be induced by 
inaccuracy of the magnitude to be expected in gears of 
average quality. The effect of tooth deflection under 





* Applied Mechanics Group and Automobile Division 
paper presented at a meeting of the Institution of 
Mechanical Engineers in London, on Friday, March 10, 
1950. Abridged. 











* Fatigue of Metals, with Chapters on the Fatigue of 
Wood and of Concrete. By H. F. Moore and J. B. 
Kommers, McGraw-Hill Book Company, New York and 
London. 1927. 
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nominal load is assumed to be offset by appropriately 
modifying the tooth profile near the tip (the usual 
practice). In this paper consideration is given to the 
effect of a positional error of a tooth in relation to its 
neighbours. The tooth load associated with such 
an error may be called a “ dynamic load.” 

Transmission of torque between two shafts by mesh. 
ing gears sets up loads on teeth and bearings, tie 
associated distortion of teeth and other stressed p.rts 
giving one shaft rotation relative to the other projor. 
tional to the tooth load ; in effect the shafts are con. 
nected by an element with torsional flexibility. Usui lly 
such flexibility is much less than that of the shafts (hat 
connect the gears to rotating masses of greater moment 
of inertia, but it is simpler in the first instance to assime 
that each gear is rigidly attached to the rotating : juss 
associated with it. This assumption results in an over. 
estimate of the stresses induced in the gear teeth by+ 
pitch errors at high speed. : 

In an appendix* to this paper, consideration is yiven 
to the dynamic consequences of a pitch error that comes 
instantaneously into action, as would be the case in 
gears running at infinite speed. The important 
conclusions are that, at any speed, however high, the 
extra tooth load induced by pitch error cannot exceed 
the greater of the quantities :— 


(a) Resultant pitch error x equivalent stiffness. 
(6) 4/(2 * nominal load x (a)). 


“Resultant pitch error” means the algebraic 
difference between the adjacent pitch error in one pair 
of teeth and the adjacent pitch error for the mating 
teeth in the other gear. ‘* Equivalent stiffness” 
means the stiffness of the mating teeth in combination. 
Hence, in any particular geared system, the allowable 
stress corresponding to the nominal load need never 
be depressed below a certain calculable figure, whatever 
the speed ; it is not justifiable to use a bending-stress 
“speed factor” that diminishes indefinitely with 
increasing speed. 

Although it has been shown that pitch error, the 
commonly assumed cause of high tooth-stresses at 
high speed, has only limited significance in that 
direction, it is a fact that high-speed gears have some- 
times failed under what was thought to be moderate 
loading. It is common, and normally justifiable, to 
design gears for the tooth loading corresponding to the 
transmitted power and the speed of the teeth at the 
pitch point. While this certainly represents the mean 
tooth load, there is often a possibility of cyclic fluctua- 
tion of torque with maxima much higher than the mean. 
Few prime movers or power-absorbing machines develop 
or absorb literally constant torque, and fluctuation may 
be magnified by proximity of its frequency toa natural 
frequency of the system. The probability of such 
proximity is in general higher in high-speed machinery 
and emphasises the need, in such cases, of taking 
flexibility into account when estimating the tooth 
loading. A condition most particularly to be avoided 
is that in which the torque fluctuation is so great that 
it undergoes cyclic change of sign ; this is exceptionally 
destructive to gear teeth because it causes them to 
undergo repeated separation and re-engagement. The 
general method of calculating the result of applying a 
cyclically varying torque to a system of rotating masses 
connected by elastic shafts is well known but is not 
always used. It may suggest in some cases that 
advantage would result from the introduction of 
flexible elements into the drive, but that should never 
be done indiscriminately as it may lead to harm 
instead of good. 

A loaded gear tooth acts as a cantilever of non- 
uniform cross-section. The tip deflection under a load 
applied at the tip may be estimated by assuming the 
tooth to be “‘ built-in” at a section mid-way between 
the root and the end of the root-fillet, and by assuming 
the second moment of area of the equivalent cantilever 
of uniform cross-section to be the mean of the second 
moments of area of the tip and root sections of the actual 
tooth. For teeth of geometrically similar form, but of 
constant width, the mean second moments of area of 
tip and ropt sections are proportional to the cube of 
the pitch. The tip deflection is therefore proportional 
to 

tooth load x (depth)*® 


E x width x (pitch)* 
where E = Young’s modulus for the material. For 
constant E and constant ratio of depth to pitch, the 
deflection is therefore proportional to the tooth load 
per unit width and is independent of the pitch. 

The tooth form varies with the number of teeth in the 
complete gear, and with the ratio of addendum to 
working depth, and so the stiffness of, for example, 
British Standard teeth, is not the same for all numbers 
of teeth. For the average case, however, the method 


* The paper includes two appendices, not reprinted 
here. In the second appendix the author gives, inter alia, 
a@ quick method of estimating the natural frequency of 
the gears alone. : 
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outlined above indicates that the tip deflection of a 
stee! tooth under tip loading of 1 Ib. per inch width is 
of the order of 0-3 micro-inch (0-3 x 10-* in.) or, 
conversely, that the stiffness is about 3-3 x 10° Ib. 
r inch for 1 in. width; this has been confirmed b 
. Walker.* For the limiting phases of the condition 
of application of the full load to a single pair of teeth, 
the total deflection of the two teeth is about 0-2 x 10-6 
in. at a load of 1 Ib. per inch width. 
Loading W Ib. per inch width applied to an average 
ir of teeth of British Standard form and pitch p in., 
induces a maximum bending stress (including the effect 
5-5 W 
= Ib. 
per square inch, and produces a total tooth deflection 
of about 0-2 x 10-* Win. Hence maximum bending 
stress 


of concentration at the root fillet) of about 


5-5 


deflection 
0-2 x 10-* 


Pp 
= 27-5 x 10° x "1b. per square inch. 
p 


where 
o = total deflection in inches. 


Instantaneous transfer of load from one pair of con- 
tacting teeth to the next succeeding pair may cause 
the total deflection of the latter to be equal to that 
corresponding to the transmitted torque plus the 
resultant pitch error of the second pair of teeth relative 
to the first pair. This error e, the algebraic difference 
of adjacent pitch errors in the two gears, may be of the 


order of : 4 in which case the bending stress induced 


by it is about 1-5 x 27,500 Ib. per square inch = 
41,000 Ib. per square inch. The difference S,, between 
this impact stress and the permissible repeated stress 
in the material, is the stress corresponding to the 





allowable nominal tooth loading. 


finite load would be permissible even at infinite speed 
: e 15 
with ~ = ——., 
Pp 1,000 
increased considerably by practicable departures from 


The permissible stress 8, can be 


Y | these conditions. For example, if the time of applica- 


tion of load to a tooth is comparable with the time of 
vibration of the gear-and-tooth system, the maximum 
dynamic stress is reduced from 41,000 to about 
4 x 41,000 lb. per square inch, and so 8, is increased 
by § X 41,000 = 27,500 lb. per square inch. Alter- 

. in 1 . . oe 22 
natively, if ra = Tae" as is practicable in high-precision 
gears, the dynamic stress is reduced from 41,000 to 
4 X 41,000 Ib. per square inch, and so S, is increased by 
4 x 41,000 = 13,750 lb. per square inch. If both 
changes were made together, the dynamic stress would 
become 4 x 4% x 41,000 = 9,100 Ib. per square inch, 
and §,, would be increased by 31,900 Ib. per square inch. 
These are large proportional increases in S,, for the lower 
tensile steels. If bending stress were the only criterion 
of tooth strength, this analysis would s that high- 
speed gears might safely be more heavily loaded than 
B.S.S. 436 permits, but the limitation of surface stress 
also has to be taken into account. 


Evidence for the existence of a fatigue limit in surface 
stress is not so convincing as in the case of reversed 
bending stress, on which a very large amount of testin 
has been done ; consequently it is not possible at this 
stage to suggest that permissible surface stresses at 
high speeds may be much higher than those permitted 
by B.S.8. 436. Nevertheless, the possibility of working 
at a higher nominal bending stress is still an advantage, 
because it permits gears of given materials, diameters, 
and widths to be made with a finer pitch than that 
regarded as permissible at present. This makes 
it less difficult to secure quiet running and, by diminish- 
ing the sliding velocity at the tips of the teeth, reduces 
the risk of scuffing with any given lubricant. 


TABLE I.—Lim™its For SoME TYPICAL GEAR STEELS. 
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| | 
| | 
Steel | 0-4 percent. | 0-5 per cent. Nickel- Molybdenum 
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Speed (t.p.m.) at which B.S. Specification allowable | 
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The allowable indefinitely repeated stress in steel is 
about 1-4 times the “ fatigue limit,” or about 0-6 
times the ultimate tensile strength. Using a factor 
of safety of 1-5, the allowable bending stress corre- 
sponding to the continuous load is 0-4 x ultimate 
tensile stress (U.T.S.) at very low speeds, or 


Sy = (0-4 x U.T.S.) — (27-5 x 10% x “) 
DP 


at very high speeds. 
typical steels with 


Table I. 

The fatigue limits for the different steels vary 
considerably, but the allowance for the full effect of 
a pitch error for which Yanan 

Pp 1,000 
(because of the common value of Young’s modulus). 
Consequently, the ratio of S,, values for two steels is 
greater than the ratio of their fatigue strengths, and 
the high-tensile steels show to special advan where 
high speed makes it necessary to be prepared for the 
full effect of error in inducing stress. 

The British Standard formula for the permissible 
tooth load corresponding to a certain permissible 
bending stress in the teeth ignores the stress concen- 
tration at the root of the tooth. The stress concentra- 
tion factor is of the order of 1-5. To deduce from S, 
the corresponding stress figure to be inserted in British 
Standard formule, it is necessary therefore to divide 
by 1-5, giving the values of S,, shown in the table. 
The se may be compared with the stresses (Spo) allowed | 
by British Standard formule in the various materials at 
very low speed, and from the ratio of S,,- to Syo it is 
possible to determine the highest speed at which B.S.S. 
436 would permit the bending stress corresponding 
to transmitted power to be what is now pro 
It is seen, for example, that in En 34 steel the nominal 
Stress permissible at any speed whatever is as high 
as that permitted by B.S.S. 436 at 1 r.p.m. 

{t will be seen that for three of the steels listed a 


These limits for gears made in 

e “ 

some = , are gi i 
> 1,000 given in 


is the same for all 








* The Engineer, vol. 166, page 434 (1938). 








The centrifugal force on the mass of a gear tooth 
induces a tensile stress in the root section. For an 
average tooth of British Standard form and a stress- 
concentration factor of 1-5, it is found that the maxi- 
mum tensile stress due to centrifugal loading at the 
root of a steel tooth is of the order of 

(z F : Ib inch 

x) x y . per square inch. 

where V = pitch-line speed in feet per minute, and 
N = number of teeth in the gear. The allowable stress 
S, (Table I) should be corrected downwards by half 
the above amount, which may be appreciable. For 
example, if V = 25.000 and N = 15, the corresponding 
tensile stress is 5 800 lb. per square inch. because the 
cen‘rifugal stress is constant, it does not widen the 
range of tensile stress and on that account only half 
its amount (here 2,900 lb. per square inch) is to be 
subtracted from S,. 





THE SWANN DIPLOMA OF THE ASSOCIATION OF SUPER- 
VISING ELECTRICAL ENGINEERS.—The examinations for 
the Swann Diploma of the Association of Supervising 
Electrical Engineers will be held at various centres on 
May 24 and 25. Further particulars may be obtained 
from the genera! secretary of the Association, 54, Station- 
road, New Barnet, Hertfordshire. 





PREPARATION OF DRAWINGS FOR REPRODUCTION.—A 
leafiet giving practical advice on the preparation of 
mechanical drawings for reproduction in printed matter 
has been prepared by Messrs. Rowlinson-Broughton, 
consultants on industrial publicity, Royal Buildings, 
2, Mosley-street, Manchester, 2, from whom copies are 
available. Although the leafiet is based on their own 


posed. practice and requirements, the principles enunciated will 


be applicable generally in this type of work. In the 
case of drawings intended for reproduction in the 
editorial columns of ENGINEERING, however, it is not 
so necessary to conform to the sugges!ions made since 
these drawings are not reproduced by a direct photo- 
graphic process. 








THE IRON AND STEEL INDUSTRY 
IN INDIA.* 
By E. V. Parxrson, B.Met., F.1.M. 


THE main iron and steel industry of India is situated 
in the north-east, on the coal and iron ore fields of 
Bengal, Bihar and Orissa, where gt go has 
disclosed almost inexhaustible deposits of high-grade 
iron ores, chiefly hematite. Quantitatively and quali- 
tatively, India probably excels any other country in 
resources of these ores. The important deposit is the 
Bihar-Orissa belt. It is near adequate deposits of 
coking coal, and India’s two main primary producers 
draw on this source, which a revent estimate puts at 
8,000 million tons. Typical analyses, show iron con- 
tents of 60 to 68 per cent., w.th phosphorus as low as 
0-03 per cent., but rising to 0-1 per cent. in some 
districts. These ores are conveniently worked by open 
quarrying. The Mysore Iron and Steel Works at 
Bhadravati draws its ore from the hematite deposits 
in the Bababudan Hills close by, where the reserves 
are now estimated to be about 150 million tons. 
Deposits in the Central Provinces comprise a known 
reserve of 875 million tons and are of the same high 
quality as the Bihar-Orissa depos ts. They are some 
400 miles from the known sources of coking coal. 
Madras has deposits, including one of high-grade 


£ | hematite, of about 100 million tons in Sandur State. 


Coke is a necessary raw material for the smelting of 
iron in quantity. The only known adequate deposits 
of coking coal, in the Jharia field in Bihar, have been 
estimated at about 750 million tons, which, at the 
present rate of extraction, may not last for more than 
65 years. Considerable reserves are an essential factor 
in the development of the industry, and their conser- 
vation is of great and urgent importance. It is re- 
assuring to learn that the Government has recently 
appointed a Metallurgical Coal Conservation’ Com- 
mittee. The other grades of boiler and gas coals are 
required in the manufacture of steel. Workable 
deposits occur in Bengal, Bihar, Orissa, in the Central 
Indian coalfield and in the Central Provinces. Bitu- 
minous coal, with relatively high sulphur, is available 
in Assani. Supplies of low-grade steam coals are 
practically inexhaustible. The reserves in the Central 
Provinces are considerable, but the occurrence of 
coking coals appears obscure, with some prospects of 
deposits being discovered. The Indian Coalfields 
Committee in 1946 estimated the workable deposits to 
be about 3,000 million tons. The total reserves are 
about 16,500 million tons, the bulk occurring in the 
Bihar-Bengal coalfields. 

Supplies of limestone are obtained from Gangpur 
State, and also from the Central Provinces. In view 
of the proposed developments in the industry, and as 
the two main producers are already meeting difficulties 
in their present supplies, further prospecting for con- 
venient sources of limestone would appear n 5 
Fluorspar is imported. India is one of the main 
sources of the world’s supplies of manganese ore. 
There are deposits in the Central, Bombay and Madras 
Provinces. The two main producers draw their require- 
ments for the production of ferro-manganese, etc., from 
deposits in Orissa, situated among those of iron ore. 
The known deposits appear to be adequate for some 
years to come ; nevertheless, a more detailed survey is 
ni It may be that the export of the higher 
grades should be restricted in India’s own interests. 
An extensive refractories industry is established on 
or near the Bihar-Bengal coalfields, where raw materials 
suitable for the manufacture of fireclay and silica 
shapes are found. Its present capacity of 250,000 tons 
per annum, and projected extension, should be adequate 
to meet the requirements of Indian industry. In 
recent years, magnesite refractories have been developed 
in Madras and Mysore. Chrome brick is made and 
other special refractories are being developed by the 
Tata Company. 

From 1926 the output of pig iron rose to almost 
1-4 million tons in 1929, an increase confined to 
foundry iron, almost exclusively for export. Although 
production fell to just over a million tons in the early 
1930's, that of basic iron for steelmaking continued to 
rise and by 1932 had doubled. From 1934 onwards, 
production of foundry irons recovered, following the 
improvements in the world’s markets, while the pro- 
duction of basic iron still continued to increase. In 
1935, the total production of pig iron again reached 
1-4 million tons. By 1939, production reached 
1}? million tons, of which two-thirds was basic iron, 
and touched its peak in 1941 with a little over 2 million 
tons. Thereafter production declined somewhat to 
1? million in 1943 and to 1-4 million in 1946—a figure 
maintained in 1947 and 1948. This fall was partly 
due to transport difficulties and to a shortage in coal 
supplies. Pig iron is produced by the same four 





* Paper, entitled ‘‘ The Development of the Iron and 
Steel Industry in India,” read at a meeting of the Royal 
Society of Arcs, London, W.C.2, on Thursday, March 9, 
1950. Abridged. 
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producers who were operating in 1926: the Tata Iron 
and Steel Company, the Indian Iron and Steel Com- 
pany, and the Bengal Iron Company (which were 
amalgamated in 1935), and the Mysore Iron Company. 
Tata’s have five furnaces, producing about 1} million 
tens per annus. The Bengal Iron Company operate 
two modern furnaces, each with a capacity of 400 tons 
to 500 tons per day. The Indian Iron and Steel Com- 
pany have two similar furnaces, of about 800 tons per 
day each. Prior to the war, the Mysore Iron Company 
increased the capacity of their charcoal blast furnace 
from 40 tons to 80 tons per day. The present operating 
capacity of India’s iron industry is just over 2 million 
tons per annum, of which approximately 63 per cent. 
is with Tata’s and 35 per cent. with the Indian Iron 
and Steel Company. 

Between the wars, and particularly from 1923, India 
was the main iron-producing country of the overseas 
Empire and had become one of the few important 
suppliers in the world market. In 1927, exports were 
a Title over 200,000 tons, rising to about 550,000 in 
1930. Declining steeply during the depression, they 
recovered to 629,000 tons in 1938. From 600,000 tons 
in 1941, exports declined very sharply during the 
remainder of the war years. Prior to the war, Indian 

iron was exported to all parts of the world. The 
Bulk went outside the Commonwealth, which, in 1927, 
took only about 7 per cent., and 35 per cent. by 1939. 
Between 1927 and 1939, Japan was the largest pur- 
chaser. Thereafter Britain took the bulk of the 
exportable surplus. Little ferro-manganese was ex- 
ported until 1943, when about 5,000 tons were shipped 
to the United States. A further export of about 
11,00@ tons was made in 1946. 

India’s consumption of pig iron, apart from that 
required for steelmaking, had remained fairly static 
from 1931 to 1939, being about 130,000 tons per 
annum. About half of this was used for the production 
of railway sleepers and about 25,000 tons for the 
production of pipes and fittings. In the future, it is 
estimated, the total foundry demand will he about 


TABLE I.—Rolled Steel. 





Seine Imports. Consumption. 





1,293,000 
1,251,553 
327,642 
332,055 
373,665 
453,666 


1,293,000 
1,651,658 
810,854 
888,114 


973,904 
1,057,571 
990,983 
1,075,886 
1,062,095 


| 


366,54: | 
374,266 
280,417 











* Based on ingot production, less production of steel castings, 
less 30 per cent. wastage. 

300,000 tons, and, with the anticipated expansion in 
the production of steel, it can be expected that the 
exportable surplus of pig iron will decrease. 

In pre-war years, the steel castings industry, mainly 
located in Bengal, was subjected to considerable compe- 
tition from cheap castings from the Continent. Its 
capacity was considerably augmented during the war 
by new foundries erected in Calcutta, Cawnpore, 
Bombay and Mysore. Production increased from 
about 2,500 tons in 1936 to over 8,000 tons in 1943, 
and ‘the capacity now probably exceeds 14,000 tons 
per annum. More than 60 per cent. of present pro- 
duction is absorbed by the zailways. The Iron and 
Steel Panel, in their first report of March, 1946, gave 
the followirg figures of India’s estimated consumption 
of rolled steel (Table I). After rising to over 14 million 
in 1929, consumption declined, but again the 
million mark in 1936. It remained fairly static during 
the four years before the war at a figure about 25 per 
cent. below that of 1914. The lamentable decline in 
the inter-war years, together with the growth of the 
population over the last 20 years, means that the 
present consumption of steel per head in India is 
about 7 lb. per annum, com with 750 Ib. in the 
United States and some 600 Ib. in the United Kingdom. 

Imports were, in the main, of those classes and 
qualities which the country did not produce—tubes 
and fittings, hoop and strip, special steel bars, wheels, 
tyres and axles; or for which India had insufficient 
capacity—some wire products, special plates and 
sections and some billets for re-rolling. These imports 
were from the Continent of Europe, and the United 
Kingdom. In 1940, 260,000 tons were imported, of 
which 45,000 tons were in the form of ingots, blooms 
and billets. In the fiscal year 1941, imports were 
128,000 tons and less than 50,000 in 1943. The main 
source was the United States, and they were essentially 
for war purposes. Appreciable amounts of billets were 
imported from 1944 to 1946 for re-rolling for war pur- 
poses, and to meet the heavy internal demand. More 
recently, large amounts of steel have been imported. to 
meet urgent needs. India did not enter the steel export 
field because production fell far below requirements. 


{To be continued.) 





DRILLING AND TAPPING MACHINE. 

A 4-m. drilling and tapping machine having eight 
em ranging from 80 to 1,500 r.p.m. and an 

- head, has been produced by Messrs. W. J. 
Meddings, Limited, Kingsley Works, Ipswich-road, 
Slough, Buckinghamshire. The machine is shown in 
the accompanying illustration, and is about 5 ft. 8 in. 
high and weighs approximately 470 Ib. The head, 
which carries a yertically-mounted }-h.p. electric 
motor at the rear, is made from close-grained cast-iron 
and can be swivelled round the solid-steel column and 
locked in position by a locking device at the side. The 
drive from the motor, which runs at about 1,440 r.p.m., 
is by V-belt and 4-stepped grooved die-cast pulleys ; 
these, together with an independently-enclosed gear- 
box within the head, allow speeds of 80, 155, 233, 300, 
388, 600, 900 and 1,500 r.p.m. to be selected by a lever 
at the front of the machine. 

The gearbox has ball-bearing splined input and 
output shafts, and the gears run in an oil bath. The 














main spindle and quill assembly is made from chrome- 
nickel steel and has a No. 2 Morse taper to take taper- 
shank drills, up to # in. in diameter, chucks or sleeves ; 
the quill carrying the main spindle has deep-grooved 
ball races and an angular-contact thrust race. Grease 
nipples are provided for bearing lubrication. The 
maximum travel of the spindle is 5 in., and an adjust- 
able spring-return is incorporated in the quill assembly. 
A graduated depth stop is fitted. The gap distance 
between the centre of the drill and the main supporting 
column is 7} in. 

The column, which is 3} in. diameter, is rigidly 
supported by a cast-iron bolster on a precision ground- 
base provided with slots for clamping large workpieces, 
and having a working surface of 14 in. by 12 in. It 
carries a work table having a working surface of 12 in. 
by 12 in. The table also has T-slots and a coolant 
trough, and is adjusted vertically by an enclosed worm, 
wormwheel, rack and pinion, the maximum distance 
from the spindle to the table and the base being 32} in. 
and 47} in., respectively. The coolant unit is not 
part of the main machine and is normally supplied as 
a separate item. The machine is designated the 
“ Pacera.”’ 





PorRTABLE FIRE EXTINGUISHERS.—Technical Booklet 
No. 6, prepared by the Chemical:-Committee of the Fire 
Protection Association, 84, Queen Street, London, E.C.4, 
deals with “‘ Portable Fire Extinguishing Appliances.” 
Lists of appliances approved by the Fire Offices Com- 
mittee and directions on their installation, care, main- 
tenance, and uses in fighting fires of various kinds are 
given. 





NOTES ON NEW BOOKS. 


Statically Indeterminate Frameworks. By Tuomas F. 
Hicxerson, M.A.S.C.E. The University of North 
Carolina Press, Chapel Hill, North Carolina, U.S.A. 
[Price 5 dols.} 

Tuts is substantially a reprint of the previous ediiion, 
issued in 1937, though there are a few insertions and 
amendments, most of which can be identified by the 
difference in type. In its scope, the book falls bei»een 
the students’ text-book, which gives basic methoc's of 
analysis with explanation, illustration or example, 
and the designers’ compendium, which gives results 
and formul, usually without derivation. As a collec. 
tion of results, the book covers less ground than some 
of the well-known handbooks of “ ready-made” 
formule, because the author uses much of his space in 
tabulating simple functions of one or two variables, 
Thus, the results given at length for simple symmetrical 
portals, whether with flat, p‘tched or parabolic roof 
members, are merely the arithmetical expansions of 
formule already stated by Kleinlogel and others, even 
though the author may have calculated them inde. 
pendently. This method of presentation confines the 
results to the simpler cases of loading and to structural 
forms of low redundancy, so that the book has only a 
limited value to the structural designer. On the other 
hand, viewed as a text-book for students, it is again 
somewhat inadequate, in that the author does not 
explicitly state the nature of his problem nor clearly 
enunciate the basic principles on which he depends for 
solutions. The reader, whether engineer or student, 
who turns to this book in search of guidance is in danger 
of becoming lost in a fog of detail, though he will readily 
acknowledge the author’s uncommon industry. Among 
features which may not be available elsewhere are 
tables of “ stiffness coefficients’ and other data for 
structural members of non-uniform section. 


Spectrophotometry (200 to 1,000 millimicrons). By 
Kasson S. Gipson. National Bureau of Standards 
Circular 484. The superintendent of Documents, 
Government Printing Office, Washington 25, D.C., 
U.S.A. [Price 25 cents.] 

SPECTROPHOTOMETRY is concerned with the relative 

measurement of radiant energy as a function of wave- 

length. The standard relative to which measurements 
are taken varies. In spectral reflection determination, 
it may be a standard magnesium-oxide surface, in 
transmission measurements a blank beam and, in work 
of the spectral distributions of light sources, a source 
of known spectral] distribution. A number of spectro- 
photometers based on visual, photographic and photo- 
electric methods suitable for measurements throughout 
the near infra red, visible and ultra-violet regions 
of the spectrum are described and discussed in this 

Circular. The wavelength range selected is that 

effectively covered by the Beckman quartz photoelec- 

trie spectrophotometer, and any extension of it below 

200 my or above 1,000 my involves a more or less 

radical modification, both in instruments and methods. 

The chief quantities measured in investigations into 

the spectral energy distribution of sources, the spectral 

reflection, transmission and absorption of materials are 
defined. Section III deals with spectrometry and, 
in particular, with such prism and grating systems as 
are normally incorporated in spectrophotometers, and 
the procedures for calibrating and checking both 
non-recording and recording spectrophotometers. Sec- 
tion IV opens with a summary of the spectral charac- 
teristics of representative sources and a comparison 
between the properties of the ere the photographic 
es and the photoelectric (electron-emission and 

ier-layer) cell as detectors of radiation. It con- 

tinues with a brief account of photometric principles 
and devices, concluding with some hints on holders 
for samples and on glass or quartz cells for housing 
solutions. This is followed by a section on typical 
instruments and methods. Another section contains 
a valuable discussion of the sources of error to be 
guarded against in spectrophotometric work. Spectro- 
photometry is increasingly used for the rapid chemical 
analysis of solutions and other materials such as 
petroleum products, and it provides the fundamental 
basis of colorimetric analysis, standardisation and 
specification. For nearly 40 years, the National 
Bureau of Standards has applied the spectrophotometer 
in its programme of colour research, development and 
testing. The essence of the experience so gained is 
made available in this Circular, which has been written 
with special reference to the needs of present-day 
users of this versatile research and analytical tool in 
chemistry, engineering and technology. 





East AFRICAN ROAD FEDERATION.—The Internationa 
Road Federation Limited, 18, South-street, London, 
W.1, announce. that the East African Road Federation 
has now been inaugurated at Nairobi. Sir William 
Ibbotson, M.C., has been elected chairman and a com- 
mittee of 11 permanent councillors appointed. 
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| rails, at 3 ft. 6 in. gauge. The coupled wheols, 
|4 ft. 3 in. in diameter, are set as close together as 


CAST-STEEL BEDS FOR | possible, as will be seen from Figs. 11 and 12, 
| Plate IX, which show a longitudinal section and 


SOUTH AFRICA. a sectional plan, respectively. Figs. 15 and 16, on 


From December 27, 1948, to December 15, 1949, | page 315, show end views, front and back, respec- 
one hundred 2-8-4 locomotives built by the North | tively, in part section. Due to the light rail section 
British Locomotive Company, Limited, Glasgow, | great care was necessary to ensure a maximum 
were shipped to the South African Railways. The|axle load of only 11-2 tons. The total weight 
locomotives were the first to be built in this country | of the engine in working order is 70-85 tons; 
with cast-stee!l beds, although the beds and truck | other weights are shown in Fig. 11. The boiler 
frames were cast in the United States. The general-| pressure is 200 lb. per square inch, and with two 
arrangement drawings having been completed | outside cylinders, 19 in. in diameter and 26 in. 
recently, we have prepared from them several plates stroke, the tractive effcrt at 85 per cent. of the 
to illustrate this article, which describes the design | boiler pressure is 31,280 Ib. The adhesive weight is 


2-8-4 LOCOMOTIVES WITH 











of these locomotives at greater length than is our | 43-9 tons, and the adhesive factor at 75 per cent. 
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box saddic, brake-hanger brackets and other 
brackets associated with the pony truck and trailing 
bogie. Each longitudinal side member of the bed, 
corresponding to a conventional frame plate,. is 
double walled in certain regions adjacent to the 
horns. A large horizontal integral web with 
lightening holes forms the top of the bed. The 
horns are closed by stays with two studs at each 
end tightening on to a wedge-shaped seating 
One cheek is fitted with a lirer and the other 
with an adjusting wedge. The beds were cast 
in Grade A steel to-the Association of American 
Railroads Specification M-201-45, and were machined 
in the United States. 

The hind cylinder covers, stuffing-box housings 
and slide-bar brackets form part of the cast-steel 








Notch Travel Port Cut-off. Release, Angle of 
s 5 Opening, in. Per cent. Per cent. Release, Deg. 
Cut- 
off, | Angle, in, ¥F.P.| B.P.| Diff. F.P.| B.P.| Diff. F.P. | B.P. | Dif. | FP. BP. 
Per Deg. 
cent. 
Fore GEAR. 
Full 
80 25} 7 2 2 0 81 76 5 4 923 13 1504 149} 
70 20 58 l% 1} tk 73 68 5 913 892 2 144 1433 
60 15} 5+ 4 1g¢ } 624 59 34 88 854 24 137 137 
eT) 12} $4 Hh # } 1 50 1 84 81 3 130 131 
40 94 44, } fs hs 39 40 1 79 77 2 1223 125 
30 7} 3# 4 is ik 284 31 23 734 72 1} 115 1183 
20 54 32 is is 0 204 23 24 68 673 3 108 1133 
Mid. 3} is +] 0 6 6 0 48} 50 14 85 94 
Back Gear. 
Full 
80 26} 7 1% 2% 3 81 79 2 94 93 1 150 150 
70 20 53 1} 14 } 73 71 2 91 89} 1} 143 144 
60 15} 1% i 14 3 614 61 4 874 854 2 1363 1373 
50 12 43 i 2 Ps 494 51 13 834 82 1} 130 132 
40 93 44 h fs tk 39 42 3 793 78 13 124 1263 
30 71 3% z 83 pd 29 324 34 743 733 1 117 1214 
20 5} 3% is bs 0 20 23 3 684 684 0 109 115. 
Mid. 32 is bs o) 6 6 0 50 52 2 87 96 


usual practice since, in addition to the cast-steel bed 
feature, they are good examples of present-day 
design. The locomotives, which have been desig- 
nated the “‘ 24” class, were built to the design and 
requirements of Dr. M. M. Loubser, Chief Mechanical 
Engineer of the South African Railways, and 
inspection on behalf of the Railways at the builders’ 
works was under the supervision of the High 
Commissioner’s Advisory Engineer in London, Mr. 
W. H. W. Maass. 

Some of the features which may be seen in Fig. 1 
are the round-topped firebox, the cast-steel frames 
of the pony truck, the trailing bogie and the tender 
bogies, and the steam-operated reversing gear. The 
locomotives were designed to run on 45 Ib. per yard 





Fie. 1. 


TABLE I.—VALVE-EVENT DATA. 


boiler pressure, with a tractive effort of 27,600 Ib., 
is 3-56. 

One of the cast-steel beds is illustrated in Fig. 2, 
on page 314; and Fig. 3, on the same page, shows 
the front end to a larger scale. The beds were 
designed to the minimum weight—-approximately 
10 tons—by close collaboration between the North 
British Locomotive Company and the General Steel 
Castings Corporation of America. The method 
adopted was for the American firm to design the bed 
on the basis of drawings, prepared in Glasgow, 
which showed a bar frame suitable for the loco- 
motive. As will be seen from the illustrations, the 
bed includes in one casting the main frames, cross 
stretchers, drag box, buffer beam, cylinders, smoke- 











Compression, 
Per cent. 


Exhaust 
Travel, in. 


Dif. F.P. B.P. Diff. F.P. B.P. Diff. 


1 924 94 14 34 34 0 
4 894 913 2 3 2% a 
0 852 88 24 248 28 q 
1 81 84 3 le 2% | 4+ 
2 77 79 2 2k 2 + 
33 72 734 1} 14 13 ds 
54 674 68 i 143 if? | oO 
9 50 483 1} 1% 18 0 
0 93 94 35 3 
1 894 91 1} 3 22 i 
1 854 874 2 24 23 ae 
2 82 834 13 2 24 1 
24 78 794 13 245 2 ty 
44 734 744 1 1% 13 as 
6 684 684 0 1} 1% 0 
9 52 50 2 1% i# 4 


bed. Cast-iron cylinder liners, shown in section in 
Fig. 5, on Plate VIII, and steam-chest liners, were 
pressed in at the Glasgow works. The pistons are 
of cast iron, with three narrow rings, and they and 
the cylinders are lubricated by a Wakefield hydro- 
static four-feed lubricator. By-pass valves of the 
South African Railways’ standard design are fitted 
on top of the steam chests. The crosshead works 
between two slide bars, as can be seen in Fig. 5, and 
the connecting rod drives the third pair of coupled 
wheels. The connecting-rod and _ coupling-rod 
floating bushes are of bronze and the fixed bushes of 
steel. Figs. 5 and 6, on Plate VIII, show part- 
sectional elevation and plan of the cylinders and 
motion. 
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Fie. 2. Cast-SterL BEp. 


Fig. 3. CytinpeR ENp or BEp. 


The outside Walschaerts valve gear is controlled 
by steam-operated reversing gear of the South 
African Railways’ standard pattern. The piston 
valves, of the inside-admission type with four 
narrow rings to each head, are 10 in. in diameter 
and have a maximum travel, at 80 per cent. cut-off in 
either fore or back gear, of 7 in. The steam lap is 
1} in., the exhaust clearance is nil, and the valve lead 
is ~; in. in both fore gear and back gear. The slip 
of the die block is J in. in full fore gear and 1} in. 
in full back gear, and the corresponding minimum 
clearance between the die block and the expansion 
link is 14 in. at the bottom in fore gear and } in. 
at the top in back gear. The valve events are 
shown in Table I, on page 313 (F.P. is front port, 
B.P. is back port, and Diff. is the difference). The 
valve gear is of conventional design as will be seen 
from the illustrations ; the motion bushes are of 
bronze and the pins are case-hardened steel. 

Gibson-ring fastenings are used on all the wheels 
and tyres. The coupled axleboxes are of bronze, 
lubricated by Ajax grease cellars. The coupled 
bearing springs are of the overhung type and the 
springing on all engine wheels is compensated in 
two groups, namely, the pony truck, leading and 
intermediate wheels in the front group, and the 
driving, trailing and bogie wheels in the second 





group. The engine is equipped with two 21-in. 


vacuum cylinders located over the driving wheels, as | 
shown in Figs. 11 and 12, and actuating brake blocks | 
at the back of the first three pairs of coupled wheels. | 
suspension, which is shown in Figs. 11 and 12, 


The brake and spring gear bushes are of the Walter 
patent split type. 


The frames of the front pony truck and the rear | 


bogie are steel castings to the same specification as 
the locomotive bed. They are fitted with constant- 
resistance centring devices of the rocker type and 
with Timken taper-roller bearings. Four drawings 
of the pony truck are reproduced in Figs. 7 to 10, on 
Plate VIII. Weight is transmitted to the truck 
through a simple equalising beam, the forward end 
of which bears on a pad in a bolster which is guided 
by a vertical trunk sliding in a bush in the loco- 
motive bed. This is shown more clearly in Fig. 11, 
Plate IX. The bolster, in turn, bears on two heart- 
shaped rockers, one at the front and another at the 
rear, which are supported by the truck frame. These 
rockers, which provide constant-resistance centring, 
are showr dotted in Figs. 9 and 10. The truck 
frame pivots about a die block on a pin, as a plain 
pin and bush would obviously not be suitable. 
Viewed in end elevation the frame sways with the 
locomotive, the relative movement between the frame 
and the truck axle being absorbed by the helical 
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springs bearing on the tops of the roller-bearing 
axleboxes. The total side play of the truck is 11 in. 

That part of the locomotive weight which bears 
on the rear bogie is supported on a three-point 


Plate IX. The pivot at the front end is provided 
with two part-spherical liners of hardened steel. 
At the back, the weight is taken on two heart- 
shaped rockers to give constant-resistance centring. 
The rockers are case-hardened steel] castings, each 
with a safety strap passing through a hole near the 
bottom, and are disposed on an are with the front 
pivot asthe centre. As already explained, the bogie 
springing forms part of the rear equalising group. 
Leaf springs are mounted above the double-row 
roller-bearing axleboxes, and there is also a helical 
spring on the back hanger of each rear spring. 
The arrangement of the equalising beams may be 
seen in Figs. 11 and 12; the beams at the front of 
the bogie are at an angle so as to connect the bogie 
springs, which are outside the wheels, to the coup!ed- 
wheel springs which are inside. The total side play 
of the bogie is 7} in. 

The boiler is of the same proportions as the South 
African Railways standard No. | boiler, the outside 
diameter of the barrel being 5 ft. 44 in. at the 
throat plate and 5 ft. 1§ in. at the smokebox tube- 
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2-8-4 LOCOMOTIVE FOR SOUTH AFRICAN RAILWAYS 
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plate. The barrel is in three rings of -in. mild- 
steel plate, and the wide firebox is round-topped, 
with a curved inner crown sheet, as shown in Fig. 16. 
The inner firebox is of composite construction, the 
tubeplate being of steel and the wrapper and door 
plates of copper. Figs. 11 and .16 show the staying 
arrangements. Flexible stays of Dunic steel are 
fitted in the “‘ breaking "’ zones in the sides and in 
the two front rows on the crown. They are of the 
standard §.A.R. pattern. A drawing of the crown 
stay is reproduced in Fig. 4, opposite. In the case 
of the water-space stays, % in. in diameter, which 
are of similar construction, the inner end is 
screwed 11 threads per inch and is fitted with a 
nut on the inside of the inner firebox, the end of the 
stay being ground flush with the nut. The outer 
end of the stay has an integral head with a large 
screwdriver slot, the head bearing on a steel rocking 
ferrule in a sleeve. The sleeve has a taper thread 
to screw into the wrapper plate and is made steam- 
tight on the outside by a screwed cap and a copper 
washer. The ferrule is free to rock in two planes 
at right angles; both its faces have a pair of 
integral lobes diametricaily opposite, the lobes on 
the two faces being at right angles. The head of the 
stay bears on one pair and the other pair bear on 
the inside shoulder of the sleeve. In Fig. 4, the 
detail view of the ferrule is on a plane at right 
angles to the main view. 

The flexible stays for the crown, 14, in. in dia- 
meter, are generally similar, except that the head 
is at the bottom, i.e., the rigid end, squared for 
screwing the stay in, and the nut is at the top, 
bearing on the rocking ferrule, as shown in Fig. 4. 
The sleeve is not screwed into the wrapper sheet, 
but is tapered and sealed by a run of weld metal 
on the outside. The water-space rigid stays are all 
screwed throughout their length and riveted over 
at each end. Those at the sides and back.of the 
firebox are of copper, 1 in. in diameter, and those 
at the throat are of Dunic steel { in. in diameter, 
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all with 11 threads per inch. The crown rigid stays, 
of Dunic steel, are screwed and riveted over at the 
upper end, and have integral heads, similar to the 
crown flexible stays, at the inner-firebox end. The 
division between flexible and rigid side stays is 
shown by a thin line in Fig. 11, and the two types 
are drawn differently as indicated by the key. The 
backplate and smokebox tubeplate are supported 
by gusset stays, as shown in Fig. 11, and the outer 
wrapper plate is also supported by a line of trans- 
verse stays, as shown in Figs. 11 and 16. 

The boiler barrel contains 76 small tubes of 2}-in. 
outside diameter and 24 superheater flue tubes of 
54 in. outside diameter. They are bell-mouthed at 
the smokebox end and reduced in diameter at the 
firebox end. Thus the tubes are not arranged 
parallel to each other, and owing to the reduction 
in diameter of the barrel towards the front end they 
slope upwards. All tubes are beaded over and 
welded at the firebox end, where they are expanded 
into the steel firebox tubeplate ; at the front end, 
21 small tubes are expanded and beaded over, and 
all other tubes are only expanded. Three arch tubes 
are fitted in the firebox. The heating surfaces are : 
tubes, 1,497 sq. ft.; firebox, including arch tubes, 
144 sq. ft. ; superheater, 380 sq. ft. ; and combined 
total, 2,021 sq. ft. 

The superheater, which is identical to that 
fitted to the 19D class locomotives recently con- 
structed by the same firm, is of the Superheater 
Company’s multi-valve regulator type located in 
the smokebox, and collecting steaminadome. The 
valves are on the saturated-steam side of the 
regulator. Two Gresham and Craven No. 10 live- 
steam injectors deliver to a top feed on the front 
barrel ring, and ‘“ Everlasting ” blow-off cocks are 
fitted to the firebox. A steam-operated rocking 
grate and two manually-operated drop grates at 
the front of the firebox are provided, as shown in 
Figs. 11 and 12. The grate area is 36 sq. ft. The 
hopper-type ashpan is fastened to the locomotive 
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bed only, to facilitate removal of the boiler. Air is 
admitted through the gaps between the top of the 
ashpan and the underside of the foundation ring, 
mainly along the sides; no damper doors are 
fitted. Boiler fittings, in addition to those already 
mentioned, include two 3}-in. Ross ‘“‘ pop” safety 
valves, a Gresham and Craven ejector with steam- 
brake valve, and a steam turret on the outer wrapper 
plate, outside the cab. The smokebox is fitted 
with a spark arrester of the self-cleaning type. 
The firebox is mounted on sliding supports at the 
front and rear of the foundation ring, and a frame 
deflection bracket to the barrel has been provided 
between the intermediate and driving wheels. 

The tender is shown in longitudinal section and 
part-sectional plan in Figs. 13 and 14, on Plate X. 
It is a smaller version of those recently constructed 
for the 19D class locomotives, and has a ‘coal 
capacity of 9 tons and a water capacity of 4,500 
gallons. The tank has circumferential butt welds, 
and has been made without internal baffles; the 
design is based on that of the South African Rail- 
ways 8,000-gallon tank wagons. The coal bunker 
is of riveted construction. The tender underframe 
comprises two solebars of channel section stayed at 
several points along their length. Due to the large 
tank and bunker capacities and restricted axle 
loading of 9} tons, it was necessary to fit six-wheel 
bogies. These are of the Buckeye type, with plain 
bearing journals, 4} in. in diameter. Vacuum-brake 
power is provided by two cylinders, 21 in. in dia- 
meter by 7} in. piston stroke, outrigged on the 
underframe between the bogies and arranged to act 
independently on the clasp brake gear of the bogies. 
A hand brake is also fitted to act on the rear bogie 
wheels only. The engine and tender are equipped 
with Alliance couplers, and Spencer-Moulton 
draught gear is fitted to the tender only. The 
electric-lighting system, by J.Stone.and Company, 
includes a 150-watt Tonum E headlight, lights in 
the cab and bunker and rear lights on the tender. 
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The Design of Marine Water-Tube Boilers. By Com- 
MANDER L. BaKER, R.N. (retd.). Charles Griffin and 
Company, Limited, 42, Drury-lane, London, W.C.2. 
[Price 45s. net.] 

THE use of water-tube boilers for naval vessels has 
been long established and their use in merchant ships 
is being rapidly extended. The respective design 
requirements, however, are not quite similar, inas- 
much as maximum available power combined with 
minimum weight and space is a pre-eminent con- 
sideration in naval design, whereas a more rugged 
reliability is fundamental to designs intended for 
merchant service. The theoretical and practical 
aspects of design for either service, however, are so 
closely assimilated as to justify their inclusion under 
a single title. Perhaps wisely, Commander Baker 
does not attempt to make any specific distinction, 
except in matters of detail as these arise. He 
writes with a sure knowledge of his subject, both 
from the practical and the theoretical aspect. 
Though intended primarily for the designer of 
marine boilers, the book contains a fund of informa- 
tion which can be equally useful to those interested 
in any type of water-tube boiler, land or marine, 
whether from the point of view of design or of 
operation, and it has the merit of being well indexed. 
Throughout, the text is admirably illustrated by 
numerous tables, graphs, nomograms and photo- 
graphic reproductions. The latter would probably 
have reproduced better on paper of a denser surface ; 
in this respect, British text-books often fall below 
the standards of American and some Continental 
publications. Occasionally, too, a diagram is repro- 
duced to too small a scale to be of much practical 
value (e.g., Figs 1 and 40); and the usefulness of 
the book would be enhanced by more frequent 
references to the extensive bibliography. These, 
however, are minor deficiencies ; on the whole, the 
standard of production is good, though, once again, 
we have to regret the inclusion of advertising matter 
at the end. 

The book is arranged in three sections : theoreti- 
cal, practical, and worked examples. The theoreti- 
cal section is mainly devoted to heat transfer and 
fluid flow. For the former, McAdams’s Heat Trans- 
mission has been freely drawn upon, but the material 
is here presented in a form more suited to the 
practising engineer than it was in the original. The 
practical section consists mainly of concise descrip- 
tions of the many items that contribute to the 
structure and operation of a marine water-tube 
boiler. The worked examples are intended as a 
guide to the practical application of the former 
sections, though some readers, no doubt, will prefer 
to develop their own methods of calculation. The 
introductory notes are followed by a collection of 
useful data on the physical properties of liquids, 
gases, and materials of construction. Such matter 
is frequently relegated to an appendix in text-books ; 
the important point, however, is to know where to 
find it, and the more prominent position does 
facilitate reference. There are a few minor points 
to criticise in this section. In Table 1, the units 
for the total heats of gases are not specified, but 
are presumably B.Th.U’s. per pound above 32deg. F. 
In Tables 7 and 8, the thermal conductivities and 
Prandtl numbers for air vary somewhat from those 
given in the recently published Gas Tables of Keenan 
and Kaye. To the reader who may not be familiar 
with equations (1), (2) and (3), the absence of 
definitions of the symbols used might be a handicap. 
In the latter, the Sutherland formula for the thermal 
conductivity of gases, the last term is usually raised 
to the 3/2 power. 

The theoretical section surveys very completely 
the most recent knowledge of heat transfer and 
fluid mechanics, and the author has made a com- 
mendable selection of the data applicable to boiler 
design. In some cases, he has probably found so 
much to choose from that it was difficult to make a 
choice which would appeal to all. For instance, in 
the important matter of convection heat transfer 
to boiler-tube banks, some would consider the 
results of Grimison’s researches on the effect of tube 
spacing and the arrangement of tubes to have a 
wider application than the earlier researches of 





Reiher, whose formula the author apparently 
prefers. Again, in the analysis of boiler circulation, 
Commander Baker confines himself to the density 
differential method, and no mention is made of the 
expansion theory of circulation, which was the 
subject of an article in EnerneErine of February 14, 
1947. The latter gives a more direct solution for 
single circuits and also provides a logical interpreta- 
tion of steam bubble “slip”; though, on the 
other hand, it may not be so convenient for com- 
bining a number of parallel circuits, which is the 
general case in a marine boiler. 

Here again, a few minor alterations in the text 
may be suggested by way of amplification or correc- 
tion. In the discussion of the concept of thermal 
resistance an example is taken (Fig. 12) of three 
concentric cylindrical layers of insulation ; it should 
have been emphasised that, in arriving at the overall 
thermal resistance, the togarithmic mean area of 
each pair of cylindrical surfaces must be taken, 
unless the ratio of thickness of insulation to dia- 
meter is comparatively small. On page 40, the 
definition of monochromatic emissive power refers 
to a curve A B which is not included in the illustra- 
tions. On page 48, it should be made clear that 
the term (y* is only applicable to the case 
where the surface is hotter than the gas; and, on 
page 51, that the latent heat of the vapour in the 
furnace gas does not enter into the calculation of 
furnace temperature. The mean gas radiation 
beam lengths quoted (Table 28) are slightly different 
from the latest values given by Hottel. On page 87, 
it should be stated that the second equation for the 
friction coefficient (Equation 123) is for the case 
where tubes are in line. In connection with these 
equations for frictional resistance, it is noted that 
the physical properties are to be evaluated at the 
mean film temperature. Grimison recommended 
for the latter the tube temperature plus 0-8 times 
the temperature difference for staggered tube rows 
and 0-9 times for in-line arrangements. The 
following misprints were noted: in Table 32, an 
error occurs in the labelling of the horizontal lines 
of figures: in Equation (131), the suffix of the 
first V should read 3, not 2. Equation (157) is 
misquoted ; the logarithms snould be to base e, 
and some terms are incorrectly bracketed in the 
first part of the formula. Similarly, in Equation 
(158), the logarithms should be to base e. 

The list of definitions of technical terminology 
with which the practical section is prefaced is an 
excellent idea and will be found of great assistance 
to students and others, especially as some terms 
are used by different authorities with different 
meanings. The practical section is confined almost 
entirely to descriptive detail of each and every 
item that goes to make a complete boiler plant, 
except where an occasional digression is made to 
formule; for instance, when expounding the 
nature of the thermal stresses in a heated tube. 
In general, for the design of scantlings and pressure 
parts, the reader is referred to the rules of the 
classification societies. This is rather a brief dis- 
missal of such items; it was to be expected that 
a little more attention in detail would be given 
to consideration of the methods of calculation. 
Some reference to British Standards (e.g., B.S. 1113) 
would not have been out of place, as, no doubt, some 
of the provisions of such standards will be adopted 
for marine use in the future. On page 355, the 
distribution of flow in a perforated pipe is stated 
to be calculable by the application of Bernoulli’s 
theorem ; this is true, of course, of most problems 
in hydromechanics, but the procedure involved is 
not always self-evident. A reference to the dis- 
cussion on the paper by Hillier (No. 28 in the 
bibliography) might assist those who wished to 
pursue the matter farther. The only serious short- 
coming noted in this section is the absence of a tem- 
perature scale from Fig. 97. We have drawn atten- 
tion to others above, but would emphasis that, for 
a first edition of a work of this nature, containirg so 
many charts and mathematical formulz, the number 
of obvious errors is surprisingly few. We know of 
no other comparable work on boiler design in the 
English language, and the author is to be compli- 
mented on his masterly presentation of a subject 





embracing so diverse a field of interest. 





National Bureau of Standards Handbook H44, 1:49: 
Specifications, Tolerances and Regulations for Com- 
mercial Weighing and Measuring Devices. Issue by 
the United States Department of Commerce, Nationa] 
Bureah of Standards. The Superintendent of Docy. 
ments, Government Printing Office, Washington, 1).c., 
U.S.A. [Price 1 dol.} 

In the United States of America, the regulations 
governing the manufacture, use and inspection of 
commercial weights and measures, and the various 
devices associated with them, are kept under 
review by a Standing Committee on Specifications 
and Tolerances of the National Conference on 
Weights and Measures. The Conference, composed 
of State and local officials, normally meets annu: ly, 
This new code of Specifications, Tolerances and 
Regulations is the outcome of the 34th National 
Conference, held in 1949, and supersedes Hand. 
book 29, published in 1942. To allow modifications 
of existing regulations to be brought into force 
gradually, without unnecessary hardship or whole- 
sale condemnation of equipment that may be used 
for some time without serious prejudice to pur- 
chasers, the new code distinguishes between retro- 
active specifications, for immediate enforcement, 
and non-retroactive ones which are to come into 
force after periods, to be decided by local juris- 
diction, approximating to the useful life of the 
apparatus concerned. A feature of the present 
revision is a General Code, the requirements of 
which apply to all classes of weighing and measuring 
devices. It is followed by the individual codes for 
17 different categories of apparatus, each covering, 
typically, the scope of application, formal definitions 
of sub-types and technical terms, and specified 
requirements as regards design and performance, 
methods of testing, regulations for use and main- 
tenance, and permissible tolerances; the last are 
about twice as generous for equipment in use as for 
newly made or reconditioned equipment. 

The handbook embraces all the more obvious 
devices, and some less obvious types, such as grease- 
measuring machines, berry baskets and cordage 
meters, the last named being dealt with only tenta- 
tively. Separate codes distinguish between odo- 
meters (which indicate the distance travelled by a 
vehicle) and taximeters (which automatically con- 
vert distance into money equivalent). Similarly, 
there is a code for measure-containers intended to 
be used only once, separate from the codes for the 
more durable bottles for the sale of milk or lubri- 
cating oil. Not unexpectedly, the most elaborate 
and lengthy code is that for weighing scales, which, 
notwithstanding the exclusion of automatic pack- 
aging and weight<hecking devices, comprise a 
great variety of designs and a corresponding multi- 
plicity of detailed regulation. While not beyond 
constructive criticism in a few respects, the hand- 
book is clearly the work of able and experienced 
compilers with an enviable talent for clarity and 
conciseness of verbal expression. Its appeal is 
primarily to inspectors and makers of weights and 
measures, but many of the more technical users of 
such apparatus should find it of interest. ~ 





Kelly and Lewis, Limited: Fifty Years of Engineering. 
Kelly and Lewis, Limited, Springvale, Victoria, Aus- 
tralia. 

THE recipient of a copy of this interesting description 

of the beginnings and growth of one of the most 

versatile of Australian engineering firms is not 
likely to forget the introduction; for the book 
appeals not only to the eye and mind, but to the 
nose also, with a scent of aromatic gums which 
appears to impregnate the entire publication. It 
will be remembered without this peculiarity, 
however, as a pioneering story of the foundation 
and development of a two-man firm who were 
prepared to undertake anything. They began in 

September, 1899, with a capital of 6,000/. Edward 

Powell Lewis had been apprenticed to the firm of 

Wright and Edwards, whose manager he became 

before they closed down in 1891-92. George 

William Kelly was a master blacksmith and railway 

sub-contractor. Together they took over the former 

Atlas Iron Works of Wright and Edwards, and 

there built up a flourishing business, now carried 

on by the two sons of E. P. Lewis. The 
present 30-acre factory at Springvale, 16 miles from 

Melbourne, was laid out between 1921 and 1927. 
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THE ENGINEERING 
OUTLOOK. 


XII.—GENERAL AND CON@TRUCTIONAL 
ENGINEERING. 


Tuts, the concluding article in the ‘‘ Engineering 
Outlook” series, reviews briefly the activities of 
some of the sections not so far covered, and sums 
up the prospects of the industry as a whole. Manu- 
facturers have every reason to be satisfied with the 
achievements of 1949; output increased, exports 
rose and productivity improved. Unfortunately, 
there are unmistakable signs of declining demand 
overseas and, to a lesser extent, at home, which will 
begin to cause a widespread fall in output, and some 
unemployment, towards the middle of 1951. No 
one expected the high level of post-war demand to 
continue for ever, but the fall in the flow of incoming 
orders has come sooner than most manufacturers 
expected. Many countries found that their post-war 
investment programmes were beyond their means, 
and took steps to cut down imports and, in some 
cases, to restrict capital investment. In Western 
Europe, India, South Africa and Argentina, retrench- 
ment has led to an almost complete ban on dollar 
and sterling imports. In the hard-currency markets, 
the arrears of capital investment have been caught 
up and demand is falling. This has been accom- 
panied by a revival of German and Japanese competi- 
tion and an extension of local manufacture in many 
of the principal British markets, under heavy 
protection. Few sections of the engineering industry 
have been unaffected by the fal] in orders. Output 
in the light electrical industry has already fallen off ; 
in the heavy electrical industry, where the manufac- 
turing cycle is much longer, it is likely to increase 
in 1950; but, unless there is a revival in orders, 
demand will slump by the end of 1952. Since 
Marshall Aid ends in that year, the most resolute 
action is required to avert disaster. 

Somehow, British manufacturers must increase 
their share of a declining volume of world trade. 
Britain’s former competitive position has been 
weakened by inability to give speedy delivery, and, 
though the deliveries now offered may stimulate 
exports, this alone is unlikely to assist the general 
trend of falling orders. Devaluation has given 
British manufacturers a very big advantage over 
their competitors in the United States, but this 
may be only temporary if United States efforts to 
liberalise trade on a multilateral basis are successful. 
The only effective answer is to cut costs and prices, 
and this will require an increase in productivity. 
In any case, it is most unlikely that manufacturers 
will be able to maintain their output at the 1948-49 
level ; it must fall, and the magnitude of this fall 
must be minimised by every means possible, at the 
right time. For some industries, such as ship- 
building, the time to begin to act is now ; for others 
it may not come until 1952; but all sections of 
this industry would probably benefit if costs could 
be reduced without delay. 

Productivity has been rising. According to the 
Board of Trade Index of industrial production, 
output in the metals, engineering, and vehicles 
industries was 7 per cent. higher in 1949 than in 
1948, though the number employed actually declined 
slightly. The increase in productivity, however, 
was largely due to improvements in the supply of 
steel, other materials, and components. By the 
end of 1949, steel was plentiful, though a shortage 
of some steel products, such as sheet, still persists. 
Output and productivity in the motor-vehicle 
industry will probably increase during 1950 as the 
supplies of sheet steel improve, but this is an 
exceptional case. For the larger part of the 
engineering industry, the elimination of shortages 
no longer gives scope for increased productivity. 
It must now be sought in improved organisation and 
better manufacturing technique. 

If the vast amount of research being carried out 
on this subject, and the exhortations of the Govern- 
ment and various committees, could be translated 
into effective action, the problem might be much 
nearer to a solution. Productivity teams, some of 
which have now reported, have been leaving for 
the United States with great regularity. The 
Committee on Industrial Productivity, set up in 





December, 1947, under the chairmanship of Sir 
Henry Tizard, F.R.S., published its first report in 
April. This was followed in October by the Report 
of the Committee for Standardisation of Engineering 
Products, better known as the ‘‘ Lemon Report,” 
after the name of its chairman, Sir Ernest Lemon. 
All have made suggestions for increasing produc- 
tivity, but few rise above mere exhortation. Some- 
thing more positive is required. Modernisation and 
re-equipment will not be carried out unless there are 
real incentives or penalties. 


This necessitates, on the part of the Government, 
a policy of financial controls which will check 
inflation and keep down the cost of living, an exten- 
sion of competition, and the removal of restrictive 
practices, whether operated by the Government in 
the form of physical controls, by monopolies and 
cartels, either private or State-operated, or by trade 
unions. Unless the rise in the cost of living is 
halted, it will be impossible to resist demands for 
higher wages, and unless there is an extension of 
effective competition, economic development is 
unlikely to respond to the movement of real costs. 
Some controls must remain. Central planning of 
investment, for example, is now generally regarded 
as essential, and is accepted in principle by both 
major political parties, who differ only on the length 
to which it should be carried. Direction of exports 
can hardly be discarded while world trade is un- 
balanced and the United Kingdom short of dollars. 
The situation demands fewer, but more effective, 
controls. While inflation persists, and in spite of 
all controls, luxury and high-cost industries continue 
to attract men and materials at the expense of the 
essential and efficient. 

The problem of monopoly is of particular concern 
to the engineering industry, which is faced with the 
prospect of having to depend for its steel upon a 
State corporation, as it depends already for fuel and, 
to a large extent, for transport. Within its own 
ranks, some concerns are big enough to dominate 
the market and, in many instances, where there 
are several competing concerns, true competition 
is eliminated by close co-operation through 
trade associations. An extension of competition 
may require the subdivision of some very large 
industrial groups and extensive decentralisation 
of State-owned industries, as well as a narrowing 
of the activities of trade associations in fixing 
prices and allocating work. The Monopolies Com- 
mission—in its present form, in effect, a tribunal 
of inquiry investigating selected industries, among 
which are domestic castings, and electrical wires and 
cables—is not likely to be of maximum service. 
It has been suggested that this Commission’s terms 
of reference might be altered to cover the nationalised 
industries, and that it might usefully add quasi- 
judicial functions to its powers of inquiry. As a 
standing committee, it could then prevent the 
growth of restrictive practices devised by producers 
to shield themselves from the normal economic 
compulsions. 

Increased productivity does not necessarily depend 
upon complete reorganisation or re-equipment of 
works. Two lines of action which promise quick 
returns are the use of mechanical aids and small 
power tools, and the simplification of production by 
eliminating unnecessary types and varieties. A 
third is the adequate servicing of skilled men to 
enable them to concentrate on skilled work. A 
fourth is the effective use of joint consultation, 
which, by providing a constant interchange of 
information between management and the shop 
floor, can help considerably to foster mutual under- 
standing, a spirit of co-operation, and loyalty to the 
company. One engineering firm, manufacturers of 
small gears and forgings, claimed that, mainly as a 
result of joint consultation, an increase in output of 
74 per cent. in 18 months was achieved, without 
any spectacular provision of new premises, plant or 
machinery. 

The Anglo-American Council on Productivity 
sent a Team to study the use of mechanical aids in 
the United States and, though their report has not 
been published yet, Mr. A. Roebuck, the leader, has 
said that, in the United States, there is “far more 
awareness of the importance of the materials- 
handling item in production costs than is found in 
Britain, though a few firms here are keenly alive 





to this means of increasing productivity.” The 
scope for simplification has also been investigated 
by the Anglo-American Council on Productivity. 
In a report on Simplification in Industry, issued in 
October, the Council recommend that a campaign 
should be launched at once in every industry in 
which a policy of simplification can be applied. 
In their view, “ there are very few firms which cannot 
benefit from simplification whether applied to 
materials, equipment, components or final produc- 
tion.” They were greatly impressed by the produc- 
tivity and cost-consciousness displayed at every level 
in American industry and concluded that the 
extremely competitive nature of business in the 
United States, together with the readiness among 
manufacturers to share their technical knowledge, 
were largely responsible for the high productivity. 
While there is much truth in these conclusions, it 
should not be overlooked that high productivity in 
United States manufacturing industry has its main 
roots in the high degree of mechanisation, which 
places at the disposal of the average employee more 
horse-power than in any other country; and also 
in the wide adoption of standards which have 
facilitated the use of special-purpose labour-saving 
machinery. At the same time, much research has 
been carried out throughout the country in order 
to eliminate waste and improve workshop organisa- 
tion. 

A Committee on Elimination of Waste in 
Industry, set .up by the Federated American 
Engineering Societies in 1921, estimated that 
productivity in American industry was not more 
than 50 per cent. of the possible maximum. One 
of the main findings was that, as a result of the endea- 
vour of individual manufacturers to secure as 
great a share as possible of current trade, their efforts 
were spread too thinly over too great a variety of 
products, with the consequence of short runs and 
high unit cost. With the object of securing inter- 
industry co-operation, the Government set up the 
Division of Simplified practice within the National 
Bureau of Standards. At the same time, the help of 
trade associations was enlisted and a vigorous 
campaign was launched to reduce waste in industry, 
supported by articles in the Press, speeches and 
conventions. The Anglo-American Council are 
attempting to introduce into this country some of 
the measures that have been so successful in the 
past in the United States. Activities of this kind 
are to be welcomed, and should result in considerable 
gains arising from the interchange of information 
which is taking place. 

The rise. in output of mechanical-handling equip- 
ment in the past few years shows that British 
industry has not ignored its potentialities at a time 
of rising labour costs and scarcity of unskilled labour, 
but the rising trend of demand was arrested in 1949. 
The outputs of works trucks and conveyors did 
increase in 1949, but the increase was much more 
modest than in 1948 and is likely to decline in 1950. 
The proportion going for export also increased 
in 1949, but current trends hold out little hope that 
it will continue to do so. Except for a few special- 
ised items, it is unlikely that British equipment can 
make headway in the United States market. 
Recently, however, an agreement was concluded 
between J. Collis and Sons, Limited, of London, 
and the Lake Shore Engineering Company of 
Michigan, which will secure an introduction for 
British mechanical handling equipment in North 
America. The Collis truck, stacker, Motoveyor and 
Rolaveyor are to be manufactured by the American 
company and sold throughout the United States 
and Canada. In return, J. Collis and Sons are to 
manufacture here American-designed conveyors. 

The development of instruments and control 
techniques also plays a major part in increasing the 
productivity of labour. At the various engineering 
exhibitions in 1949, the emphasis was on push-button 
control, automatic labour-saving devices and more 
accurate measuring instruments. The National 
Physical Laboratory at Teddington is doing valuable 
work in setting up national standards of precise 
measurement and prosecuting the fundamental 
research upon which all technical and industrial 
progress is made. Much of the Laboratory’s 
resources have now been devoted to furthering the 
general use of electronic mechanisms in industry. 
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Ideally, an instrument industry should exist only 
if the price and quality of the products are com- 
petitive, but most Governments protect or subsidise 
their own instrument industries because of their im- 
portance inwar. In the United States, the scientific 
instrument industry expanded considerably during 
two wars and is now protected by a tariff barrier 
of 80 per cent., which entirely precludes the possi- 
bility of British exports to that country. In many 
other countries, particularly in Western Europe, a 
policy of promoting self-sufficiency is pursued. 
That portion of the German industry which comes 
within the occupational boundaries of the Western 
Powers is already preducing at about 75 per cent. of 
the pre-war level and will shortly be able to make a 
bid for the dominance in the export trade which 
Germany held before the war. Mr. J. E. C. Bailey, 
President of the Scientific Instrument Manufac- 
turers’ Association of Great Britain, complained 
of “unfair competition from Germany ” in a letter to 
The Times, printed on May 10. He claimed that 
the rates of pay of scientific instrument makers in 
Western Germany were about one-third less than 
British rates and concluded, “ the policy of allowing 
this unfair competition, coupled with the purchase 
tax, has, I fear, already sounded the death knell of 
the promising camera industry in this country.” 
The Trade and Navigation Accounts, however, do 
not support this extreme pessimism: exports of 
cameras increased from 960,000/. in 1948 to 1-2l. 
millions in 1949. For many other types of instru- 
ments there was also some increase in exports. A 
fairly representative sample of exports of instru- 
ments, including surgical, industria] and optical 
instruments as well as clocks and watches, shows an 
increase from 9-21. millions in 1948 to 11-01. millions 
in 1949. This increase is particularly encouraging, 
since exports of similar instruments from the United 
States had fallen off as early as 1948, being valued 
at only 46 million dols. in that year as compared 
with 55 million dols. in 1947. It would be extremely 
optimistic, however, to expect a further increase in 
British exports unless, as is unlikely, there can be 
international agreement to lower tariffs. 

There was a remarkable expansion in the produc- 
tion of clocks and watches in 1949. In the first ten 
months of the year, 3-7 million clocks and 445,000 
watches were prcduced, compared with 2-6 million 
and 186,000, respectively, in the corresponding 
period of 1949. Smiths English Clocks, Limited, 
are now said to be turning out clocks and watches 
at the rate of 5 million per annum. Ingersoll, 
Limited, have increased their production of watches 
considerably at their new factory at Ystradgynlais, 
in South Wales; it is hoped that an output of 
100,000 a month will be achieved in 1950. Sir 
Allan Gordon-Smith, the chairman, said at the 
annual general meeting of S. Smith and Sons 
(England), Limited, that the manufacturing facilities 
of Smiths English Clocks, Limited, when fully 
developed, would make it the largest combined 
clock and watch manufacturing concern in the 
world, and he stressed the necessity of protection. 
“In regard to the future,” he said, “‘ I have every 
confidence that a commercially efficient clock and 
watch manufacturing industry can be re-established 
in this country, but while it is in the throes of 
development it must receive an adequate measure 
of protection, like that which has been given to the 
industries of al] other countries which have built up 
large clock and watch manufacture.” Already 
one United States manufacturer, the Waltham 
Watch Company, has run into financial difficulties | 4 
in the face of Swiss competition and several others 
had to cut their output early in 1949; imports of 
Swiss watches, which before the war never exceeded 
3 million a year, were at the rat? of 7 million a year 
in 1947 and 1948. In Britain, a quota restriction has 
kept imports of Swiss watches at about 1-7 millions 
for the past three years, and imports of clocks from 
all sources amounted to only 541,000 in 1949, as 
compared with 1-1 millions in 1948. Solid progress 
already made in the export markets give every 
promise that the British industry will eventually 
be able to stand on its own feet. In 1949, over a 
million clocks were exported, 200,000 more than in 
1948 and almost twice as many as in 1947. 

The importance of office machinery in increasing 
productivity is not always recognised, but the 





Business Efficiency Exhibition, held at Olympia in 
November, showed convincingly that the use of 
new types of machinery offered substantial econo- 
mies in time and labour. In the main, labour saving 
was secured by increased electrification and auto- 
matic control, which give a much greater speed and 
accuracy than is obtainable from the older types of 
machinery. Electrified typewriters are now coming 
into wide use and the new machines can give 20 
clear copies instead of the half dozen obtainable 
on standard models. For most types of office 





manufacturers of office machinery, however, ire 
assured of a high and stable demand for a year 
or two. 

In the constructional engineering industry, the 
outlook is good ; companies report that their © der 
books are full, in spite of the restrictions on ca) ital 
investment announced in the autumn. The : jain 
problem facing the industry is shortage of skiiled 
labour, which precludes maximum production ; the 
number employed, 71,200 in November, 1949, was 
no higher than a year earlier. Supplies of steel, 





TABLE I.—Unrrep KINGpoM: OUTPUT OF CERTAIN INDUSTRIES CLASSED AS GENERAL ENGINEERIN(«.. 
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* October and November. t Octebee. 


(MONTHLY AVERAGES.) 
| 1949. 
| 
ada 1947, | 1948. | l 
| | Ist | 2nd 3rd | 4th* 
| } Quarter Quarter. Quarter. | Quart 
| | aa y _ : 

By Value (£1,000). | | | 
Internal-combustion engines .. ae jel 1,702 2,256 2,499 2,866 | 2,838 | 2,914 
sane engines Na ee - 50 60 73 67 | 66 | 7 

Pumps and pumping plant - 892 1,178 1,317 1,335 1,153 | 1,255 
Air and gas compressors and exhausters vA _: 488 500 | 476 | 441 | - 
Portable power tools. . we —_ 653 681 | 679 638 
Welding machinery oP es “ val 171 1,021 722 } 643 — | 
Industrial furnaces ‘ Pn ri — 547 565 516 | 561 
Water-treatment plant me 261 244 246 284 | 258 | 265 
Fire-extinguisher and sprinkler equipment ee — 308 | 299 315 336 | 364 
Typewriters eal 2 | 172 | 234 278 | 256 227 
Accounting and stilar machinery ‘3 a 313 | 5 656 771 | 707 | 513 
Other office machine: ‘ 7 207 352 | 343 325 317 } 255 
Printing and bookbinding machinery al 717 951 | 1,133 1,099 | 1,079 1,392 
Tobacco and ci  —_, 248 327 | 326 350 300 | 2844 
Conveyors and elevators on ne eel — | 614 | 721 707 827 517 

. ae a= 954 } 1,035 950 | 1,067 | ~ 

Crawler excavators _ | 570 633 614 672 | — 
Other mechanical- -handling equipment wel — | 7 800 888 884 | - 

Quantity meee, 

Clocks, ane ' - 136 215 297 346 329 41it 
electrical - 92 60 29 41 4 62+ 
Watches, production . 6-2 24-2 48-3 55-9 30-9 38° Ot 
” —— from | Important ‘compo- | an os a one _— 16-24 
Time switches ..  .. aoe see 7-3 10-9 13-2 16-3 12-3 15-5t 
Time recorders . sial are on 1-6 1-3 0-9 1-0 | 0-9 O-8t 
Sewing machinest 4°83 | 3-7 2-4 46 | 5-2 8-0 
Mechanically-propelled works trucks : - 27 
Fork-lift (units) .. F 35 106 110 137 114 127 
Other (units) 270 306 276 | 249 265 469 


| 





Supplies for home market. 


TABLE II.—UniTep KINGDOM: EXPORTS OF CERTAIN INDUSTRIES, CLASSIFIED AS GENERAL ENGINEERING. 











x Volume (Tons). 


| 
| Value (£1,000). 
| 

















1938. | 1947. | 1948, | 1949. 1938. 1947. | 1948. | 1949, 

Air and gas compressors and exhausters ..| 8,640 | 5,676 | 7,163 7,326 573 1,882 2,695 3,042 
Boot and shoe npr and : <a Ja 573 | "747 872 | 165 413 626 624 
Cement-making machinery, < Pe a 951 | 5,418 6,701 9,020 a4 513 | 684 968 
Centrifugal drying machinery .. e ..| 2,805 | 486 "384 1,1 209 119 81 370 
Concrete-mixing machinery x ey .-| 1,559 | 6,241 6,522 | 4,998 | 129 | 1,038 1,307 | 1,090 
Condensers ..| 1,998 | .2,487 1,182 | 1,827 2 701 312 518 
Cranes, hoists ont other lifting machinery --| 19,212 38,305 43,682 38,660 1,597 6,095 | 7 407 1,775 
Dairy machine ..| _ 82 1,238 2,020 2,593 235 | 718 | 1272 | 1 542 
Excavating ante similar digging machinery ..| 5,776 | 14,314 | 28,418 | 37,911 681 | 2,937 5,016 7,94 
Food preparation | ou, | Bee | 202 | Soro | azo | ier | 2oee | sn 
~ Sm 1s ee: , ‘ 2,044 | ; 

Fromee’ ~~ cheating meachinaty ..| 5,200 | 5,389 5,447 4,235 | 357 | ‘851 975 | 1,088 
Gas and Shemical machinery de wa ..| 4,166 5,389 | 10,177 | 15,454 $29 | 2 | 2,193 | 3,668 
Grain-milling —" a aa ts -| 1,975 5,801 5, 6,972 | 326 1,467 1,866 2 1 3 
Hydraulic machine ‘ ..| 2,508 2,022 1,408 1,813 | 268 422 380 8 508 
Laundering and adi y-leaning machinery et Eel 2,051 4,400 5,436 | 149 630 1,547 ,139 
Lawn mowers . on 7 3,710 3,746 3,320 138 844 | 1,015 "B18 
Office machinery .-| 986 96: 2,467 2,585 638 | 2,365 | 3,374 3,941 
Packing, pore ver and labelling machinery ; ¥ 319 721 1,307 2,070 188 1,495 2,190 
Portable power tools | 0.) Same | 1) 2,299 345 | 2,148 | 2,141 | 2,445 
Printing and bookbinding machinery .. .-| 4,189 8,872 | 11,449 13,170 1,039 | 4,678 6,670 | 7,816 
pee ens pepe ae metiony ‘ --| 7,283 2, 4, 4,895 729 | 596 | 1212 | 1,731 
Pum | 8,229 | 14,306 | 17,916 | 19,023 | 1,561 4,769 6,485 | 7,327 
Road rollers . 2,799 8,654 8,965: 4,159 253 | 1,676 | 1,902 | 1,015 
Sewing machines and parts | 11,709 9,474 | 15,319 | 15,045 | 1,262 | 2,304 | 4,780 | 4,979 
Tobacco and cigarette-making machinery | 983 1,913 2,577 2,166 622 | 1,764 2,588 } pl 
Sugar-making and refining seusareed bs | 8,863 13,505 13,834 18,910 566 1,731 | 2,148 | 2, 
Weighing machinery 2,138 3,402 3,830 4,061 | 269 | 813 | 954 | 1,063 
Welding machinery oe = a sal — | 176 6,558 10,273 —_ 1,847 1,974 2,066 
Woodworking machinery if i = ..| 1,441 | 3,244 5,610 ,688 231 916 | 1,849 | 2,079 
Ball and roller bearings ; .-| 1,691 | 1,907 2/535 3,077 646 | 1,521 | 2,035 2513 
Medical and surgical instruments | ee aes a 465 | 1,891 | 1,853 | 1,973 
Opthalmic instruments... | Bist ‘ 2 | 2m | 385 | 5 387 
1 other scientific instruments | | SR wa 903 2,067 af 24 an ; 
Clocks and watches fi e | am | 104 1,146 | 1,327 | 1,24 
Total .. a i Re on | 195, 487* | 186, 040° | | 280,289° | 259,805 | 16,050 | 55,974 | 79,427 | 92,230 








machinery, there are still considerable arrears of 
orders outstanding. Delivery for calculating ma- 
chines is anything up to six months ; for typewriters, 
it may be up to two years, though production in 
1949 was almost double that of 1948. Overseas 
markets for office machinery, however, are becoming 
more difficult ; exports, at 2,600 tons in 1949, were 
only 100 tons higher than in 1948. Competition 
from Germany and Italy is increasing, even on the 
home market. Imports of typewriters, mostly of 
German and Italian makes, totalled 1,131 tons in 





1949; more than double those of 1948. British 


* Excluding last four categories. 


however, improved considerably during the year. 
In the Monthly Digest of Statistics, constructional 
steel is listed under the heading of “ other heavy 
steel products,’ ’ the output of which was 2-1 million 
tons in 1949, compared with 1-8 million tons in 1948. 
The issue of nationalisation is of particular import- 
ance to structural engineers. In the present 
political situation, it is difficult to forecast whether 
or not the iron and steel industry will, in fact, pass 
into State ownership on the vesting date, January |, 
1951. If it does, structural engineers will not only 
have to rely upon the State Iron and Steel Corpora- 
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tion for their supplies of raw materials, but will find 
themselves competing with it. In January, 1949, 
the Government expressed their willingness to leave 
in the hands of the companies to be nationalised 
those industries which are unrelated to iron and 
steel, where a clear separation cambe made. Dorman 
Long and Company, however, were refused permis- 
sion to “hive off” their structural-engineering 
assets. Sir Ellis Hunter, their chairman, said, at 
the annual general meeting in December, that the 
refusal was inspired “* by a desire to acquire the com- 
pany’s substantial share of the structural engineering 
industry without a mandate.” The entry of the 
State as a competitor in any industry might be 
condoned, and might even be advantageous, if 
there could be any effective guarantee that the 
State-owned participant would compete on equal 
terms with the private concerns. In this case, 
there is a real danger of preferential treatment in 
the price and supply of steel to publicly-owned 
structural engineering undertakings. The need 


TABLE III.—United Kingdom: Exports of Machinery. 











(£1,000.) 
To | 1938. | 1947. | 1948. 1949. 
wage. 1 
Irish Republic 1,609 | 5,851 , 7,900] 7,560 
Palestine .. ss oN 186 3,125 1,376 | 1,118 
British West Africa > 1,059 1,855 3,442 | 4,297 
Union of South Africa ..| 7,503 | 14,347 | 20,528 | 22,258 
Southern Rhodesia 442 1,234 1,915 3,096 
British East Africa 505 | 2,268 | 5,339 | 6,886 
India, Pakistan, etc. 7,836 | 29,957 36,086 | 42,298 
British Malaya 1,692 | 3,246 3,393 3,821 
Australia .. 4,812 | 10,621 | 19,306 | 23,944 
New Zealand 1,692 | 4,496 7,625] 7,281 
Canada .. 1,558 | 3,663 4,909 | 4,961 
US.8.R. .. ee ... 8,848 | 10,408 | 3,538 | 6,541 
Finland .. se ag 548 | 1,503 | 2,875 | 2,987 
Sweden is us 1,028 4,836 7,434 6,903 
Norway 405 3,483 | 4,649 5,748 
Denmark .. ee nS 519 | 2,899 | 4,598 | 4,470 
Poland .. ue ..| 1,025 997 | 1,120| 3,459 
Netherlands | 1,975 | 6,517 | 10,680 | 10,647 
Belgium .. 894 | 5,453 | 7,040/ 6, 
France .. 1,423 | 4,874 8,230| 7,115 
Switzerland 285 | 1,882 2,441 1,993 
Portugal 307 | 1,968 | 3,240 | 3,090 
Spain : 136 | 1,276 1,951 | 2,086 
Turkey .. ¥. 608 | 2,085 3,021, 2,511 
Dutch East Indies 330 | 1,213 2,599) 2,685 
Egypt a 794 | 5256 7,027) 8,032 
Iraq 432 | 2,664 3,823! 3,265 
Iran wi ..| 1,157 | 2,826 | 3,598 | 6,073 
China. i ..| 1,018 | 2,586 | 2,447 
United States of America | 628 | 2,128 | 3,118) 3,119 
Venezuela Ge ae 137 1,865 | 3,193 3,701 
Brazil 1,226 | 4,997 6455 | 8,648 
Argentina a 1,339 | 5,310| 8,949) 8,074 
Other Countries .. 9,417 | 23,503 | 19,077 | 42,524 
Total 57,868 | 180,642 | 282,917 | 278,741 


| 23 |? 
for an extension of the powers of the Monopolies 
Commission has already been emphasised ; without 
such a curb, the possible entry of the State into 
‘structural engineering must be reviewed with mis- 
giving. 

Space limitations prevent detailed comment on 
all the industries for which output and export 
figures are given in Tables I and II, on the oppo- 
site page*. Most of them increased their output 
and exports in 1949; for some, notably manufac- 
turers of heavy machinery such as gas and chemical 
plant, sugar-making machinery, and grain-milling 
machinery, the upward trend may be expected to 
continue in 1950. The ground-nut and colonial 
development schemes keep up the demand for 
excavating and digging machinery, but, for other 
items of contractors’ plant, such as concrete mixers 
and road rollers, exports fell slightly in 1949. Table 
III, herewith, shows rising machinery exports 
to most markets, but the fall in expcrts to Western 
Europe, in 1949, is disturbing. Exports to Sweden, 
Denmark, Belgium, France and Portugal all declined. 
France, in the first six months of 1949, was thought 
to be short of sterling, but this was certainly not 
so in the second half, when, as a result of disburse- 
ments through the European Co-operation Adminis- 
tration, France had sterling to spare, but showed 
no inclination to use it to buy British goods. The 
opinion is widely held in France that British prices 
are too high, and an expansion of exports to that 
country is unlikely until they are reduced. It may 
be that further progress will be made in the move- 
ment to reduce trade barriers in Western Europe, 








* Table I is taken from the Monthly Digest of Statis- 
tics ; Tables II and III, from the Trade and Navigation 


but Britain may not gain much from a reciprocal 
lowering of tariffs if prices cannot be reduced. A 
most encouraging feature of 1949 was the expansion 
in exports to the United States and Canada. Success 
in these markets involves heavy selling outlay and 
large expenditures on maintenance services, which 
many companies cannot afford and even the biggest 
may hesitate to incur. Motor-vehicle manufac- 
turers, in spite of heavy expenditure, have found 
that they can maintain sales only at unprofitable 
prices. Few industries can afford to gamble to this 
extent. In Canada, the situation is rather more 
hopeful, and there is every prospect of a moderate 
expansion in exports as Canadians become more 
familiar with British products. 
Difficult times lie ahead for the engineering 
industry, but the difficulties should not be over- 
emphasised. There are already signs that industry 
is rising to the occasion, and that efforts to reduce 
costs and prices are meeting with some success. 
Sir Peter Bennett, a member of the Anglo-American 
Council on Productivity, told the Institute of 
Industrial Supervisors on January 20 that, as a 
result of studying the report issued in September 
by the Iron and Steel Team which visited the 
United States, productivity in two steel foundries 
had increased by 7 to 8 percent. It is thought that 
it could be increased by as much as 25 per cent. 
The British Stee] Founders’ Association decided 
to set up a special productivity committee to 
implement the Team’s recommendations. The 
committee will begin by obtaining statistics of 
performance in, and of the supply of power to, 
British steel foundries. A productivity team is to 
tour British foundries, and periodical productivity 
conferences are to be organised by the Association 
to encourage the interchange of experience and ideas, 
and to report progress. Other industries may be 
expected to follow the lead of the steel founders. 
Much, of course, depends upon the attitude of the 
Government and of organised labour. It is impera- 
tive that the former should do everything in their 
power to further an extension of competition, and 
to diminish as far as possible the deterrent of high 
taxation. It is unlikely that any responsible 
Government will neglect this serious duty. If 
taxaticn can be modified and a rise in the cost of 
living halted, there is every possibility that labour 
will be less insistent in demands for higher wages. 





INSTITUTION OF MECHANICAL ENGINEERS.—The March 
issue of the Journal of the Institution of Mechanical 
Engineers states that the Council of the Institution have 
approved the formation of an Advisory Committee for 
the Republic of Ireland, under the chairmanship of Mr. 
0. V. 8. Bullied, C.B.E. (Past-President), with the follow- 
ing additional members: Mr. J. C. Fitzpatrick, Wh.Ex., 
M.I.Mech.E., Dr. L. J. Kettle, M.I.Mech.E., and Mr. 
Patrick Leahy, M.E., A.M.I.Mech.E. 





ROYAL SOCIETY FELLOWSHIPS FOR 1950.—At a meeting 
held on March 16, at Burlington House, London, W.1, 
the Royal Society elected 25 new Fellows for 1950. 
These include Professor L. F. Bates, Professor of Physics 
at the University of Nottingham, who has conducted 
researches on the properties of ferro-magnetic substances ; 
Mr. Brebis Bleaney of the Department of Physics at 
Oxford University, who has carried out much work in 
experimental physics ; Professor C. A. Coulson, Professor 
of Theoretical Physics at King’s College, University of 
London, who applied the quantum theory to chemical 
problems ; Professor H. S. M. Coxeter, who occupies the 
Chair of Mathematics at the University of Toronto, 
and has made important discoveries in geometry ; Mr. 
S. B. Gates, Senior Principal Scientific Officer, Ministry 
of Supply, who has made original contributions to the 
scientific study of the dynamics of aircraft ; Professor 
Leslie Howarth, of the Department of Applied Mathe- 
matics, University of Bristol, who has made many 


layer, the theory of isotropic turbulence and gas dyna- 
mics; Mr. D. F. Martyn, Principal Scientific Officer, 


Organisation, Canberra, Australia, who has conducted 
much work on scientific radio problems ; Professor A. G. 
Shenstone, who occupies the Chair of Physics at Princeton 
University, Princeton, United States, who has conducted 
numerous spectroscopic researches ; and Professor F. C. 


University of Manchester. 
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contributions to the mathematical theory of the boundary 


Commonwealth Scientific and Industrial Research 


Williams, holder of the Chair of Hlectro-Technics at the 
Professor Williams has 


CONVENTION ON ELECTRIC 
RAILWAY TRACTION. 


A CONVENTION on electric railway traction, at 
which 30 papers dealing with the principal branches 
of the subject were presented, opened at the Insti- 
tution of E’ectrical Engineers, Savoy-place, Victoria 
Embankment, London, W.C.2, on Monday, March 
20, and continued until yesterday, Thursday, March 
23. The objects of these meetings, which had been 
arranged by the Traction Technical Committee of 
the Institution, in collaboration with representatives 
of British Railways and of the industry, were to 
give information regarding the latest practice and to 
record the achievements of British engineers and 
the British electrical industry in the fields of railway 
electrification and Diesel-electric traction. For 
reasons of time and space, foreign practice was 
perforce excluded. The papers presented, which, 
together with the discussions, will be published in a 
special issue of the Proceedings, were selected from 
69 suggested papers and were arranged in four 
groups. As will appear, their subject matter was 
not always strictly electrical, although they were 
allimportant to electric traction progress. 

The chair at the opening meeting on Monday 
evening, March 20, was taken by the President 
(Professor E. B. Moullin), who, after welcoming a 
number of visitors from the British Commonwealth 
and the Continent of Europe, said that while British 
electric railway traction practice might not differ 
widely from that in other countries, the electri- 
fication of railways in this country had been influ- 
enced by geographical and historical considerations, 
and by the local resources and had had to meet the 
particular distribution of population. The idea of 
the Convention had been conceived nearly four 
years ago, when the position of railway electrifica- 
tion and the possible effect upon it of nationalisation, 
were being reviewed. In view of the possibility 
that further schemes would be projected, it was 
felt that there were aspects of the subject which 
should be discussed through a series of papers 
specially written by experts. 


Motive Power oF THE FUTURE. 


The meeting was then addressed by Sir Cyril 
Hurcomb, chairman, of the British Transport Com- 
mission, who said that the proceedings would interest 
railway administrations all over the world. From 
the point of view of the British Transport Commis- 
sion, the Convention was most opportune, as it 
could not fail to assist in the search for a correct 
solution of the problem of what form of motive 
power should be adopted in future. A group of 
railway officers had gone into the matter exhaus- 
tively ; and he would not be surprised if they 
confirmed the view of the Pringle Report of 1932 
as to the standard voltage for overhead systems. 
No technical difficulties, therefore, need hamper an 
extensive programme of suburban and main-line 
electrification if on economic grounds it was thought 
wise to proceed. It would, however, be necessary 
to retain the conductor-rail system in South-East 
England, although elsewhere a 1,500-volt overhead 
system would be adopted. No serious difficulty in 
inter-running need arise. 

A point had now been reached when some general 
assessment of the future of motive power must be 
made. The Transport Commission early in 1948 
hed, therefore, invited the Railway Executive to 
give urgent attention to this problem; and to 
report as quickly as possible on the balance of 
edvantages between the various alternatives. In 
the meantime, Sir Eustace Missenden had examined 
the question in a paper* read before the Institute 
of Transport in November, 1949, and had expressed 
his personal view that conditions were such as to 
warrant the early and progressive extension of 
electrification for main-line passenger and freight 
traffic, as well as for inter-urban and suburban 
services. Whatever the reasons for the slow pro- 
gress of electrification in this country, except on 
the Southern Railway, it could now perhaps be 
urged that the steam locomotive had reached the 
peak of its efficiency. On the other band, the 











of electrical computing machines. 


carried out much work on radar and on the development 


* See ENGINEERING, vol. 168, page 563 (1949). 
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efficiency and reliability of electric traction might 
be said to be improving. It might be said also that 
there was in this country a wide field where electric 
traction would, given favourable traffic, reduce the 
annual working expenses and provide much im- 
proved services. 

Before embarking on such a programme, which 
would remain unremunerative if the traffic were not 
secured, reasonable certainty on some major ques- 
tion was essential. A high standard of performance 
and as low as possible prices would be required 
from manufacturers, while the running staff would 
not have to render the cost of manning electric 
locomotives prohibitive. National considerations 
might favour the use of coal through electricity, 
as opposed to increased dependence on imported 
oil. It had been stated that a steam locomotive 
consumed about 24 times as much coal at the wheel 
rims as an electric tractor at the thermal efficiencies 
likely to be reached by 1958. Electrification on a 
large scale would also save coal of good quality, 
which would be of great value in the export market. 
Finally, it would be necessary to be certain that the 
transport system as a whole would become “ inte- 
grated,” in order to provide the railways with 
a reasonable chance of securing the traffic it was 
desired to gain without diverting it from other 
methods. 

In conclusion, Sir Cyril indicated that, in his 
personal view, the economic position being satis- 
factory, the mme should include the com- 
pletion of the electrification of south-east England, 
so that both freight and passenger traffic could be 
hauled. The conversion of the London, Tilbury 
and Southend line was urgent ; and the necessity for 
additional tubes in the London area had been fore- 
shadowed. The Liverpool Street-Shenfield electri- 
fication might be extended and the Manchester- 
Sheffield line projected to Liverpool leading to the 
gradual electrification of Lancashire. Similar deve- 
lopments might take place on Tyneside and at 
Glasgow. What, however, most electrical engineers 
would like would be main line electrification from 
London to the points where the traffic density 
began to fall. Although there was still no main 
line electrification in this country, in the full sense, 
our manufacturers had successfully undertaken 
large schemes abroad. He hoped we should not 
have to wait too long for a real move forward. 

RatLway ELECTRIFICATION IN GREAT Brian. 

Sir Cyril’s opening remarks were followed by a 
paper on ‘“‘ Railway Electrification in Great Britain,” 
which was presented by Mr. C. M. Cock. In an 
historical introduction the author pointed out that 
electric traction first made its appearance in this 
country on August 3, 1883, when a quarter of a 
mile of Magnus Volk’s railway at Brighton was 
opened. This was followed, on September 28, of 
the same year, by the Portrush and Giant’s Cause- 
way Railway in Northern Ireland, which was 
closed in November, 1949. The Liverpool Over- 
head Railway was opened in 1894 and the Waterloo 
and City Railway in 1898, but it was not until the 
early part of the new century that serious develop- 
ment started. The reason for this was obscure, 
‘considering the heavy traffic density of a large 
proportion of the lines and other advantages, 
including the conservation of coal. At the present 
time 921 route miles, equivalent to 2,334 single 
track miles including sidings, were operated electric- 
ally by 4,523 coaches and five locomotives. 

In the early days, the conductor-rail system was 
generally favoured by railways, although there was 
considerable difference of opinion regarding voltages 
and systems generally. The Electrification of Rail- 
ways Advisory Commitee, which was appointed in 
March, 1920, had recommended that in future 
a direct-current voltage of 1,500 should be employed 
at the substation "bus-bars, but that 750 volts 
should be adopted where a lower value would be 
advantageous. Higher voltages, which were to be 
a multiple of the standard voltage, were also to be 
allowed exceptionally ; and both overhead and rail 
eollection were to be permitted. These recom- 
mendations were endorsed by the Railway Electri- 
fication Committee of 1927, and as a result the Minis- 
ter of Transport made the Railway (Standardisation 
of Electrification) Order, 1932. With the exception 
of the Wirral line and the extensions of the Southern 





Railway, new electrification work had been planned 
on the 1,500-volt overhead system. After nationali- 
sation in 1948, the British Transport Commission 
appointed a Committee of Officers of the Railway 
Executive and the London Transport Executive 
to review the 1927 report, and their recommendations 
were now awaited. 

These reports, however, concerned the standardi- 
sation of electric traction equipment and not policy 
as related to the economics or desirability of electrifi- 
cation on a large scale. In 1931, a Royal Commis- 
sion, which had been appointed in 1928, reported 
“that it would be greatly to the interests of the 
railway companies and at the same time tend to the 
great convenience of the public if all suburban 
services were electrified, not merely in the London 
area, but in every district where there is intensive 
suburban traffic.” In the meantime, the Weir 
Committee, which had been appointed in Septem- 
ber, 1929, to examine the economic and other 
aspects of railway electrification, had reported in 
favour of such a conversion. The London Working 
Party report of October, 1948, accepted electrifi- 
cation as synonymous with improvements in the 
railway traffic of London ; and recommended that 
priority should be given to a large programme of 
electrification of London suburban and inter-urban 
lines. No announcement had yet been made by 
the British Transport Commission with regard to 
major general schemes of electrification. 

As regards power supply, direct-current had 
generally been adopted, the exceptions being the 
112 track miles in the London area of the former 
London, Brighton and South Coast Railway, and 
the 19-5 track miles between Lancaster, Morecambe 
and Heysham on the former Midland Railway, on 
both of which the single-phase system at 6,600 
volts and 25 cycles had been used. The first of these 
was converted to direct-current in 1929. The early 
direct-current systems were supplied from special 
generating stations at low voltage. These were 
gradually superseded by 25-cycle alternating- 
current plant supplying through rotary converters. 
Transmission systems were, however, now changing 
over to 50 cycles, as the older rotary converters 
were replaced by rectifiers. The transmitting 
voltage between the generating plant and the 
traction substations was also being raised to 33 kV. 
The experience with lead-sheathed wire-armoured 
cables supported on hooks along the railway had 
not been satisfactory and continuous supports, 
preferably in concrete troughing, gave the best 
results. Sheathing was necessary to prevent 
failure from vibration ; and aluminium should be 
considered for that purpose. 

In recent years, rotary converters and substation 
attendants had been replaced by single-unit mercury- 
arc rectifiers, which were unattended and remotely 
controlled. Line-side sites had a strong influence 
on the shape of the substation buildings and for 
incoming supply voltages up to 33 kV the least 
costly arrangement was to accommodate all the 
equipment, except the transformers, indoors. The 
average cost of such a station was only 9-2/. per 
kilowatt installed. At the present time there was 
a tendency towards the increased use of metal-clad 
indoor switchgear for 33 kV. Air-blast breakers 
had not yet been used. Increased consideration 
was being given to reducing the number of high- 
voltage circuit breakers and to the alternative use of 
isolators and of suitable protective systems. There 
appeared to be little scope for improvements in the 
conductor rail apparatus. The design of the over- 
head-line equipment had been influenced to som 
extent by experience overseas. This had shown 
that twin contact wires and automatic tensioning 
were unnecessary and that to avoid the contact 
wire being blown off the pantograph in strong winds, 
the normal spacing between the structures on 
straight track should not exceed 220 ft., and be 
less on curves. The paper concluded with some 
information regarding electric locomotives and 
multiple-unit stock, matters which were dealt with 
in more detail in other communications. 

REVIEW OF PRACTICE. 

The subject for discussion at the meeting on 
Tuesday afternoon, March 21, was “ Electric 
Railway Traction,” the chair being occupied by Sir 





John Hacking. The first paper was by Messrs. 








T. S. Pick and R. Dell, who gave a “ Review of 
British Underground Railway Practice.” Conditiv.s 
on the Underground, it was pointed out, demanded 
the highest possible degree of reliability, in order : 
ensure continuity of service. In consequence. : 
liberal provision of stand-by equipment and +f 
alternative sources of power was necessary. ||\) 
comply with these conditions, power in Lond: : 
was mainly derived from three generating stations 

at Lots-road, Chelsea; Neasden; and Greenwicj). 
Lots-road and Neasden were normally, connect .d 
direct to 28 out of 56 33}-cycle substations, ‘ie 
remainder being supplied either through int: r- 
mediate substations or distribution stations. | or 
the most part, Greenwich supplied the substati: 1s 
on the eastern extension of the Central line. Tiris 
system of connection had been adopted for econo1.:ic 
reasons, since it required considerably less cai,le 
than an equivalent duplicate radial-feeder system. 
It, however, gave rise to difficulties in operation and 
it was more reliable to supply centrally-disposed 
distribution stations in bulk and to connect these 
through duplicate feeders to each substation. 

All the 11-kV cables from Lots-road and Neasden 
were of the three-core paper-insulated lead-covered 
type, with single-wire armouring at certain open 
sections. To prevent interruption of supply in the 
event of damage due to derailment, one cable to 
each substation was located in the “ up” tube and 
the other in the ‘‘down ” tube. In open sections, 
the cables were carried on lines of concrete posts 
one on each side of the line. There were at present 
86 substations feeding the Executive’s railway 
system and another six were under construction. 
Of these 92 substations, 67 were connected to the 
Executive’s own generating stations, the rem. nder 
being supplied by the British Electricity Au‘*ority. 
These stations were usually equipped with three 
plant units, two of which could carry the normal 
load. Originally, the plant for the 630-volt direct- 
current supply was obtained exclusively from rotary 
converters. The first mercury-arc rectifier was 
placed in service in 1930 ; and at the end of 1948 the 
total capacity of the substation plant was 359-7 MW, 
of which 197-7 MW was represented by rotary 
converters and 162 MW by rectifiers, 117 MW of 
the latter being of the water-cooled pumped type. 
Among the advantages of rectifiers were that they 
could be operated at any frequency and could not 
contribute to a fault on the high-voltage system. 
As during peak hours such fault contribution might 
exceed 500 MVA, if the converting plant consisted 
entirely of synchronous rotating machines. the 
importance of this feature was not always sufficiently 
realised. Most of the older substations were 
provided with single-phase air-blast transformers 
with delta connections, so that they could be 
operated in open delta in case of emergency, while 
their maintenance and exchange were relatively easy. 
Three-phase oil-cooled transformers had been intro- 
duced in the less congested areas, but they gave rise 
to fire risks. As a result, single-phase air-cooled 
transformers with a closed air circuit and fans and a 
tubular radiator had been re-introduced. These 
units were suitable for installing in lift shafts. 

With the advent of rectifiers, all new substations 
had been arranged for remote control and unattended 
operatior. The 15 original rectifier substations 
were controlled by a simple pilot-wire system. 
Subsequent extensions had, however, been arranged 
for operation on the supervisory system and 22 
substations, under the control of five control sta- 
tions, were now being operated in this way. Owing 
to the variation in the spacing between the trains, 
the cables were normally called upon to carry current 
very much in excess of their continuous loading for 
comparatively short periods. They could not, 
therefore, be protected from overheating by setting 
the circuit breakers. A capsule of fusible alloy, 
which melted at 158 deg. F'., was therefore clipped 
to the cable, so that the maintenance staff were 
given warning of any tendency to overheating. 

Hom AND OVERSEAS ELECTRIFICATION. 

In the next paper, on “ The Electrification of the 
Liverpool Street-Shenfield Lines, Eastern Region, 
British Railways,” Mr. H.-H. Swift said that one 
of the outstanding features of this line had been the 
phenomenal growth in passenger traffic since the 
inception of steam operation in 1839. In the early 


& oO 








MARCH 24, 1950. 


ENGINEERING. 


321 








thirties of this century it was, in fact, obvious that 
» state of saturation was rapidly being approached, 

nd it was of greatest importance that the London 
Passenger Transport (Agreement) Act, 1935, had 
enabled the line from Liverpool Street to Shenfield 
to be converted to electric traction. The scheme 
as Originally visualised involved providing about 
86 single track miles of running lines and 14 miles 
of sidings with overhead-line equipment at 1,500 
volts direct-current. The author described the 
power-supply arrangements, overhead-line equip- 
ment, multiple-unit rolling stock and car sheds, all 
of which were fully dealt with on page 325 of our 
168th volume (1949). 

Work on the scheme started in 1937 and by the 
outbreak of war a considerable amount of electrical 
equipment liad been manufactured, about six miles 
of overhead structure had been installed and much 
civil engineering work had been completed. Work 
was resumed late in 1946 and was sufficiently 
advanced by March 23, 1949, to enable current to 
be supplied to the overhead line between the Ilford 
Depot and Chadwell Heath. Thereafter, trial run- 
ning was carried out daily, the runs being gradually 
extended eastward as the substations were commis- 
sioned. The erection of the overhead-line equipment 
presented the most difficult problem, as it had to 
be carried out concurrently with extensive civil 
engineering work and the installation of colour-light 
signalling, while the intensive steam services were 
maintained. Between Stratford and Liverpool 
Street two large signal gantries, spanning all the 
tracks, could not be removed until the new signals 
had been brought into use. The overhead traction 
wires were therefore run on a number of temporary 
anchorages and the conductors were slewed into 
position and made off to their permanent positions 
when the gantries had been dismantled. Only 
2} days were left for cleaning the contact wires and 
finally adjusting the overhead line before the opening 
of the service on September 26, 1949, 

The final paper at the meeting on Tuesday 
afternoon was by Mr. E. T. Hippisley on “‘ Achieve- 
ments of British Engineering in Overseas Railway 
Electrification.” Although there had been little 
development of electrical equipment for rolling stock 
in this country until towards the end of the first 
decade of this century, between 1907 and 1914 
equipment had been manufactured for the Buenos 
Aires suburban electrification of the Central Argen- 
tine Railway at 800 volts direct-current, and 
for the Melbourne suburban electrification of the 
Victorian Railways, Australia, at 1,500 volts 
direct-current. Between the wars a very consider- 
able amount of equipment of British design and 
equipment, full details of which are given in the 
paper, was produced for electric rolling stock and 
traction substations all over the world; and in 
many cases complete coaches or locomotives of 
British manufacture were supplied and the overlead 
contact-line equipment erected. 

Prosect CONSIDERATIONS. 

At the meeting which was held on Tuesday 
evening, March 21, the chair was taken by Mr. 
E. T. Hippisley, the general subject for discussion 
being ‘‘ Project Considerations.” The first paper 
was on “The Effect of Electric Traction on the 
Track” and was presented by Dr. F. C. Johansen, 
who said that, apart from rare accidents, such as 
might cause a short-circuit between the conductor 
and running rail, the phenomena were predominantly 
mechanical. Where the effects differed markedly in 
degree or were more widespread than with steam 
traction the causes were traceable to features 
characteristic of the design of electric stock, parti- 
cularly the driving bogies of multiple-unit trains ; 
to the manner in which the trains were operated ; 
or to a combination of the two. The lateral forces 
due to the motor bogies aggravated the displace- 
ment of the track from its proper alignment and 
might increase the rate at which the chair fastenings 
lost their grip and the steel keys their resilience. 
There was, however, little positive evidence that 
the nose-suspended motor was inevitably largely 
responsible for increased track wear. 

The greatest vertical impacts from electric trains 
were normally generated by the driving wheels. 
The change of rail level under the wheel load led 
to severe impacts upon the running-on end of 





successive rail lengths. The running-on end sleeper 
might. then be forced down beyond the elastic 
recovery of the ballast, so that the joint sleepers 
were deprived of support. The drainage below such 
‘“* pumping ” sleepers was impaired and the ballast 
was clogged by the dust deposited by the cast-iron, 
brake shoes. There were several forms of per- 
manent rail deformation for which the impact of 
the wheels of electric trains appeared to be mainly 
responsible. These battering actions were more 
severe from motor bogie wheels than from trailing 
wheels. The most successful remedy was likely 
to be flash-butt welding the rails into long lengths. 
Among specific defects suffered by rails on electrified 
sections, corrugation in this country did not seem 
to occur more frequently than on similar steam 
tracks. It did not present a problem except in the 
casé of sorbitised rails. Another rail defect which, 
while neither common nor peculiar to electrified 
tracks, must be included was exfoliation. 

The amount of top wear was markedly influenced 
by the intensity and other conditions of traffic 
operation, and might be appreciably less on electric 
than on steam tracks. From the point of view of 
material cost, the most important effect of electric 
traction was side cutting, which was attributable 
to the high flange pressures arising from the low 
centre of gravity of the multiple-unit stock. What 
was known as “ periodic” side cutting, an effect 
which was due to interaction between the track, 
wheels and bogie, also occurred unless steps were 
taken to maintain all three in first-class condition. 

A paper on “ Railway Electrification: Spacing 
of Substations ” was then presented by Mr. W. J. 
Webb. He said that this spacing governed both 
the capacity of the plant with which the stations 
were to be equipped and the minimum conductance 
per unit length of the contact system. One of the 
chief factors which entered into the determination 
of this spacing was the maximum permissible voltage 
drop, which included that between the substation 
and the trains and in the running rails. This drop 
should be limited to about 15 per cent. of the system 
voltage when the train was accelerating. Another 
factor on systems equipped with track-feeder cir- 
cuit breakers with the usual overload tripping fea- 
ture was the overload current setting. This should 
exceed the maximum current required to operate 
the trains in the section, but should be low enough 
to be tripped by the fault current resulting from a 
dead short-circuit in the worst position. The 
characteristics of the traffic density determined the 
substation loading and settled the performance of 
the plant to be installed. 

A paper on “ Multiple-Unit Trains” was then 
presented by Mr. W. S. Graff-Baker, in which the 
main operational characteristics of this type of stock 
and its relative merits compared with locomotive- 
hauled stock were summarised. _ Multiple-unit 
trains enabled a more intensive service to be main- 
tained during peak hours, while for slack service 
a train could easily be shortened or divided at a 
junction to serve separate branches. The distribu- 
tion of motive power over a number of axles enabled 
a higher acceleration to be obtained. As regards 
arrangement of the motors, the employment of one 
motor on each bogie was being standardised by 
London Transport, the modern tendency being to 
spread the motive power by using larger numbers of 
smaller motors. This resulted in higher acceleration 
rates, reduced loads on the draw and buffing gear, 
less unsprung weight per axle and a smaller mass 
per bogie. The installation of the control equipment 
underneath the body was essential, if there were not 
to be waste of passenger capacity. It also avoided 
bringing up heavy current cables at line voltage 
above the car floor. With an increasing proportion 
of motor cars on the train and the use of low-voltage- 
operated control equipment, the need for power *bus 
lines tended to disappear and the control equipment 
was made independent of the line-voltage supply 
by using batteries. The types of control equipment 
commonly employed were the all-electric contactor, 
controlled at line voltage; the electro-pneumatic 
switch, controlled at low voltage; and the cam 
group-switch, also controlled at low voltage. Of 
these, the first might be regarded as obsolete. 
In all modern equipment the acceleration of the 
train was independent of the rate of movement of 


the master controller and was automatically deter- 
mined by the motor current, usually to a point just 
short of wheel slip. Field control was also auto- 
matically controlled on each motor car. The 
number of control wires required for all these 
functions varied from 8 to 12. In addition, three 
to five wires might be required for the electro- 
pneumatic brakes, from four to nine for the pneu- 
matically-operated doors, and one or two for the 
lighting and heating, air compressors and fans 
On the latest London Transport stock the auto- 
matic coupler had 46 studs for ail these purposes, 
plus spares. If the train had to be uncoupled fre- 
quently consideration must be given to automatic 
couplers to couple the cars mechanically, electrically 
and pneumatically. These permitted one-man push- 
button operation from the train. 

The electrical and operational flexibility which 
could be afforded by the multiple-unit principle was 
considerable, and its range of possibilities was so 
great that almost any requirement might be met. 
The advantages of the policy of uncoupling to meet 
peak and slack loads might often be found illusory, 
or so small that they were outweighed by the com- 
plication of the equipment and reduced reliability. 


TRACTIVE RESISTANCE. 


The concluding paper presented at the meeting 
on Tuesday evening was on the “ Tractive Resistance 
of Electric Trains,” by Mr. F. Lydall. It was read 
in his absence by Mr. E. L. E. Wheatcroft. He 
said that a reasonably correct appreciation of 
the. tractive resistance of trams was important 
to the electrica] engineer in order to enable him to 
calculate the energy consumption for any given 
train service ; and to make sure that the motive 
power available was adequate to maintain the 
desired speed. The distinction between these 
points of view was the same as that between the 
average and the worst conditions of operation. 
Conditions were, of course, variable, especially the 
velocity and direction of the wind. Tractive 
resistance in still air, i.e., the resistance to movement 
of a train at any given speed on a level track, was 
therefore discussed first and then the effect of wind 
ip any direction relative to the line of movement 
of the train. As a result, it was shown that it was 
sufficiently accurate to take the following expression 
for the total tractive resistance under average condi- 
tions of trains composed of standard main-line 
passenger coaches drawn by electric locomotives 


5-5 W + (0-35 + 0-05 n,) V2 Ib., 


where W was the weight of the train in tons, n, the 
number of coaches and V the speed in miles per hour. 
The same expression might hold good for multiple- 
unit trains of main-line stock on the assumption 
that n, was the number of coaches behind the 
leading coach, and that the windows were closed. 
For a train with open windows the formula might 
become 
5-5 W + (0-37 + 0-07 n,) V2 lb. 

As an example of the effect of wind on tractive 
resistance, the maximum and average wind velo- 
cities and the corresponding directions had been 
estimated from The Times weather charts during 
the first six months of 1949, and the running of 
trains between London and Manchester had been 
studied. The maximum velocity was 30 m.p.h., 
the direction being approximately from the north- 
west. Under such conditions, the windage of a 
train travelling from London to Manchester at 
70 m.p.h. would be increased by about 190 per cent., 
compared with that in still air. The average wind 
velocity was 13-5 m.p.h. and the general direction 
about at right angles to the train. The average 
windage of trains running at, say, 60 m.p.h., to and 
from Manchester would be about 65 per cent. 
greater than in still air. Tests showed that the 
frontal resistance of an electric locomotive hauling 
a train in a double-track tunnel was about 30 per 
cent. higher than in the open, namely, 0-1485 V’, 
compared with 0-1133 V*. The total tractive 
resistance, therefore, became 


5-5 W + (0-385 + 0-05 n,) V? lb. 


In the neighbourhood of a critical speed-curvature 
had no material effect on tractive resistance, 





although there was an increase at higher speeds. 
- (To be continued.) 
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FIFTY YEARS OF RADIO 
COMMUNICATION. 


Tue jubilee of the Marconi International Marine 
Communication Company, Limited, is being celebrated 
this week, among the participants being the delegates 
to the Radio Marine Associated Companies’ Conference, 
who are visiting London. The proceedings, which 
continue until Thursday, April 6, include inspections 
of the works of the company at Chelmsford and of the 
factory of Marconi Instruments, Limited, at St. Albans. 
An exhibition portraying the progress which has been 
made in marine wireless during the past 50 years has 
also been staged at the Baltic Exchange, London, 
E.C., and will remain open until the same date, after 
it has been formally opened by Sir George Nelson 
to-day (Friday). The exhibition is arranged in six 
main sections, each consisting of a cabin containing 
apparatus representative of that in use in 1900, 1910, 
1920, 1930, 1940 and 1950. In the first of these cabins, 
for instance, there is a spark transmitter, tuned to 
about 200 m. and consisting essentially of a Leyden 
jar condenser and an induction coil supplied from a 
battery. The corresponding receiver is fitted with a 
coherer, which operates a Morse inker or an alarm 
bell through a relay. The 1910 cabin contains a 
magnetic detector, a 14-kW fixed-gap spark trans- 
mitter supplied from the ship’s mains, and a multiple 
tuner with a range of 90 m. to 2,300 m. Ten years 
later, in 1920, the magnetic detector had been super- 
seded by the crystal detector, valves were coming into 
use, and the direction-finder had made its appearance. 
The quenched rk transmitter was also being em- 
ployed instead of the fixed-gap spark. By 1930, valves 
were being employed both for transmission and recep- 
tion, and improved direction-finders were being used. 
Perhaps, however, the most important development of 
this decade was the automatic alarm which gave 
warning when the operator was off watch. Short- 
wave transmitters, which enormously increased the 
range of marine communication, are shown as typical 
of the position in 1940, while the 1950 cabin contains 
the ‘‘ Worldspan ” combined short-wave and medium- 
wave transmitter, the “'Transarctic”” radio telephone 
equipment, and the “Reliance” battery-operated 
emergency transmitter. Two new superheterodyne 
receivers with loudspeakers complement the “ World- 
span ” transmitters. The cabin also contains a ‘“ Lode- 
stone” direction-finder and “‘ Oceanic’ sound repro- 
ducing equipment for news purposes. Radar and 
echometer equipment, as well as a number of historical 
exhibits, including the first valve receiver, are also 
shown. 





THe Navy ESTIMATES: ERRATUM.—We regret that, 
by an inadvertent transposition in our notes taken from 
the Navy Estimates for 1950-51, it was stated on page 
300, ante, that the Chief of the Royal Naval Scientific 
Service receives a higher salary than the Director of 
Naval Construction. This is not correct; the Director 
of Naval Construction receives 2501. more per annum 
than the Chief of the Royal Naval Scientific Service. 
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THE ‘‘ GOLIATH ’’ SELF-PROPELLED 
EARTH SCRAPER. 


A FURTHER stage in the development of earth mov- 
ing equipment by Messrs. Blaw Knox, Limited, Clifton 
House, Euston-road, London, N.W.1, was reached this 
month with the introduction of their Goliath self- 
propelled scraper. This marks an important step 
forward as, hitherto, self-propelled scrapers have not 
been manufactured in this country, those operating 
here having been imported from the United States. 
The new machine, therefore, should play an important 
part in the saving of dollars as, not only will it make 
further imports from America unnecessary, but it is a 
potential dollar earner in itself. 

A photograph of the machine in action is reproduced 
in Fig. 1, at the top of this page, where it is shown 
removing the overburden at the Swanscombe chalk pit 
of the Associated Portland Cement Manufacturers, 
Limited. Other photographs of the scraper are repro- 
duced in Figs. 4 to 7, on page 326, Figs. 4 and 5 showing 
the complete machine with the apron lowered and 
raised, respectively, Fig. 6 the power control unit and 
Fig. 7 the rear-pusher frame. A general arrangement 
drawing setting out the leading dimensions is repro- 
duced in Fig. 2, on this page, while the drawing in 
Fig. 3, — shows the tractor unit in greater detail. 
The machine comprises a two-wheeled tractor and 
a cable-operated open-top scraper coupled together 
by a restrained universal coupling which permits 
operation on extremely rough ground. The tractor 
unit is fitted with an A.E.C. six-cylinder 11-3-litre, 
direct-injection Diesel engine having a bore and stroke 
of 130 mm. and 142 mm., respectively. It develops 
150 brake horse-power at 1,800 r.p.m. and a maximum 
torque of 510 Ib. ft. at 1,000 r.p.m. The cylinder block 
is a single iron-alloy casting and is fitted with renewable 
dry-type liners of centrifugally-cast iron. The pistons, 
which are made from heat-treated aluminium alloy, are 
barrel shaped and are fitted with floating gudgeon pins 
retained in position by Circlips. The connecting rods 
are H-section alloy steel a each rod being 

np to facilitate examination for flaws; they are 

ted with lead-bronze big-end bearings having a dia- 





meter of 3in. The crankshaft is machired from an 
alloy-steel forging and runs in seven bearings, the top 
halves of which are lined with white-metal and the 
bottom halves with lead bronze ; the diameter of the 
main bearings is 33 in. The cylinder head is formed 
from two separate units, each of which covers three 
bores. The two heads are fitted with overhead valves 
operated from the camshaft through push rods and 
rocking levers in the usual manner, the camshaft being 
driven through helical gears from the crankshaft and 
running in seven bearings. 

Wet-sump lubrication is employed, the system being 
designed so that the engine may be operated continu- 
ously on gradients up to 45 deg. in any plane. The 
engine cooling water is circulated by a centrifugal 
pump installed at the front of the engine and fitted 
with a self-adjusting gland. Cooling is assisted by a 
21-in. diameter fan belt-driven from the front of the 
crankshaft, the radiator incorporating an oil-cooling 
element. The cooling circuit is fitted with a by-pass 
type thermostat which ensures that the engine tem- 
perature is maintained at a constant value. The fuel- 
injection equipment is of the usual pattern comprising 
a monobloc fuel-injection pump with a centrifugal 
governor and independent fuel nozzles, the whole equip- 
ment being either of Simms or C.A.V. manufacture. 
The electrical system consists of an 840-watt dynamo 
fitted with compensated voltage control, four 6-volt 
180 ampere-hour accumulators, a 24-volt starter and 
the usual control panels, lighting equipment, etc. 
Other ancillary equipment installed on the engine 
includes a Clayton-Dewandre air compressor ; this is 
driven through twin V-belts from the engine crankshaft 
and supplies air at a pressure of 80 lb. per square inch 
for operating the engine clutch, a differential lock, the 
power-control unit and the brakes. The air com- 
pressor is rated at 10 cub. ft. per minute and is arranged 
to deliver to an air receiver having a capacity of 
1} cub. ft. 

The engine, clutch housing and gearbox form a single 
unit, the drive being transmitted to the gearbox 
through a twin-plate air-operated Borg and Beck 
clutch 14 in. in diameter. The gearbox provides 
five forward speeds and a reverse speed, the speed in 
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the various ratios at the maximum governed speed of 
the engine being: 2-52 miles an hour in first gear ; 
3-70 miles an hour in second; 8-10 miles an hour in 
third; 17-20 miles an hour in fourth ; and 20-0 miles 
an hour in top gear. The maximum speed in reverse 
is 1-77 miles an hour. The drive from the gearbox is 
transmitted to the axle through a short open-type 
propeller shaft fitted with two large flexible couplings, 
the drive being transferred to the axle shaft through a 
spiral-bevel crown-wheel and pinion assembly which 
incorporates a differential. Final drive to the road 
wheels is through heavy-duty plain spur wheels and 
pinions. The spur wheels and pinions, together with 
the crown wheels and pinion, are machined from heat- 
treated steel-alloy forgings. The pinions and spur 
wheels are arranged to run on opposed tanepaulier 
bearings, the spur wheel, of course, being coaxial with 
the hubs. The half shafts of the axle are of the fully 
floating type and all gears are contained in casings 
which form oil baths. 

A differential lock, operated from the driver’s seat, 
is provided so that the axle may be rendered solid when 
the machine is traversing soft ground. It comprises a 
separate cross shaft fitted at each end with pinions 
which mesh with the spur wheels of the final-drive 
assembly. The cross shaft is divided into two parts 
and incorporates an air-operated dog clutch which, 
during normal operation, is disengaged, the two 
pinions, as a result, idling at speeds commensurate 
with those of their respective spur wheels. When the 
dog clutch is engaged, however, the two parts of the 
cross shaft are locked together thereby making the 
shaft solid and rendering the differential inoperative. 
The road-wheel brakes, as previously indicated, are 
operated by air pressure. Girling 20 in. diameter by 
5 in. wide brake shoes are fitted to all four wheels of 
the machine, the operating cylinders for the driving 
wheels being situated on the outside so as to render 
adjustment and maintenance easier. The mechanisms 
are protected against damage and the ingress of dirt 
by the large domed hub caps visible in the various 
illustrations. 

The frame of the tractor unit is fabricated from steel 
plate and comprises two heavy box-section side 
members joined together by substantial cross members. 
The tractor and scraper units are joined together 
through a vertical post, known as the king post, on 
which the yoke of the scraper unit is free to swivel 
50 deg. to each side. The king post allows the tractor 
and seraper units to tilt sideways relatively to each 
other up to 25 deg. when crossing rough ground ; this 





movement is obtained by providing the king post with 
trunnions which permit it to swing through the vertical 
plane at right angles to the longitudinal centre line 
of the tractor. The arrangement can be seen in Fig. 3 
where the king post is lettered a and the trunnions 6 
The top of the king post is fitted with a heavy-duty 
self-aligning bearing and the bottom with a bronze 
sleeve having a diameter of 10} in. and a depth of 6 in. 
The trunnion bearings also are of bronze, the diameter 
in this case being 5} in. and the length 6 in. 

The machine is steered by swivelling the tractor 
unit relatively to the scraper. A heavy double-acting 
hydraulic ram is employed for this purpose, one end 
of which is anchored through a ball-and-socket joint 
to the tractor frame and the other, through a similar 
joint, to an arm integral with the yoke of the scraper. 
The position of the hydraulic ram is indicated in 
Fig. 3, where its outline is shown chain dotted. The 
rear end of the ram assembly is also visible in Fig. 6, on 
page 326, where it can be seen just above, and slightly 
to the right of, the top of the near-side tractor wheel. 
The ram is controlled by a directional valve which, 
in turn, is operated by an ordinary car-type steering 
wheel through a compensating lever. This lever is 
linked to the scraper yoke in such a way that the 
tractor is steered an amount directly proportional to the 
movement of the steering wheel. The ram is suppli 
with oil from a hydraulic pump coupled to the front 
of the engine, the pump having a delivery of 18.gallons 
a minute and a maximum working pressure of 1,500 lb. 
per square inch ; the normal working pressure, however, 
is 1,250 lb. per square inch. The ram has a diameter of 
4} in. and a stroke of 24 in., and the maximum lock 
in each direction is, as previously indicated, 50 deg. 

The scraper unit, which has a “ struck” capacity of 
12 cubic yards and a heaped capacity of 15 cubic yards, 
is of welded construction throughout. The height of 
the bow! side is 5 ft. 2 in., and the width and length of 
the bowl floor 8 ft. 9 in. and 3 ft. 54 in., respectively. 
It is actuated by multiple-reeving ropes, the width of 
cut being 8 ft. 103 in. and the maximum depth of cut, 
10in. The tail gate is operated by a pushing mechanism 
comprising a swinging beam actuated by multiple 
reeving ropes, the beam being arranged to give the 
greatest thrust when the load is at the maximum. 
Part of the reeving gear for the tail gate can be seen in 
Fig. 7, on page 326, the stationary block being that 
fitted to the top of the main frame; this illustration 
also shows the rear pusher frame. The tail gate is 
returned to the working position by a strong coil spring 
which is compressed as the tail gate moves forward 
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during ejection of the load and returns the gate through 
a rope system which operatcs in conjunction with a 
fusee drum. The apron is raised automatically when 
discharging by the same rope system as for the tail 
gate. 

The power and control unit for operating the scraper 
is mounted at the rear of the tractor frame; it is 
illustrated in Fig. 6, on page 326. It is driven by an 
extension from the layshaft of the main gearbox and 
comprises a welded-steel casing, fitted with spur reduc- 
tion gears which drive the two winch-drum shafts, the 
spur gearing running in an oil bath. The drum shafts 
are of large diameter and are mounted on ball and 
roller bearings which are effectively sealed against oil 
leakage and the ingress of dirt. The rope drums are 
brought into operation by heavy-duty internal-expand- 
ing clutches with two leading shoes, and are sustained 
by self-energising band brakes when the clutches are 
released. The winch drums have a diameter of 7} in. 
and a width of 5 in., and the diameter over the flanges 
is 15 in. The brake drums are 15 in. in diameter and 
3 in. wide, and are fitted with steel brake bands faced 
with segmental Ferodo lining. The drums contain }-in. 
diameter steel rope, the maximum drum capacity 
being 207 ft.; the line speed is 244 ft. per minute 
with the drum bare and 427 ft. per minute when the 
drum is full. The clutches and brakes are operated 
by compressed air and are controlled from the driver’s 
seat, the controls being arranged so that they can be 
isolated during transportation by road and thereby 
prevent accidental lowering of the bowl. 

The driver’s compartment is comfortable and roomy 
and gives clear vision all round. The controls are 
within easy reach of the driver and the hydraulic 
steering, together with air operation of the clutch, 
brakes, winches and differential lock, renders the 
machine exceptionally easy to work and reduces 
fatigue to a minimum. The driver’s seat is adjustable 
and can be swivelled so that the operator can watch the 
scraper while driving the vehicle. The complete 
nce has been designed so that it can be operated 
with the minimum servicing. Self-lubricating bushes 
are fitted wherever feasible, while all other parts re- 
quiring periodic lubrication are readily accessible. All 
points requiring routine maintenance and adjustment 
are provided with detachable doors or panels and the 
routing of the cables has been arranged so that they 
can be re without difficulty. For major repairs 
and overhauls, the machine can be broken down into 
its major units with the minimum of labour and without 
recourse to heavy lifting tackle. 
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CONTRACTS. 


The London Midland Region of British Railways, 
Eversholt-street, London, N.W.1, have placed contracts 
for patent glazing at Willesden carriage shed and laundry, 
with Messrs. MELLOWES AND COMPANY, LIMITED, 
SHEFFIELD ; roof coverings at Willesden carriage shed 
and laundry, with ROBERTSON BUILDING SERVICE, 
WOLVERHAMPTON CORRUGATED IRON COMPANY, LIMITED, 
Ellesmere Port, Cheshire; re-sheeting the melting- 
furnace shop roof at Crewe locomotive works, with 
MEssRs. STRUCTURAL WATERPROOFERS, LIMITED, Lon- 
don, S.W.6; reconstruction of North*End, Lakeside 
Quay, Lake Windermere, with Messrs. L. FAIRCLOUGH 
LimireD, Aldington ; re-glazing and other repairs to 
roofs at St. Pancras parcels office and yard, with Messrs. 
Smums (BUILDERS), LiwireD, London, E.1; asbestos- 
cement sheeting for the roofs of platforms 12 to 15 at 
Euston Station, with Messrs. W. SANDFIELD, LIMITED, 
Osterley ; patent glazing for the roofs of platforms 12 
to 15 at Euston Station, with the BriTisH CHALLENGE 
GLAZING Company, London, E.15 ; and to provide labour 
for the painting of Llandudno Station, with MEssrs. 

: N. 8S. Lone, Luwrrep, Poulton-le-Fylde. 

THE BRITISH THOMSON-HovusTON CoMPANY, LIMITED, 
Rugby, have received an order through their representa- 
tives in Australia, Messrs. Australian General Electric 
Pty., Limited, Sydney, for ten Diesel-electric shunting 
locomotives to be supplied to the Department of Rail- 
ways, New South Wales. Each locomotive will contain 
two Davey Paxman, 500-h.p. engines, each coupled to a 
B.T.H. generator. The mechanical parts of the loco- 
motives will be constructed by the Metropolitan-Cammel! 
Carriage and Wagon Company Limited, Birmingham, 
but the complete electrical equipment, including the 
generators, motors and control gear, will be manufac- 
tured by the B.T.H. 


THE- BRUSH ELECTRICAL ENGINEERING COMPANY: 
LiMITED, Loughborough, have obtained an order, 
through the Crown Agents for the Colonies, from the 
Ceylon Government Railways, for 25 main-line Diesel- 
electric locomotives of 1,250 b.h.p. each. They will be 
of the A1A-A1A type, able to develop a maximum speed 
of 55 miles an hour, and will be fitted for multiple-unit 
working. The power equipment for each will be pro- 
vided by a Mirrlees twelve-cylinder pressure-charged 
vee-type engine, direct coupled to a Brush 635-kW 
generator, and the four traction motors will have a econ- 
tinuous rating of 193 b.h.p. each. The mechanical parts 
of these locomotives will be constructed in association 
with Messrs. W. G. Bagnall Limited, Castle Engine 
Works, Stafford. 

Messrs. HARLAND AND WOLFF, LIMITED, Belfast, 
have secured an order from the Railway Executive for 
extensive alterations to their cross-channel steamer the 
Duke of York. Mainly by utilising space no longer 
required for cargo-carrying purposes, the number of 
berths will be increased from 335 to 521. Improvements 
will be made to the quarters occupied by the officers and 
crew, and to the public rooms. The vessel will be con- 
verted from coal to oil burning and her appearance will 
be changed by the substitution of one funnel in place 
ef the two which she now possesses. This work is 
expected to take between five and six months. 

MEssRS. VICKERS-ARMSTRONGS LIMITED, Vickers 
House, Broadway, London, S.W.1, announce the receipt 
of a contract from Mr. Stavros S. Niarchos, Pirzeus, 
Greece, for the construction at their Naval Yard, Walker- 
on-Tyne, of four single-screw tankers having a dead- 
weight capacity of about 18,000 tons each. The vessels 
will have an overall length of 557 ft. and a breadth of 
75 ft. and each will be fitted with a double-reduction 
geared turbine, to be constructed by Messrs. Vickers- 
Armstrongs at Barrow-in-Furness. They will have a 
speed of 144 knots, two are due to be completed in 1952 
and the remaining two in the following year. Their 
construction will provide useful employment during the 
next two to three years. 








BRITISH RAILWAYS RUNNING SHEDS.—A new list of 
code numbers and letters for the identification of 
running sheds to which locomotives are allocated has 
been issued by the chief officer for motive power, of the 
Railway Executive. Every locomotive of British Rail- 
ways will carry, at the base of the smokebox door, a 
cast-iron plate bearing the appropriate code number 
and letter. The list is based on the practice of the 
former London Midland and Scottish Railway; thus, 
for example, it commences with “‘ 1A, Willesden,” and 
includes “‘5A, Crewe North; 8A, Edge Hill; 124A, 
Carlisle, etc.” The numbers for the London Midland 
Region go up to 28. The other regions are allocated 
code numbers and letters as follows: Eastern Region, 
30A to 40F; North Eastern Region, 50A to 54D; 
Scottish Region, 60A to 68D ; Southern Region, 70A to 
75G; and Western Region, 81A to 89C. A number 
followed by A indicates a main running shed, and the 
same number with ether letters of the alphabet refer to 
subsidiary sheds. 





BRITISH STANDARD 
SPECIFICATIONS. 

The followi blications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales ent of 
the Institution, 24, Victoria-street, on, 8.W.1, 
at the price quoted at the end of each paragraph. 


Soft Solders.—The first edition of B.S. No. 219, 

covering soft solders, was published in 1925 and a 
first revision was issued in 1932. An addendum slip, 
prepared in 1940, made 12 les of soft solders 
available. At the request of the Ministry of Supply, 
@ war-emergency revision was issued in 1942 with the 
object of reducing the consumption of tin and the 
number of grades of solder was reduced to five. A 
complete revision of the earlier editions has now been 
published, which contains data relating to five anti- 
monial and five non-antimonial solders, it being 
considered that these will cover all common require- 
ments. Slight alterations have been made to the 
compositions of the solders. In view of the difficulties 
of ae the limits of certain impurities and the 
absence of routine methods of determining the very 
small proportions involved, the method of specifying 
such impurities have been modified. Information on 
the melting characteristics of the ten solders is given 
in an appendix. For service at temperatures somewhat 
higher than these, for which the tin-lead solders are 
generally suitable, certain special solders are available ; 
information on these is given in another appendix. 
[Price 2s., postage included. } 
Identification Numbers for Internal-Combustion Engine 
Cylinders—A new specification, B.S. No. 1599, con- 
cerning identification numbers for the cylinders of 
internal-combustion engines, other than aircraft 
engines, has been prepared and issued at the request 
of the British Internal Combustion Engine Research 
Association. The aim of the compilers has been to 
secure greater uniformity in the manner of identifying 
cylinders. The specification defines the primary driv- 
ing end, the “‘ free” or “* secon dziving ” end, and 
it determines a “‘ bank” and a “row.” It then refers 
to the numbering of cylinders in banks and the method 
of lettering the banks. The application of the identifi- 
cations to a variety of engine t, is illustrated by 
11 diagrams. [Price 2s., postage included. ] 





BOOKS RECEIVED. 


Experimental Building Science. Volume II, Part I. 
Mechanics of Structures. By J. LEASK MANSON and 
Francis E. Drury. Second edition. Cambridge 
University Press, Bentley House, 200, Euston-road, 
London, N.W.1. [Price 12s. 6d.] 

Transformation Calculus and Electrical Transients. By 
PROFESSOR STANFORD GOLDMAN. Prentice-Hall In- 
corporated, 70, Fifth-avenue, New York 11, U.S.A. 
[Price 3-75 dols.] Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 30s. net.]} 

Diesel Maintenance. By T. H. PARKINSON. Edited by 
DonaLp H. SmirH. Third edition. Iliffe and Sons, 
Limited, Dorset House, Stamford-street, London, 
8.E.1. [Price 7s. 6d. net.] 

Mechanical World Monographs. No. 55. Factory Can- 
teens. Their Planning and Equipment. By H. M. 
HaRMAN. [Price 2s. 6d.] No. 56. Helical Springs. 
A Critical Analysis of the Stresses in Helical Springs of 
Circular Cross Section. By J. R. FINNIECOME. 
[Price 2s. 6d.}] Emmott and Company, Limited, 31, 
King-street West, Manchester. 

The London Motor-Bus; 1896-1949. By R. W. KIpNER. 
Locomotion Papers No. 5. The Oakwood Press, 
Tanglewood, South Godstone, Surrey. [Price 4s. 6d.) 

The Mathematical Theory of Communication. By CLAUDE 
E. SHANNON and WARREN WEAVER. The University 
of Illinois Press, Urbana, Illinois, U.S.A. [Price 
2-50 dols.] 

The Directory of Shipowners, Shipbuilders and Marine 
Engineers, 1950. Tothill Press, Limited, 33, Tothill- 
street, Westminster, London, S.W.1. [Price 30s. net.] 

Kdltemaschinen-Regeln. Regeln fiir Leistungsversuche an 
Kdltemaschinen und Kiihlaniagen. Edited by the 
Kaltetechnischen Institut der Technischen Hochschule 
Karlsruhe. Fourth edition. Verlag C. F. Miiller, 
Karlsruhe, Germany. [Price 13 D.M.] 

The Fundamental Principles of Water Power Engineering. 
By FRANK F. Fereusson. Third edition. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 5s. net.] 

Forty-First Annual Report of the Hydro-Electric Power 
Commission of Ontario for the Year Ended October 31st, 
1948. Offices of the Commission, 620, University- 
avenue, Toronto, Ontario, Canada. 

Metal Finishing Handbook. A Short Handbook on 
Electroplated, Dipped and Sprayed Metallic Films, 
Other Protective Coatings and Metallic Colouring. By 
P. A. CARTWRIGHT. Blackie and Son, Limited, 





PERSONAL. 


Str ERNEST MURRANT, K.C.M.G., M.B.E., has resigne:! 
his appointment as a part-time member of the Dock 
and Inland Waterways Executive, having receive: 
medical advice to reduce his business commitments. 


Captain C. H. Krrcouin will relinquish his appoint - 
ment as London regional director of the Ministry 0: 
Works on March 31, and the London regional office a‘ 
2/19, Cornwall-terrace, N.W.1, will cease to function a 
such from that date. Regional services directly affectin;- 
the building and civil engineering industries in Londo: 
will be handled, in future, from Lambeth Bridge Hous«. 
S.E.1. Building control services, including licensing, 
registration, programmes and statistics, will be handled 
at 17, Cornwall-terrace, N.W.1, as previously. 


Mr. R. M. Rosson, B.Sc. (Lond.), has been appointed 
chief engineer to the D.P. Battery Company, Limited, 
Bakewell, Derbyshire, in succession to Mr. H. G. Brown. 
whose services will remain available to the company in 
an advisory capacity. Mr. Robson joined the firm in 
1943 as assistant to Mr. Brown. 


Mr. E. P. PEREGRINE, B.Sc., Mem.A.S.M.E. 
A.M.I1.C.E., A.M.I.Mech.E., A.M.I.E.E., who was chief 
research engineer of Pametrada, recently resigned from 
that position, after some four years’ service with the 
organisation. At the beginning of this month, he entered 
into partnership, as consulting engineers and industria] 
designers, with Mr. W. A. Turner and Mr. A. K. Jeffrey, 
AM.IL.P.E. The new firm is to be known as MESssRs. 
PEREGRINE AND PARTNERS (INCORPORATING W. A. 
TURNER, JEFFREY AND COMPANY), and their address is 
The Manor House, Royston, Hertfordshire. (Telephone : 
Royston 3213.) 


Mr. L. B. Hewirr, A.M.I.E E., has been appointed 
stores standardisation officer in the department of the 
chief technical planning and supplies officer of the 
London Transport Executive. He has been in the 
service of the Executive and its predecessors for 42 
years. 


Mr. E. H. T. Hostyn, M.B.E., Ph.D., A.R.C.S., 
F.R.1.C., A.M.I.Chem.E., has been elected director of 
the British Food Machinery Manufacturers’ Association 
and of the British Chemical Plant Manufacturers’ Asso- 
tion, 14, Suffolk-street, London, S.W.1, in succession to 
the late Mr. Norman Neville. Dr. Hoblyn has been 
secretary to the two organisations since 1944. 


~—-_ 
Mr. F. A. A. MENZLER, C.B.E., B.Sc., M.Inst.T., chief 
development and research officer to the London Trans- 
port Executive, has been elected President of the Insti- 
tute of Actuaries and will take office in June next. 


Mr. W. H. McFapzEANn, who was elected a deputy 
chairman of Messrs. British Insulated Callender’s Cables 
Limited, 103, Mount-street, London, W.1, in 1947, has 
been appointed chief executive of the company and, in 
future, will hold both offices. He is relinquishing all 
other directorships. Mr. L. G. BRAZzIER, Ph.D., B.Sc., 
M.I.E.E., A.F.R.Ae.S., and Mr. H. J. Stone, M.C., 
M.I.E.E., have been made directors of the company. 
Dr. Brazier joined the staff of the Callender Company 
in 1925 and specialised in high-voltage transmission 
research and development. Upon the formation of the 
present company, he was appointed director of research. 
which position he will continue to hold. 


Mr. A. A. H. Dovetas, B.Sc. (Eng.), A.M.I.Mech.E., 
has accepted the appointments of director and general 
manager of Messrs. Distington Engineering Company, 
Limited, Chapel Bank Works, Workington, Cumberland, 
and will assume his new position on March 27. 


THE TELEGRAPH CONSTRUCTION AND MAINTENANCE 
CoMPANY LIMITED, 22, Old Broad-street, London, E.C.?2, 
and MESSRS. JOHNSON AND PHILLIPS, LIMITED, Chariton, 
London, 8.E.7, with a view to promoting closer business 
and technical relationships between them, made an 
exchange of shares in their respective companies in 1947. 
This link has now been strengthened by an exchange of 
directors. Mr. WittlaM GLass has joined the beard 
of the first-named company and Mr. JOHN N. DEAN 
has been appointed a director of Messrs. Johnson and 
Phillips. 


THE INSTITUTION OF GAS ENGINEERS have removed 
from Grosvenor-place to 17, Grosvenor-crescent, West- 
minster, London, S.W.1. The Institution’s telephone 
number (SLOane 8266) and telegraphic address (Gaso- 
phaner-Knights-London) remain unchanged. 

The British Broadcasting Corporation, London, W.1, 
announce that Mr. A. P. Monson has been appointed 
superintendent engineer (recording), in succession to 
Mr. M. J. L. Pulling, M.A., M.I.E.E., whose promotion 
to the position of senior superintendent engineer (tele - 
vision) was referred to in our issue of November 11, 1949, 
on page 504. 

Messrs. BRITISH INSULATED CALLENDER’S CABLES 
Lmm1rep announce that the telephone number of their 
Edinburgh branch at 15b, St. James’s-square, has been 





66, Chandos-place, London, W:C.2: [Price 15s. net:] 








changed to Central 6876/7. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

scottish Steel.—The prolonged strike of maintenance 
men at Mossend and Clydebridge Works has limited the 
amount of finished work, but has not, so far, affected 
ingot production, which continues on a very high level. 
As an indication of the activity in the smelting shops, 
it may be mentioned that Clydebridge Works produced 
9,853 ingot tons during the week ending March 4, thereby 
surpassing their previous record of 9,735 tons set up in 
January. Pig-iron production is being steadily main- 
tained, although it remains below last year’s average, 
thus reflecting the reduction in requirements which has 
arisen owing to an abundance of scrap. Exporters are 
yery busily engaged in completing period I tonnages 
pefore the end of the month. Oversea demands for 
plates and sheets, especially galvanised sheets, appear to 
pe stronger than for other steel commodities. Steel- 
makers’ plate mills are operating to capacity to meet their 
heavy commitments to shipbuilders, boilermakers, and 
other large consumers, while the heavy mills of the sheet 
makers, producing plates from 3 mm. to } in. thick, are 
fully employed in the execution of large orders for home 
and overseas buyers. The home demand for re-rolled 
products remains dull, and some of the small mills 
of the re-rollers and stee] makers have little more 
than a few days’ work on hand at any one time. 


Scottish Coal.—March is proving once again to be a 
very difficult month for distributors. Their problems 
have been accentuated by reduced production at the 
collieries, especially in the central areas. In those 
cases where programmed tonnages have fallen short of 
actual requirements, industrial users have been operating 
with very meagre reserves. Graded fuel is scarce, and 
dross and gum are difficult alternatives to secure. Domes- 
tic stocks are decreasing, and deliveries have been kept 
near to the basic, even allowing for the 5 per cent. 
decided on at the commencement of the winter. Railway 
tonnages have been subject to the reduced availability of 
round coal. Coking supplies have been adversely affected 
by decline in output, amounting to 8,000 tons at one 
colliery last week. Exports have suffered because of 
the overwhelming demand of the home market. Ship- 
ments during February amounted, in all, to 70,743 tons, 
supplies to individual countries being: Denmark, 
20,414 tons; Eire, 19,071 tons; Sweden, 16,270 tons; 
France, 5,136 tons; Holland, 3,957 tons; Spain, 2,244 
tons; Germany, 2,151 tons; Portugal, 1,497 tons; and 
Iraq, 3 tons. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

Welsh Coal Trade.—A very difficult position has 
continued to face operators on the Welsh steam-coal 
market during the past week. The supply situation, so 
far from improving, has shown signs of becoming even 
more acute. With the bulk of outputs still being used 
to meet the needs of the home market, the export trade 
has suffered considerably. Shippers have encountered a 
sustained demand for all classes of fuel from overseas 
users and a stage has now been reached where the accept- 
ance of new orders for delivery during the next few months 
has become almost an impossibility. Owing to the acute 
scarcity of supplies, it has become difficult to ensure a 
steady flow of coal to the docks to meet commitments 
which have already been made. There have been several 
instances recently where the coal has not been to hand 
for ships ready to load. Unless there is a big expansion 
in production soon, and this seems unlikely, the only 
remaining solution to the present problem will be to 
release more coal for shipment, thereby leaving the home 
market to draw supplies from other coalfields, There 
has been no indication of any falling off in the demands 
of the home market, and substantial orders have been 
booked for the railways, public utility undertakings and 
the iron and steel industry, covering some months ahead. 
On the export account, there has been a steady flow of 
supplies to France and Argentina. Both these countries 
entered into contracts for substantially increased de- 
liveries during the present year. Occasional cargoes 
have been made available for Italy, and restricted quan- 
tities for Spain and Portugal, also. Cokes and patent 
fuel continue in great demand. 


; Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, home users of tinplates continued to 
cover their requirements period II. Although the total 
amount of business transacted was not heavy, the 
number of orders placed was considerable. The im- 
Proved demand for tinplates for export was maintained, 
and the sales made were for substantial amounts. The 
demand for steel sheets did not diminish and customers 
experienced some difficulty in covering their require- 
ments, except for deferred deliveries, Iron and steel 
Scrap was in strong demand, owing to the immense 
quantities consumed by steelworks in the effort to main- 
tain production at its present record level. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Production is proceeding steadily. 
New business comes to hand rather slowly, and there is 
not so much buying ahead. Considerable export business 
is being handled. As part ofits drive for increased dollar 
export, the English Steel Corporation, Limited, will show 
a wide range of products at the International Trade Fair 
at Toronto in May. With the aid of its subsidiaries, the 
firm hope to double their trade with Canada. The exhibits 
will include more than 20 types of engineers’ small 
tools, together with a variety of the latest types of per- 
manent magnets for use in television and radio, electrical 
measuring instruments and other equipment. A large 
number of tool steels will also be exhibited. Messrs. 
Edgar Allen and Company, Limited, will have two stands 
at the Fair. The agricultural-steel trades are making 
headway with the execution of numerous orders for 
machine parts and edge tools. Unskilled labour is in 
ample supply, but there are not enough skilled men 
available in some departments of industry. 


South Yorkshire Coal Trade.—Production of coal is at 
a disappointing level, the only area achieving increases 
being that around Doncaster. In other areas of South 
Yorkshire, there has been a steady weekly decline dating 
from the first week in January. Scarcity has necessi- 
tated the withdrawal from the domestic market of off- 
the-ration fuel and some opencast coal, which are now 
needed to supplement industrial supplies. This action 
has reduced stocks- at retail merchants’ depots to the 
irreducible minimum, and, in some cases depots have 
had no house coal to send out, unless supplies have 
arrived during the day. Coking coal is eagerly sought. 
Hard coke is being produced in fairly satisfactory 
quantities. Patent fuel is in good demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel-producing plants 
continue to be very actively engaged, but customers’ 
requirements are absorbing the heavy outputs. Although 
the demand for the various categories of raw material is 
exceptionally large, users are able to obtain satisfactory 
supplies from home sources. At the same time, imports 
of foreign iron ores on a large scale are assured. Merchants 
are continuing to provide substantial parcels of scrap 
for foundries and steel plants, and have no difficulty in 
disposing of their distributable tonnage. Pig iron is less 
scarce than formerly, but, nevertheless, buyers would 
like to receive even greater quantities than are now 
obtainable. The blast furnaces on the North-East Coast 
have produced quite 25 per cent. of the national output 
of pig iron, which is larger than that of any other district. 
Manufacturers of semi-finished and finished descriptions 
of material are turning out sufficient tonnages to enable 
them to satisfy customers’ delivery claims. The long- 
delayed announcement of increases in railway rates 
has disclosed no higher charges than were generally 
expected, and has not enabled buyers of iron and steel 
to forestall the anticipated advance in prices, owing to 
their obligation to pay at the rates ruling at the date of 
delivery. 


Foundry and Basic Iron.—Consumers of ordinary 
foundry pig iron in the Tees-side area are obtaining rather 
better supplies than hitherto, but are still largely depen- 
dent on the regular delivery of Midland brands. The 
small supplies, occasionally available, of some special 
Cleveland pig irons, suitable for use at certain specialised 
foundries, are eagerly taken up. As has long been the 
case, the whole production of basic iron is flowing quickly 
into use at the makers’ own consuming departments. 


Hematite, Low-Phosphorus and Refined Iron.— Although 
the distributable quantities of East-Coast hematite 
meet the actual needs of the usual customers, bigger 
deliveries would be acceptable. There is a continued 
steady demand for low- and medium-phosphorus grades 
of iron, and refined-iron manufacturers report a ready 
sale for their substantial outputs. 


Manufactured Iron and Steel.—Plants providing semi- 
finished and finished iron commodities are busy on 
reasonably good contracts, and inquiries circulating 
promise to lead to many new orders. Steel producers, 
generally, have plenty of work in hand. Better supplies 
of home-produced semi-finished steel have permitted 
some curtailment in the importation of foreign outputs. 
Several types have a rather slow sale, as users have 
covered their requirements fairly extensively, but small 
billets, sheet bars and slabs continue in strong request. 
Nearly all classes of finished steel are wanted in larger 
parcels than can be provided, but manufacturers are 
handling their delivery obligations betterthan for some 
time past. The demand for sheets, plates and railway 
equipment continues unabated. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion: Monday, March 27, 5.30 p.m., Victoria-embank- 
ment,W.C.2. -‘ Operation and Maintenance of Television 
Outside-Broadeast Equipment,” by Mr. T. H. Bridge- 
water. North-Eastern Centre: Monday, March 27, 
6.15 p.m., Neville Hall, Newcastle-upon-Tyne. ‘‘ Experi- 
ence with a _ British Alternating-Current Network 
Analyser,” by Mr.G. Lyon. Also at the Supply Section : 
Wednesday, March 29, 5.30 p.m., Victeria-embankment, 
W.C.2. Hast Midland Centre: Tuesday, March 28, 
6.30 p.m., Gas Demonstration Theatre, Nottingham. 
** Electrical Control Gear for Machine Tools,’’ by Mr. 
A. R. H. Thorne. Scottish Centre: Tuesday, March 28, 
7 p.m., 39, Elmbank-crescent, Glasgow. “ Visual 
Methods in Engineering Teaching,” by Mr. H. E. Dance. 
Southern Centre: Wednesday, March 29, 6.30 p.m., 
17, New Canal, Salisbury. ‘‘ Earthing on Low- and 
Medium-Voltage Overhead-Line Systems,” by Mr. L. 
Gosland. Institution: Thursday, March 30, 5.30 p.m., 
Victoria-embankment, W.C.2. Symposium on “ The 
M.E.S. System of Units.” 


ROYAL SOCIETY OF ARTS.—Monday, March 27, 6 p.m., 
John Adam-street, W.C.2. Cantor Lecture II. “ The 
Manufacture, Properties and Applications of Aluminium 
and Its Alloys,” by Dr. C. J. Smithells. 


INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, March 27, College of Technology, 
Manchester. 6.30 p.m., Annual Meeting. 7.15 p.m., 
“ Valid Incentives,” by Mr. E. C. Gordon England. 


INSTITUTION OF CIVIL ENGINEERS.—Structural and 
Building Division: Tuesday, March 28, 5.30 p.m., 
Great George-street, S.W.1. ‘“‘ New Steelworks, Port 
Talbot: Planning and Design,” by Mr. W. S. Atkins. 
Association of London Students : Wednesday, March 29, 
6 p.m., Great George-street,S.W.1. ‘‘ American Railroad 
Practice,’ by Mr. A.C. E. Sandberg. Yorkshire Associa- 
tion: Friday, March 31, 7 p.m., Great Northern Station 
Hotel, Leeds. (i) “ Driving and Lining the Clunie 
Tunnel on the Tummel-Garry Hydro-Electric Scheme,” 
by Mr. C. F. Grundy. (ii) ‘“‘ The Mullardoch-Fasnakyle- 
Affric Tunnels,” hv Mr. E. C. Dillon. 


INSTITUTE OF FUEL.—Tuesday, March 28, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. ‘“‘ High-Temperature Combustion- 
Heated Furnaces,” by Mr. M. W. Thring. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, March 
28, 5.30 p.m., 85, The Minories, E.C.3. Annual Meeting. 


INSTITUTION OF NAVAL ARCHITECTS.—Wednesday, 
March 29, 10.15 a.m.; Fhursday, March 30, 10.15 a.m. 
and 2.30 p.m.; and Friday, March 31, 10.15 a.m. and 
2.30 p.m., on board the Wellington, Temple Stairs, 
Victoria-embankment, W.C.2. Spring Meeting. 


JUNIOR INSTITUTION OF ENGINEERS.—Sheffield District : 
Wednesday, March 29, 7.30 p.m., Royal Victoria Station 
Hotel, Sheffield. Presidential Address on ‘“ Mainly 
About Steel,” by Mr. A. Roebuck. Proposed East 
Midland Group: Thursday, March 30, 7 p.m., Mechanics 
Institute, Burton-street, Nottingham. ‘“ Chemistry of 
Boiler Water,” by Mr. H. R. Nuttall. Institution: 
Friday, March 31, 6.30 p.m., 39, Victoria-street, S.W.1. 
** Opencast-Coal Mining,”’ by Mr. S. W. Pardoe. 


INSTITUTE OF BRITISH FOUNDRYMEN.—London Branch : 
Wednesday, March 29, 7.30 p.m., Waldorf Hotel, Ald- 
wych, W.C.2. “Insulation of Risers by Additions to 
Moulding Sand,” by Mr. P. V. Gillain: Lancashire 
Branch: Saturday, April 1, 3 p.m., Engineers’ Club, 
Manchester. Annual Meeting. 


ROYAL AERONAUTICAL SociETy.—Thursday, March 30, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘‘ Modern Methods of Testing Aero 
Engines and Power Plants,” by Mr. A. C. Lovesey. 


ENGINEERS’ GUILD.—Thursday, March 30, 6 p.m., 
2, Savoy-hill, W.C.2. “The Objects and Organisation 
of the Guild,” by Mr. J. H. W. Turner. 


INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section: Thursday, March 30, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘ Manufacture 
of Tinplate Containers,” by Mr. E. Silverman. North- 
Western Branch: Thursday, March 30, 6.45 p.m., 
Engineers’ Club, Manchester. ‘‘ Furnace Design and 
Practice,”” by Professor R. J. Sarjant. Scottish Branch : 
Thursday, March 30, 7.30 p.m., Royal Technical College, 
Glasgow. Thomas Lowe Gray Lecture, by Mr. James 
Gray. Institution: Friday, March 31, 5.30 p.m., 
Storey’s gate, St. James’s Park, S.W.1. (i) “ Gas Cooling 
and Humidification: Design of Packed Towers from 
Small-Scale Tests,” by Mr. W. F. Carey and Mr. G. J. 
‘Williamson.: (ii) “A Contribution to the Theory of 
Natural-Draught Cooling Towers,” by Mr. B. Wood and 
Mr. P. Betts. 
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the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
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averages six words and when an advertisement 
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If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
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cent. for thirteen; 25 per cent. for twenty-six; and 
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ELECTRIC RAILWAY 
TRACTION. 


Tue history of electric railway traction in Great 
Brita‘n is not without its curious aspects. As has 
happened before, we were pioneers in this branch of 
engineering, but after the first lines to use this form 
of propulsion, had been opened (in the early ‘eighties 
of last century) little was done until about 50 years 
ago, when the London tube system was developed, 
at first gradually and then at an increasing rate. 
Even then there was little progress in other parts 
of the country, although the Southern Railway 
began to convert its London suburban lines in 1909 
and has since extended electric traction to a great 
part of its system. The other main line railways, 
however, limited electrification to short mileages 
and apparently did not regard it as providing 
a solution to their problems. The result is that 
of the 52,500 miles of railway track in this country 
only some 2,334 miles are electrified ; and that, 
while rather over 20,000 steam locomotives are 
in use there are only 17 electric locomotives and 
2,025 electric coaching vehicles. Since a large 
proportion of the lines operated by British Railways 
have a high traffic density (so that, in theory at 
least, they should offer a favourable field for elec- 
trification) the reasons for this slow rate of progress 
may correctly, if a little inadequately, be described 
as obscure. 

If, however, the matter came to be examined, an 
examination which would mean a searching inquiry 
into the proceedings in board rooms, at committees 
and at official meetings as well as, in particular, 
into “off the record” conversations, it would 
probably be found that the case for electrification, 
impressive as it often was, was nevertheless not 
sufficiently overwhelming to encourage the directors 
to embark on a wholesale programme of conversion 
with untrammeled consciences. In other words, 





there was no clear-cut certainty that the capital 
investment necessary to carry out the change would 
prove remunerative. Considering the prevailing 
economic conditions and the interests of the share- 
holders it was therefore not unnatural that these 
directors should have preferred to bear those ills 
they had than fly to others that they knew not of. 
They may also, it is true, have been assisted by 
the opinions of their mechanical engineering staffs 
in coming to this decision. The fact, however, 
remains that, taking everything into account, and 
this means a great deal, the arguments in favour of 
electrification were just not strong enough to result 
in any large scale development. 

It remains to be seen whether the conditions 
induced by the war, of which nationalisation is only 
one, have brought about any change in this position. 
It is probably correct to say that the steam loco- 
motive has reached the peak of its efficiency. 
Looking at the matter from another angle, it would 
also be desirable to divert the high-grade coal, the 
consumption of which is entailed by the employ- 
ment of that prime mover, to other markets, 
substituting for it the electric locomotive, which 
ultimately derives its power from lower grade fuels. 
These are undoubtedly among the reasons why the 
British Transport Commission, two years ago, in- 
vited the Railway Executive to pay urgent attention 
to the whole problem of motive power and to report 
as quickly as possible upon the relative advantages 
of the alternatives. They are also admittedly 
among the reasons why the Traction Technical 
Committee of the Institution of Electrical Engineers, 
with the full approval of the Council, organised the 
convention, on electric railway traction, which has 
been held in London this week ; for there is a good 


340! deal of evidence to show that the arguments in 


favour of electric traction have been s 

by present economic conditions. It is therefore 
wise that those whose duty it will be to make 
decisions regarding its more widespread adoption 
should be left in no doubt regarding the ability of 
electrical engineers to implement them by manufac- 
turing suitable equipment. 

From this point of view the Convention, should be 
of the greatest possible use. For it has provided an 
opportunity for presenting an impressive corpus 
of information on a very important subject. The 
interest it has aroused in engineering circles is shown 
by the fact that double the number of papers were 
offered than could be entertained ; and that these 
offers were received not only from the electrical 
but from the civil and mechanical branches of the 
profession. On page 319 of this issue we begin an 
account of the proceedings at this gathering ; and 
in later issues we propose to deal with the contents 
of some of the more important communications at 
greater length. A study of this information will 
show clearly that British electrical engineers are 
well equipped to meet any demands which may, 
and they hope will, be made upon it. 

In dealing with electric railway traction there 
are, as Sir Cyril Hurcomb pointed out in opening 
the Convention, two general problems for considera- 
tion—one minor and the other major. The first 
is how to electrify and the second whether or not 
to electrify. The Electrification of Railways Ad- 
visory Committee, which was appointed by the 
Minister of Transport as long ago as 1920, recom- 
mended the use of the 1,500-volt direct-current 
system with overhead collection ; and this is being 
employed on the Liverpool Street-Shenfield and 
Manchester-Sheffield-Wath lines, which form the 
latest examples of railway electrification in this 
country. It has also been employed on a number 
of schemes overseas for which British equipment 
has been used. The question of system may 
therefore be said to have been settled. On the 
other hand, it will be necessary for obvious reasons 
retain the 600-volt conductor-rail system in south- 
east England, where the Southern Region is operat- 
ing some 1,800 track miles by that method. This 
is in some ways a pity. Sir Cyril considers it 
will not give rise to serious difficulties in inter- 
running. Nevertheless, we shall await further 
details on this subject with some interest. 

As regards whether or not to electrify, Sir Cyril 
was naturally more guarded in his statements. 
He pointed out, however, that the only serious 
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competitor of steam at the present time is electrifica- 
tion, except in the United States of America, where 
“ dieselisation ” has gained rather more than a 
foothold for long hauls. He quoted Sir Eustace 
Missenden to the effect that the economic and 
Operating advantages, not to speak of the attrac- 
tiveness, of electric traction were so great and the 
traffic density on a considerable proportion of the 
British system was so dense that an early pro- 
gressive extension of electrification for main line 
passenger and freight traffic, as well as for inter- 
urban and suburban services, was essential. It is 
only fair to record that Sir Eustace’s views were 
personal. The same applies to Sir Cyril’s own 
suggestions that future schemes should include the 
completion of the conversion of the lines in south- 
east England, the electrification of the London, 
Tilbury and Southend line, and similar work in the 
Manchester, Liverpool and Glasgow areas, as well 
as on Tyneside. It may, however, be presumed 
that these statements indicate the lines along which 
the official mind is working. 

If this is the policy it is proposed to adopt we 
may perhaps be allowed to express our agreement 
with it in advance; for to extend electrification 
outwards gradually from centres, where it is at least 
being employed to some extent, is a sounder method 
than that which was suggested in the Weir report 
of 1931, of converting “all lines at present worked 
by steam, except such branches as detailed examina- 
tion may show can be economically operated by 
independent haulage units.” Incidentally, this 
work, which was to take from 15 to 20 years, was 
to cost about 2611. million. To-day the cost would 
be at least double and perhaps a good deal more. 
In fact, it may have been this suggestion of dealing 
with the problem in one mouthful which was a 
not unimportant factor in encouraging the railway 
authorities to adopt a policy of masterly inactivity. 
On the other hand, to inaugurate conversion by 
first dealing with those lines which on the face of it 
are ripe for electrification would not only enable a 
better service to be given, but would help to dispel 
doubts regarding the wisdom of the change. 

In this connection, a word of warning is, however, 
necessary. It is a habit.of the advocates of electric 
traction to point out that its use not only enables 
the existing traffic to be dealt with under improved 
conditions, but causes an increasing number of 
passengers to be attracted. Mr. C. M. Cock, in 
introducing his paper on “‘ Railway Electrification 
in Great Britain ” to the Convention adopted this 
line of argument by pointing out that during the 
four months since the Liverpool Street-Shenfield 
line had been electrified the traffic had increased 
by 60 per cent. It may, however, be pertinently 
questioned whether this is all “‘ new ” traffic ; that 
is, whether it consists mainly of people who have not 
travelled before. If it is not, it simply means that 
the increase is balanced by a decrease in the em- 
ployment of other forms of transport, for which the 
Commission, it must be remembered, is now 
responsible. Absence of competition, it is not 
cynicism to point out, has its drawbacks as well as 
its advantages. Moreover, it may well be asked 
whether, in future, electrification will of necessity 
be followed as it has been in the past by spectacular 
increases in traffic. If fares are raised (and this 
spectre continually hovers in the background of 
alJ transport problems) the development may not 
be so great as enthusiasts suppose. 

These, and other economic, questions of equal 
importance were not, however, the business of this 
week’s Convention. Pure engineering, in fact, was 
the order of the day ; and it was justly pointed out 
that railway electrification is as much a matter for 
the mechanical as the electrical engineer, and, 
although this was not so clearly stressed, for the 
civil engineer as well. It would appear that 
as a result of their inventiveness and of operating 
experience with such equipment as mercury-arc 
rectifiers and remote-control apparatus electrical 
engineers have a little outdistanced their mechanical 
colleagues. who have still to solve a number of pro- 
blems that have been introduced by the new method 
of operation. Co-operation between them is there- 
fore essential and will be much facilitated by the 
collection of experiences which the papers read this 
week provide. 





‘* ROLLS-ROYCE.”’ 


THERE are thousands of trade names in existence, 
the majority being invented words such as Kodak. 
The coining of a term of this kind would appear to 
demand a subtlety of imagination and an acuteness 
in auditory sense, of the possession of which the 
inventors of the comparatively few highly successful 
trade names were probably unaware. The hoard- 
ings and advertisement columns of the world are 
bespattered with fancy words which, no doubt, 
serve their turn, but those which so catch the public 
ear that they may be said to become part of everyday 
language build up to but a small total. The word 
Kodak is of this small class and has so established 
itself that at times it is used to mean a hand-camera 
of any make. Such an extension of usage is natur- 
ally not welcomed by those who devised and have 
sole rights in the word ; it is the penalty for success 
in coining such a satisfactory term. 

The name standing at the head of this article is a 
further example of a trade name which has passed 
into the language of everyday speech, but it has 
been more fortunate than Kodak in that it is never 
applied to the wrong article. The reason for this 
favouritism is that the term Rolls-Royce is com- 
monly used as an adjective, not a substantive. 
When a word is used to express the highest quality 
of excellence, and has become so much a part of 
common speech that it takes its place in music-hall 
jokes, it may be said to fulfil the rigid specification 
with which a trade name is required to comply. 
Rolls-Royce is, however, not an invented term and 
it must be attributed to good fortune that the names 
of the two founders of a firm have formed a combina- 
tion word which has taken its place among the 
trade names which are known throughout the 
world. 

Rolls-Royce Limited are not the only firm manu- 
facturing motor cars and aero-engines of the highest 
class, and it is natural to ask why their name has 
established its exceptional status. The answer lies 
in the qualifications, moral, mental and physical, of 
Frederick Henry Royce. The company was regis- 
tered at Somerset House on March 16, 1906, and its 
founders have all passed away. Royce died in 1933, 
but the tradition which he built up, and the stan- 
dards for which he strove, still animate and control 
the proceedings of the firm. Henry Royce started 
life with no other advantages than his own character 
and abilities. He was born in Alwalton, in Lincoln- 
shire, the son of a miller. Financial difficulties 
resulted in a move to London, and Henry obtained 
a job as a newspaper boy with W. H. Smith and 
Son. When he was nine years of age, his father 
died and for five years he had to help to keep 
himself, serving at one time as a telegraph boy ; 
his schooling was greatly interfered with. From 
the time when he was a small child, he had shown 
mechanical abilities and when he was fourteen 
years old an aunt arranged for him to serve as an 
apprentice at the Great Northern Railway Works at 
Peterborough. He remained there for three years 
and was fortunate enough to lodge with a Mr. 
Yarrow, who was employed at the railway works. 
Yarrow was an enthusiastic mechanic, and had a 
workshop in his back garden in which he instructed 
his son, and Royce, in the use of tools. 

During this period, Henry Royce spent such spare 
time as he had in efforts to remedy the defects in his 
education, but another stage in his fortunes was 
at hand. His aunt, who had financed him during 
his apprenticeship, fell on bad times; he was 
obliged to leave the railway works and, as his 
widowed mother was in no position to assist him, he 
set out on foot for the north to look for a job. It 
was not until he had tramped as far as Leeds that 
he obtained an appointment. This was with a firm 
of tool makers at a wage of eleven shillings for a 
54-hour week. During this period he spent what 
time he could in improving his education, particu- 
larly studying the subject of electricity. There 
appears to have been much overtime at the works 
which, although it must have affected his studies, 
was probably fortunate in supplementing his 
meagre wage ; he was apparently grievously under 
nourished at this time. 





It is very clear that never was Henry Royce 
lacking in self-confidence. He happened to see an 





advertisement for a tester with the Electric Light a:.d 
Power Company in London. ' He was interested in 
electrical matters and had studied them as far is 
his opportunities permitted, but he had no practi« 1] 
experience of any kind in this sphere of work. 
However, he applied for the job and got it. Back 
in London, his educational opportunities becarie 
more favourable and he attended evening technic.:] 
classes. He established his position with tlie 
Electric Light and Power Company, and wis 
appointed chief electrician of a subsidiary, the 
Lancashire Maxim and Western Electric Compar.y, 
in Liverpool, before he had reached the age of 
twenty. The company was not successful ; it was 
probably before its time, and had to go into liqui- 
dation. Again Royce found himself without a jo), 
but with valuable experience and the sum of 201. 

It is not the purpose of this article to trace in 
detail the distinguished career of Sir Henry Royce 
from the cradle to the grave. That task has been 
carried out by Mr. Harold Nockolds in a fascinating 
history* which deals with the firm of Rolls-Royce, 
their founders, their difficulties and their achieve- 
ments. In attempting some explanation of the cir- 
cumstances which have built up the magic of that 
name, it was necessary to sketch the early days of 
the man on whose technical ability and conscien- 
tiousness that magic is based. The commercial 
success of the firm was contributed to by other hands, 
but its status in the sphere of precision engineering 
must be placed to the credit of Royce. 

Armed with his 201., Henry Royce set up busi- 
ness as an electrician in partnership with A. E. 
Claremont, who had 50/1. They formed the firm 
of F. H. Royce and Company, and had a small 
workshop in Cook-street, Manchester. After a 
period of small things and early struggles, a success- 
ful business was built up. In 1894, a limited com- 
pany under the name of Royce, Limited, was formed. 
A valuable reputation was established in the manu- 
facture of electric cranes, Royce insisting and 
ensuring that only material of the highest class 
should be turned out. Royce had acquired a second- 
hand Decauville motor car and spent much time 
tinkering with it. He was apparently highly dis- 
satisfied with the noise it made and was so convinced 
that he could improve on the design that, in 1903, 
he startled his partners by announcing that he was 
going to build three experimental motor cars. 

This was really the beginning of Rolls-Royce, 
although the Hon. Charles Rolls did not enter into 
partnership with Royce until 1906, when the firm 
of Rolls-Royce Limited was registered. The car 
made by Royce Limited had a two-cylinder engine 
of 10 h.p. and, to a large extent, Royce made it 
with his own hands. Striving for perfection, he 
concentrated on it to such an extent that on one 
occasion he did not leave the works for three days 
and three nights. It may be questioned whether he 
would have made a commercial success of motor-car 
manufacture if he had not been joined by the Hon. 
Charles Rolls and Claude Johnson ; the former, an 
enthusiastic racing driver, arranged that the out- 
standing qualiities of the car should be demonstrated 
in many international competitions ; the latter was 
an able organiser and business man. Throughout, 
however, design and the quality of workmanship 
were controlled by Royce. His long years of concen- 
trated effort, irregular meals and irregular sleep 
ultimately resulted in a serious breakdown in health, 
which caused him to leave Derby and settle at 
West Wittering, near Chichester. He never visited 
the Derby works again and it is a remarkable 
tribute to his genius and force of character that 
until his death he remained personally responsible 
for the design of every new car or aero-engine 
without ever being within 100 miles of the factory. 
His work leading to the development of the Merlin 
aero-engine cannot be dealt with here, but as 
an example of mechanical insight and ability, 
it would probably be impossible to quote a more 
striking case than that the man who designed the 
engine on which so much depended in the Battle of 
Britain never, so far as is known, flew in an 
aeroplane. 

* The Magic of a Name. By Harold Nockolds. G. T. 
Foulis and Company, Limited, 7, Milford-lane, Strand, 
London, W.C.2. [Price 25s, net.) 
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NOTES. 


THe WuitwortsH Socrery. 


As it was founded in 1922, the Whitworth Society 
is a comparatively young organisation, but it may 
claim direct connection with the beginnings of the 
Whitworth competition ; it numbers among its 
past-presidents two of the men who figured among 
the first batch of scholarships, awarded in 1869, 
namely, R. B. Buckley and F. P. Purvis. The 
link with early days is still not broken, as Mr. Harry 
Shoosmith, the President this year, obtained his 
scholarship 64 years ago. Presiding at the annua) 
dinner, at Kettner’s Restaurant, on March 16, Mr. 
Shoosmith, with such a long and active career 
behind him, was able to interest the members with 
reminiscences of long past events. He was one of 
the last, if not the last, of the candidates who under- 
went the practical workshop test which was origin- 
ally compulsory but, in his day, had been made 
optional. In Mr. Shoosmith’s long and extensive 
experience, the names of Maxim, Willans, Priestman 
and Kynoch appear. He was associated with 
Hiram Maxim in the construction of the flying 
machine which ultimately wrecked itself by insist- 
ing on trying to fly when it was intended to be held 
to the ground by wheels running under inverted 
rails. With Priestman, he had experience in the 
development of the grab and of liquid-fuel engines. 
The main toast of the evening at these annual din- 
ners is ‘‘ Success to the Whitworth Society.” On 
this occasion it was proposed by Dr. S. F. Dorey, 
who, in an amusing speech, connected the “‘ health ” 
he was proposing with the “‘ success ” of the formal 
wording ; both of these elements were clearly active 
in the proceedings of the society. Tradition has 
determined that the closing stages of these dinners 
shall be devoted to informal speeches and remarks 
by members present. This procedure is convenient 
and appropriate as the functions are confined to 
Whitworth men, no outside guests being permitted, 
and the occasion is a convenient one for the expres- 
sion of individual opinion on what may be called 
the “domestic” aspects of the Whitworth com- 
petition. Although nothing that could be described 
as a formal discussion took place, various remarks 
were made on the matter of the present regulations 
for the Senior Scholarships. These may be awarded 
to men with little practical experience who, however, 
are required to enter a works for a stated period 
after gaining the scholarship. The general opinion 
of the members present appeared to be that the 
awarding of scholarships to men with workshop 
experience, which was Whitworth’s original inten- 
tion, was the more satisfactory procedure, but it 
was pointed out by one speaker that, in view of the 
present-day demand by industry for scientific men, 
a system which might result in some able students 
selecting an industrial rather than an academic 
career probably had advantages of its own. 


Tue INSTITUTION OF NAVAL ARCHITECTS. 


_The 1950 Spring Meeting of the Institution of 
Naval Architects is to be held on board the Welling- 
ton, headquarters ship of the Honourable Company 
of Master Mariners, moored at the Victoria Embank- 
ment, London, W.C.2, on Wednesday, Thursday 
and Friday, March 29 to 31. The morning session 
on the Wednesday will be devoted to the annual 
general meeting, starting at 10.15 a.m., and the 
address by the President, Admiral of the Fleet 
Viscount Cunningham of Hyndhope. This will be 
followed by a joint meeting with the Institute of 
Marine Engineers, at which the Parsons Memorial 
Lecture, by Mr. K. C. Barnaby, O.B.E., will be 
delivered ; the title is ‘‘Progress in Marine Pro- 
pulsion, 1910 to 1950.” The annual dinner of the 
Institution will-be held in the evening, at the Con- 
naught Rooms. At the morning session on Thurs- 
day, March 30, papers will be presented on “ New 
Forms for Ships’ Sterns,” by Mr. P. Carlotti, and 

Further Experiments with Mcdels of High-speed 
Ships,” by Professor A. F'. Lindblad, Sc.D.; and, 
in the afternoon, on “ Shifting Boards for Ballasted 
Cargo Vessels,” by Mr. R. A. Beattie, B.Sc., and 

Stresses in Tanker Members,” by H. J. Adams, 
B.Sc. There will be two sessions on Friday also, 





that in the morning to receive papers on ‘“‘ Improve- 
ments in Mooring Anchors,” by Constructor Lieut.- 
Commander K. P. Farrell, B.Sc., R.C.N.(R.), and 
“ Investigations on Model Anchors,” by Mr. H. L. 
Dove ; and the afternoon meeting to discuss a paper 
on “Thermal Expansion Effects in Composite 
Ships,” by Mr. E. C. B: Corlett, M.A. A commend- 
able feature of the notice announcing the programme 
is the statement that “It is the Council’s wish that 
as many younger members and Students of the 
Institution as possible will,;take part in the dis- 
cussions, or ask questions.” 


Tue Macutne Toot TrapEs ASSOCIATION. 


Severe criticism of the Government for expecting 
the machine-tool manufacturers to re-equip the 
industry of this country and at the same time help 
to close the dollar gap was expressed by Viscount 
Bruce of Melbourne in a speech made at the annual 
luncheon of the Machine Tool Trades Association, 
held at the Savoy Hotel, London, on Wednesday, 
March 22. This, he said, was ‘‘ planning gone mad,” 
as the balance of machine tools left over from 
export was not sufficient even to keep the existing 
plants up to date. Nevertheless, there was a need 
for planning and it was essential for this to be done 
in co-operation with the Government, who could 
not be ignored, as all activities were closely linked 
with the economics of the country. Planning was 
as important on the national scale as in personal 
business, but it must be put into operation by the 
industry concerned. A good example of the success- 
ful co-operation between the Government and com- 
merce was furnished by the iron and steel industry, 
which planned, and put into operation, a ten-year 
programme of expansion to meet the growing needs 
of the country. Despite the success of this scheme, 
the Government had insisted on nationalisation ; 
personally, he failed completely to see the reason 
why. He was not, Lord Bruce continued, an oppo- 
nent of nationalisation—he believed that the 
nationalisation of coal was correct; but each case 
should be judged on its merits, and the iron and 
steel industry was not one for nationalisation. It 
was essential, therefore, that the Association should 
give a firm Jead to the machine-tool industry and 
thereby ensure that there was no excuse for Govern- 
ment interference. With regard to the smaller 
firms in the country, he considered that it was 
essentia] that they should co-operate and form their 
own overseas selling organisation. It was also 
essential to establish means whereby these smaller 
firms could obtain scientific help, and he felt that 
the Association could do much to assist in this 
direction. Lord Bruce closed his speech by refer- 
ring to the country’s lack of technologists and 
pointed out that whereas Britain undoubtedly had 
the best scientists in the world, there were not 
enough technologists to put into practice the results 
of scientific research ; it was most important, there- 
fore, that some means be found for training a far 
greater number of technologists. Lord Bruce was 
welcomed by Mr. J. B. S. Gabriel, President of the 
Association, who proposed the toast of ‘The 
Guests.” Mr. Gabriel referred to the work of Lord 
Bruce when Prime Minister of Australia and added 
that his achievements as a stalwart friend of this 
country would never be forgotten. So far as the 
machine-tool industry was concerned, he felt sure 
they were all conscious of the problems which still 
confronted this country. Methods, machines and 
products were changing with the times, but their 
standards of honest workmanship and fair dealing 
remained unchanged. 





‘* HEADS AND THREADS.”—Number 1, Volume 1, of a 
new journal, Heads and Threads, described as the official 
organ of the British bolt, nut, screw and rivet industry, 
has been published. It contains an article by Sir Anthony 
Bowlby and Mr. T. Affieck on unified fasteners, in which 
the authors give a critical review of the unified screw 
threads system, and an article by Mr. R. F. Turner on 
the heat treatment of small rivets. Among other features, 
there are also a directory of British bolt, nut, screw and 
rivet makers and a note on the inappropriateness of the 
term “ultimate tensile strength,” as applied to bolts. 
It is suggested that the elastic limit is more important, 
and that this term might be renamed the “ stretch factor.” 
The editorial offices are at 25, Bennetts-hill, Birming- 
ham, 2. 





OBITUARY. 
MR. RAYMOND CARPMAEL, 0.B.E. 


PRESSURE on our space prevented mention, in 
last week’s issue, of the death on March 8 of Mr. 
Raymond Carpmael, M.I.C.E., formerly chief engi- 
neer of the Great Western Railway and a past- 
president of the Permanent Way Institution. Mr. 
Carpmael, who was born on September 14, 1875, 
began his engineering education at Dulwich College, 
where he was on the science and engineering sides, 
and then served an apprenticeship of five years 
with Messrs. Stothert and Pitt, Limited, at Bath. 
Leaving them in 1899, he entered the bridge depart- 
ment of the Great Western Railway at Paddington 
as a surveyor and draughtsman, but was transferred 
to Fishguard in 1901, where he was engaged on the 
new harbour works as assistant to Mr. G. Lambert 
Wilson, M.I.C.E., becoming Mr. Wilson’s chief 
assistant a year later. On the completion of this 
great undertaking—especially noteworthy in being 
carried by the Great Western Railway Company’s 
own, organisation—Mr. Carpmael was posted in 
1907 to Weymouth as resident engineer in charge 
of the new station and viaduct then under con- 
struction ; and, in the following year, to Carmar- 
then, on the reconstruction of the railway bridge— 
five fixed spans and a Scherzer rolling-lift span— 
over the River Towy. In 1909, he was appointed 
chief assistant at Shrewsbury, where he was engaged 
on general maintenance work for the next seven 
years; and, in 1916, was transferred, in a similar 
capacity, to Gloucester, where, in addition to his 
ordinary railway duties, he was engaged on the 
construction of a large munitions depot at Hereford. 
In 1917, like many other railway engineers, he was 
given a War Office appointment, being sent to 
France as senior engineer in charge of No. 3 (G.W.R.) 
Civilian Railway Company, to lay railway tracks 
and sidings for military purposes in France and 
Flanders. On his return in 1919, he went again to 
Shrewsbury, as Divisional Engineer, and, three 
years later, to Neath. When the railway amalga- 
mation was effected in 1923 and the then chief 
engineer, Mr. W. W. Grierson, retired, Mr. Carp- 
mael was appointed assistant chief engineer, 
succeeding to the position of chief engineer in 
1929. He retired at the end of 1939. He was a 
member of the Institution of Civil Engineers, to 
which he had been admitted as an associate member 
in 1901, and served on the Council from 1934 to 1945. 





MR, A. L. COWARD. 


WE also regret to report the sudden death in 
Birmingham, on March 14, of Mr. Arthur Langdale 
Coward, M.I.E.E., a partner, since 1938, in the 
consulting firm of Messrs. Highfield and Roger 
Smith, of Westminster and Birmingham. He had 
been in charge of their Birmingham office since 1928. 

Mr. Coward, who was born on March 15, 1885, 
was educated at Blackburn grammar school and at 
the Municipal School of Technology, Manchester. 
From 1904 to 1909, he received practical training 
with Dick Kerr and Company, Preston (now a part 
of the English Electric Company), remaining with 
them until he joined Messrs. Highfield and Roger 
Smith in 1923. While on the staff at Preston, he 
was concerned mainly with outside erection work, 
being associated, among other contracts, with the 
installation of the high-voltage direct-current 
generators supplied to the Marconi wireless stations 
at Poldhu and Carnarvon. de installed and ran, 
in 1916, the first self-synchronising rotary converters, 
made by Dick Kerr and Company for Glasgow 
Corporation. A departure from his normal duties 
was his responsibility, in 1919, for the erection at 
Lytham of the Fairey “ Atalanta” flying boat for 
the Royal Air Force. During his last three years 
at Preston, he was personal assistant to Mr. J. E. 
Calverley, M.I.E.E. From 1923 to 1928, he was 
resident engineer for Messrs. Highfield and Roger 
Smith on the extensions to the power station at 
Upper Boat (now Treforest) in South Wales. 
Subsequently, he supervised for them the construc- 
tion of the Central Electricity Board’s grid lines and 
substations in the Central England Area. 
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THE GEOMETRY OF QUASI- 
CIRCULAR SHAPES AND THE 
BEHAVIOUR OF DRILLS AND 
REAMERS. 
By E. V. Warr, B.Sc., B.E. 
(Concluded from page 287.) 


Ir has long been a point of difference whether 
reamers with an odd number of teeth do or do not 
cut better shaped holes than those with an even 
number. It will have been noticed that, for reamers 
with equally-spaced teeth, revolvable enveloping 
curves can be drawn irrespective of whether the 
number of teeth is odd or even and it may be con- 
cluded that, while it is desirable to have as many 
teeth as practicable, there is no general advantage 
in having an odd number. 

Helical reamers are particularly useful in enlarging 
a hole with a keyway; but a reamer of this type 
having n equally-spaced teeth can cut a hole with 
helical grooves. Suppose that such a reamer is 
rotating in a hole, without axial progression, about 
an axis which has itself a circular motion com- 
pleted n times per revolution. 

For the four-fluted helical reamer shown in 
Fig. 15 cross sections in the planes a-a, b-b, c-c and 
d-d are given in Fig. 16. Fig. 17 shows the circum- 
revolvable curves for the reamer at these sections 
when its axis of rotation remains parallel but traces, 
on each cross section four times per revolution, a 
circular centre orbit of ;,th of the reamer radius. 
It will be noticed that, for the case considered, the 
four circum-revolvable curves are of the same shape 
and have the same angular displacement relatively 
to each other as have the sections of the reamer to 
which they apply. It would be expected therefore 
that the hole would have five helical grooves, each 
with the same helix angle as the reamer teeth. The 
shape of the hole would not be affected by axial 
progression of the reamer, provided that the fre- 
quency of the circular motion of the axis were 
increased by an amount depending on the helix angle 
and the rate of progression. Helical reamers are 
therefore not a complete cure for out-of-roundness, 
though some benefit may result from the reduced 
tendency to “dig in” of teeth with a left-handed 
helix. 

A common, and more effective, method of making 
reamers cut round holes is to use unequally-spaced 
teeth. This is recommended in British Standard 
Specification No. 122-1938. In Machinery Hand- 
book, 1942 Edition, page 1380, it is stated that 
“‘when fluting reamers it is necessary to break up 
the flutes, that is, to space the cutting edges unevenly 
around the reamer. The difference in spacing 
should be very slight and not exceed two degrees 
one way or the other.” 

In Figs. 18 and 19 are shown the reamer-tooth 
spacings quoted by Max Kurrein and F. C. Leath 
in their book Cutting Tools for Metal Machining, 
* page 93. The small difference in tooth spacing does 
not add appreciably to the difficulty of providing 
adequate space in the flutes for chip clearance. In 
addition, it ensures that the reamer cutting edges, 
in cross section, do not each pass through one of the 
vertices of a regular polygon with more sides than 
the number of teeth. In Fig. 4, page 285, ante, the 
angular spacing is widely different between the 
vertices C and E of the irregular hexagon A C E F H 
and its vertices E and F, and this would always be 
the case unless the original regular polygon from 
which ACE FH was derived had a very large 
number of vertices. A circum-revolvable curve for 
a reamer of either of the types illustrated in Figs. 18 
and 19 could be a circum-revolvable curve of a 
regular polygon having a very great number of 
vertices, but such a curve would be nearly circular. 
A twist drill may be regarded as a helical reamer 
of two teeth and could cut any hole of constant 
breadth in which it would rotate without slack. An 
example of a possible cross section for such a hole 
is given in Fig. 5, page 286, ante. In practice it is 
found that out-of-round holes often occur in drilling 
thin plates which are prevented from rotating but 
are not rigidly held to the machine table. 





Screwing taps usually have equally-spaced teeth, 
and are intended to cut threads the crests, pitch line 
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and roots of which have cylindrical envelopes. The 
threads actually produced, however, can have these 
envelopes with a cross section not truly circular. 
If, for instance, an out-of-round hole has been 
produced by a reamer with four equally-spaced teeth 
and is threaded using a tap also having four equally- 
spaced teeth, it is likely that the out-of-roundness 
of the reamed hole will be reproduced in the tapped 
hole. Again, if a hole has been drilled or reamed 
smaller than the core diameter of the tap the shape 
of the tapped hole will not be completely controlled 
by that of the reamed hole and may be out-of- 
round. In both cases, the cross section of the 
envelopes of the crests, pitch line and roots of the 
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thread produced would be circum-revolvable curves 
of regular polygons having as many sides as the 
number of tap teeth. 

Multi-point cutting tools are not used to any 
extent for machining external cylindrical surfaces, 
chiefly because turning about a fixed centre with 
single-point tools, as in a lathe, fulfils most require- 
ments. The use of radial and tangential dies for 
screw cutting, however, is very common and it 18 
not always possible to hold the work perfectly rigid 
and to rotate the die-box about a fixed axis or vice 
versa. If the stock is perfectly cylindrical, and the 
dies do not cut beyond the depth of the thread, per- 


fectly cylindrical envelopes should result ; but if 
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the stock is too large for the nominal thread dia- 
meter it might be expected that the envelope of the 

itch line would be cut to the cross section of a 
regular curvi-sided polygon of 42 — 1 sides, where 
2 is any positive integer and the die box used has 
four evenly spaced chasers. The cutting edges of 
each of the four chasers would intersect the pitch 
envelope along four lines parallel to the axis and 
evenly spaced around it, and in cross section these 
lines would appear as the four vertices of a square. 
A three-lobed curvi-sided polygon which could be 
preduced is illustrated in Fig. 13, page 287, ante. 
The centre orbit is traversed in the same direction 
as the rotation and it will be noticed that the chaser 
teeth have minimum velocity at points where they 
are taking too deep a cut. This motion is dynami- 
cally possible and its likelihocd would be increased 
if the chasers had too much top and side rake for 
the material being cut. 

It is well known that rollers manufactured for 
bearings frequently have an out-of-round cross 
section after they have been finished by lapping 
between parallel plates. By this method they may 
be given any cross section of constant breadth. 
Such a cross section may be a regular curvi-sided 
polygon if the rollers revolve relatively to the plates 
following a centre orbit which is a regular straight 
or curvi-sided polygon of three or any odd number of 
sides. In Fig. 5, on page 286, ante, the centre orbit of 
a pa‘r of parallel lines consists of three circular arcs 
of equal radius and length tangential to each other 
at the points X, Y and Z. Centre points chosen 
are separated by arcs of equal length and the orbit 
is traversed twice per complete revolution of the 
parallel lines and in an opposite direction to their 
rotation. The first centre point is O, for which the 
lines A Band C Dare drawn. The result is a three- 
lobed figure which has been described in the 
National Physical Laboratory Report for 1919 and 
can be constructed more simply by drawing circular 
arcs about the points H, K and Las centres as shown 
in Fig. 20, opposite, and described in that Report. 
The construction of Fig. 5, however, could be used 
with any closed curve as centre orbit and a wide 
variety of curves of constant breadth would be 
produced ; also the parallel straight lines might have 
been replaced by any regular straight-sided polygon 
having an even number of sides. Among a wide 
variety of multi-lobed in-revolvable curves which 
might then be produced are the 5, 7, 9, etc., lobed 
figures also mentioned in the N.P.L. Report. 

Ring gauges are often finished to fine limits by 
lapping with a cylindrical plug. This plug is smaller 
than the ring but when charged with abrasive slides 
smoothly in the ring. A test plug is tried in the 
ring at intervals to indicate when it has been lapped 
to the correct size. As the first plug is not likely to 
be uniformly coated with abrasive it is possible 
that its wearing surface, in cross section, may be a 
regular curvi-sided polygon. In such cases, an out- 
of-round hole may be formed with a cross section 
which is a circum-revolvable curve of this polygon. 
In Fig. 8, page 286, ante, is shown a circum-revolv- 
able curve for a regular curvi-sided pentagon. In 
such a case, the ring might fit the test plug without 
shake though the former was not perfectly round. 

Similarly if a plain or split sleeve bearing has 
been adjusted to take up all slack in its shaft, it 
does not follow that the shaft will rotate about a 
fixed axis. This explains why when slack has been 
taken up in the main bearing of the headstock of an 
old lathe it is often found that the shaft cannot be 
made to run sufficiently truly for the accurate 
turning of work mounted on a chuck or face plate. 

Measurements to detect out-of-roundness on 
plain or screwed cylindrical surfaces are frequently 
Tequired. External surfaces are usually tested by 
measuring the distance apart of two parallel flat 
surfaces between which the cylinder will just fit ; 
examples are measurements with micrometers and 
Snap gauges. They are also often tested with 
calipers having pointed or spherical jaws. In all 
the cases mentioned, however, the only test made 
has been for constancy of diameter, and the out-of- 
Toundness of cylinders of which the cross sections are 
non-circular curves of constant breadth will not be 
detected. The wavy line. of contact between the 
surfaces of a male thread and the rollers or anvils of 
4 full form adjustable thread snap gauge will inter- 





sect the male thread pitch line envelope at a series 
of points lying on two lines parallel to the thread 
axis. Consequently, the cross section of the pitch 
envelope of a threaded plug just passing the gauge 
in ail angular positions need not be circular, but can 
be any curve of the required constant breadth. 
Another method of testing the roundness of plain 
external cylindrical surfaces is to use a dial gauge 
rigidly held over a surface plate on which rests a 
60-deg. or a 90-deg. V block. The arrangement is 
shown in Fig. 21, opposite. With the 60-deg. V 
block, a bar the cross section of which was in- 
revolvable in an equilateral triangle or a regular 
polygon of 6, 9, 12, etc., sides would appear truly 
round. Such a V block, however, would be ideal for 
detecting three-lobed cylindrical surfaces. With a 
90-deg. V-block a bar the cross section of which was 
in-revolvable in a regular polygon of sides numbering 
eight or multiples thereof would also appear round. 
If, however, we used, in turn, a 90-deg. and a 60-deg. 
V block, the test for roundness would be more 
reliable, since only cross-sections revolvable in poly- 
gons having 24 sides, or multiples of that number 
of sides, would appear round. Internal cylindrical 
surfaces are usually measured across a diameter 
using an inside micrometer or a centralising cylinder 
gauge, and non-circular cross sections of constant 
breadth would not be detected. They are alsosome- 
times measured with gauges of which the measuring 
contacts touch the cylinder at three points separated 
by 120 deg., as in Fig. 22, opposite. Gauges of the 
latter type will not detect out-of-roundness in cross 
sections which are circum-revolvable about an equi- 
lateral triangle. These include the oval shape illus- 
trated in Fig. 2, on page 285, ante. For both internal 
and external cylindrical surfaces there appears to be 
no theoretically perfect method of testing roundness 
which can be practically applied, unless, of course, 
we are able to rotate the object about a fixed axis 
by clamping it to a face-plate revolving in perfectly 
accurate bearings. 

It is sometimes required to drill straight-sided 
polygonal holes. When some rounding of the 
polygon vertices is allowable, these holes can be 
produced using a drill or reamer having n evenly 
spaced teeth one less in number than the sides of 
the required polygon. It is driven by a special 
machine in which the axis of the drill or reamer is 
given a circular motion in an opposite direction to 
the rotation and completed n times per revolution. 
The radius of the circular orbit must be suitably 
chosen. The circum-revolvable curves in Fig. 12, 
page 287, ante, and the wocden ring shown in Fig. 10, 
indicate how closely a pentagonal hole could be cut 
with a four-fluted reamer. Another method, using 
an ordinary drilling machine, is to drive the drill 
through an Oldham coupling and constrain its axis 
to a cyclical movement of the required frequency by 
means of a special attachment. This attachment 
emplcys a cam rotating in a former having a straight- 
sided polygonal hole for which the cam is an in- 


revolvable curve.* 





WELDING ELECTRODE CLASSIFICATION.—The British 
Electrical and Allied Manufacturers’ Association, 36 and 
38, Kingsway, London, W.C.2, have recently issued a 
1949 edition of their British Electrode Classification 
booklet in which available arc-welding electrodes for mild 
steel are classified and coded according to their chief 
characteristics and suitability for different work. The 
classification text has not been changed, but the lists 
of electrodes being marketed have been amended. 





THE HARLAND COMPENSATED BOILER FEED PUMP.— 
In ENGINEERING of August 19, 1949, on page 176, we 
described and illustrated the Harland compensated boiler 
feed pump, made by the Harland Engineering Company, 
Limited, of Alloa, Scotland, which has been designed to 
meet modern operating conditions involving high tem- 
perature, high pressure, and occasional rapid fluctuations 
of temperature. This pump is the subject of a catalogue 
recently produced by the company, in which, in addition 
to a full description, the pump is illustrated by a series 
of superimposed transparencies, so arranged that, by 
turning them back in succession, its internal construction 
is revealed. Apart from its commercial value, the 
catalogue is an instructive addition to any engineering 
library dealing with modern pumping plant. 





* See “ Drilling. Square, Hexagonal, Triangular and 
other Polygonal Sided Holes,” by. H. A. Dudgeon. 
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SCIENTIFIC RESEARCH IN 
AUSTRALIA. 
(Continued from page 304.) 

Tue Division of Physics, which forms part of the 
National Standards Laboratory, maintains the 
standards of measurement of heat and light, and 
the primary electrical standards. . Associated re- 
search at present includes a study of the phenomena 
of natura] precipitation, exemplified by the growth 
of water droplets falling through a mist of smaller 
droplets, and by the formation and growth of ice 
crystals. In connection with the realisation of 
temperature scales, the C.S.I.R.O. report records 
that, at the Ninth International Conference of 
Weights and Measures, it was recommended that 
the term “Centigrade degree ” should be reserved 
for the thermodynamic scale, and that the term 
‘Celsius degree” should be used for the inter- 
national temperature scale. The only resulting 
alteration, is the replacement of the melting point of 
ice (zero Centigrade) by the triple point of water 
(+ 0-0100 deg. C.) as a fixed point for precise 
measurement. The laboratory technique of cali- 
brating thermocouples at the freezing points of 
various metals has been simplified by the use of a 
direct-current galvanometer amplifier combined with 
automatic recording of the measurements, and will 
be further facilitated when a temperature programme 
controller, designed primarily for thermocouples 
but capable of adaptation for resistance thermo- 
meters, is brought into use. Increasing attention 
has also been given, recently, to the measurement 
of humidity, and the moisture content of materials, 
such as foundry sand, in which a measured rise of 
temperature is related to the thermal capacity and 
conductivity of the material. In the case of wool, 
an electrical method of inferring moisture content is 
under trial, though so far with less than sufficiently 
accurate results for commercial requirements. The 
thermal conductivity of the powder or gravel of 
rock-like substance, with which the surface of the 
moon is assumed to be covered, has been estimated 
in connection with some determinations, by the 
Radiophysics Division, of lunar temperatures. The 
conclusion reached is that the rocky powder has a 
much lower conductivity than was at first supposed, 
as a consequence of the very low ambient gaseous 
pressure. Research into low-temperature pheno- 
mena has been retarded by delay in the receipt of 
a helium compressor, with whicn temperatures down 
to 2 deg. K. will be attainable in the working space 
of a cryostat. Apparatus for precise measurement 
of the low temperatures, and of the vacua in the 
insulating spaces, is in course of design, however, 
while a spectrometer leak-detector has been con- 
structed to ensure leak-tightness of the evacuated 
spaces. 

Among the standards maintained by the Physics 
Division, the new candela, which is an international 
standard of candle-power capable of being set up in 
any photometric laboratory, has given rise to a good 
deal of new work. An induction furnace has been 
acquired as a major item of the necessary equipment, 
but, since some time must elapse before the new 
primary photometric standards can be realised in 
Australia, transferred lamp standards, measured by 
the National Physical Laboratory, are stil] being 
obtained. Photometric investigations with indus- 
trial applications have been directed to the measure- 
ment of reflectance and colour, the appraisal of 
fluorescent-lighting equipment and. the calibration 
of commercial hemoglobinometers, while, on behalf 
of the Division of Fishery Research, an omni- 
directional photometer has been designed and 
made for measuring the intensity of natura] illumina- 
tion at depths down to 600 ft. below sea level. The 
Electrotechnology Division, which maintains all 
electrical standards other than the volt, ampere, 
and ohm, has developed an electrometer instrument 
for measuring high insulation resistance, and has 
used it for investigating the nature of anomalous 
charge and discharge currents in dielectrics, such as 
myristone, laurone, palmitone, paraffin wax, poly- 
styrene and glass. Of these materials, polystyrene 
revealed anomalous currents several orders of magni- 
tude lower than those found in any others that were 
tested. The range of an electrostatic voltmeter 
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has been extended from 1 volt to 6,600 volts by 
combining it with two step-up transformers and a 
potential divider, so that any power-frequency 
voltage between these limits can now be measured 
to an accuracy of 0-01 per cent. In addition to 
researches and precision measurements in the audio 
and radio bands of frequency, studies have been 
made of the dielectric properties of organic com- 
pounds ; and electronic methods have been applied 
to various purposes, including a mechanism for 
plotting the radar ranges of a ‘‘ Shoran ”’-equipped 
aircraft from two ground stages, whereby the 
machine is directed to follow a series of straight 
parallel courses with ample accuracy for successful 
aerial surveying and photography. 

American “‘ Shoran ” radar equipment, fitted for 
the above-mentioned purpose with an attachment 
known as a straight-line computer, has been utilised, 
with an alternative slight modification for the 
measurement of very long base lines, in connection 
with the geodetic survey of Australia. The equip- 
ment consists of a transmitter insta]led in a R.A.A.F. 
Dakota, and a radar beacon at each end of the base 
line to be measured. The machine flies at right 
angles to the base line, interrogating the two 
beacons with its transmitter and determining with 
precise timing equipment the sum of the times of 
travel of the radio waves to and from the beacons. 
From these times, combined with the known speed 
of travel of radio waves and the heights of the 
aircraft and the termina] points of the base line, 
the distance between the beacons can be computed. 
Tests now completed indicate that the accuracy 
_of the “‘Shoran”’ equipment, as first used, was 
about 7 parts in 100,000, judged by the known 
dimensions of the quadrilateral embracing Sydney, 
Canberra, Condobolin and Tamworth ; but, with 
simple modifications, an improvement to 2 parts in 
100,000 is expected. Another aspect of radio in 
aviation is exemplified by a fundamental investiga- 
tion into the possibilities of microwave direction 
finding, which has recently been initiated on the 
hypothesis that the radio waves used, 1 to 10 cm. 
long, will give the pilot a more comprehensive and 
accurate picture than is now obtainable. If, for 
instance, all ground beacons within range are dis- 
played simultaneously, a pilot can form an accurate 
appreciation of his position and hence can navigate 
more confidently in difficult regions, such as the 
approaches to an airport. An important contribu- 
tion to this general objective is the radar distance- 
measuring equipment, developed by the Radio 
Research Division a few years ago, which furnishes 
the pilot of an aircraft with his distance, in miles, 
from beacons at known points on the ground. The 
Australian Department of Civil Aviation has recently 
placed orders to the value of 600,0001. for beacons, 
to be situated at terminal airports and at regular 
intervals along all air routes. Two sets of this 
distance-measuring equipment have been sent to 
England at the request of the Royal Air Force. 

Australian scientists have been actively engaged 
in using various radio techniques for astronomical 
studies of heavenly bodies and inter-stellar space. 
In the case of the sun, for instance, the thermal com- 
ponent of radio noise has been, carefully observed 
over a wavelength range from 1 cm. to 4 metres, 
and its properties may be used to calculate the 
general magnetic field existing on the sun. Most 
of the radiation received on metre wavelengths has 
been found to emanate from the corona, the tem- 
perature of which is estimated to be a million 
degrees. At 6,000 deg., the relatively cooler surface 
of the visible disc appears as a dark centre sur- 
rounded by a bright halo, when ‘“ viewed” by 
radio wavelengths of the order of centimetres. The 
study of transient fluctuations of solar energy has 
led to a theory, which attributes chromospheric 
flares to the electric fields resulting from the chang- 
ing magnetic field of sunspots. Further related 
studies are being directed to the excitation condi- 
tions of the hydrogen which constitutes the greater 
part of the sun’s atmosphere. One of the outstand- 
ing discoveries of the Australian astropbysicists 
has been the existence of discrete stars which are 
sources of radio noise. Of 21 such sources, three 
have been identified as nebulze by observations at a 
specially selected site in New Zealand, from which a 
sensitive radio receiver could ‘‘ see ” them as they 


were both rising and setting over a sea horizon. 
Recently, also, the first survey of galactic noise in 
the Southern Hemisphere has been completed with 
a receiver of 3 metres wavelength. At the other 
end of the cosmic scale, the Organisation has em- 
barked on a programme of research in nuclear 
physics. A million-volt electrostatic generator is 
in regular operation, a 200-kV neutron generator 
has been redesigned to have an automatically 
actuated expansion chamber, and by this date a 
new electron synchroton is probably at work on 
problems of photo-disintegration and pair produc- 
tion. The very penetrating radiation from this 
last-mentioned machine is expected to be of great 
industrial value in the radiation fluoroscopy of 
heavy metal sections. 

A new section of research, having somewhat more 
immediate industrial applications, has been formed 
to co-ordinate the various studies of Australian coal 
that have been in progress for a number of years, 
continuing the valuable collaboration with State 
departments and other authorities interested in 
coal and its products. New work is concerned 
especially with the microstructure of brown coal 
deposits and the chemical-engineering aspects of 
carbonisation. Similar work, inasmuch as it is 
directed towards the utilisation and commercial 
exploitation of Australian resources, is carried out 
by the Division of Industrial Chemistry, which has 
recently developed a process for producing chro- 
mium chemicals from chromite ore, and a method 
of enzyme digestion for the recovery of wool from 
sheepskin pieces, both of which have evoked wide- 
spread interest. Other studies are in progress on 
cement, ceramics, and refractories ; in particular, 
materials for cement-kiln linings and foundry sands. 
The acute scarcity of linseed oil, as previously 
mentioned, has prompted the investigation of many 
substitutes of Australian origin for use as core- 
binding agents, with which techniques of dielectric 
core-baking and processes for coating moulding 
sands are associated. The development of synthetic- 
resin binders exemplifies a variety of chemical 
research upon plastics generally and upon tannin- 
formaldehyde adhesives incorporating extracts from 
Australian trees. Interesting work of a chemical- 
engineering character has been concerned with the 
physical properties of gases and liquids at high 
pressures, up to 10,000 Ib. per square inch, and with 
the behaviour of fine solid particles suspended in 
gas or liquid media. Related studies of fluid flow 
through porous beds of both dilute and dense 
suspensions have direct applications in the new 
industrial technique of “solid-fluidisation” in 
catalytic and non-catalytic reactions. 

Since Australia, like other countries, has been 
faced since the end of the war with a vast amount 
of leeway to be made good in all kinds of building, 
from smal} houses to major public works, it is not 
unexpected that building construction and materials 
occupy an increasingly important proportion of 
State-sponsored research. Under the new Research 
Organisation, steady progress has been achieved 
in all the existing long-term investigations, and new 
work has been started on architectural acoustics 
and on housing efficiency in small dwellings, faci- 
litated by a prefabricated concrete house now 
available for experimental purposes. During the 
earlier of the two years under review, however, 
emphasis was mainly on the development of im- 
proved building materials of local origin, subject 
to local weather conditions ; in which connection, 
the installation at the building research laboratory 
of accelerated weathering equipment, and of meteor- 
logical apparatus for relating local exposure tests 
to standard climatic conditions, are noteworthy. 
Investigations of concrete roofing tiles have been 
concerned primarily with obtaining a more durable 
surface finish by improving the resistance to erosion 
and preventing fading. The conclusion has been 
reached that cement-pigment surfaces are bound 
to disintegrate unless an aggregate is added, and, 
accordingly, experiments are being pursued in which 
sand is incorporated in the spray mix of cement 
and pigment, the new mixture being applied in 
greater thickness than heretofore, and with a 
relatively low water/cement ratio. Developments 
in foamed concrete include the vesiculation of 





cement paste and mortars by pre-foaming surface- 
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active agents by means of.an air jet or a rot. 


in 
whisk, followed by incorporation of the cement a 
aggregate; or by adding one part of 100-).6sh 
flake aluminium powder to about 400 pari: of 
cement. The latter procedure gave smaller ind 
more evenly distributed bubbles when a we: ing 
agent was also added to the mix. With ‘ther 
method, separately or in combination, bh “her 
water/cement ratios were necessary than for . rdi- 
nary concrete, the optimum temperature 0: the 
water being 25 deg. to 30 deg. C. The formed 
concretes, some of them weighing as little as | } |b, 
per cubic foot, and having good insulating prop ties, 
could be made with waste-product aggregates » uch 
as fine sand, stone dust, boiler ash, fly ash, ne: ‘ral. 
ised sawdust and pulverised residual mica. For 
special purposes, crushed .firebrick grog has ‘een 


used for refractory qualities ; paper pulp and cork 
dust for nailability; exfoliated vermiculite for 
insulation; and several types of teased filrous 
materials, ranging from coconut fibre to asbestos, 
have provided successful light reinforcement. The 
permeability can be valuably decreased by water 
repellants, such as metallic stearates or bitumen, 
and setting time was very considerably reduced by 
a small addition of triethanolamine; but steam 
curing at a pressure of 150 lb. per square inch 
yielded a marked improvement in strength and 
dimensional stability only when fine silica in some 
form was present in the mix. Of a large number of 
foam-forming agents tested, the suitable ones were 
resinate compounds, alkali derivatives of sulphated 
fatty alcohols, and certain stabilised sodium alkyl 
aryl sulphates. 

With regard to clay products for use in the 
Australian building industry, surveys of clay 
deposits throughout the Commonwealth during the 
past two years have revealed immense resources, 
both of plastic and shale-type clays. It is apparent, 
however, that only extensive re-organisation of 
many existing works, and the erection of new 
factories equipped with modern plant, will over- 
come present shortages. Among numerous deposits 
examined, one at St. Arnaud shows the unusual 
features that, when moulded with water, the clay 
assumes a rubber-like consistency and, when heated, 
vitrifies suddenly at 1,150 deg. C., with marked 
concurrent shrinkage. Australian lime resources 
are now in course of survey along similar lines, and 
the properties of mortars are to be comprehensively 
studied. Decomposition of mortar, and the afflores- 
cence and other forms of deterioration of brickwork 
and stone masonry, are the subject of a newly 
started research, and many experimental investi- 
gations are being actively pursued to improve the 
properties of surfacing and flooring materials, and 
the weatherproofing of the plastics used for pre- 
fabricated slab walls. In related fields of research, 
attention is being given to caulking compounds and 
bituminous roofing materials ; and to the technology 
of fibrous plasters and their decoration. As regards 
finished buildings, the problems under investigation 
include thermal and insulation properties, as well 
as the acoustic behaviour of rooms and _ public 
halls. Along with all the structural-strength 
studies of building materials js the need for in- 
creasingly elaborate and comprehensive mechanical 
testing. The Building Research Division has 
accordingly installed a 60,000-Ib. universal testing 
machine, and negotiations are in progress to acquire 
bigger equipment, of 250,000 Ib. loading capacity. 

Presumably, these machines will be useful also for 
the mechanical testing of wood products and struc- 
tures, though wood building materials lie mainly 
within the Forest Products Division of research. 
Among such subjects recently being studied may 
be mentioned the mechanical and physical properties 
of sawdust-synthetic resin combinations, made by 
pressing controlled mixtures at 500 Ib. per square 
inch and 400 deg. F. for about ten minutes, which 
yields a density of some 60 Ib. per cubic foot. In 
addition to fundamentally important work on the 
cellular structure and chemical properties of 
Australian timber, with particular reference to the 
requirements of the paper-making industry, a wide 
range of research is in progress into the physical 
and mechanical characteristics of commercial woods 
with the view to their increased utilisation for 





scores of special products, as well as all the obvious 
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products now being manufactured in the Common- 
wealth. The work, much of it carried out in the 
laboratory, though always in close co-operation with 
extensive field studies, entails a good deal of 
mechanical testing. In this connection, it is worth 
recording, first, that a methyl-methacrylic ester has 
proved superior to cellulose nitrate for gluing wire- 





resistance strain gauges to wood surfaces; and, 


secondly, that mechanical testing of timber by 
means of machines operating at a constant rate of 
load application has resulted in such divergences, 
due to difference in technique, from tests at con- 
stant rate of crosshead movement, that the latter 
method is henceforward to be adopted as standard 
practice, « 

(To be continued.) 


FIRE-FIGHTING LAUNCHES FOR 
THE ROYAL AIR FORCE. 


Two interesting prototype fire-fighting launches for 
dealing with fires on flying boats and marine craft 
were demonstrated last week in Portsmouth Harbour. 
The protot vessels were constructed for the 
Ministry of Supply by Messrs. Vosper Limited, 
Portsmouth, and are intended to replace the ordinary 
seaplane tenders used at present by the Royal Air 
Force. The main features of the two craft are their 
exceptional maneuvrability, which is achieved by the 
use of variable-pitch propellers, their improved fire- 
fighting capacity, which is four times greater than that 
available hitherto, and their low decks, designed to 
allow them to pass below the wings of a seaplane. The 
larger of the two vessels, the “‘ No. 81,” is 60 ft. long and 
stands 7 ft. above the waterline at her highest point. 
The hull and superstructure is built from aluminium 
alloy and she is fitted with twin Voith-Schneider propel- 
lers which can be set to counteract the reaction thrust 
of the foam and water jets. The smaller vessel, the 
“No. 80,” is 55 ft. long and 6 ft. from the water- 
line to the highest point. The hull is of mild-steel 
construction and, in this case, Rotol variable-pitch and 
reversible propellers are fitted, the thrust of the foam 
and water jets being counteracted by reaction jets 
fitted at port and starboard. 

The larger of the two vessels, namely, the “ No. 81,” 
is illustrated in Fig. 1, on this page. As previously 
mentioned, the hull is built from aluminium alloy 
and has a length overall of 60 ft. The length on the 
waterline is 56 ft. 5 in., the moulded breadth 14 ft. 
and the moulded depth 6 ft. 5 in., while the after 
draught when fully loaded is 3 ft. 7in. The craft is of 
round bilge construction with a raised foredeck, the 
latter providing good headroom in the forecastle and 
the maximum working space on deck. The vessel is 
divided into four watertight compartments by three 
bulkheads, the compartments being the fore peak, 
forecastle, machinery space and the after peak. The 
forecastle is arranted to seat a crew of six, being 
provided with built-in locker seats with hinged covers 
and wooden-batten back rests. A tubular frame 
of aluminium alloy is arranted on the starboard side 
to take an ambulance stretcher while the port side 
is fitted with a galley dresser, a stainless-steel sink 
and a “ Par-a-fin” cooker. The toilet is situated 
aft at the port side, fresh water being supplied to the 
wash basin by a plunger-type pump. 

The main propelling machinery consists of two 
General Motors type 64-H.N.-5 marine Diesel engines 
fitted with combined neutral-and-ahead clutches and 
reduction gearing, each engine being arranged to drive 
a Voith-Schneider propeller. The installation of 
these propellers, of course, makes it unnecessary 
to use the reverse gear normally fitted to this type 
of engine and the reverse-gear trains have, therefore, 
been removed. The engines are of the two-stroke 
cold-starting type and each is capable of developing 
225 brake horse-power at a speed of 2,100 r.p.m. ; 
they can be seen in Fig. 3, on this page, which is 
a erage view of the engine room. The cylinder 
jackets are cooled by fresh water which is circulated 
through a heat exchanger supplied with sea water. The 
fresh water cooling system is provided with suitable 
header tanks and the engine temperatures are con- 
trolled by thermostats fitted in the water-outlet mani- 
folds. After passing through the heat exchangers, the 
sea water is circulated through water-jackets on the 
exhaust manifolds and exhaust pipes before it is injected 
into the exhaust pipes. The fuel is carried in two 
tanks, each of 200 «wl capacity, which are installed 
in the forward part of the engine room to port and 
starboard, respectively. The tanks are connected by 
a levelling pipe and each is fitted with flush-deck 
filling and sounding connections and a vent pipe. The 
port and starboard engines draw fuel from their 
respective tanks, the fuel passing through twin filters 
to the engine pumps. The engines are lubricated on 
the wet-sump principle, the oil being delivered by a 
gear-type pump first to a cooler and then to a gallery 
on the cylinder block, which distributes it to the 
various bearings. 

The drive from the engines is transmitted to the 
propellers through special toothed couplings designed 
and man ured by Messrs. Vosper Limited, which 
allow for any fore-and-aft movement. The propeller 
drive shafts are supported at the after engine-room 
bulkhead by self-aligning ball ings provided with 
watertight glands. To prevent the transmission of 
vibration from the engines to the propellers, the after 
end of each drive shaft is fitted with a Layrub flexible 
coupling, one half of which is connected to the drive 

and the other to the — input shaft. The 
propellers are of the standard Voith-Schnieder type in 
which vertical aerofoil-section. blades are fitted to a 
circular runner with the blade shafts linked to a central 
adjustable control point. 

The electrical installation comprises a 24-volt 








system with single-pole fusing and insulated returns, 
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all the fuses being arranted on the main switchboard 
located on the port side of the engine room. The 
batteries are of the lead-acid t and are installed 
below the deck of the forecastle cabin; they are 
contained in aluminium-alloy boxes and access to them 
is gained through hatches formed in the deck. The 
dynamos are of the constant-current type and are 
driven by the two main engines, each dynamo having 
an output of 250 watts at 2,000 rpm. A third 
dynamo is fitted to the pumping engine but this is not 
wired up, being provided merely as a spare. 
auxiliary generating set is installed at the after end of 
the engine room on the starboard side. The engine 
is a Coventry Victor 5-7-h.p. Diesel unit which is 
arran, to drive a dynamo having an output of 
1,260 watts at 24 volts. The engine is also arranged 
to drive a centrifugal-type bilge pump through a 
separate dog clutch, the pump having a capacity of 
1,500 gallons an hour. The auxiliary engine is provided 
with its own 5-gallon fuel tank which is mounted on 
the after engine-room bulkhead and is filled from the 
main fuel tanks by means of a semi-rotary hand pump. 
The engine is water cooled, a separate sea inlet being 
provided adjacent the set. 

The fire pumping set consists of a General Motors 
Diesel engine of the same type as the main propelling 
engines, arranged to drive two Drysdale-5 fire pumps 
through a chain case and Anderton type-E friction 
clutches, so that either one or both pumps may be used 
as required. The set is located in the engine room 
forward of the main engines and can be seen in Fig. 3, 
page 333, just beyond the control panel. The pumps, 
which were manufactured by Messrs. John Kerr, of 
Norwich, are of the water-ring primer type and each is 
capable of delivering 500 gallons per minute against a 
head of 300 ft. when running at a speed of 1,800 r.p.m. 
The chain case, which is of aluminium alloy, was 
designed and manufactured by Messrs. Vosper Limited. 
The chains and sprockets are force lubricated by a gear- 
type pump which draws oil from a separate tank, the oil 
returning to the tank by gravity. 

The main fire-fighting equipment comprises two 
specially-designed monitors manufactured by the 
Pyrene Company Limited. The two monitors are of 
the dual-p type, in that each is capable of being 
used either for water or foam ; they are mounted on 
the main deck, one amidships and one aft and each can 
deliver 350 gallons of water or 1,800 gallons of foam 
per minute at a pressure of 130 lb. per square inch. 
Two smaller monitors, of the standard Royal Air Force 
type are mounted on the raised foredeck just forward 
of the bridge. They are both of the dual-purpose type 
and each is capable of delivering 150 gallons of water 
or 900 gallons of foam per minute against the same 


ressure, namely, 130 lb. per square inch. All monitors | . 


psn through 360 deg. in the horizontal plane and 
180 deg. in the vertical plane, the total output being 
1,000 gallons of water or 5,400 gallons of foam per 
minute. Two foam pourers, or spreaders, are fitted, one 
port and one starboard, just forward of midships and 
approximately 1 ft. above the water line, for forming a 
blanket of foam on the surface of the water. The foam 
pourers are shown in action in Fig. 2, on page 333. 
Two four-jet foam inductors are installed on the 
bridge ; these are under control of the fireman and 
draw foam compound from four foam tanks situated 
below the bridge and at the after end of the forward 
compartment. The pump suctions are connected to 
separate sea inlets and discharge to a common fire main, 
which extends nearly the full length of the vessel, and 
from which the monitors and pourers are supplied. 
The fire main also supplies two deck breeching connec- 
tions for use with canvas hoses; these are located port 
and starboard at the after end of the engine-room casing. 
The branch lines to the monitors incorporate full-bore 
gate valves which are fitted with extension spindles 
so that they may be operated from deck. The fire- 
pumps are also arranged so that they can be used for 
salvage work, two separate salvage connections being 
provided for this purpose. These are situated port 
and starboard, respectively, at deck level at the 
forward end of the engine-room casing and are designed 
so that suction hoses can be fitted to them for pumpi 
out either marine or aircraft hulls. Pressure an 
vacuum gauges and foam-tank contents gauges are 
installed on the bridge at the fireman’s position, the 
pressure and vacuum gauges being duplicated at the 
engine-room control platform. Instructions regarding 
the operation of the fire pumps and foam equipments 
are transmitted to the engine-room staff by Chadburn- 


type telegraphs, while the throttle controls for the/| ¢ 


pumping set can be operated from both the engine room 
and fireman’s position. Remote controls of the bevel 
gearbox and torque-rod type are age for operating 
the fire-pump discharge valves from the engine-room 
control platform. Other equipment installed in the 
vessel includes a searchlight, a floodlight, loud hailer 
and a considerable range of rescue equipment, such as 
nets, crash ladders, etc. 


(To be continued.) 





LABOUR NOTES. 


THE wage claim of the National Union of Railway- 
men, for an increase in the wages of the lowest-paid 
grades of railway employees, was discussed at length 
by the national executive of the Union at its meeting 
on March 17. It was decided that the claim, which was 
rejected outright by the Railway Executive on Febru- 
ary 27, should be sent on to the Railway Staffs National 
Council, in accordance with the normal negotiating 


An| procedure. Both sides of the railway service are repre- 


sented on the Council. The new step means, in effect, 
that the N.U.R. will have a fresh opportunity to present 
their case to the Executive, perhaps from a somewhat 
different angle, and their arguments will be placed 
before management officials of a higher rank in regional 
administration than took part in the previous meetings 
on this claim, between representatives of the Executive 
and of the Union. It seems unlikely, however, that 
any concession will result. 





Another consideration which no doubt influenced the 
N.U.R. was that senior officials of the other two 
principal railway unions will be present at the Council 
meeting. It may be recalled that these unions, the 
Railway Clerks’ Association and the Associated Society 
of Locomotive Engineers and Firemen, declined to join 
in the claim of the N.U.R., mainly on account of the 
decision of the railway Board of Conciliation that 
demands for increased wages in the railway service 
should not be granted at the present time. The 
decision of the Minister of Transport on the recom- 
mendations of the Transport Tribunal, that railway 
freight charges and dock and canal dues should be 
increased, is likely to have a considerable effect on the 
future policy of the N.U.R. regarding the claim. 





Should the recommendations be accepted, the q 


N.U.R. may be expected to plead that a substantial 
improvement has been effected in the financial position 
of the railways since the Board of Conciliation sat. 
Even if the higher railway charges, which would follow 
such a Government decision, were held not to justify 
general wage increases, the Union would doubtless 
press strongly for a renewal of the offer made by the 
Executive in June, 1949. The Executive at that time 
expressed their willingness to make small advances of 
from 6d. to 3s. a week in the wages of their lowest-paid 
employees. When this concession by the Executive 
was rejected by the N.U.R., the wage claims of which 
were for far larger amounts, it was not repeated. 





Unemployment in the United States has been steadily 
increasing for some time and the position, although by 
no means acute, appears to be causing some concern 
in trade-union and industrial circles. Recent statistics 
reveal that the total number of persons without work 
in that country increased to 4,680,000 during February 
last. This is the highest figure for any month since 
the midsummer of 1941. 





Wage claims of the engineering industry are dis- 
cussed in the Record of the Transport and General 
Workers’ Union for March. After stating that the 
Union has the second largest membership in the 
Confederation of Shipbuilding and Engineering Unions, 
which is an affiliation of 37 trade unions, the journal 
reminds members of the Union that the Confederation 
adopted a new wage structure at its annual conference 
in May, 1949. But this action by the Confederation 
was taken only after considerable discussion had taken 
place on the proposals of the T.G.W.U. for the modifica- 
tion of that wage structure, as then outlined. “ We 
stressed the point that we were not opposed to, but 
supported, a revised wage structure. e felt that the 
scheme, as presented, required considerable improve- 
ment. The proposed structure was, however, accepted 
by a majority card vote. We were, therefore, com- 
mitted to the new policy and gave our loyal support 
to the executive council of the Confederation in its 
endeavours to secure improvements in the existing 
methods of wage calculations.” 





While negotiations with the Engineering and Allied 
Employers’ Federation were in progress, the Con- 
federation received a request from a constituent union, 
the Record states, asking that consideration should be 
given by the Confederation to the submission of a claim 
or an advance of 20s. a week, to be paid out of profits. 
Throughout the discussions on the new claim, the 
T.G.W.U. maintained ‘“‘ that for many reasons such a 
claim would prejudice the discussions on the wage 
structure and retard essential improvements for a 
very long time.” In spite of the considerable effect 
which the arguments of the T.G.W.U. had, the Con- 
federation decided, again on a card vote, to proceed 
with the straight wage claim. The ease was presented 
by the Confederation to the employers on November 





30, 1949, the Record continues, and rejected by the 
employers at a joint conference of both sides on 
February 2, last. ti 

“Tt will be seen,” the Record concludes, “ that ‘he 
doubts which the T.G.W.U. expressed became reaiity 
and, although we have at all times loyally adhered to 
decisions of the Confederation, we must express eon. 
cern that the policy of seeking a new approach to w.ge 
problems has become submerged in the quest for a 
claim which does nothing to remedy obvious defits 
in the present system of wage calculation.” 


The wage claims of the engineering and shipbuilding 
industries for an all-round increase of 20s. a week are 
discussed also by the United Patternmakers Associat ivn. 
Mr. W. B. Beard, O.B.E., the Association’s general 
secretary, contributes an editorial to their Mon‘hly 
Report for March. In this, he refers briefly to the 
various stages through which the negotiations on the 
engineers’ claim passed and gives some details of the 
background against which it was made. Writing 
before the meeting of the Confederation executive 
council on March 9, at which it was decided to take a 
ballot on whether strike action should be adopted to 
support the claim or whether it should go to arbitration, 
Mr. Beard declares that, in his opinion, trouble would 
arise if any attempt was made by the Amalgamated 
Engineering Union to force a strike ballot. ‘* Indeed, 
the very existence of the Confederation itself may be 
in danger, for conflict with some of the larger unions 
on this matter is apparent.” 


Regarding the shipbuilding claim, Mr. Beard antici- 
pates the rejection which, in fact, took place. He 
considers that the prospects in that industry are “ not 
uite so *” as those existing in the engineering 
field. He feels that considerable redundancy must 
take place in the shipbuilding industry during the 
coming 18 months, as far more people are now working 
in that industry than was the case before the recent 
war. Moreover, most of the conversion jobs have been 
completed. Orders for new ships are very scanty and 
must continue to decline, not only because there is 
more competition for the work available, but also owing 
to the fact that world shipping losses have, in the 
main, been made good. 





So far as shipbuilding is concerned, Mr. Beard con- 
siders that his Association will hardly be affected by 
the reply of the employers in that industry, as the 
Association follows fluctuations in the engineering 
field. His view of shipbuilding is that the unions 
mainly concerned with that industry will have great 
difficulty in avoiding unemployment among their 
members. It may be possible to find alternative work, 
but some redundancy appears to be inevitable, at least 
until the labour force in the industry has been reduced 
to a pre-war level. Competition from Europe and 
elsewhere must be expected, which may have an adverse 
effect on prices. He concludes by stating that the 
ony ag cannot be considered a very bright one so 
‘ar as wage increases are concerned. 





Employees at the Stockport works of Messrs. Crossley 
Motors, Limited, resumed their duties on March 20, 
after having been on strike since February 8. The 
dispute arose as the result of the dismissal of a shop 
steward convener under a redundancy notice and, 
eventually, some 1,100 persons were involved. The 
decision to end the dispute was taken at a meeting held 
in Manchester on March 17, at which the men received 
a —— from their representatives on discussions 
which had taken place between the strike committee 
and local trade-union officials. It was decided that a 
factory conference should be called immediately to 
review dismissals. A statement made by an official 
of the Confederation of Shipbuilding and Engineering 
Unions, after the Manchester meeting, declared that the 
firm said there would be no victimisation. 





A delegate meeting representing the London ‘bus, 
tram, and trolley-’bus crews decided, on March 21, 
that the London Transport Executive should be 
informed that the men would oppose any increased 
employment of women as conductors on vehicles 
belonging to the Executive. In order to overcome the 
shortage of staff in these posts, due, in some measure, 
to the competition of factories situated in London 
suburbs, the Executive had suggested that the men, 
who number about 58,000, should concur in the recruit- 
men of women. An interesting feature of the Execu- 
tive’s proposal was that the newcomers should receive, 
from the commencement of their service, the same 
rates of pay as men in similar employment, about 
61. for a 44-hour week. It was argued by some dele- 
gates that the increased employment of women would 
only aggravate the shortage of staff. 
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HIGH-VOLTAGE SURGE 
DIVERTERS. 


IN a paper, entitled ‘‘ The Design, Specification and 
Performance of High-Vol Surge Diverters,” 
which was read before the Supply Section of the 
Institution of Electrical Engineers on Wednesday, 
January 25, Messrs. H. F. Jones and C. J. O. Garrard 
said that the modern surge diverter was an apparatus 
for limiting to a known value the surge voltages to 
which electrical lines and apparatus were subjected as 
the result of lightning strokes. The arguments for the 
installation of such diverters were partly economic, 
inasmuch as their cost must be balanced against the 
costs of the damage they might be presumed to have 
prevented and of the consequential breakdown in 
supply. 

Surge diverters were in fairly common use in Great 
Britain and their employment was ex to increase 
with the extension of rural electrification. In the 
United States they were widely used for the protection 
of transformers of all capacities. In their simplest 
form they consisted of a spark gap in series with a 
current-limiting resistor. They were connected between 
the line and earth, the length of the gap being adjusted 
so that it sparked over before a rously high 
voltage appeared on the line. By thus discharging the 
surge current to earth the surge voltage that reached 
the protected apparatus was limited. 

In order to limit the maximum voltage on the line 
effectively the resistor was made of a material with a 
non-linear voltage/current characteristic represented 
by the equation , 

E=R’I 

where R’ is the resistance of the resistor when I is 
one ampere. The success of the modern diverter 
depended upon the employment of a material for the 
resistor with a value for 6 of the order of 6to 10. It was 
important that the gaps should spark over rapidly and 
consistently and, when the waves were steep fronted, 
that this discharge should take place on the front of the 
wave. The power-follow current, which flowed to earth 
after the diverter had discharged, should be immediately 
interrupted at any system voltage up to a value 10 per 
cent. in excess of the rated voltage of the diverter. 
The discharge current should not damage or alter the 
characteristics of the diverter. One of the most 
important structural points was the sealing of the 
housing against moisture. Unless this sealing were 
perfect, moisture would gain access to the interior 
and failure would result. 

A number of closely spaced gaps arranged in series 
were usually employed, and consistent operation was 
best ensured by having a uniform voltage gradient 
across each gap. This enabled the electrodes to be 
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closely spaced and the difference between the normal 
system voltage and the spark-over voltage of the 
diverter to be small. Sometimes a two-electrode gap 
was used in series with a number of smaller gaps, 
known as quench gaps, the object of which was to 
facilitate the extinction of the power-follow current. 

The non-linear resistors generally consisted of 
carborundum discs. The greatest discharge capacities 
were obtained with a disc thickness of about 1 to 14 in. 
Discs with diameters of from 2 to 6 in. were then 
suitable for carrying surge currents from 10,000 to 
100,000 amperes, respectively, the power-follow current 
being limited by the resistors to a few tens of amperes. 
The flat surfaces of the discs were sprayed with metal 
to minimise the contract resistance and to ensure that 
the current density across them was uniform. Their 
edges were bevelled and painted to reduce the risk of 
flashover. 

A section through a 9-7-kV bracket or suspension 
type of diverter was given in Fig. 1. The air gap 
assembly a in this diverter consisted of five series gaps 
with specially-shaped metal-disc electrodes b. These 
electrodes were accurately spaced by insulated spacers c. 
The non-linear resistor consisted of three cylindrical 
blocks d, which, together with the spark gaps, were 
held in close contact by the spring e. The whole 
assembly was enclosed in the hermetically-sealed 
porcelain housing f, which was provided with a cap g 
for connecting it to the line. The diverter could either 
be suspended from the line by means of a lug on the 
cap or supported by a bracket from a cross arm or pole. 
Connection to earth was made from the terminal h at 
the bottom of the diverter through a suitable conductor. 

In the 12-5-kV station type of diverter, which was 
illustrated in Fig. 2, the spark gap assembly a consisted 
of eight gaps which were contained in an inner porcelain 
housing 6. The non-linear resistor was made up of 
five discs c, two of which were above and two below 
the housing 6. The complete assembly and the spark 
gaps were held in compression by the springs d and e, 
respectively. These springs were shunted by copper 
braids f. Both the inner and outer housings were 
sealed by copper caps, which were soldered to the 
porcelain. Rubber gaskets were used as an additional 
seal and to reduce any risk of mechanical damage to 
the porcelain. 

en the line voltage did not exceed 33 kV the surge 
diverters employed usually consisted of a single unit. 
For higher voltages, however, two or more units, which 
need not be identical, were mounted above each other 
as shown in Fig. 4, on page 336. This illustrated a 
132-kV diverter, which was 11 ft. 6 in. high. As with 
voltages in excess of 132 kV the height of a single stack 
of units would be excessive, the authors recommended a 
tripod construction,"each leg of which was made up of a 





certain number of diverter units and plain insulators 





These sets of diverters were joined together in series by 
connections which constituted the cross bracing. The 
connection of a number of units in series led to a certain 
amount of difficulty, owing to the line voltage being 
unevenly divided between the units. This was partly 
due to the distorting effect of the capacitance of the 
individual units to earth. An even more serious 
cause was the fouling of the insulators by fog and fly 
ash. Distortion due to capacitance effects could be 
partly prevented by fitting a grading ring, or rings, to 
the top of the stack, as shown in Fig. 3, page 336, 
but this might not always be sufficient completely 
to neutralise the effects of fouling. To do this it 
was necessary to shunt the spark gap with a resist- 
ance which might be obtained by covering the porcelain 
housing with a semi-conducting glaze. The employ- 
ment of shunting resistors had a beneficial effect on 
the operating characteristics of the diverter, as they 
controlled the voltage distribution at system frequency 
and thus tended to increase the power frequency spark- 
over voltage. Under surge conditions, however, capa- 
citance effects again became predominant, since a 
surge behaved in this respect as a very high frequency 
wave. The surge voltage was therefore divided 
unevenly across the individual units, so that the effec- 
tive spark-over voltage was reduced. In this way the 
impulse ratio of the diverter could be decreased and its 
effectiveness increased. 

For specification purposes it was proposed that 
diverters should be divided into three groups: rural, 
line and station; and that each should be classified 
according to its maximum surge-current carrying 
capacity. The first group should be designed for 
system voltages up to and including 22 kV, and the 
line class for voltages up to 66 kV. The station type, 
which should have a particularly high surge-current 
capacity, should be used to protect major terminal 
equipment at any voltage. All classes should be 
rated in accordance with the maximum line to earth 
power-frequency voltages for which they could be used. 
For instance, diverters for 33-kV, 66-kV and 132-kV 
three-phase systems should be rated at 30 kV, 60 kV 
and 121 kV, respectively. 

The authors recommended six type tests for spark 
gap assemblies and two for resistors. Power-frequency 
voltage should be applied under wet and dry conditions 
for 30 seconds to ascertain whether the diverter could 
withstand a system voltage at least 10 me cent. higher 
than the rated value. Similar tests should be made 
to determine the mean voltage at which the gaps 
sparked over. The average crest values of the 1/50 
micro-second positive and negative impulse wave 
required to cause the spark gap just to spark over 
should also be found, as well as the spark-over voltage 
and corresponding time lag between the arrival of the , 
surge and the breakdown of the gap for a very steep 
fronted wave. 

Resistor tests should include the application of a 
5/10 micro-second current wave having a specified crest 
value to make sure that the units would not puncture 
or flash over under these conditions, as well as a residual 
voltage test to ascertain the value of the voltage 
remaining across the plant being protected, after the 
diverter gaps had sparked over. Operating duty tests 
should also be specified to determine whether the 
diverter was satisfactory when subjected simultane- 
ously to a surge and to the normal system voltage. 
Such tests could be applied to the complete diverter or 
to a single section, provided the rating of the latter 
was not less than 12-5 kV and that it contained air 
gaps and non-linear resistors in the same proportion 
as in the complete unit. Accelerated weathering tests, 
consisting of successive heating and cooling cycles 
under humid conditions, were also desirable to check 
the watertight seals. 

Routine power-frequency dry spark-over tests should 
be applied to all diverters and their insulation resistance 
should also be measured. This should not be less than 
10,000 megohms at 5 kV. During service, maintenance 
tests could also be carried out with a view to checking 
the internal condition of the diverter. The ingress of 
moisture was always accompanied by a reduction in the 
insulation resistance from its original high value. The 
measurement of the power-frequency spark-over 
voltage was also a useful check, but in no circumstances 
should high value direct-current voltage be applied to 
a diverter as the non-linear resistors and spark gap 
electrode surfaces might thereby be . : 

Diverters were usually installed as close as possible 
to the transformers, since these were generally more 
vulnerable to lightning than switches, fusegear 
and circuit breakers. The number and ment 
of the diverters used depended largely on the layout 
of the station. The amplitude of the surges entering 
the station zone could be limited by connecting diverters 
to the incoming lines about half a mile away. In small 
or unimportant transformer and switching stations, 
particularly where there was no earth-wire shielding, 
diverters should be connected to the transformer 
terminals. Rotating machines directly connected to 
overhead lines or subjected to surges transmittted 
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through transformers should have their terminals pro- 
tected by diverters and condensers. These diverters 
could with advantage have a somewhat lower spark- 
over voltage than the normal rating for the system 
voltage in question. It was also advisable to install 
back-up diverters on the incoming lines. 

Since the efficacy of surge diverters depended very 
much upon a low earth resistance, it was obviously 
important to reduce this to a minimum. It was 
generally desirable to ensure that the resistance of the 
surge diverter earth should not exceed 5 ohms and at 
major power stations where economics justified better 

ing a value of 0-5 ohm was often practicable. 





THE IRON AND STEEL INDUSTRY 
IN INDIA.* 
By E. V. Parxryson, B.Met., F.I.M. 
(Concluded from page 312.) 


THE decline in consumption did not prevent a steady 
expansion of the industry, chiefly at the works of Tata 
Tron and Steel Company. In 1939, the Steel Corpora- 
tion of Bengal commenced operations and added 
appreciably to the country’s production, which rose 
from about 350,000 tons in 1926 to about 625,000 in 
1937, and from 800,000 tons in 1939 to a peak of about 
1-1 million in 1943. It declined to about 850,000¢in 
1946, and to a somewhat lower figure in 1947 and 
1948. The output of the different classes of rolled 
steel for significant years is shown in Table II, opposite. 

The manufacture of railway wheels, tyres and axles 
was commenced in 1941, reaching approximately 18,000 
tons in 1946. The decline in production in recent years 
may be attributed to transportation difficulties, a 
deterioration in the quality of coal, labour conditions, 
and some deterioration of equipment, operated to the 
maximum during the war. The position has improved 
more recently and a steady rise in output is being 
obtained. Finished rolled-steel capacity from all 
sources is about 1} million tons per annum. A further 
200,000 tons per annum will be added when the exten- 
sions of the Steel Corporation of Bengal come into full 
operation. 

The fully integrated works of the Tata Iron and 
Steel Company are situated some 150 miles west of 
Calcutta, in the province of Bihar, on the main Bengal- 
Nagpur railway. Their output of saleable steel in- 
creased from 360,000 tons in 1926 to a peak of 839,000 
tons in 1941. Thereafter production declined some- 
what, to 671,000 tons in 1948. An extensive range of 
rolled steel materials is produced. In 1934, the com- 
pany developed a low-alloy structural steel specially 
for the construction of the Howrah Bridge, the third 
largest cantilever bridge in the world. During the 
war, special steels were manufactured, including bullet- 
proof plate and armour-piercing shot steel. A more 
recently developed product is high-silicon steel sheet 
for motors, dynamos and transformers. The total 
ingot capacity is about 1,040,000 tons per annum. 
Two 5-ton electric-arc furnaces and a 10-cwt. high- 
frequency furnace are available for the melting of 
special steels. The rolling mill equipment consists of a 
blooming mill, followed by a continuous billet mill. 
Sections, rails and bars are produced through a rail 
and structural mill, a merchant mill and three small 
bar mills. Black and galvanised sheets are rolled on 
modern automatic mills. A two-stand plate mill pro- 
duces sheared plates up to 84 in. wide and about 1} in. 
thick. Wheels, tyres and axles are manufactured in a 
separate plant. Recently, a new billet mill came into 
operation and will later provide special billets for 
re-rolling in a projected skelp mill to provide flat stock 
for the manufacture of tubes. The rated output of 
saleable steel from this company is between 750,000 
tons and 800,000 tons per annum, and will probably 
be raised to about a million tons. 

The Indian Iron and Steel Company and the Steel 
Corporation of Bengal together form the second largest 
unit. They are situated in West Bengal, in the coal- 
fields approximately 125 miles north-west of Calcutta, 
on the East Indian Railway and within easy reach of 
the Bihar ore field. The present ingot capacity is 
about 450,000 tons per annum, and, when the first 
part of a further extension scheme is completed in 
about three years’ time, a further annual production 
of about 200,000 tons of saleable steel will be added. 
The products of this company are in general of the 
same classes of construction steels, excepting plates, as 
are produced by Tata. Associated with the blast 
furnaces of the Old Bengal Iron Company, 10 miles 
away at Kulti, are the largest and most modern iron 
foundries in the country, with a capacity of about 
65,000 tons per annum, specialising in the production 
of centrifugally-cast iron pipes and of sleepers for the 
railways. 

* Paper, entitled “‘ The Development of the Iron and 
Steel Industry in India,” read at a meeting of the Royal 
Society of Aris, London, W.C.2, on Thursday, March 9, 
1950. Abridged. 





MARCH 24, 1950. 





HIGH-VOLTAGE 














Fig. 3. DrverRTER witH GrRapIne Rina. 


The Mysore Iron and Steel Works are an enterprise 
of the Mysore State Government. Using charcoal iron 
from their own blast furnace, they manufacture steel 
in a 30-ton open-hearth furnace. They have a medium- 
sized rolling mill producing bars, light angles, etc., 
and another small mill, producing hoop and strip. 
The present production of finished steel is about 
28,000 tons per annum. A recently installed second 
furnace is expected to increase the output of finished 
steel to about 100,000 tons per annum. The additional 
iron is to be obtained from an electric pig-iron furnace. 
Iron pipes and miscellaneous castings are also pro- 
duced. The company is the only indigenous producer 
of ferro-silicon. Two are furnaces, each of 900 tons 
per annum capacity, produce about one half of the 
industry’s present requirements. 

There are three Government ordnance factories, at 
Ishapore, near Calcutta, at Cawnpore, and at Mura- 
danagar, near Meerut. The last two were established 
during the recent war, the former being somewhat 
incomplete and the latter essentially a steel foundry. 
Their production is primarily of a specialised nature, 
to meet Service requirements. Of the smaller firms 
producing steel for castings, a few operate rolling mills. 
The Bhartia Electric Steel Company and the National 
Iron and Steel Company in Calcutta, the Mukand Iron 
and Steel Company in Bombay and the J.K. Iron and 
Steel Company in Cawnpore, together have an electric 
and open-hearth steel-melting capacity of some 40,000 
tons and a mill capacity of about 120,000 tons per 
annum. Their products are bars and castings. To 
develop further the production of special carbon and 
alloy steels, commenced during the war, they have 
jointly formed the Indian Special Steels Marketing 
Boa The Hume Pipe Company, in Bombay, and 
the Singh mena Company, of Cawnpore, have 
small steel-melting furnaces and roll bars. There are 
five major firms engaged in re-rolling, who draw their 
semies under agreement with the main producers, or 
are operated by them. 

The Tinplate Company of India, a separate company 
established in 1922, produces tinplate for the metal- 
box and container trade and is the only works of its 
kind in India. Its production has risen from 20,000 
tons of tinplate in 1924 to 67,000 tons in 1949, and 
meets almost all of India’s present demand. Indian 
Steel Wire Products, Limited, one of the most efficient 
enterprises in the country, manufactures a wide range 
of light rod, annealed, hard bright, galvanised and 





barbed wire, wire nails, and bolts, nuts and rivets. 
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Fie. 4. 132-KV Diverter. 


Its present maximum annual capacity is about 60,000 
tons. Guest. Keen and Williams, Limited, at Howrah, 
Calcutta, produces railway permanent-way equipment, 
including steel sleepers, points and crossing rails, signal 
materials, tiebars, special bolts and nuts, etc. It has 
its own rolling mills for the production of the special 
bars required. The output of the rolling mills is about 
48,000 tons per annum. The Indian Steel Rolling 
Mills, Limited, formed in 1934, are established at 
Negapatam, on the south-east cvast in Tanjore, and 
receives its billets from the Tata Company, by which it 
has been operated in more recent years. Its products 
are bars and light rod. During the war, the mill 
produced cotton and jute baling hoop. The annual 
production of these mills is about 18,000 tons. The 
Eagle Rolling Mills, at Kumardhubi in the coalfields, 
produce light sections, and bars, and have a potential 
production of about 36,000 tons per annum. 

The other re-rolling mills, situated chiefly in East 
Punjab, the United Provinces and Bengal, with a few 
in Bombay and Madras, are generally small and, with 
some exceptions, poorly equipped. The original few 
established prior to 1934 performed a useful function 
in converting railway scrap and, being situated in the 
interior of the country, made bars available in areas 
remote from the main producers. The expansion of 
this section of the industry may be traced to the 
observations of the Tariff Board of 1933-34 which 
expressed the view that there was room for an efficient 
re-rolling industry and recommended the suspension 
of the revenue duty on the import of billets for its use. 
By 1939, there were some 32 mills, with an annual 
output of only about 60,000 tons. By 1942, there 
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were some 130 mills in existence and later about 140. 
The highest production was in 1944, when, with the 
addition of supplies of imported billets, 75,000 tons 
was produced, a figure far below the capacity of the 
industry, which is now about 500,000 tons. 

The steel industry of India has developed behind 
protective tariffs and it is of interest to trace the 
reasons for them and the extent to which they have 
been applied. During the slump in the world’s steel 
markets in the early 1920s, the industry, represented 
almost entirely by the Tata Iron and Steel Company, 
was faced with low prices and dumping from the 
Continent of Europe, and in consequence was placed 
in a difficult financial position, particularly as it was 
engaged in extending its plant. After an inquiry by 
the Tariff Board in 1923, the excise revenue duties 
were raised in 1924 to a protective level on all classes 
of steel manufactured in India, and bounties were 
accorded on rail and fishplate production. By the 
Steel Industry (Protection) Act of 1927, bounties were 
discontinued and somewhat Jower duties imposed on 
the different kinds of imported steel, some preference 
being given to materials of British origin. These 
duties were further increased by a surcharge of 25 per 
cent. imposed by the Indian Finance (Supplementary 
and Extending) Act of 1931. Increasing production 
and reduced costs led to a further examination of the 
industry's position by the Tariff Board of 1933, whose 
recommendations, with but slight changes, were 
embodied in the Indian Iron and Steel Duties Act of 
1934. No protection was now considered necessary 


furnaces be installed at the Ishapore ordnance factory. 
To provide for the balance of about 1 million tons per 
annum, the Panel recommended the erection of at 
least one fully-integrated iron and steel works of some 
500,000 tons per annum initial capacity, capable of 
ultimate expansion to 1 million tons. Should demand 
keep with present estimates, there might be room 
for a further similar plant at a later date. The Panel 
ightly considered thut the country’s immediate need 
of cheap steel in quantity could only be obtained by 
the orthodox method of smelting iron ore with coke in 
blast furnaces. In consequence, sites near or located 
on the Bihar-Orissa ore belt or the Jharia Raniganj 
coalfields were the only ones really suitable, although 
sites in the Central Provinces offered possibilities. 
Bearing in mind the Government’s desire to decentralise 
industry, the Panel suggested 2 site in the Central 
Provinces and another in Bihar. The site in the 
Central Provinces is near Raipur and Bilaspur and is a 
suitable location, except that it lacks ready access to 
known coking coals. The proposed plant would be a 
fully-integrated one, producing about 720,000 tons of 
pig iron and 600,000 tons of steel ingots, corresponding 
to about 450,000 tons per annum of finished steel. 
The site suggested for the second plant, on the south 
bank of the River Ganges near Jamalpur, fulfils all 
requirements and has the facilities offered by an inland 
waterway. This plant, of a similar capacity to the 
first, would produce plate up to 96 in. or 102 in. wide 
and strip of a minimum width of 54 in. on modern 
continuous mills. A heavy section mill might be 





TABLE II.—PROpUCTION OF FINISHED ROLLED STEEL. 


(Thousands of Tons.) 
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; : , * ist Half* 
Product. 1926. | 1929. 1939. 1943 1946. oe |\ Sag 
Rails 149-8 148-7 } 90 0 | pus 2 109-0 92-4 33-2 
Fishplate 6-4 10-7 | 
Seepers .. .. «so 0-6 NR. |” NR. (30-0) (20-9) 
Structural steel, joists, angles, etc. 43-9 135-0 171-5 121-4 94-8 59-1 
Shell steel aii ie alii = = 33-6 a ati eit 
anitincn the EOS eee = 134-5 a 
Bars (over 4 in.) ee 60-6 252-7 310-2 230-5 213-6 103-9 
Spring steel bar... : os ot on 5-5 13-2 6-3 N.R.S. N.R.S 
Rods (under fin.).. =. J 45-6 51-5 44-0 N.RS. | NBS 
Bolts, nuts, rivets and spikes N.R. N.R. 8-0 19-7 9-4 N.RB.S. N.R.S 
Wire and wire products .. .. - N.R NLR. 16-2 26-9 19-3 7-2 9-4 
Plates (4 in. and thicker) 25-9 31-2 74-4 74-7 55-6 55-2 26-3 
Sheets (10 gauge and thinner) .. 23-7 37-4 137-2 232-8 196-1 211-3 91-0 
Tinplate and substitutes... 34-4 33-0 59-0 68-4 57-6 51-5 25-3 
Hoop and strip. i -: — _ 10-8 7-1 N.R.S N.RB.S8. 
Wheels, tyres and axles .. — -— - 7:7 18-0 16-8 8-7 
Tool steel .. os — —_ 0-25 1-0 0-95 N.R.S N.R.S. 
Other products — — _— _— —_— 39-6 22-9 
Total of above items 344-8 390-5 832-9¢ | 1,140-2t | 875-9¢ | 812-4 400-7 


N.R. —Not recorded. 
+t These figures exclude : 


~_N.R.S.—Not recorded separately. 


* Provisional. 


(i) Production of billets for forging, etc., which amounted to 16,800 in 1943 and 55,000 in 1946. 


(ii) Ordnance Factory production of forging and shell steel ingots amounting to 4,200 tons in 1946. 


(Figures for 1943 not available.) 


(iii) Production of sleeper bar and hoe bar, amounting to 47,800 tons in 1946. (Figures not available for periods earlier than 1945.) 


on billets, rails, fishplates and sleepers from all sources 
and on structurals and plates from Great Britain. The 
only protection afforded on these classes was therefore 
the revenue duties. The industry, however, had to 
bear a new excise duty of Rs. 4 per ton on ingots rolled, 
a countervailing duty being imposed on imports. 

With the improving prosperity of the world’s steel 
industry from the middle of the 1930’s, and with 
prices reasonably free from wide fluctuations, the 
industry, despite the excise duty, increased prices of 
coal and higher freight charges, had been able, by new 
economies and technical improvements, to reduce 
costs and to declare that no further protection was 
likely to be necessary after the then period of protection, 
due to terminate in 1941. With the outbreak of war, 
protection ceased to be effective and the prices of 
indigenous steel for direct war purposes were brought 
under Government control immediately, and for civilian 
purposes in 1944. The prices were, and still are, fixed 
on a basis of works costs. The main classes of imported 
steel, however, are subject to a revenue duty, a counter- 
vailing excise duty, and a 20 per cent. surcharge, the 
protective duties, with the exception of those on alloy 
and special steels, having been allowed to lapse in 1947. 

The Iron and Steel (Major) Panel, created in 1944, 
produced two valuable reports in March, 1946 ; reports 
which, it is understood, form the basis of the future 
development of the industry. Taking into considera- 
tion the known requirements of the Services and the 
plans for the expansion of communications, power 
generation and industry, the Panel assessed the demand 
in the ensuing five years at from 2} to 3 million tons 
per annum. As seven years must elapse before any 
new major steelworks could be brought into full 
Operation, it recommended that the fullest advantage 
be taken of balanced extensions to the existing plants 
of the main producers and suggested that two additional 


added in any later extension. The production of 
continuous strip would permit the adoption of the more 
modern direct methods of producing thin sheet for 
tinning required for the manufacture of superior grades 
of tinplate for food canning, “‘ breakdowns ”’ for further 
rolling into sheet products and special stamping and 
forming sheet for the motor-car industry and other 
special purposes. The Government has already 
appointed three firms of technical consultants, two 
American and one British, to examine and report upon 
the expansion of the industry. Their reports have been 
made. At this stage, they are not available to the 
public, but it would not be surprising if the recom- 
mendations of the Panel are generally endorsed. 

The Panel recommends that some revision of the 
railway freight policy is desirable, favourable to the 
development of the new plants and to the lowering of 
distribution costs to ureas in the interior. As a 
stimulant to the future consumption of steel, a gradual 
reduction and stabilisation of prices should be effected 
at the earliest appropriate opportunity, and, as a 
prerequisite, the prices of indigenous products should 
not, as in pre-war times, be based on those of imported 
steels, but on works costs. This would entail a strict 
control of imports. The repeal of the excise duty, and 
the removal of the incidence of the contribution to the 
equalisation fund of the Iron and Steel Control on 
prices is also recommended. A stabilisation fund to 
ensure steady prices is a further recommendation. 

The creation of a central selling organisation is 
suggested, not only to undertake the sale and distri- 
bution of all iron and steel products, but also to 
administer the stabilisation fund and to determine the 
extent of imports and exports. In the opinion of the 
Panel, there should be little difficulty in obtaining 
capital from private sources, provided that the Govern- 
ment helped by carrying out the recommendations 





that it had made, which include the alleviation of high 
taxation. Nevertheless, it was emphasised that in 
view of the urgency, the Government should not 
hesitate in undertaking the projects on its own respon- 
sibility, should private capital not be forthcoming. 

The essential role of research in the development of 
the industry has not been overlooked. Under the 
auspices of the Metals Committee of the Department of 
Scientific and Industrial Research, a National Metal- 
lurgical Laboratory is now under construction. The 
Tata Iron and Steel Company has exceptionally fine 
laboratories. The supply of  scientifically-trained 
personnel is taken care of by at least two Indian 
universities and the Institute of Science, which offer 
courses in metallurgy. Training in mechanical and 
electrical engineering is given at several of the Indian 
universities. More advanced research and works 
training abroad will be essential, and facilities are 
provided by Government and Tata Trust scholarships. 

The modern industry of the West has been possible 
only through the fullest use of the special properties of 
alloy, tool and special steels, gradually developed 
over years of research. The present position in India 
is one where the state of development of the engineering 
industry is far in advance of that of the production of 
the alloy and special steels it needs. India has the 
machinery capable of manufacturing motor-cars, but 
produces little special steel in the form of close-tolerance 
bright-drawn or centreless-ground rod, without which 
modern automatic machine-tools cannot function. 
During the war, India made valuable contributions of 
alloy and tool steels, but these were in the black rolled 
condition and to ordinary structural tolerances. This 
is not enough, and production to the same rigid specifi- 
cations as in the West is essential. The Tata Company, 
the Mysore Iron and Steel Works, and the Indian 
Special Steels Marketing Board have plans for the 
production of these essential steels on a scale and in the 
forms required by the engineering industry. 





FILM ON BRITISH LOCOMOTIVE 
BUILDING. 


Apart from its Hollywood applications, the cine- 
matograph film is a unique method, on the one hand, 
of demonstrating an event expanded in time, and, on 
the other, of bridging a series of events so that, for 
example, a brief historical review can be \presented in 


—|half an hour. The first part of a film entitled ‘“ The 


Locomotive,” which has been produced for the Loco- 
motive Manufacturers Association of Great Britain, is 
in the historical manner and reminds countries abroad, 
lest they forget, that the steam locomotive originated 
in Great Britain, and that the first locomotives to run 
in most countries, including the United States, were 
built in this country. From Richard Trevithick’s 
locomotive of 1803, pictures and silhouettes showing a 
few major developments in the subsequent century 
and a half are flashed on the screen—there is no time 
for a fuller treatment—and the film then settles down 
to a “documentary” on locomotive building. It is 
in colour, and the difficulties of filming such processes 
as forging and casting have been admirably sur- 
mounted. The spoken commentary is suited to an 
audience having some slight technical knowledge, or 
at least interest, but this feature will not detract from 
the appeal of the film to railway engineers. The loco- 
motive industry in this country, excluding British 
Railways, employs approximately 15,000 men and 
women, including more than 500 draughtsmen, and it 
can build 1,000 locomotives of many types in a year. 
The wide range of designs is typified by the “ shots ” 
of British-built locomotives in service overseas with 
which the film is concluded. For showing to prospec- 
tive customers abroad, the commentary will be avail- 
able in appropriate languages. The Association also 
hope that the film will interest students in schools, 
technical colleges and universities, as well as people 
connected with the production and operation of loco- 
motives. It is in the 16-mm. size and is available free 
on loan to bona fide establishments from the offices of 
the Association at 82, Victoria-street, London, 8.W.1. 
The screening time is 32 minutes. 





THE COPENHAGEN WAVELENGTH PLAN.—The reasons 
for the changes in the wavelengths of European broad- 
casting stations which, as announced on page 273, 
ante, came into force on Wednesday, March 15, are 
explained in a useful pamphlet issued by the British 
Broadcasting Corporation. After insisting on the need 
for such a plan as that agreed at Copenhagen in 
1948, details of the allocation of frequencies among the 
broadcasting stations in the European area and of the 
maximum power which each may use are set out in 
tabular form. Separate tables show the stations radiat- 
ing in this country, with their old and new wavelengths, 
and instructions regarding tuning to the new wave- 





lengths are given. 
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STEELS FOR SPECIALISED 
APPLICATIONS.* 
By J. M. Mowat, B.Sc. 

THE origin of a steel imparts to it properties and 
characteristics which are not directly associated with 
composition. It is known, for example, that, under 
normal conditions of production, steel from the basic 
are furnace takes into solution a much larger quantity 
of hydrogen and other gases than similar steel from the 
acid open-hearth furnace, and when steels which are 
subject to hydrogen cracking are produced in the basic 
are furnace more time is required for hydrogen removal 
treatments to ensure a product free from hairline 
cracks. The process of manufacture may also influence 
the relation between chemical composition and mecha- 
nical properties. Thus forgings and castings in carbon 
steel having the same composition have higher ultimate 
tensile strength when produced in the basic electric 
than steels of the same nominal analysis from the acid 
open hearth ; which, in turn, show higher values than 
basic open-hearth steels. With a more or less standard 
heat-treatment process it is more economical to adjust 
the composition than the treatment. 

Although differences are, of course, not so apparent 
in alloy steels, the manufacturing process has an 
influence on mechanical properties. There is definitely 
much more than chemical analysis, as usually carried 
out, to be considered when the metallurgist plans to 
meet a need presented by the engineer. Examples from 
a wide range of products could be dealt with, but refer- 
ence will be made in some detail to two special applica- 
tions, namely, rotor forgings and work rolls. The 
former are well established and the latter are com- 
paratively new products to the West of Scotland. 

A feature of steam-turbine development in recent 
vears has been the adoption of higher steam pressures 
and temperatures with a view to improving combined 
efficiency ; this has resulted in the demand for rotor 
forgings having higher strength than plain carbon 
steels. Dr. C. Sykes, F.R.S., in a paper read to this 
Institute in 1947 and in the Second Hatfield Memorial 
Lecture, has reviewed the problem and has indicated 
some of the steels used in this country for these large 
rotor forgings, and this section is introduced to present 
some further information on the subject. The majority 
of the large steam turbines at present in service have 
rotors of carbon or carbon-molybdenum steels which 
were heat-treated by normalising and tempering and 
cooled slowly in the furnace from the tempering 
temperature to reduce to a minimum any internal 
stresses. Such forgings have satisfactorily uniform 
strength properties throughout their mass and can be 
obtained with tensile strengths up to, or slightly over, 
40 tons per square inch. It is common practice to use 
a carbon-molybdenum steel for the high-pressure stage, 
and a carbon steel for the low-pressure stage. Designers, 
however, are now seeking materials of greater strength 
and some of the steels available have already been 
reported by Dr. Sykes, such as the 2 to 2} per cent. 
nickel-chromium-molybdenum and the 3 per cent. 
chromium-molybdenum classes. Two other classes 
which are referred to in this section are the 3 per cent. 
nickel-chromium-molybdenum-vanadium and the 3 per 
cent. chromium-molybdenum-vanadium steels, and 
sound forgings having satisfactory uniformity in 
mechanical properties can be produced in these steels. 

It is noteworthy that the creep properties of the 
nickel-chromium-molybdenum-vanadium steel are of 
the same order in the air-hardened and oil-hardened 
conditions although the microstructures differ appre- 
ciably. A comparison of the creep properties obtained 
on samples cut from heat-treated rotors show that, in 
this connection, the nickel-chromium-molybdenum- 
vanadium steel is superior to the chromium-molyb- 
denum-vanadium steel, which, itself, is better than the 
straight chromium-molybdenum. At temperatures 
above 950 deg. F., the creep strength is greatly reduced, 
but the same order of superiority is maintained through- 
out. The nickel-chromium-molybdenum-vanadium steel 
retains its strength at high temperatures to a greater 
extent than the chromium-molybdenum type. Neither 
type of steel shows susceptibility to long-time embrittle- 
ment. 

The first requirement in a steel for a large rotor is a 
sound forging, free from porosity and excessive segrega- 
tion. With suitable technique and care at all stages of 
production this can be achieved. It might be worth 
stating that the value of ultrasonic testing in detecting 
axial porosity has been proved and while results are 
sometimes difficult to interpret the echoes produced 
on the screen by serious porosity are easily recognised. 
By probing from at least two directions and then making 
a simple proportional calculation it is possible to deter- 
mine the position and probable size of any definite 
discontinuity within quite narrow limits. 

In the past, the usual heat-treatment specified for 





* Paper read before the West of Scotland Iron and 
Steel Institute, at Glasgow, on Friday, Mareh 17, 1950, 
Abridged. 





large forgings intended for steam-turbine rotors has 
been normalising and tempering ; this was so for two 
reasons—the specified tensile properties could be 
obtained throughout in the available steels by air- 
cooling from above the critical temperature, and also 
it was considered that air-cooling produces only rela- 
tively low internal stresses with subsequent freedom 
from distortion during machining or in service. [f, 
however, more advanced specifications are to be met’; 
for example, if higher tensile strength, together with 
high yield and Izod values are required, liquid quench- 
ing becomes necessary. Designers then generally 
consider that some proof of freedom from distortion 
in service is desirable. The so-called ‘“‘ Thermal 
Stability ” test fulfils this requirement and it is becom- 
ing customary to test in this way forgings intended for 
use at the more advanced steam conditions. The 
test consists in subjecting the body of the rotor to a 
temperature at least 50 deg. F. above the maximum 
working temperature anticipated while the rotor is 
being continuously rotated and, during the test, measur- 
ing any changes in eccentricity of the rotor centre-line. 
The usual specification requirement is that the move- 
ment of the shaft centre-line from the final hot to the 
final cold position should not be greater than 0-001 in. 
when determined from a polar plot of the indicator 
readings. In general, forgings which have been 
produced with normal care m4 which have not been 
subjected to some irregularity during manufacture are 
found to be thermally stable in this test. 

The usual aim in producing a rotor forging is to 
achieve uniformity in mechanical properties throughout 
the mass of the section, and when such uniformity is 
achieved the indications are that the heat-treatment 
has been carried out in a satisfactory manner. As the 
rotor is subjected in service to both temperature and 
stress gradients it may be that this desire for uniformity 
may not be so essential as has been assumed in the 
past but that a gradient to suit the working conditions 
might even be an advantage. The problem is to gauge 
the magnitude of the various gradients. It is essential 
from the engineer’s point of view, however, that there 
be radial symmetry of mechanical properties. 

There has been much discussion recently on the 
relative importance of Izod values in rotor forgings, 
and it has been pointed out that there are many rotors 
in service the material of which has a low Izod value. 
As far as is known, no rotor has failed in service because 
of low notched-bar properties. It is only sensible, 
however, to use a material with good notched-bar 
properties if these can be obtained without detriment 
to other mechanical properties. It is fairly certain 
that it will not be possible to combine in a rotor all 
the properties desirable and a compromise may be 
necessary, particularly when a . creep resistance 
is essential. Consideration then will require to be given 
to the true significance of notched-bar tests in rotor 
steels under normal and abnormal working conditions, 
and the specification amended accordingly. 

The hardened forged-steel work roll of the four-high 
tandem mills for cold-reducing steel — is regarded 
by forgemasters as a most difficult article to produce 
satisfactorily, and, until recent years, has been consi- 
dered an American or Continental speciality. Tandem 
mills, operating at speeds of up to 5,000 ft. per minute, 
have gradually superseded the single-stand four-high 
mills since they effect a greater and complete reduction 
at one pass and produce enhanced metallurgical proper- 
ties, better ales finish and greater uniformity of 
thickness in the final sheets. 

The work roll must have a hardness on the barrel 
surface of approximately 95/100 on the Shore sclero- 
scope “C” scale, and this surface-hardened layer 
must be of sufficient depth to prevent deformation 
during rolling and allow approximately 1 in. to be 
ground off the diameter without appreciable fall in 
hardness. For definite practical reasons, the roll 
journals are required to be considerably softer than the 
barrel hence a differential hardening process is necessary. 
One mill problem which has so far remained unsolved 
is the break in production continuity caused by frequent 
roll changes, jially in the final stand of the tandem, 
where the work-roll surface deteriorates, causing the 
strip to develop a mottled appearance. At this stage, 
the roll needs regrinding and has to be removed from 
the mill. Considering the high loads required to 
effect reduction due to work hardening of the strip 

ing through the previous four stands, and the 
torque and bending stresses in the journals and the 
thermal stresses due to frictional forces at the barrel 
surface, it is not surprising that such surface deteriora- 
tion occurs. 

The following is the production cycle used in the 
author’s firm, Messrs. William Beardmore and Company, 
Limited. It is a rigidly-controlled cycle which is under 
direct technical supervision at every stage. The charge, 
consisting of selected scrap with carbon and lime, is 
melted and refined in a 15-ton basic electric-arc furnace. 
All additions are dried and every other precaution is 
taken to minimise hydrogen absorption and the subse- 
quent danger of hairline cracking. A fairly long, but 





vigorous, boil is given to the metal and the bath 
recarbonised during the reducing slag phase. ‘he 
melt is completely de-oxidised before tapping and 
alloying additions made to the furnace. A small 
amount of aluminium is added to the ladle as a grin 
refiner. The metal is teemed at a pre-determined rte, 
depending on mould size, fluidity and temperatnre, 
into big-end up, hot-topped octagonal moulds. 

The hot ingot is transported in a covered bogie to + 
forge department, charged immediately into a firg 
furnace and allowed to even up at 650 to 700 deg. ©. ; 
it is then raised to 1,150 deg. C. and the forging op: ra. 
tion commenced. The temperature of 1,150 deg. (. j 
never exceeded on account of the danger of overhea 
a steel of this composition, namely, high-car)on 
chromium of almost ball-bearing quality. The “ pins” 
are first rounded off and the well removed ho! in 
preparation for up-ending. After reheating, the head 
is set in a die and the body reduced to 50 per cen‘. of 
its original length. This bloom is once again reheated 
and the forging completed. In this way, a considerable 
amount of work is put on the piece, but the low work 
ratio from ingot to finished forging (1-25 : 1) keeps the 
elongation of any non-metallic inclusions present to a 
minimum and reduces their influence as stress raisers 
in subsequent differential hardening, where the treat- 
ment stresses are very high. 

The forging is transferred hot to the annealing furnace 
and allowed to even up at 650 to 700 deg. C. It is then 
given a full annealing treatment, attention being paid 
to time and temperature in order that the maximum 
removal of hydrogen can be effected. The forging is 
rough turned, bored and examined for flaws. Where 
any doubt exists an ultrasonic flaw detector is used to 
determine the nature and extent of any possible defect. 
If a defect is discovered it is removed either by reboring, 
if in the bore, or dressing if on the outside, before 
undergoing further heat-treatments, but if it cannot 
be completely removed in this manner the roll is with- 
drawn from production. 

The roll is now subjected to a carbide conditioning 
treatment, which consists of normalising followed by 
oil-hardening and tempering. = this process the 
carbides are precipitated in a finely divided form 
throughout the mass. This is most important, since 
large carbide particles, especially with chromium 
present, are very difficult to remove by solution treat- 
ments and it is essential for effective final hardening to 
have these as small and as evenly distributed as possible. 
A smooth barrel, a smooth bore and adequate thermal 
insulation of the journals are the main requirements of 
the final differential hardening treatment. A smooth 
non-corded bore is absolutely essential since no further 
machining can be done after hardening, and apart from 
reducing the tendency to fatigue cracking in service 
it also reduces any likelihood of a stress raiser during 
hardening. 

Laboratory fracture tests taken from excess material 
on the journal may be carried out after carbide con- 
ditioning in particular cases. By hardening from various 
temperatures, the one necessary to produce a fine- 
grained fracture can be determined. The barrel is 
carefully ground and is then protected against scaling 
and decarburisation, although the furnace atmosphere 
is also controlled to reduce these as far as possible. 

At almost all the previous operations some reference 
has been made to the final hardening operation and 
it is here that any fault in the preceding operations or 
lack of care in the treatment itself will in all probability 
result in failure by rupture and loss of the roll. No 
unsound material can undergo this severe test without 
rupture, and even taking into consideration the possi- 
bility of abnormal and unbalanced stresses many of the 
failures which occurred in the experimental stage have 
been accounted to unsoundness. The process of 
differentially hardening any article creates certain 
difficulties, and this is particularly the case in one with 
varying section. Here, again, the bore comes into 
practical use, for not only does it remove that section 
of the roll containing most segregate and unsoundness, 
but it also reduces the effective cross-section for quench- 
ing; also, by hardening the bore surface, it has the 
added effect of balancing the stresses within the barrel. 

The generally accepted practice of horizontal-spray 
quenching with the roll rotating, the journals protected 
from the quench and a perforated water pipe in the 
bore, was not found to be a simple procedure ; for 
example, it was found that, unless the whole journal 
were properly lagged before quenching, rupture at the 
roll neck might occur due to the stresses set up at the 
change of section when hardening or partial hardening 
of this part took place. If the soaking temperature for 
hardening were not strictly adhered to, a barrel failure 
was liable to occur, this being related to the depth of 
case produced. One other point discovered during the 
experimental work was that the retention of austenite 
is inadvisable, and an attempt has been made to adjust 
the hardening treatment to deal with this. The reten- 
tion of austenite seems to have some bearing on the 
surface deterioration during rolling, although this has 
yet to be proved. It is also necessary to keep sym- 
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DIESEL-ELECTRIC PROPELLING UNIT. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 








metrical, as far as possible, the very large residual 
stresses which result from hardening, by ensuring 
uniform quenching conditions round the barrel. ; 

An uneven quench can cause soft areas ranging from 
55-70 Shore scleroscope values. These soft areas are 
due to the critical hardening and tempering charac- 
teristics of the carbon-chromium steel employed. This 
steel although possessing a very high “‘ as quenched ” 
hardness has a rather low hardenability. Improper 
hardening can therefore be effected in the following 
manner. For instance, drips of water, or even a short 
contact with some cold metallic object, may abstract 
heat from the barrel surface in these areas sufficient to 
cool a thin surface layer through the critical-tempera- 
ture range. Hardening is only momentary, however, 
owing to the re-heating of the area by diffusion of heat 
from the roll mass. If re-heating of the area to above 
the critical temperature is not completed before the 
main quench comes on then a soft spot results. These 
“ soft areas” can be readily detected by sand blasting 
or etching after the surface has been ground and the 
degree of softness can be measured by the scleroscope. 
Unless the softening is very shallow the only hope for 
the roll is to reharden it and this can be done without 
too great a risk provided elementary provision is made 
in the heat-treatment process. 

It is essential when producing these work rolls to have 
a gradual transition from the martensitic case to the 
pearlitic core and again to the martensitic bore; a 
narrow transition zone can cause spalling in service, 
especially in rolls having a shallow case. Spalling of 
rolls has come under much discussion in the past and it 
would seem that so long as a non-homogeneous roll is 
im use, it is unavoidable, and, in this respect, the roll 
user considers himself at fault when the spall is caused 
by burning due to skidding of the strip, or uneven 
loading. 

The roll is allowed to remain in a high state of stress 
for several hours after hardening, prior to undergoing 
stress-relieving treatment, since it is considered that if 
rupture is liable to occur it will do so at this stage. The 
Stress-relieving treatment consists of heating the roll in 
an oil bath at 120 deg. to 150 deg. C. for several days, 
thus converting the alpha martensite to the beta form 
and making the structure as thermally stable as possible, 
in addition to affording some relief of the residual 
Stresses. Grinding of the barrel for a hardness- 
uniformity test is the first operation after stress-relieving 
and when this is done the barrel is etched with 7 per 
a nital solution. In this way any comparatively 
soit troositic areas can be picked out by their darker 
*“ppearance, against the grey-etching martensite, and 
any doubtful marks checked by the scleroscope. Once 


the hardness f 
uniform by the the barrel has been proved to be 


roll is ready for 


etch test and scleroscope readings the 
final machining. 























THE IRON AND STEEL INSTITUTE. 


TRE annual meeting of the Iron and Steel Institute 
will be held at the Institute’s offices, 4, Grosvenor- 
gardens, London, S.W.1, on Wednesday and Thursday, 
April 26 and 27. A dinner will be held at the Dorchester 
Hotel, Park-lane, W.1, at 7 p.m., on April 27. 

The meeting on the first day will open at 10 a.m., 
when the report of Council and statement of accounts 
for 1949 will be presented. Following this, the 
Bessemer Gold Medal! for 1950 will be presented to Mr. 
James Mitchell, C.B.E., the Sir Robert Hadfield Medal 
for 1950 to Mr. G. D. Elliot, an Andrew Carnegie Silver 
Medal for 1949 to Mr. N. H. Polakowski, the Williams 
Prize for 1949 to Dr. D. F. Marshall and Mr. H. C. 
White, and the Ablett Prize for 1949 to Mr. E. L. 
Diamond and Mr. A. M. Frankau. The new President, 
Mr. J. R. Menzies- Wilson, O.B.E., will then be inducted 
and will read his Presidential Address. Finally, a 
paper by Mr. E. L. Diamond on “ Characteristics of 
Scrap in Relation to Bulk Handling ” will be discussed. 

At 2.30 p.m., on April 26, four papers will be jointly 
discussed, namely, ‘‘ The Overheating and Burning of 
Steel. Part III.—The Influence of Excessive Reheating 
Temperatures on the Mechanical Properties and the 
Structure of Alloy Steels,’ by Mr. A. Preece, Dr. J. 
Nutting and Mr. A. Hartley ; ‘‘ The Detection of Over- 
heating and Burning in Steel by Microscopical Methods,” 
by Mr. A. Preece and Dr. J. Nutting; “ Grain-Boun- 
dary Phenomena in Severely Heated Steel,” by Dr. T. 
Ko and Professor D. Hanson: and ‘‘ A Note on the 
Overheating of Steel,” by Dr. E. C. Rollason and Mr. 
D. F. T. Roberts. Finally, a paper by Dr. J. H. 
Whiteley on “The Extension of the Ar, Range with 
Carbide Formation in Mild Steel Due to High-Tempera- 
ture Treatment,” will be taken. At 8.30 p.m., a 
lecture, ‘‘ Centenary of the Birth of Sidney Gilchrist 
Thomas,” will be delivered by Mr. J. Mitchell, C.B.E. 

At 10 a.m. on Thursday, April 27, Mr. W. J. Williams 
will present a paper, ‘‘ The Influence of Certain Elements 
on the Microstructure of Pure Iron-Carbon Alloys and 
Cast Irons,” following upon which two papers will be 
discussed jointly, namely, “‘The Thermodynamic 
Background of Iron and Steel-Making Processes. 
I. The Blast-Furnace,” by Mr. F. D. Richardson and 
Mr. J. H. E. Jeffes; and “ The Influence of Gas/Solid 
Temperature Differences in Blast-Furnace Operation,” 
by Dr. J. Taylor. 

At 2.30 p.m. on April 27, there will be a joint 
discussion on two papers on “ Blast-Furnace Gas 
Cleaning,” the first being by Mr. R. F. Jennings and the 
second by Mr. J. Stringer. The last two papers will be 
‘* Proposals for the Modification of a Blast-Furnace Top 
to Give Controlled-Burden Distribution,” by Mr. E. L. 
Diamond ; and “A New Blast Furnace Stock-Rod 
Gas Seal,” by Mr. E. J. Walklate. 


DIESEL-ELECTRIC PROPELLING 
UNIT FOR FERRY. 

Two Diesel-electric marine propulsion sets, designed 
to prevent serious overloading of the Diesel engines, 
have been supplied by the Metropolitan-Vickers Elec- 
trical Company, Limited, Trafford Park, Manchester, 17, 
to the Star Ferry Company of Hong Kong, and the first 
has been installed in the double-ended ferry vessel 
Electric Star, plying on the Hong Kong and Kowloon 
service. This vessel, which has a propeller at both 
ends, was built in 1933, but was severely damaged 
during the war, when its machinery was lost; it has 
since been rebuilt by the Hong Kong and Whampoa 
Dock Company, who were also responsible for the 
installation of the new machinery. Its overall length 
and beam are 116 ft. and 28 ft., respectively, and there 
are two main decks. The general layout is similar to 
that of the company’s other ships, but the upper deck is 
more spacious, owing to the absence of boiler-room 
casing, the other vessels being steam driven. The gross 
and net registered tonnages are 164 and 59 tons, 
respectively ; 314 passengers can be accommodated on 
the upper and 214 on the lower deck. Several im- 
provements have been carried out to the accommoda- 
tion, including the provision of fluorescent lighting on 
the upper deck. 

Each propulsion unit includes a Davey, Paxman 
12-cylinder V engine developing 310 h.p. at 1,000 r.p.m., 
and directly coupled to a 158-kW direct-current main 
generator having an output voltage of 275 volts. 
A 50-kW, 220-volt direct-current auxiliary generator, 
coupled in tandem to each main generator, provides 
power for excitation, engine-room auxiliaries and 
some of the lighting services; electrical supplies for 
the fluorescent lighting are generated by two 2-kVA 
motor-generator sets, one being a standby. The two 
main generators feed two direct-current motors, 
each of which is directly coupled to one of the two 
propellers. Each motor is rated at 370 shaft horse- 
power at 250 r.p.m., and can sustain a continuous 
overload of about 50 shaft horse-power without 
injurious heating ; they are fitted with Michell thrust 
blocks and self-ventilating fans, as well as tachometer 
generators. A Ward-Leonard type of control provides 
a wide range of propeller speeds, and in service in either 
direction, the bow propeller is normally driven at about 
60 per cent. of the speed of the driving propeller ; 
under these conditions it exercises little or no braking 
torque and so minimises the losses due to its passage 
through the water. 

Each main generator is of standard drip-proof 
construction but with three separate field windings, 
namely, a separately-excited field supplied through a 
controller from the 50-kW tandem generator, a self- 
excited shunt field, and a series field which carries the 
main current of the propulsion motor and is in opposi- 
tion to the othertwo. The speed of the propeller motors 
is controlled by the separately-excited fields, the output 
power of each generator being governed by the relative 
strengths of the three fields. Any increase of the load 
current strengthens the series field, and lowers the 
generator voltage until the current is again steady. 
At normal full load the series field just neutralises the 
effect of the self-excited winding, leaving the separately- 
excited field effective. The maximum possible output 
current occurs with the motors stalled, when the 
demagnetising effect of the series field reduces the 
generator voltage to a value just sufficient to maintain 
the current at 160 per cent. of normal full load. Under 
this almost short-circuit condition, the output power, 
and therefore the load on the Diesel engine, is very 
small. A switching cubicle for the isolator switch, 
field controls and resistances, is mounted on a stool on 
each generator. For harbour duties a 20-kW direct- 
current generator driven by a 40-h.p. Davey, Paxman 
Diesel engine is used. Made 

The two main propulsion units and their auxiliaries 
are grouped in three separate watertight compartments. 
The centre one houses the two main generating sets 
with their auxiliary control equipment, the 20-kW 
standby unit, as well as an electrically-driven air 
compressor and the starting-air bottles. One of the 
main generating sets with some of its control gear is 
shown in the accompanying illustration. Each end- 
compartment houses one of the two propulsion motors, 
as well as the fresh water, fuel, and oil storage tanks. 
The propulsion motors are normally operated from a 
desk in the engine room, but the control can be quickly 
transferred to a pedestal-type controller on either of 
the two bridges ; when one of these is in use the other 
is locked mechanically by a captive key. The switch- 
board for the auxiliary supplies is mounted at the side 
of the control desk in the engine room ; it consists of 
two panels for the two 50-kW generators, a panel for 
the 20-kW standby unit, and a general distribution 
panel. Other electrical equipment includes two electric 
capstans supplied by Messrs. Clarke, Chapman and 
Company, Limited, Gateshead. During trials in Kow- 
loon Bay an average speed of 11 knots was obtained. 





The normal service speed is 10} knots. 
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RUBBER SUSPENSION FOR MOTOR 
CYCLES. 


THE Dunlop Rubber Company, Limited, Fort Dun- 
lop, Birmingham, 24, have been concerned with the 
development of rubber suspension systems for several 
years now and the experience gained in this field with 
road vehicles prior to the war proved invaluable in 
the designing of rubber suspensions for military 
aircraft. The first aircraft to be so fitted was the 
de Havilland Mosquito, which was followed by the 
Horsa glider and the de Havilland Hornet ; civil air- 
craft fitted with this form of suspension include the 
de Havilland Dove. The war-time applications, how- 
ever, were not confined to aircraft, as the Neptune and 
other amphibious vehicles used in the invasion of 
Normandy were equipped with rubber suspensions. 
Since the war, research has been directed towards the 
production of rubber compounds whose characteristics 
could be controlled during manufacture thereby ensur- 
ing the precision required for engineering applications. 
This study has led to the development of a rubber sus- 
pension for motor cycles for which several advantages 
over other forms of suspension are claimed, such as 
greater comfort, better controllability and improved 
braking. 

The principle has been applied to both front and 
rear wheels, the unit for the front wheel being similar 
in appearance to that of a modern telescopic fork. The 
suspension assembly comprises two thick-walled rubber 
cylinders, one in each strut of the fork, arranged to 
work under compression, the sensitivity being main- 
tained by a “‘ self-energising *’ system of film lubrication. 
One of the struts is shown diagrammatically in the 
drawing reproduced in Fig. 1, on this page. It consists 
of three main units, namely, a “‘ cartridge ”’ carrying the 
rubber spring, and the inner and outer members of 
the telescopic tube. The cartridge comprises a central 
control rod, lettered a in Fig. 1, on which the rubber 
cylinder 6 is compressed between the bottom piston 
washer c, which is integral with the control rod, and 
the assembly d, known as the top post and held 


rigidly to the crown of the fork. The rubber cylinder } | 


is held within the inner tube by a screwed cap bored 
so that the top post can pass through it. The inner 
tube is fitted with the fork-end lugs which carry the 
wheel spindle while the outer tube is held rigidly to the 
crown of the fork assembly, suitable bearings being 
provided to allow relative movement between the two 
tubes. The rubber cylinder in each case is pre-com- 
pressed slightly on assembly so as to take full advantage 
of the available space, eliminate unn move- 
ment of the strut and ensure stability of the rubber 
cylinder when under compression. 

The top post is hollow and it will be seen from Fig. 1 
that the control rod passes through a clearance hole in 
a bush fitted to its lower end. The hollow portion of 
the top post acts as a reservoir for the fluid used to 
lubricate the rubber spring and, when the machine is 
unladen, the clearance hole is sealed by the simple 
rubber valve e fitted to the top of the control rod ; the 
unit is shown in this position in Fig. 2. When the 
strut is compressed by any upward movement of the 
wheel due to the weight of the rider or road shock, the 
valve opens and at the same time, the bore of the rubber 
cylinder expands as the cylinder is compressed, causing 
fluid to be drawn into the bore. As the compressive 
movement continues, a flat on the control rod corre- 
sponds with the bush in the top post, thereby permitting 
a greater flow of the fluid. The control rod and valve 
are shown in this position in Fig. 1. When the rubber 
spring is fully compressed, the upward movement of 
the inner tube is arrested progressively by the small coil 
spring f and the rubber limit stop g, as shown in Fig. 3. 
The coil spring is a tight fit on the stop and, when 
compressed, expands radially and releases its grip 
before the stop comes into operation. On the rebound 
stroke, the strut returns through the normal and no- 
load positions to the maximum recoil position, the 
rubber cylinder being compressed between the screwed 
cap of the inner tube and the bottom piston washer c 
once the no-load position is - During the first 
part of the rebound stroke, the fluid is, of course, 
forced back into the reservoir. The relative positions 
of the top post, the control rod and the top of the 
rubber cylinder at maximum recoil are shown in 
Fig. 4. The strut then completes the cycle by returning 
to the normal riding position. Loss of fluid when the 
strut is extended is prevented by arranging for the 
valve e to close before the seal h is broken. 

The rear suspension employs two swinging arms on 
each side of the wheel. The two arms meet at the wheel- 
spindle lug; the lower arm, containing a suspension 
unit working in tension, is more or less horizontal and 
is pivoted on the frame near the gearbox. The upper 
arm, which is rigid and normally acts as a strut, is 
inclined at a small angle to the lower arm, and is 
pivoted on the frame at a point several inches above 
the suspension-unit pivot. The arms and struts are 
pivoted in the vicinity of the gearbox to ensure mini- 
mum alteration in chain tension as the suspension 





flexes, while the two arms which locate the wheel are 
joined rigidly at their forward ends by a cross tube in 
accordance with usual practice. Each suspension arm 
consists of an outer tube, a control, or tension, rod and 
two rubber springs which, as on the front suspension, 
are pre-compressed slightly on assembly and are a tight 
fit on the control rod. When the rear wheel is deflected 
upwards as a result of rod shocks, the tension in the 
control rods is increased and the rubber cylinders com- 
pressed, the movement being limited by the expansion 
of the rubber against the tube. On the recoil, the 
arm returns through the normal-riding and no-load 
positions after which one rubber cylinder in each arm 
ceases to operate while the other is compressed in the 
reverse direction, the cycle being completed by the 
arm returning to the riding position. As on the front 
forks, the recoil is cushioned and restricted after the 
no-load position is passed. 

Both the front and rear suspensions are simple and 
straightforward in design, the number of moving 
parts having been kept to a minimum. The valves 


Fig.2. 
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in the front suspension require no attention and the 
only maintenance required is the periodic replenish- 
ment of the small reservoir in the top post. The bear- 
ings between the inner and outer tubes are lubricated 
from a reservoir between the tubes. At present the 
units are fitted to new machines only, but the manu- 
facturers hope that conversion kits for existing machines 
will eventually be made available. 





FILM ON PILE DrIvINGc.—A War Office film entitled 
** Basic Military Pile Driving,’’ has been produced for the 
Army Kinema Corporation by World Wide Pictures 
Limited. It is divided into six parts, namely, introduc- 
tion (22 minutes), correct and incorrect driving (13 
minutes), construction of a single-pier bridge (15 minutes), 
power hammers (10 minutes), steel sheet piling (10 
minutes) and special operations and equipment (21 
miautes). The treatment of the first three parts is 
elementary, but the second half of the film, intended for 
officers and senior n.c.o.’s, might also be useful to civilian 
organisations. Enquiries should be addressed to the 
Corporation, at 36, Dover-street, London, W.1. The 
six parts of the film are in 35-mm. and 16-mm. sizes and 
can be hired separately or together for a small charge. 
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NOTES ON NEW BOOKS. 


Thermodynamic Charts for Combustion Processes. Part I, 
Text; Part II, Charts. By H. C. Horret, G. ¢ 
Witiias and C. N. SarrerFietp. John Wiley and 
Sons, Incorporated, 440, Fourteenth-avenue, New 
York 16, U.S.A. [Price 2-40 dols.]; and Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 19s. 6d. net.] 


THE increasing development of power from internal. 
combustion processes, particularly gas turbines, jet pro. 
“ange and military rockets, has emphasised the need 
or charts which would minimise the otherwise laborious 
calculations involved in design. The task of pre. 
paring such charts was taken up at the Massachusetts 
Institute of Technology, where the three authors 
are all on the professional staff, with financial support 
from the Standard Oil Development Company and 
the Bureau of Ordnance of the United States Navy. 
The results now appear in the form of two flexibly 
bound quarto publications, the first indicating the 
method of using the charts for particular kinds of 
computation, and the second containing the main 
charts as well as about 20 pages of tabulated data. 
There are eight large charts. The first, the Modified 
Air Chart, is a temperature-entropy diagram from which 
by the aid of supplementary charts on the same sheet, 
the thermodynamic properties of gasoline and air 
mixtures, or of their products of combustion at various 
mixture strengths can be obtained. The chart is based 
on one mol of mixture, and its temperature range is 
between 360 deg. and 2,500 deg. F. abs., below which 
dissociation phenomena are unimportant. Six of the 
other charts are internal energy-entropy diagrams 
giving the properties of burnt mixtures of hydro- 
| carbons of composition (CH,)x and air at temperatures 
| up to 5,500 deg. F. abs., for ratios of fuel burnt to 





Zee | fuel theoretically required per lb. of air equal to 80, 


90, 100, 110, 120 and 150 per cent., respectively. A 
similar chart for the burnt mixture of (CH,.,.;)2 with 
a fuel ratio of 150 per cent. is printed on tinted paper 
to avoid confusion. There are, in addition, a number 
of smaller generalised charts included in the first part 
giving the properties of gases consisting of various 
proportions of carbon, hydrogen, oxygen and nitrogen 
in chemical equilibrium up to 5,760 deg. F. abs., 
and at absolute pressures of 14-7 Ib. and 300 Ib. per 
sq. in. The charts will appeal most strongly to users 
who are already completely conversant with the thermo- 
dynamics of internal combustion, for the explanation 
given will hardly be found sufficient for others. 


Geology for Engineers. By Proressor J. M. TREFETHEN, 
Ph.D. D. Van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A.; and 
Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 5-75 dols. or 43s. 6d. 
net. | 


GEOLOGICAL structures were not designed in the draw- 
ing office and the heterogeneity of materials, as well as 
structures, precludes any rigid mathematical analysis 
or rigorous quantitative treatment of the study of 
geology. Nevertheless, the civil engineer must find, 
or assume, satisfactory quantitative answers for many 
of his soil or rock problems, and this admirable treatise, 
written by the Professor of Civil Engineering in the 
University of Maine, clearly explains the fundamental 
principles of geology required by the engineer. No 
structure is stronger than its foundations and the 
majority of modern structural failures are due, in some 
measure, to underlying geological causes. Buildings, 
bridges, dams, roads and other structures are built on 
or in some natural material and the first seven chapters 
of the book are devoted to a readable account of the 
types, sources and characteristics of naturally occurring 
geological materials. Excavations can be more intel- 
ligently planned and more safely carried out if cog- 
nisance is taken of the type and structure of the material 
to be removed, and the arrangements and significance 
of geological structures are clearly indicated in Professor 
Trefethen’s book. The course and movement of under- 
ground water are considerably influenced by rock 
structure. The account of the elements of ground- 
water hydrology will be helpful for sanitary engineer- 
ing, water supply, land drainage, control of landslide 
and other works. A knowledge of rock erosion, trans- 
portation and deposition is essential for soil conserva- 
tion, river control, coastal and harbour works and 
other projects and the chapters on the atmosphere, 
earth movements, streams, dam sites and reservoirs, 
soil erosion and shore lines are concisely written and 
full of practical information. Useful sections are 
devoted to geological field work and sub-surface 
investigations by modern geophysical’ methods, ge0- 
logical maps and the geological interpretation of topo- 
graphical maps. At the end of each chapter there is a 
list of standard American text-books on the particular 
subject dealt with, and there are tabulated appendices 
on the physical, properties of common rock types and 
tables for the identification of some common minerals. 
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HEAVY TRACTORS AND 
TRAILERS FOR THE IRAQ 
PETROLEUM COMPANY. 


Ix general the production of large tractors 
capable of dealing with abnormal loads under the 
difficult geographical and climatic conditions en- 
countered in the Midd!e East and other oil-producing | 
areas has been almost entirely the preserve of 
certain American and Canadian manufacturers. A 
short while ago, however, Messrs Transport Equip- 
ment (Thornycroft), Limited, Thornycroft House, 
Smith-square, London, 8.W.1, demonstrated their 
Mighty Antar tractor, which has been developed by 
them to fulfil the requirements of the Iraq Petro- 
leum Company’s pipe-laying programme in the 
Middle East. The production of this tractor, | 
therefore, not only represents an outstanding 
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responsible for base repairs and maintenance. The 
first tractor, complete with the machinery trailer, 
will shortly be shipped to the Middle East, where 
it will be run for as many miles as possible before 
the main operation begins, thereby enabling the 


from the Middle East for this purpose. 


Arab drivers and the maintenance personnel to gain 
valuable experience. 

The tractor was designed and constructed at the 
Basingstoke Works of Messrs. Thornycroft, in close 
co-operation with the transport engineers of the 
Iraq Petroleum Company, who were brought back 
It may be 
noted in this connection that although the design 
of the tractor was only started in February, 1949, 


the first was ready for initial road testing by 


December, 1949, undoubtedly a creditable achieve- 
ment. As will be seen from Fig. 1, it is a rigid 
three-axled unit with normal controls, which can 
be arranged on either side of the vehicle. The 


achievement in British heavy road transport, but! wheelbase is 21 ft., the overall width 10 ft. 3 in. 








open-type propeller shaft provided with a centre 
bearing. The two rear axles work in tandem, 
being connected together by a short propeller shaft 
and, if required, a third differential can be installed. 
Double-reduction gearing comprising a worm gear 
and an epicyclic train is employed in both axles, 
the epicyclic gearing being designed so that it 
performs the function, of a differential. The overall 
reduction, of the back axles is 14-4 to 1 and of the 
complete transmission assembly, 149 to 1. 

The frame is of riveted construction and is un- 
usually strong, the channel-section side members 
having a depth of 11} in. and a width of 34 in. 
There is an added thickness of § in. throughout 
with additional reinforcement of % in. at the 
rear bogie. Semi-elliptical springs are fitted at 
the front and rear, the front springs having a 
length of 4 ft. and a width of 4 in. and the rear 
springs a length of 5 ft. 2 in. and a width of 5 in. 
The front axle is a rectangular section beam, forged 
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will result in a substantial saving in dollar expendi- 
ture. 

A photograph of the prototype tractor, which 
was taken during triais on Bagshot Heath, is repro- 
duced in Fig. 1, on this page. It has been designed 
for an imposed load of 32 tons and for a gross 
“train ” weight, with semi-trailer, of up to 100 tons. 
The work on which it will be engaged involves the 
transport and stringing of 560 miles of pipe line 
from Kirkuk to the port of Banias on the eastern 
coast of the Mediterranean. This project has, as 
its objective, 14 million ton-miles of transport a 
month, or 10 million ton-miles in 12 months over 
desert tracts and sandy wastes rising to an altitude 
of 3,500 ft., with temperatures ranging from 20 deg. 
of frost in the winter to 120 deg. in the shade in 
summer. The tractors will operate with semi- 
trailers designed by Messrs. Cranes (Dereham), 
Limited, for transporting pipes having a diameter of 
30 in., a length of 93 ft., and a weight of 63 tons each. 
Messrs. Cranes are also supplying a single low- 
loading machinery trailer with a carrying capacity 
of 50 tons, which will be employed on the transport 
of oil-producing equipment. The tractor illustrated 
in Fig. 1 is shown hauling the machinery trailer, 
Which is carrying a full test load. 

The crew of each vehicle will comprise two Arab 
drivers and all native labour will be trained by a 





smal| staff of British employees who will also be 


and the overall length 31 ft. 10 in., while the front 
and rear wheel tracks are 7 ft. 4} in. and 7 ft. 6} in. 
respectively. The height to the top of the steering 
wheel is 9 ft. 6 in. and to the top of the frame 
when laden, 3 ft. 10} in. The unladen weight of 
the vehicle in running order, but excluding the spare 
wheel and its carrier, is 15 tons 10 cwt., while the 
unladen axle weights are 6 tons 15 cwt. for the 
front axle and 8 tons 15 cwt. for the rear bogie. 

The vehicle is fitted with a Meteorite eight-cylin- 
der Diesel engine manufactured by the Rover 
Company, Limited, Meteor Works, Solihull, Bir- 
mingham. The cylinders are in two banks of four 
inclined at 60 deg. to each other while the bore and 
stroke are 5-4 in. and 6 in., respectively, giving a 
cubic capacity of 18 litres or 1,099 cub. in. The 
compression ratio is 16-5 to 1, and for this particular 
application the engine is rated at 250 brake horse- 
power at a governed speed of 2,000 r.pm. The 
drive is transmitted to the gearbox through a 
twin-plate power-assisted clutch having a diameter 
of 18 in., the gearbox being mounted separately in 
the chassis. The main gearbox works in conjunc- 
tion with an auxiliary gearbox which gives an 
overdrive ratio of 0-735 to 1, the maximum speed 
in this ratio being 28 miles an hour whereas in, direct 
drive the maximum speed is 20$ miles an hour. 
The drive from the auxiliary gearbox is transmitted 
to the leading axle of the rear bogie by a two-piece 


TRACTOR AND MACHINERY TRAILER ON TEST. 


in one piece and is fitted with the usual stub axles 
and king pins. Standard-tread 20-ply 14-00 in. by 
24 in. tyres are fitted to all wheels, twin wheels 
being employed on the rear bogie. The brakes 
Operate on all wheels and are actuated by air pres- 
sure, three reservoirs being charged by a com- 
pressor driven from the gearbox. 

As previously mentioned, the tractor is fitted 
with a Meteorite eight-cylinder Diesel engine manu- 
factured by the Rover Company. This engine was: 
designed and developed at the Ministry of Supply 
agency factory at Acocks Green, which is managed 
by the Rover Company and has been engaged since- 
the end of the Second World War in the develop- 
ment of high-performance special-purpose engines.. 
Two photographs of the complete engine are repro- 
duced in Figs. 2 and 3, on page 342, and a cross- 
sectional drawing in Fig. 5, on page 343. Although it 
is capable of developing a maximum of 320 h.p. at 
2,400 r.p.m., it weighs only 1,500 Ib. when dry but 
with all essential accessories installed. This low 
weight has been obtained by making the main struc- 
ture from aluminium-alloy castings to Air Ministry 
specification D.T.D. 133. This material has an 
ultimate tensile strength of 23,500 Ib. per square inch 
and is used extensively in the Rolls-Royce Merlin 
aircraft engine. 

The crankcase is an aluminium-alloy casting 





suitably ribbed to provide support for the main. 
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bearings. These are five in number and are of the 
replaceable steel-backed lead-bronze type, the 
bearing surfaces being plated with a lead-tin flash 
to prevent local overheating during the running-in 
period and the early life of the engine. The rearmost 
main bearing is somewhat longer than the others 
and incorporates thrust faces for axial location of 
the crankshaft. An unusual feature of the crank- 
case is the provision of stiffening bolts ; these pass 
through the main-bearing caps and are tightened 
against the side walls of the crankcase, thereby 
helping to counteract the horizontal components of 
the forces imposed on the main bearings due to the 
inclination of the cylinder banks. A photograph of 
part of the crankcase showing some of the bolts in 
position and one of the drilled main-bearing caps is 
repreduced in Fig. 4, on this page. The crankcase 
is stiffened further by the incorporation of longi- 
tudinal box-section beams in the main casting, as 
shown in the left-hand half of Fig. 5. 

The crankshaft is machined from a chrome- 
molybdenum steel forging. It has four throws 
spaced 180 deg. apart and is nitrided to improve its 
fatigue resistance and to provide suitable surfaces 
for working in conjunction with the lead-bronze 
main bearings. The crankshaft is machined all 
over and is provided with integral balance weights ; 
in addition, a torsional-vibration damper of the 
Lanchester type is fitted at the front end. The 
vibration damper is manufactured by the Rover 
Company ard is lubricated by oil supplied under 
pressure. All the crankpins and main-bearing 
journals are bored out for lightness. The con- 
necting rcds are of the blede-and-fork type and, 
in addition to being machined all over, are shot 
peened to give maximum resistance to fatigue. The 
blade rods are fitted to the left-hand bank of pistons 
and the forked rods to the right-hand bank, and 
all rods are fitted with lead-bronze big-end bearings. 
As in the case of the main bearings, the big-end 
bearings are plated with a lead-tin alloy which, 
during the running-in period, prevents local over- 
load ng. 

The cylinder blocks, like the crankcase, are 
aluminium-alloy castings. They are fitted with 
forged chrome-manganese steel chromium-plated 
wet-type liners, the water seals being formed from 
heat-resisting rubber rings. The liners are unusually 
thin so that they are not too rigid to accommodate 
the pistons under conditions of distortion which may 
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occur with rapidly changing temperatures. The 
design is arranged so that the cylinder blocks are 
not subjected to tensile loading by the pressure 
of combustion. This is achieved by using long high- 
tensile steel studs which pass through both the 
blocks and cylinder heads and transmit the firing 
and compression stresses directly to the ribbed 
diaphragms which support the main bearings. 
The pistons are machined from aluminium-silicon 
alloy die castings, the surfaces being anodised to 
resist corrosion. Each is fitted with three com- 
pression rings and three oil-control rings, two of the 
latter being above, and the other below, the gudgeon 
pin. The gudgeon pins are of the fully-floating 
type and are retained in position by Circlips, two 
for each pin. The little-end bearings consist of 
floating phosphor-bronze bushes which are lubricated 
by splash from the big-end bearings. 

The cylinder heads also are aluminium-alloy 
castings. There are three valves for each cylinder, 
namely, two inlet valves each having a diameter 
of 1}# in. and a single exhaust valve 2 in. in dia- 
meter. The exhaust valves are machined from 


nickel-chrome steel and are sodium-filled to ensure 
efficient cooling ; in addition, they are tipped with 
Stellite and are provided with Brightray seating 
surfaces. The valves are arranged to work on 
| valve-seat inserts which are screwed and shrunk into 
|the heads, those for the exhaust valves being of 
| austenitic steel while those for the inlet valves are 
made from Silchrome. Cast iron and phosphor 
bronze are used for the inlet and exhaust valve 
| guides respectively, and to facilitate fitting and 
| removal the guides are tapered on the outside and 
| fit into tapered holes in the cylinder head. Each 
| valve is provided with twin helical springs which 
| are suitably treated to protect them against corro- 
sion. The springs are retained in position by split 
| wedges in the usual manner and are coiled in oppo- 
|site directions, the design being such that the 
|natural frequency is well above the engine speed 
| range. 


| The valves are operated by overhead camshafts, 
jone for each bank of cylinders, the motion being 
| transferred from the camshafts to the valves by 


|rocking levers; they are driven through bevel 
gears and inclined shafts from the accessories gear- 
box situated at the front of the engine. Each 
camshaft is machined from a single-p‘ece forging and 
is supported by five white-metal bearings with an 
additional phosphor-bronze bearing to take the 
thrust from the bevel drive gears. The bearings 
are fitted in pedestal-type housings bolted to the 
cylinder heads, the housings also serving as supports 
for the two fulcrum shafts for the valve rockers ; 
these are arranged one on each side of the camshaft 
for the exhaust and inlet valves, respectively. The 
evlinder heads also accommodate the pre-combus- 
tion chambers; these are of the Ricardo Comet 
Mark III type and each is in two parts. The top 
half is fitted with the injector and the two parts are 
held together, and to the cylinder head, by three 
studs, the seals being formed by copper washers. 
The pre-combustion chambers are spherical in shape 
and each is connected to the appropriate cylinder 
by a throat which directs the charge into recesses 
formed in the piston crown. 

Special attention has been paid to the design of 
the cooling system. The cylinder heads, for 
example, incorporate horizontal baffle plates which 
extend nearly their full length, and ensure a faster 
rate of flow over the cylinder bores, the baffles 
being slotted so that they do not impose any stresses 
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on the cylinder heads due to expansion. The water | bearings and other working parts of the engine 


is circulated by a centrifugal-type pump driven 
from the accessories gearbox. The pump impeller 
is of forged brass and is keyed to a stainless-steel 
spindle which, in turn, is installed in an aluminium- 
alloy body. The pump delivers the water to the 
base of each cylinder block from which it flows into 
the heads and then through a thermostat to the 
radiator. To ensure correct temperature control, a 
new pressure-balanced thermostat has been devel- 
oped. This unit is almost completely unresponsive 
to pressure differences in the cooling system and 
does not, therefore, change its operating tempera- 
ture as the engine speed is varied or in cases where 
the cooling system offers more or less restriction 
to the flow of water than usual. 

The lubricating system is of the dry-sump type. 
The scavenge-oil pump has two suctions, one leading 
to the front, and the other to the rear, of the engine 
sump, each suction being provided with a separate 
strainer to protect the pump gears. The pressure 
pump is fitted with a large-capacity relief valve set 
to open at approximately 100 Ib. per square inch to 
prevent excessive loading of the pump gears and 
driving mechanism and the oil-pipe joints when the 
engine is started under exceptionally cold conditions. 
In addition, a normal pressure-relief valve is pro- 
vided to control the pressure of the oil to the main 





while a further relief valve controls the oil pressure 
of an auxiliary circuit operating at approximately 
6 Ib. per square inch which supplies the valve gear. 

As previously indicated, the accessories such as 
the water pump, oil pumps and fuel-lift pumps, 
together with the overhead camshafts, are driven 
from a gearbox situated at the front of the engine. 
The gearbox is driven from the leading end of the 
crankshaft by an extension shaft, the uneven torque 
always present in a camshaft drive being absorbed 
by a friction damper and by torsional deflection of 
the shaft ; the friction damper is a separate assembly 
and should not be confused with the main torsional 
vibration damper. The drive is transferred to two 
vertical shafts through bevel gearing, one of the 
shafts being arranged above, and the other below, 
the extension shaft. The lower shaft drives the 
two gear-type oil pumps and the two fuel-lift pumps 
while the upper shaft drives the water pump, which 
is arranged horizontally at the shaft extremity, and, 
through further bevel gears, the two inclined shafts 
for the camshafts. The injection pump, however, 
is situated between the two banks of cylinders and 
is driven from the crankshaft through a separate 
train of gears which are incorporated in the rear of 
the engine. 

(To be continued.) 
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The Creep of Metals and Alloys. By E. G. STANFORD, 
M.Sc., A.M.I.E.E. Temple Press, Limited, Bowling 
Green-lane, London, E.C.1. [Price 15s. net]. 

Metallic Creep and Creep Resistant Alloys. By Dr. A. H. 
SULLY, M.Sc. Butterworths Scientific Publications, 
Bell-yard, Temple Bar, London, W.C.2. [Price 25s. net.] 

UntIL comparatively recently, the study of creep 
was almost entirely concerned with the collection 
of experimental data which would be of direct use 
for practical design. Analysis of the experimental 
results has often been carried out in the hope that 
some reliable empirical mathematical relationship 
might be found which would enable extrapolation 
of the results to longer times to be made. Some 
success has been achieved, but such extrapolations 
can, at times, lead to erroneous conclusions and have 
to be used with caution. It is now realised that, 
if reliable predictions about creep life are ever to 
be made, it is necessary that a detailed study 
should be made of the mode of deformation during 
creep, and the way in which factors such as grain 
size, alloy additions, etc., interact, in order to 
produce the observed creep behaviour. It is only 
when the fundamentals of the processes involved 
are known that it will be possible to predict with 
any certainty the long-term behaviour of an alloy 
under a given set of conditions. At present, work 
on such tines has not reached a stage where it can 
be used with confidence, and detailed experimental 
results are still of prime importance in deciding the 
creep resistance of new alloys. 

A considerable number of experiments of both 
direct practical value and of fundamental value, 
as well as theoretical investigations, are therefore 
being carried out, and, in view of this, it is gratifying 
to find two such excellent books on the creep of 
metals as these by Mr. Stanford and Dr. Sully. 
The books are in some respects complementary, and 
together cover in considerable detail all the impor- 
tant aspects of the subject. Attention is first paid 
to the experimental equipment needed to obtain 
accurate creep data and, in this connection, the 
first chapter in Mr. Stanford’s book is particularly 
to be recommended. It provides an excellent 
critical appraisal of creep-testing equipment, dealing 
with the test specimen, extensometers, thermo- 
couples, furnace equipment and many other points 
of importance. Both authors then discuss the 
general nature of creep deformation, and analyse 
the various stages into which the elongation-time 
relationship for a metal undergoing creep can be 
divided. The relative roles played by movement 
inside individual crystals and by movement at 
crystal boundaries are considered, and changes in 
properties such as hardness and density are dealt 
with, as also are the metallographic features of the 
deformation. 

In regard to the factors influencing creep and 
with the general properties of the available materials, 
Dr. Sully’s book is the more detailed. He con- 
siders first the effect of variables such as crystal 
size, recovery and recrystallisation, prior strain, 
phase changes, precipitation hardening, heat treat- 
ment and service environment. Then follow chap- 
ters dealing with available materials. These are 
dealt with under the general headings of ferrous 
alloys and non-ferrous alloys. The treatment is 
very good, embodying a great amount of most 
useful information. In these two chapters, the 
actual behaviour of alloys in practice is related as 
far as possible to the principles discussed earlier in 
the book, so that, in spite of the large number of 
compositions dealt with, the reading remains 
interesting. 

Both books deal with the present state of the 
theory of creep and with some of the engineering 
extrapolations which, in certain cases, can be 
applied. In dealing with the latter, both authors 
stress the dangers which can arise from such proce- 
dure, and the fact that lack of fundamental know- 
ledge may mean that experiments have to be 
conducted over periods of time equal to the service 
life required from a new alloy. The separation of 
creep deformation into a transient and a viscous 
component, and the various ideas which have been 
applied to creep phenomena, are discussed in some 








detail, as also is the applicability of an equation of 
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state for metals. Such an equation would mean 
that the rate of strain in a metal would depend 
only upon the instantaneous values of stress, strain 
and temperature, and not upon their past values. 
This, if it were true, would represent a considerable 
simplification of the problem of creep behaviour, 
but it would seem from the evidence presented, 
particularly by Mr. Stanford, that, in fact, such a 
relationship does not exist. 

Both books offer a very good selection of refer- 
ences, and Metallic Creep has an appendix dealing 
with British and American specifications for long- 
term creep tests. Both authors have done valuable 
service in dealing with so important a subject in so 
clear a manner. Although Dr. Sully’s book is the 
more comprehensive of the two, there are some 
aspects of the subject which are dealt with more 
effectively by Mr. Stanford. The best overall 
picture of creep will be obtained by reading both 
books. Ss 


Bulletin du Centre d’Etudes de Recherches et d’Essais 
Scientifiques des Constructions du Génie Civil et 
@ Hydraulique Fluviale. Tome IV (1949). Le Centre 
a’Etudes des Constructions du Génie Civil, 139, Quai de 
Rome, Liége, Belgium. [Price 330/., including postage.} 

AFTER a short editorial note by Professor Campus 

and a résumé of the activities of the C.E.R.E.S. 

covering the period from July 1, 1948, to June 30, 

1949, this substantial volume of 373 pages is divided 

into two sections. Section A is devoted to civil 

engineering, the main contribution dealing with a 

mechanical device for the graphical solution of 

general problems in plane elasticity, developed by 

Ch. Massonnet. The procedure consists in building 

up the general plane elastic state by the super- 

position of known states, typified by a simple 
radial tension distribution in a semi-indefinite disc 
produced by a force concentrated at a point on 
its straight bounding edge. On this basis, the 
required expressions for the tensions and displace- 
ments appear in the form of curvilinear integrals. 
After introducing the conditions to be satisfied 
along the boundary, the final result is obtained as 
the solution of a vectorial integral equation of the 
second order, which can be effected by successive 
approximations. The machine constructed for 
carrying out the summations required for the 
evaluation of the integrals.is described and illus- 
trated. Its performance is checked by applying 
the machine to certain stress distributions for which 
values have been obtained by experiment and 
satisfactory agreement is found. The two other 
articles in this section are by G. Maréchal, describing 
the fascine work undertaken in connection with the 
project for rectifying the course of the River Senne 

downstream from Brussels; and by Professor F. 

Stiissi, of Ziirich, on past and present methods for 

the constructicn of wooder bridges. 

Section B is concerned with hydraulics. The 
first article is the doctoral thesis of M. A. Jorissen, 
“Contributions to the Study of the Continuous 
Loss of Lead in Pipe Lines of Circular Section.” 
The velocity distribution also is investigated for 
different regimes of flow in smooth and rough- 
walled steel pipes, with diameters ranging from 
6 cm. to 15 cm. The final contribution is the 
second part of a paper by J. Lamoen, describing 
small-scale model barrage experiments. This is 
mainly concerned with erosion tests carried out on 
a one-fiftieth scale model of the Grosses Battes 
Barrage and with works proposed to combat 
erosion. It is well illustrated with line diagrams 
and reproductions of photographs. 





“40 YEARS OF PROGRESS.”—The Skefko Ball Bearing 
Company was registered in London on February 7, 1910, 
originally as a selling agency for the Swedish company, 
usually termed simply “SKF.” To celebrate the 40th 
anniversary of their foundation, the company have 
produced a comprehensive and well-illustrated brochure, 
under the above title, describing the growth of the 
organisation from its modest beginnings at Leagrave- 
road, Luton, to the present great factories at Luton 
and Sundon. The first ball bearing produced at Luton 
was made on June 17, 1911, and by 1919 the output 
had reached some 20,000 weekly. The business con- 
tinued to expand, and in 1937 land was bought at Sundon 
for a dispersal factory. After the war, this site was used 
for a large extension of the plant. The brochure pro- 


vides an excellent survey of the growth of the business, and 
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MANUFACTURE OF FUSION- 

WELDED PRESSURE VESSELS 

BY BABCOCK AND WILCOX, 
LIMITED. 


AT some engineering works, standardisation of 
the product leads naturally to standardisaticn of the 
processes ; at others, no two jobs are the same. At 
the Renfrew works of Messrs. Babcock and Wilcox, 
Limited, however, the aim would seem to be to 
combine the best of both worlds. In spite of a wide 
diversity of types and sizes of pressure vessels, the 
methods employed at each stage of manufacture— 


branches, inspecting welds and testing the finished 
vessels—-have been developed over many years, 
and are now so consistent, or standardised, in prac- 
tice that, without impeding further development, 
the quality of the products is kept within close 
limits, and a high level of reliability in production 
methods is assured. In no other branch of heavy 
engineering, perhaps, is the combination of these 
two characteristics so marked. 

On a recent visit to Renfrew, we were shown 
round that part of the works in which fusion- 
welded pressure vessels are manufactured, inspected 
and tested, and saw one of the three 2,000,000-volt 
X-ray units which are the largest in the world. 
The other two are in the United States. Fusion 
welding was intrcduced for pressure vessels by 
Babcock and Wilcox in 1931. Before that year, 
riveting and forging were the methods of manufac- 
turmg pressure vessels most generally practised. It 
had become evident by that time, however, that the 
riveted pressure vessel or boiler drum had almost 
reached the limiting pressure for which it could be 
satisfactorily manufactured. The riveting of heavy 
butt-strap joints became increasingly difficult. 
Seamless forged boiler drums were adopted on a 
much wider scale, but they proved to be expensive, 
and the size of a cylindrica] pressure vessel which 
could be produced by forging was limited. The 
demand of the chemical and oil industries for vessels 
beyond the capacity of existing forges made the 
consideration of new methods of manufacture 
imperative. 

In 1931, Babcock and Wilcox perfected and intro- 
duced a new process of metallic are welding, using 
special electrodes of their own make and depositing 
the weld metal in longitudinal and circumferential 
seams by automatically-controlled machines. Welds 
having the hightest physical and chemical properties 
were achieved, freedom from mechanical defects 
being proved by complete X-ray examination. Since 
the inception of the Babcock fusion-welding process, 
various specifications and codes have been intro- 
duced, such as Lloyd’s Class 1 requirements, British 
Standard No.1,113-1943 (‘Water Tube Boilers 
and their Integral Superheaters ’’) and the A.S.M.E. 
and A.P.I.-A.S.M.E. codes. The Renfrew factory 
was equipped to meet all these requirements. The 
decision to produce welded boiler drums, and pres- 
sure vessels for industry generally, necessitated the 
installation not only of metallic-arc fusion-welding 
machines, but also X-ray apparatus suitable for use 
under shop production conditions, and a large stress- 
relieving furnace working at a temperature of 
650 deg. C. 

Since 1932, 2,380 Class 1 welded vessels have been 
manufactured by Babcock and Wilcox. Of this 
total, 1,530 have been fusion-welded boiler drums 
for water-tube boilers, including 350 drums manufac- 
tured for the Royal Navy during the war and an 
annual average of approximately 50 boiler drums 
for naval and mercantile ships since the war. 
The remaining 850 have been produced for service 
in the chemical and oil industries. The maximum 
dimensions of vessels which have been built give 
some indication of the magnitude of the work 
undertaken at Renfrew ; they are given in Table I. 

The floor area of the welding shop in 1932 was 
less than 1,000 sq. yards; now it is more than 
4,600 sq. yards, and the total area devoted to the 
manufacture of welded drums and pressure vessels 
is 30,260 sq. yards. To handle the long heavy 
plates and large vessels it was necessary to provide 
suitable machines, including heavy plate-bending 





should acquire added interest with the passage of time. 





machinery, hydraulic presses for forging dished 


fer forming plates, welding seams, nozzles and | 


ends, 
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side-planing and edge-planing machines 
shell-end turning lathes, tube-hole boring machines, 
and facing machines for nozzles and branches. [pn 
addition, the shops at Renfrew are equipped with 
overhead cranes of ample capacity; four of the 
cranes have a lift of 50 tons each, so that a vessel 
weighing 100 tons can be lifted by using two crines, 

We may now describe the processes of man:ifac. 
ture. The plates are ordered to specified thick. 
nesses, lengths and widths, the two latter sizes 
depending on the number of courses in the drum ag 


TABLE I.—Mazximum Dimensions of Vessels. 


— Boiler Drums. | Special Vessels, 


Length 46 ft. 0 in. 92 ft. 2 in 

Diameter 5 ft. 6 in. 20 ft. 0 in 

Thickness 4] in. 38 in 

Weight aan 41} tons | 84 tons 

Pressure 4% ..| 1,124 Ib, per sq. in. | 1,320 Ib. per sq. in, 
} j 

well as the finished dimensions. The quality of 


the plates is checked by chemical analysis, mecha- 
nical tests and visual inspection at the plate-makers’ 
works, and, at Renfrew, ultrasonic tests are also 
made to detect any piping in the steel. Metallur- 
gica] specifications for mild-steel ard high-tensile 
steel plates are given in Table II. The plates are 
marked off and cut to size, generally by an oxy- 
acetylene cutter, ready for the bending operation, 
At the same time a piece is cut from one of the plates, 
which is ordered larger for this purpose, to provide 
test pieces which are used subsequently in connection 
with the welding of seams. 


TABLE II.—Specifications for Steel Plates. 





| 





Mild Steel. | as Ney 

Carbon, per cent. .. 0-28 max. 0-3 max. 
Manganese, ,, 0-5-0-85 1-3 max. 
Silicon, - 0-10-0-15 0-10-0-20 
Sulphur, pe 0-05 max. 0-05 max. 
Phos: Ss 5s wa és ..| 0-05 max. 0-05 max. 
Nickel, ban oe we aot _ 0-30 max, 
Chromium, ,, Per os es -- 0-25 max. 
—_ tensile stress, Ib. per | 28-32 34-38 

sq. in. | 
Elongation on 8 in., percent. .. 20 17 


For many years all plate-bending was carried out 
cold, but owing to the increased thicknesses required 
it was found more economical to install a large 
plate-heating furnace, which is maintained at a 
temperature of 950 deg. F. Before the introduction 
of this furnace, a thick plate had to be stress-relieved, 
sometimes more than once, during the bending 


operation. All plates more than 2} in. thick are 
now bent hot. The furnace is shown in Fig. 5, on 
Plate XI. It is oil-fired and the internal dimensions 


are 15 ft. wide, 6 ft. high and 45 ft. long. There 
are two large machines for bending the plates: 
an §8,000-ton horizontal press and a 2,(K)(-ton 
vertical press. The latter can be used with a vertical 
beam to bend the plate in steps, or a vertical roller 
can be fitted for rolling a plate. If this is done, it is 
only possible to roll a complete cylinder when the 
diameter exceeds the width across the roller and 
supporting beam. 

The 8,000-ton horizontal press, which was 
designed and built at the Renfrew Works in 1928, is 
used for hot and cold bending of plates into semi- 
cylindrical form, two such plates being welded 
together to form a complete shell. The press is 
shown in Fig. 1, opposite, and a plate is shown 
partly formed in Fig. 2. There are six vertical 
hydraulic cylinders which press downwards on 4 
long horizontal roll, which does not, however, 
rotate while bending is in progress. This roll, in 
turn, presses on the plate which is supported under- 
neath by longitudinal members forming, in effect, 4 
channel, as shown in Fig. 2. The machine will take 
a plate 40 ft. long ; a vessel longer than this is there- 
fore made in two or more courses. The plate is 
held initially between the pressing roller on top 
and a row of spring-loaded rollers underneath 
between the channel; thus, by rotating the top 
roller the lateral position of the plate in the machine 
can be adjusted during the course of bending. 
On each side of the channel support, in the bed of 
the machine, there are several side-support arms 





with idling rollers (only partly visible in Fig. 2); 
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8,000-Ton Piate-BEenpiInG Przss. 








Fie. 2. Pressmnc a Semi-Cyioxpricat Pars. 


these arms have arc-shaped racks engaging in 
pions, so that they can be swung up to support 
the plate while it is being bent. 

A large plate requires about three hours to 
reach a suitable temperature for bending, and about 
one hour’s work can be done on it in the press before 
4 reheat is necessary. Small plates can generally 
be formed within the hour, but large plates usually 
require two heats. A template is used in setting the 
Plate to the correct curvature, and if the plate is 
hot an allowance of about $ in. on the diameter 
has to be made for contraction on cooling. The 








supervision of the bending operation requires skill 
and experience to overcome practical difficulties ; for 
example, if the plate moves slightly out of line longi- 
tudinally its position has to be corrected by judicious 
use of one or more supporting arms. As it is 
obviously not possible to bend a plate right up to 
its edges a margin is allowed on the width of the 
plate as ordered. Eyes are welded to the edges of 
the plate for lifting purposes, as shown in Fig. 2. 

If the plate has been bent hot it is then allowed 
to cool in the shop, and is sand-blasted to remove all 
scale. The “booth” used for this purpose is a 











steel structure large enough to take any plate, with 
sand-blasting guns and equipment for the operators 
inside. All doors in the booth are closed after the 
plate has been entered on a trolley. 

The longitudinal edges of the plate are machined 
so that, when two semi-cylindrical plates are placed 
together, a U groove, suitable for welding, is formed. 
The strip of plate along each edge which is surplus, 
owing to the impracticability of bending the plate 
right up to the edge, is cut off, generally by an 
oxy-acetylene cutter, but sometimes on the planing 
machine which machines the half-U groove. In 
Fig. 6, on Plate XI, a plate is shown with the near 
edge finish-machined and the surplus plate on the 
far edge about to be parted off. The shape of the 
groove which is formed at the joint of two plates is, 
in fact, as near to being a V as a U; the sides of the 
groove slope at an angle of 1 in 8, and at the bottom 
the groove has a radius of 4 in. There is a narrow 
land, } in. wide, on each plate, and when the plates 
are set up for welding a gap of % in. is allowed 
between the lands. The lands are, of course, 
on the inside of the cylinder, and the U groove 
opens towards the outside for welding. In cases 
where the two plates are of different thicknesses, as 
often happens when one plate is to be drilled with a 
large number of tube holes, the thicker plate is 
machined so that it tapers at the edge to the same 
thickness as the thinner plate. 

A general view of the fusion-welding shop is 
given in Fig. 7, on Plate XI. In the main part 
of the shop, work is in hand on tack-welded plates 
and welded shells, and the automatic welding 
machines are along the left-hand side of the shop. 
The two semi-cylindrical plates are assembled and 
held by tack welding. As it is impossible, in prac- 
tice, to bend two such plates to exactly the same 
diameter, especially when they are bent hot, it is 
usually necessary to spring the plates to bring both 
pairs of longitudinal edges in line. This is done 
with heavy screw jacks, etc.; the tack welds are 
then completed and a temporary backing strip is 
tacked to the inside of each joint to facilitate welding 
and to act as a chill band. Two test pieces, cut, as 
already mentioned, from the original plate, and 
machined to form a U groove, are lightly welded to 
the end of each longitudinal joint so that, by 
continuing the main joint weld at each end of the 
cylinder a test-piece weld is made. These test 
pieces and the backing strip are shown welded to the 
assembled semi-cylinders in Fig. 8, on Plate XI. 
Two types of automatic welding machines, work- 
ing on different principles, are used for the longi- 
tudinal welds, namely, a series of Babcock and 
Wilcox machines and a Unionmelt submerged-arc 
machine. In each case, the tack-welded shell is 
placed on roller supports in a pit under the machine. 
A Babcock and Wilcox multi-layer machine, which 
is shown in Fig. 3, on page 346, applies several 
runs of weld metal to the joint. The heavy clamp 
which is necessary to prevent distortion of the test 
Piece, and the screw jack which helps to prevent 
fine cracks developing in the weld as it cools down, 
will be noted. 

In the Babcock machine, a coated electrode is 
automatically traversed along the joint and fed in 
towards the work, the voltage drop acting through 
a relay to adjust the feed and correct the length 
of the are. Propane or butane gas shields the 
weld area, and the operator controls the lateral 
adjustment of the electrode by hand. As the 
welding proceeds, an assistant removes the slag 
with a wire brush on a pneumatic tool, and the 
operator examines the weld visually for any flaws. 
These are extremely rare, but if any are found they 
are cleaned and then welded by hand. The surface 
of each run of weld is peened before the next run 
is applied. The runs are staggered in the groove 
so as to overlap to some extent ; each run has the 
effect of refining the grain structure of the one 
beneath, and, when the joint groove has been 
filled, additional runs are deposited above the level 
of the plate and subsequently chipped off, thus 
enabling the grain of the metal at the weld surface 
to be refined. The backing strip is then removed 
and a groove } in. deep is chipped along the inside, 
or root, of the welded joint; since the machined 
lands 7f the joint are } in. wide, this ensures that 





only sound metal is left. If, however, a defect is 
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discovered, chipping is continued locally to twice 
the depth. A few runs of weld metal are deposited 
by hand along the inside groove, thus ensuring 
perfect fusion throughout the joint and eliminating 
the possibility of lack of penetration at the root. 

In the case of a long drum or course, the several 
runs are completed in lengths of not more than about 
12 ft., otherwise there would be a danger of a single 
run cracking at one end of the drum as the other 
end was approached by the welding machine. 
Thick plates are sometimes preheated before 
welding, and are then welded in short lengths. The 
voltage of the alternating current used is generally 
about 35 or 37, and the current is about 390 amperes, 
though it can be adjusted between 350 and 700 
amperes. The speed of welding on the Babcock 
machine is usually about 8 in. or 9 in. per 
minute. 

The welding rods are made by Messrs. Babcock 
and Wilcox at Renfrew. The specification is: 
carbon, 0-13 to 0-18 per cent.; manganese, 0-45 
to 0-6 per cent. ; silicon (maximum), 0-03 per cent. ; 
sulphur, 0-015 per cent.; and phosphorus, 0-03 
per cent. The rods are cut into 8-ft. lengths from 
coiled wire ; a spigot is formed at one end and a 
corresponding hole at the other, so that rods can 
be added, one after the other,.as they are fed into 
the welding machine. After being straightened, 
they are pinched in a press between dies to produce 
small projections which are staggered along the 
rod, on opposite “‘ sides,” at intervals of about 4 in. 
After the mineral coating has been applied, the 
projections provide electrical contacts in the welding 
machine. The coating, in the form of a stiff paste 
which adheres to the rod, is applied in a simple 
form of extrusion machine ; its specification depends 
on the steel to be used. The rods are allowed to 
dry partly, in air, and are then placed in an oven 
to complete the drying. Subsequently, they are 
stored and transported in sealed cylindrical con- 
tainers to avoid moisture absorption. 

In the “‘submerged-arc” process, for which a 
Unionmelt machine shown in Fig. 4 is used, 
the plates are machined so as to form a shallower 
V-groove on both the inside and outside of the 
shell, and a single run is made along each groove. 
The electrode is of bare copper-plated steel, } in. or 
# in. in diameter, the specification of which is: 
carbon, 0-14 per cent.; silicon, 0-14 per cent. 
manganese, 2-09 per cent.; sulphur, 0-031 per 
cent.; and phosphorus, 0-027 per cent. The 
welding arc is entirely submerged under a loose 
flux powder which is continually fed into and over 
the groove. The powder is fed from hoppers and 
is removed and recirculated by a fan system. Some 
of the powder combines with the molten metal, 
some fuses and forms a refining slag which solidifies 
on top of the weld deposit, and the remainder 
covers the weld and slag, shielding them from 
atmospheric contamination and retarding the rate 
of cooling. The unused flux powder can be removed 
from the finished weld and used again. 

In the Unionmelt process, alternating current at 
35 to 40 volts and 900 to 1,500 amperes is used. 
With such a high amperage, a heavy layer of metal 
can be deposited, thus obviating the need for 
repeated welding runs. As the weld is made on 
the inside and outside, it is important to set the 
shell. and the welding heads very accurately in 
relation to each other to ensure perfect penetration 
at the junction of the two heavy runs. Messrs. 
Babcock and Wilcox restrict the use of the machine 
to joints which can be completed by not more than 
one run inside and outside. The machine is equipped 
with two heads, one each for the inside and outside, 
and the inner seam is deposited first. The head 
for the inner seam is carried on, the end of a boom 
(not shown in Fig. 4), which is mounted on a bogie. 
The bogie is drawn along by the power-driven 
travelling gantry, which carries the external head. 
The operator can raise or lower the external head 
by means of a motor drive to suit the diameter of 
the drum. 

In the case of the interior head the adjustment 
for position is carried out by hand, and on circum- 
ferential welds the weld is made in the “‘ downhand ” 
position. The current for both heads is taken from 
welding transformers incorporated in the gantry 
structure and the controls for both are arranged 
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Fig. 4. Suspmercep-Arc WELDING oF CIRCUMFERENTIAL SEAM. 


near the exterior head. The speed of welding is| The welding of the end seams will be referred to 
about 9 in. per minute outside, 10 in. to 11 in. per | in more detail in the next part of this article. 


minute inside, and 8 in. per minute on the end seam. 


(To be continued.) 
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CONVENTION ON ELECTRIC 
RAILWAY TRACTION. 


(Continued from page 321.) 


Tue Convention on Electric Railway Traction 
was continued at the Institution of Electrical Engi- 
neers on Wednesday, March 22, when the chair 
at the afternoon meeting was taken by Dr. J. L. 
Miller and equipment was the subject discussed. 
The first paper on “‘ Overhead Equipment Design,” 
by Messrs. F. B. Kitchin and J. Holland, is repro- 
duced in abridged form on page 365 of this issue. 
It will therefore be sufficient to say that it deals 
in detail with the arrangement of the catenary 
system, supporting structures and foundations, as 
well as with the track fittings, switching, bonding, 
feeder cables and lightning protection. Reference is 
made to both British and overseas practice. 

“The Overhead Equipment of the Melbourne 
Suburban Electrified Railways”? was next dealt 
with in a paper by Mr. H. P. Colwell, which was 
presented by Mr. J. L. Eve. This system, said the 
author, consisted of about 438 miles of single track 
and 173 route miles, and was operated by 1,500 
volts direct-current. Multiple-unit rolling stock 
was employed, each motor coach being equipped 
with four 140-h.p. motors, which were connected 
in series. The collector was of the pantograph type, 
having two sliding ‘ pan” shoes and operating at 
a pressure Of 25 Ib. The overhead construction 
above the main tracks consisted of a 0-25-sq. in. 
copper contact wire supported by flexible droppers 
from a copper catenary with a cross-section of 
0-25 or 0-375 sq. in. In sidings, a 7/9 s.w.g. 
galvanised-steel wire was uscd, the copper contact 
wire having a cross-section of 0-125 sq. in. The 
steel supporting structures were spaced at a distance 
of 300 ft. and light pull-off masts were located 
between them on the curves. The contact wire 
was automatically tensioned at intervals of 3,000 ft. 
by pulleys and weights. The normal height of the 
contact wire was 16 ft. 6 in., which was increased 
to 18 ft. 6 in. at road crossings. The catenary was 
supported from the underside of the structure on 
“diabolo” insulators. Steady arms of steel tube 
were connected to the contact wire at each struc- 
ture and were fastened to side insulators through 
flexible joints. To ensure even wear on the panto- 
graph collector, the contact wire was erected with 
a maximum stagger of +9 in. All the steel struc- 
tures and steel members at the over-line bridges, to 
which overhead wiring was attached, were connected 
to the rail through a spark gap, which prevented 
rail potentials being impressed upon the structure. 
Under fault conditions the gap broke down and 
completed the circuit to the substation negative 
terminal. 

About 70 per cent. of the overhead maintenance 
was carried out under live-line conditions without 
interruption of operation. In the early days delays 
had occurred during lightning storms, the overhead 
line being burnt through in many cases. In 1935, a 
comprehensive sectioning scheme to give improved 
protection was, therefore, introduced, the overhead 
lines being paralleled through high-speed circuit- 
breakers to limit the voltage drop and to isolate 
faults. Since this scheme had been introduced, 
damage to insulation and wiring had been negligible. 
All the 1,500-volt circuit-breakers were under 
supervisory control. 

Experience had shown that both too little and 
too much grease, as well as high traffic density, 
increased the contact wire wear. The insulation 
for the overhead wiring consisted originally of a 
bracket with a steel pin on which a centre insulator 
and two end insulators were mounted. Although 
this was reliable, it was considered inefficient in 
maintenance. It was therefore proposed to use 
a double 7-in. disc insulator at the wiring supports 
for the projected main-line electrification in Victoria. 
American hickory, tuart and beech were first used 
for insulation on the overhead lines. The first of 
these disclosed an unsuspected brittleness and all 
renewals had consisted of beams of Australian 
eucalyptus, spotted gum and iron bark, which had 
shown no deterioration after 15 years’ service. 
Bridling wires had been introduced to reduce the 


in high winds owing to the 300-ft. spacing of the 
structures. To obviate this in new constructions, 
the spacing had been reduced to 260 ft. Modifica- 
tions in the anchor structures, the lateral registra- 
tion of the contact wires and in the automatic 
timing equipment were also to be carried out. 

The next paper, on ‘ Conductor-Rail Installation 
and Maintenance, and Collector Shoe-Gear,” was 
by Messrs. M. E. Constant and C. A. Craig, and gave 
details of the conductor-rail system used for electric 
traction by the London Transport Executive and 
British Railways, as well as of the collector shoe- 
gear employed by the London Transport Executive 
and the Southern Region. Full descriptions of this 
equipment have already appeared in ENGINEERING.* 


LIGHTNING PROTECTION. 

A paper on “ Lightning Protection on the South 
African Electrified Railways” by Mr. W. L. King 
was then presented by Mr. E. L. E. Wheatcroft. 
Of the three electrificd systems in South Africa, 
two—the Natal main line and the Reef suburban 
(Johannesburg) lines—were subject to frequent and 
severe electrical storms during the summer months. 
The majority of the breakdowns due to lightning 
were caused by induced surges in the overhead 
track equipment which, in turn, arose from the 
discharges between cloud and earth that occurred 
within half a mile of the electrified lines. These 
surges, depending on their amplitude and the 
steepness of their wave fronts and flashovers to 
earth might occur at the nearest insulator on the 
overhead equipment or follow the catenary and 
contact wires to the nearest locomotive, motor 
coach or substation. Direct strokes were rarely 
experienced, but usually resulted in the breakdown 
of the insulation of the part struck. 

For the protection of electric locomotives, a 
robust type of equipment, which was not affected 
by temperature or vibration, was essential. The 
equipment should not require protection by a fuse 
and the presence of high-frequency ripple in the 
direct-current supply should not affect its reliability. 
The inductive type of surge-absorber with horn 
gaps to by-pass severe discharges, and protective 
gaps on the equipment to limit the peak voltage 
applied to the locomotive equipment had been 
found most effective. For motor coaches electro- 
lytic arresters mounted away from heat and vibra- 
tion provided the best protection, but a very high 
standard of maintenance was essential for their 
satisfactory operation. Overhead track equipment 
must rely upon as high a level of insulation as 
possible, a dry sparkover of at least 30 times 
the working voltage being recommended. Each 
substation section of the equipment must be pro- 
tected by high-speed circuit-breakers at each end. 
Suspension-type insulators, two in series at each 
point, were recommended and ‘“‘ dead ends,”’ which 
might act as reflection points, should be avoided 
as far as possible. Where ccnditions permitted, 
an earth wire should be run over the live equipment. 
Substations were best protected on the direct- 
current side by electrolytic arresters on each out- 
going feeder and one arrester on the positive *bus-bar. 


TRACTION SUBSTATIONS. 

The next paper, on ** Traction Substations : Their 
General Layout, Operation and Maintenance,” was 
presented by Mr. S. B. Warder, who gave a review 
of 40 years’ experience of this subject on British 
surface railways. The earlier schemes depended on 
supplies of power from direct-current generators, 
which were superseded by alternating-current 
generators and rotary converters. The latter 
machines dictated the shape and style of the sub- 
station building, the plant being arranged on two 
floors with the rotaries, direct-current switchgear and 
operating gear for the alternating-current switchgear 
above and the high-voltage alternating-current 
switchgear and transformers below. Since 1930, 
the design of substation adopted by the London 

* See A. R. Cooper, “ Electrical Equipment of Track 
on the Underground Railways of London,”” ENGINEERING, 
vol. 122, page 56, et seg. (1927). Journal of the Institution 
of Electrical Engineers, vol. 65, page 389 (1927). See also 
C. M. Cock, “Electric Traction on the Southern 
Railway,” ENGINEERING, vol. 164, page 597 (1947). 








side movement of the contact wire, which occurred 





Journal of the Institution of Electrical Engineers, vol. 95, 
part II, page 115 (1948). 





Passenger Transport Board had followed these 
conventional Jines. On the other hand, the South- 
ern Railway had found that conditions could best 
be met by a single-unit type of substation com- 
prising two sections accommodated in the available 
space alongside the running lines within the Com- 
pany’s boundaries. Where alternating-current trans- 
mission had remained at 11 kV there was a choice 
between cubicle and metalclad switchgear, the 
latter having the advantage where it was necessary 
to conserve space. At 22 kV the higher cost of 
metalclad switchgear was largely balanced by the 
reduction in building costs arising from the saving 
in space. This type of equipment was, however, 
too expensive to employ at 33 kV and much thought 
had been given to reducing the number of circuit- 
breakers to a minimum. The early rectifiers were 
all water-cooled, but more recently these had been 
largely superseded by other types. Since these 
were cheaper in capital costs and easier to instal it 
was likely that water-cooled rectifiers had had their 
day. At present the capacity of the water-cooled 
steel-tank pumped rectifiers installed in this country 
for railway traction was 414,500 kW, that of the 
air-cooled steel-tank pumpless type being 47,000 kW 
and of the glass-bulb type 72,740 kW. 

The influence of the cheaper rectifier equipment, 
as compared with rotary convertor plant, could be 
detected in the slope of the capital cost curves, in 
spite of the variable factors of labour and economic 
conditions generally. As regards maintenance and 
operation, the cost of the rotary-convertor substa- 
tions in 1948 was 165-64d. per kilowatt, compared 
with 61-13d. per kilowatt for the rectifier substa- 
tions and control rooms. The difference in the 
respective operating staff wages was striking, 
amounting in 1948 to 57,5871. on the Southern 
Region, although there was much more rectifier than 
rotary plant. In addition to the commercial savings 
that accrued from the supervisory control of trac- 
tion substations, this method made possible the 
system of single-unit substations so successfully 
exploited by the Southern Region. The advantages 
of this arrangement were better normal voltage 
regulation and correspondingly increased distribu- 
tion efficiency ; a reduction in the total capacity of 
the converting plant ; and economies in the number 
of high-voltage feeder circuit-breakers. A striking 
saving in labour by employing automatic equipment 
was also possible. 

As regards future design, it seemed likely that 
33-kV three-phase transmission would be the most 
suitable and that electric traction in this country 
would continue to be operated with direct-current. 
Unless special circumstances dictated, it was likely 
that the 33-kV switchgear would be installed 
indoors, since outdoor installation gave rise to con- 
siderable expense in painting galvanised steel parts 
and required extensive steel fencing. The brick 
substation building would have a single storey 
with a length varying according to the number ot 
rectifiers and alternating-current circuit-breakers it 
was to contain. The rectifier transformer would be 
placed outside. Where single-unit substations were 
provided, it was possible to eliminate one, or in 
certain cases, both, of the expensive 33-kV feeder 
circuit-breakers. Another possibility was to em- 
ploy remotely-controlled power-operated isolators. 
Whether the saving in cost outweighed the loss of 
flexibility in operation must, however, be considered 
in each individual case. Transformers would be 
oil-cooled or air-blast cooled, according to the nature 
of the site. To meet the varying conditions ofload, 
economies were possible by using detachable radia- 
tors. To reduce harmonic disturbance to a mini- 
mum, the transformers should be connected to have 
the effect of 12- or 24-phase operation. The rating 
of the rectifiers should be determined on the basis 
of the load curves of the duty cycle required, the 
best operating results being obtained by liberally 
rating the cylinders. 


3,000-Vo_tt Mrercury-Arc RECTIFIERS. 


The last paper on Wednesday afternoon was by 
Mr. A. J. G. Gosling on “‘ The 3,000-Volt Mercury- 
Are Rectifier Traction Substations of the South 
African Railways.” It was presented by Mr. W. J. 

Jebb. The author pointed out that a total of 





426 route miles of main line in Natal were operated 
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electrically at 3,000 volt direct-current, primarily 
for the conveyance of freight and heavy mineral 
traffic. In the Cape area, 44} miles were being 
operated at 1,500 volts and this system was being 
extended to 224 route miles and changed over to 
3,000 volts. The Transvaal system, when com- 
pleted, would involve 203 miles of track, which, like 
the Natal system, was operated by direct-current at 
3,000 volts. On the Pietermaritzburg-Glencoe 
section in Natal, which was the first line to be 
electrified, the substations had been equipped with 
motor-generators. Although these had proved 
satisfactory, it soon became apparent that future 
electrification, could only be justified if capital costs 
were kept as low as possible and maximum economy 
of working secured. As the development of grid 
control offered a solution to the regeneration pro- 
blem, the mercury-are rectifier, with its lower 
initial cost and higher overall efficiency, had been 
adopted for all subsequent extensions. 

On the Natal system, the majority of the sub- 
stations contained two mercury-are rectifier equip- 
ments, one of which operated as a rectifier and the 
other as an inverter. These units were of the steel- 
tank water-cooled pumped type with six anodes 
and two control grids for direct-current, voltage- 
compounding, inverted operation and arc suppres- 
sion. The rectifier and inverter in each substation 
were connected to the high-voltage three-phase 
supply through a common transformer with two 
secondary windings. The winding for forward 
operation was double-star connected with both 
neutral points brought out of the tank and was 
connected to an interphase transformer in a 
separate tank. The inverter winding was of the 
six-phase fork-connected type. A number of 
rectifier secondary windings on the transformer 
had collapsed owing to repeated back-fires. Where 
the transformers were equipped with spring-loaded 
clamping devices, which were heavily damped by 
hydraulic means, no such failures had occurred. 
“On the Reef the existing rectifiers were without 
compounding or provision for inversion. In the 
new substations similar rectifiers would be used 
with the addition of polarised grids for arc suppres- 
sion. The same type of rectifiers would also be 
employed in the new substations on the Cape 
system, as inverters would not be justified owing 
to the small amount of regenerated power. This 
power would, in fact, be absorbed by loading resist- 
ances at selected substations. Details of rectifiers 
and inverters operating with and without compound- 
ing, as well as characteristic curves, were given in a 
section of the paper with which we propose to 
deal more fully in a subsequent issue. Descriptions 
of the control and auxiliary equipment as well as 
of the interlocking and protective systems were 
also given.: 


Exectric LocoMoTIvEs. 


The chair at the meeting on the evening of 
Wednesday, March 22, was taken by Mr. G. H. 
Fletcher, and the first paper presented was “ Elec- 
tric Locomotives of the British Railways,” by 
Mr. W. J. A. Sykes. The author pointed out 
that there were at present four main groups of 
electric locomotives operating on British railways, 
all of which were direct-current machines supplied 
at 630 to 660 volts or at 1,500 volts. The fifth 
group consisted of one example—locomotive No. 
6000 of the Eastern and North Eastern Regions, 
which was in service on the Dutch Railways pending 
the completion of the Manchester-Wath electrifica- 
tion. The locomotives operating on the former 
Metropolitan lines of the London Transport Execu- 
tive were to be replaced by multiple-unit trains, 
while those in the North Eastern Region were 
shunting locomotives, which were used solely for 
handling freight traffic. 

Considerable experience of freight and passenger 
working had been obtained with the Manchester- 
Sheffield-Wath locomotive (of which some details 
were given on page 205, ante), under Dutch operating 
conditions. The maximum permitted freight-train 
speed was 37-5 m.p.h., but as the regenerative 
braking was not intended to be effective below 
16 m.p.h., the profile of the Dutch lines gave no 
opportunity for its use. Up to 1,750 tons trailing 
had been handled without difficulty, a train of this 





weight being started at the foot of a 1 in 125 gra- 
dient and attaining 11 m.p.h. In addition, passenger 
trains up to 600 tons had been worked over the 140 
miles between Amsterdam and Maastricht. In one 
case, with a 390-ton train, 132-7 miles were covered 
in 177} minutes, with five intermediate stops, giving 
an overall average of 45m.p.h. A speed of 65 m.p.h. 
had been attained in 5 minutes with a 330-ton train 
on level track, giving an average acceleration of 
about 0-22 m.p.h. per second. 

The three 1,470-h.p. C, + C, mixed-traffic elec- 
tric locomotives for the Southern Region had 
been built at intervals of years. A description was 
therefore given of the third, which embodied the 
accumulated experience. The six traction motors 
were connected in two groups of three, each group 
being in series with a booster generator and with the 
line. The motors on each bogie were thus supplied 
independently and might be cut out, so that the 
locomotive could proceed under half-load conditions. 
Each booster was started through a bank of resist- 
ances which was short-circuited in six steps by 
electro-pneumatic contactors controlled by a current- 
limiting relay. When the last contactor had closed, 
the generator was reverse-excited, so as to produce 
an opposing voltage of some 45 volts less than the 
line voltage. The sets were then ready to take the 
load. Subsequent movement of the 26-notch hand- 
operated controller closed the motor contactors 
and inserted resistance in series with the generator 
fields until, on the 16th notch, these were open- 
circuited so that each group of three 400-volt 
motors was connected directly across the line and 
received half the normal voltage. On the succeeding 
seven notches the generator fields were excited 
to boost the line and were progressively brought 
up to full strength. On the last three notches 
divertor resistances were placed across the traction 
motor fields and the field tap contactors closed. 

If at any time when the locomotive was under 
power the collector shoes encountered a rail gap 
the line breakers were opened by a relay and all 
the starting resistances were inserted in series with 
the booster motors. Each booster was, however, 
kept running by a 2,000-Ib. flywheel, so that it 
acted as a shunt generator across its traction motor 
group. The load was thus taken over smoothly 
by the booster sets and the tractive effort decreased 
gradually as the set slowed down. When the shoes 
were again energised the line breakers were closed 
through voltage relays and the starting resistances 
were cut out under the control of separate limit 
relays with a higher setting, since both booster:and 
traction motors were in circuit. 

As a result of experience current limiters had been 
connected in the booster motor circuits as a pro- 
tection against short-circuits due to parts of freight 
wagons coming in contact with the rails. As it 
was essential that at the gaps the line breakers 
should be opened by loss of current and re-closed 
by restoration of voltage, and also to prevent 
voltage generated by the booster motors energising a 
dead conductor rail, a differentia] relay was installed. 
This carried contacts which closed the line breaker 
when the line voltage exceeded the back electro- 
motive force of the booster motor by about 15 per 
cent. When the line breaker closed, the line voltage 
was thus always greater than the booster-motor 
generator voltage and positive closure of the no- 
current relay was assured. 

All the locomotives described in the paper were 
of the power bogie type with axle-hung motors. 
For work in the higher speed ranges some more 
stable arrangement was required than the con- 
ventional centre bearing and side rubbing plates 
usual on motor coaches, since the short distance 
between the bogie pivots, as compared with a motor 
coach, accentuated the effects of bogie hunting on 
the riding qualities of the body. Moreover, with 
the conventional motor-bogie centre pivot on a 
coach, the bogie was able to tilt with a consequent 
tendency for wheelslip to occur through the unload- 
ing of the leading axle by drawbar reaction. On the 
North Eastern locomotive this difficulty had been 
overcome by ensuring that no tractive forces were 
transmitted through the body. The drawgear was 
mounted on the bogies, which were connected by 
an articulated coupling, while the centre pivot 
served only as a centre of rotation and did* not 


support the body weight, which was carried op 
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four bearing points on each bogie. 

On the Southern locomotive, where the centre 
motor prevented the usual centre-pivot arrange. 
ment from being employed, segmental bearings were 
adopted. These were placed at each end of the 
longitudinal diameter of a 9-ft. circle, the centre of 
which was at the centre of rotation of the bogie. 
Each segment rested in a trough, which was rigidly 
attached to stretchers between the axles of cach 
bogie. The outer vertical side of each segment 
was arranged to bear against a working surface on 
the adjacent inner side of its trough thus enabling 
the tractive force to be transmitted from bogie to 
underframe. There were also smaller male seg. 
ments on the underframe at each side on the trans- 
verse centre line of each bogie. These worked in 
corresponding troughs on the bogies and took the 
side thrust only. The bogie was thus free to pivot 
about a vertical centre, but was not otherwise free 
to move in relation to the body. The use of these 
bearings had made it impossible for the bogies to 
tilt in relation to the underframe, even at very high 
tractive efforts. The*large area of the segments 
also had a considerable damping effect on hunting 
movements. 


DresEL-ELEctric LOCOMOTIVES. 


The next paper, by Mr. F. A. Harper on “ Diesel- 
Electric Locomotives on British Railways,” was 
mainly devoted to a history of the attempts to 
utilise the Diesel engine for railway traction in 
conjunction with electric transmission, and with 
descriptions of the 350-h.p. shunting locomotives 
used in the various Regions and the two 1,600-h.p. 
main-line units of the London Midland Region. 
Brief reference was also made to the 825-h.p. general- 

locomotive which was completed last year. 
This had a 16-cylinder Paxman engine with an 
output of 825 h.p. at 1,250 r.p.m., which drove 
B.T.H. electrical equipment to give a maximum 
safe speed of 70 m.p.h. and maximum and continu- 
ous tractive efforts of 35,000 lb. and 19,000 lb., 
respectively. The mechanical parts were built by 
the North British Locomotive Company to the 
requirements of the London Midland Region. 

It was safe to say that the case for the Diesel 
versus the steam locomotive depended on the 
relative costs. For shunting, a Diesel-electric 
engine cost from two to three times as much as a 
steam locomotive of similar capacity. It could, 
however, be kept in service for 24 hours a day, 
required only one man on the footplate and, in spite 
of the higher cost of fuel per British thermal unit, 
its fuel cost was less owing to its higher efficiency. 
Its maintenance cost per shunting hour was also 
less. At the present level of prices Diesel-electric 
shunting engines were an economic proposition in 
yards where they could be employed for more than 
about two shifts per day. For main-line working 
the cost of the Diesel-electric engine was at least 
three times that of the steam engine of similar 
capacity. Its availability was, however, higher, 
but except in the case of double heading there was 
not necessarily a reduction in the footplate staff. 
The efficiency of the steam locomotive was much 
better on main line work than for shunting, but that 
of the Diesel was not much altered. The difference 
in maintenance costs would also be not so great as 
in the case of shunting. 


MecuanicaL Desian or LOCOMOTIVES. 


The next paper presented was on “ Mechanical 
Design of Electric and Diesel-Electric Locomotives ” 
by Mr. E. S. Cox. The main requirements for 
mechanical design were stated to be individual axle 
weights to give the widest route availability for given 
power requirements ; conformity to loading gauge 
and restrictions of throw-over on curves ; sufficient 
adhesive weight to meet all tractive requirements 
without slipping ; minimum vertical forces, as affect- 
ing rail joints ; minimum lateral forces within loco- 
motive chassis and against the rails; and riding 
qualities comparable with that of a well-designed 
railway coach. With these must go the greatest 
simplicity, least weight, minimum number of moving 
parts and lowest cost compatible with the perfor- 
mance expected. The earliest electric tractive 
units to operate in this country were four-wheeled 
locomotives and double-bogie multiple-unit stock. 
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Out of these had grown three basic types: the 
steam-locomotive type chassis with a number of 
driving wheels in a rigid frame, usually guided by 
bogies or pony trucks; an arrangement of bogies 
coupled back-to-back, so that tractive forces passed 
through the bogie frames and were independent of 
the vehicle underframe or body ; and the multiple- 
unit coach with independent bogies, the tractive 
forces being transmitted through the vehicle under- 
frame. The first type was represented by the 2-C-2 
locomotive which had been designed by Sir Vincent 
Raven in 1922 and had been intended as a prototype 
for main-line work; also by the 2-C-1 locomotives 
built for the Great Indian Peninsular Railway in 
1928, which were based largely on the corresponding 
Swiss type and had given satisfactory service under 
severe operating conditions ; and by the standard 
Diesel-electric shunters on British Railways. Loco- 
motives of the second class were primarily de- 
veloped for heavy freight haulage and examples 
of the B+ B and C + C types had been built for 
the South African Railways. Representatives of 
the third class would be the 27 locomotives of the 
C-C type for the Manchester-Sheffield electrifica- 
tion, the Diesel-electric locomotives of the London 
Midland and Southern Regions and the gas-turbine 
locomotive for the Western Region. Details of all 
these designs were given in the paper, and will be 
referred to at greater length in a subsequent issue 
of ENGINEERING. 

In America, Switzerland and Italy, the most recent 
development lay in the direction of the independent- 
bogie locomotive, the total weight of which was 
available for adhesion. British manufacturers and 
British Railways were also thinking along these 
lines. With the tendency for speed to increase in 
freight operation, the division into two kinds of 
chassis for freight and passenger haulage, respec- 
tively, was disappearing and bogies capable of giving 
good riding at any speed were coming into general 
use. The swing-bolster type bogie based on coach- 
ing stock practice was the most general means of 
obtaining this riding quality, but within this basic 
principle some interesting varieties were emerging, 
examples of which were the new French C-C type 
and the Metropolitan-Vickers gas-turbine design. 
Except in a few special cases, an axle load of 
18 tons was the maximum to ensure route avail- 
ability under British conditions of bridge and track 
loading. This load limited the range of the B-B 
type, which was otherwise so desirable from the 
point of view of simplicity and cost. The C-C or 
B-B-B types would, however, provide horse-powers 
up to 3,500, a requirement which was not likely to 
be exceeded under any predictable British traffic 
conditions. 

It was clear that as much care and right thinking 
were demanded of the designer of the mechanical 
as of the electrical parts ; and that in passing from 
steam to electric, the problems of the locomotive 
as a track vehicle, as a structure to transmit power 
and as a unit from which to obtain the maximum 
use against the minimum cost were still urgent and 
required detailed consideration. 


MECHANICAL DESIGN OF COACHES. 


The last paper read at this meeting was on ‘‘ The 
Mechanical Design of Modern Light-Weight Motor 
and Trailer Coaches,” by Messrs. F. W. Sinclair and 
8.C. Lyon. The essential features in the design of 
modern multiple-unit coaches were smooth riding, 
comfortable seating layout, easy access to the 
passenger compartments and to the control and 
auxiliary equipment, and robust structure. For 
modern motor and trailer coaches the tubular-girder 
design was usually adopted. It left the underside 
of the frame free for mounting the control and 
auxiliary apparatus and structurally was the most 
economical as it offered maximum strength, commen- 
surate with loading, with the minimum of material. 
With bedies of integral construction in mild steel, 
the physical characteristics of the matenal imposed 
a limit on the amount that could be saved and the 
engineer must look for alternatives to achieve 
further reductions. The light aluminium alloys, 


stainless steel and low-alloy high-tensile steels all 
enabled designs to be prepared, by the use of which 
reductions in the tare weight of vehicles could be 


ConTRoL EquipMENT For Drirect-CURRENT 
LocoMOTIVEs. 


The Convention was continued on Thursday, 
March 23, the subject for the afternoon meeting 
being ‘Control and Auxiliary Equipment.” The 
chair was taken by Mr. J. E. Calverley, and the first 
paper to be presented was by Mr. R. Brooks on 
“Control and Auxiliary Equipment for Direct- 
Current Electric Locomotives.” In view of the 
wide variation in locomotive loading, it was essen- 
tial to leave the selection of the appropriate 
tractive effort to the discretion of the driver. 
The control system was therefore designed for 
hand regulation. Rheostatic control was most 
widely used and among the methods adopted to 
reduce the starting losses in the resistors were 
the employment of two or a multiple of two motors, 
as well as boosters, motor-generators and meta- 
dynes. The principal] control problem, which arose 
while altering the arrangement of the main motors 
from series to parallel, was concerned with the 
maintenance of tractive effort during the transi- 
tion stage. Of the three types of transition possible, 
the closed-circuit was generally employed on loco- 
motives and gave satisfactory results in the hands 
of a competent driver. 
The power circuit was necessarily remotely 
controlled from the master controller in the driver’s 
cab, mechanical, electromagnetic and_ electro- 
pneumatic methods being used for this purpose. 
In this country, the last of these was generally 
adopted where the equipment consisted wholly of 
individual contactors or where reversing, motor 
combination or change-over from motoring to 
braking were handled by drum or cam-operated 
switches. It had the advantage of possessing a 
relatively small bulk and weight, of being capable of 
exerting powerful operating forces independently of 
voltage variation and of making only small demands 
for energy from the control circuit. This last point 
was important in multiple-unit operation, since the 
use of large conductors to keep down the voltage 
drop in the control circuits was obviated. . 
The principal conditions that had to be provided 
for in developing a complete control scheme were 


switching ; protection against power-circuit irregu- 
larities arising from a defect in the control circuit ; 
protection against unauthorised operation and pro- 


at the power voltage. 


ConTROL GEAR FOR MuttipLe-Unir TRAINS. 
A paper on 


Trains,” by Messrs. E. T. Hippisley and F. E. 
Butler followed. The simplest system of control, 


rose. 


general, although it was interesting to observe 
that at very high accelerations the additional 
power consumption resulting from its omission 
might be small. In general, the control equipment 
comprised a number of remotely-operated contactors 
which were actuated automatically. It was con- 
venient to obtain control power at 50 to 120 
volts, as this simplified the switching of the 
auxiliary circuits, reduced the size of the control 
switches and kept the high-voltage circuits well 
away from the driving cab. Most equipments 
incorporated pneumatically-operated contactors of 
the unit type, although cam-group equipments 
had been used to a certain extent. It was now 
common to mount al] this equipment beneath the 
coach on 600-volt and 1,500-volt vehicles, and this 
was also likely to become normal practice for 3,000- 
volt equipment. Detailed descriptions of the 
various types of apparatus used for the collection 
and control of power were given in the paper. 


PowER-OPERATED Doors. 

The next paper to be presented was on “ Power- 
Operated Doors on Multiple-Unit Electric Railway 
Stock,” by Mr. R. I. D. Arthurton, who said that 


the correct sequence of operation of the power 


tection against the control circuit becoming charged 


“Control Gear and Auxiliary 
Machines for Direct-Current Multiple-Unit Electric 


which had been adopted almost universally, was to 
insert resistors in series with the. traction motors 
and to cut these out step by step as the train speed 
An alternative scheme was to vary the 
voltage applied to the motors during acceleration. 
The employment of series-parallel control was also 


each side with two pairs of sliding doors and two 
single sliding doors, except that on driving cars one 
door was replaced by the motorman’s cab. The 
doors were opened and closed by push-buttons 
from the guard’s position. A pilot light indicated 
when they were fully closed and a “signal” push- 
button was provided to transmit the starting signal 
to the motor man only when this condition was 
fulfilled. On the older cars, relay systems operating 
at line voltage and employing one magnet valve per 
car, which was energised while the doors were 
Open, were used. On later stock, separate magnet 
valves operating at 50 volts were employed. The 
integrity of the door-control circuits was of such 
importance that the original earth returns had been 
replaced by an insulated-return train wire, and, as 
set-and-trip valves of the mechanically-latched type 
had proved somewhat difficult to maintain in an 
efficient working condition, they had been replaced 
by pneumatically-retained ‘“‘on” magnet valves 
for opening, with an associated “‘ off ” type valve to 
release the returning air for closing. 

The engine employed on all ‘British Railways 
electric stock with power-operated doors had two 
cylinders with diameters of 5 in. and 3 in., respec- 
tively. The smaller cylinder was constantly charged 
with compressed air at 30 Ib. per square inch, while 
the larger cylinder was charged at this pressure to 
open and was exhausted to close the door. To 
“prove ” closing, each door operated an interlock 
switch, the contacts of which could only be made 
when the door was within } in. of closing. On the 
latest London Transport surface line stock, push- 
button door control at the guard’s position had 
given place to key-operated door controllers mounted 
vertically in the car end-panels. The guard’s 
operating key could only be inserted in or removed 
from there when it was in the central position, and 
it must be turned through a 40-deg. sector for 
opening and closing. Mechanical interlocking with 
the “signal” push-button ensured the return of 
the kep to the central position before the train was 
started. The relatively heavy currents were broken 
on a single cam-operated contactor-type series 
switch, and not on the selector drum. 

Statistics showed that the failures of the 30,500 
door engines operated by London Transport only 
amounted to 0-02 per million operations during the 
first six months of 1949, the corresponding figure for 
the interlocks being 0-034. 


ELEcTRO-PNEUMATIC BRAKES. 


The next paper to be submitted was by Mr. H. R. 
Broadbent on ‘“Electro-Pneumatic Brakes,” in 
which, after outlining the growth of electro-pneu- 
matic braking in this country, an account was given 
of the equipment fitted on the electric rolling stock 
of the Liverpool-street-Shenfield line and on the 
most recent stock of the London Transport Execu- 
tive’s railways. In both cases the application-valve 
current load was transferred from the brake con- 
troller to a contactor. On the former line, the 
holding-coil supply was also fed through a contactor 
and the application valve had been modified to 


control the application and holding circuits. 


Westinghouse automatic brake. 


braking in an economical fashion. 
(To be continued.) 





hoped will be ready about the end of 1951. 








effected. 





modern London Transport cars were provided on 





of lower power, in Aberdeenshire, is also planned. 


prevent over-feeding and consequent maldistribu- 
tion of the brake-cylinder pressures. In addition, 
a two-circuit retarder mercury switch was used to 


Electricity supply to the various valves had swung 
between low-voltage motor-generators, batteries and 
the main traction voltage, but a combination of low- 
voltage motor-generator and battery had now been 
evolved from experience. One of the most recent 
developments was an electro-vacuum brake, while 
a further interesting advance was the employment 
on the Paris Metropolitan Railway of electro- 
pneumatic retardation control superimposed on the 
For short trains, 
it was possible that this method, combined with 
some means of graduated release, might provide a 
simple solution of the problem of higher rates of 


TELEVISION IN SCOTLAND.—It is announced that a 
site has been chosen for a high-power television station 
at Kirk o’Shotts, near Harthill, in Scotland, which it is 
A station 








THE DESIGN AND USE OF 
PHOTO-EXTINCTION 
SEDIMENTOMETERS. 


By Dr. H. E. Rosg, M.Sc.(Eng.), A.M.I.C.E. 


In many industries, the determination of the size 
characteristics of fine powders forms an important 
part of the system of quality control of the raw 
materials or of the final product and, because of this 
importance, many methods of particle-size deter- 
mination have been developed, the details of the 
metheds depending largely upon the physical and 
chemical characteristics of the powder to be tested. 
The photo-extinction method, based upon the deter- 
mination of the opacity of a suspension of the 
powder in a suitable dispersing fluid, offers many 
advantages in that the measurements required are 
of such a nature as to be capable of determination 
with considerable accuracy; the sample of the 
powder required is small and, for some tests, the 
actual weight of this small sample need not be 
known. In addition, the concentration of the 
suspension analysed is much smaller than is possible 
with any system of gravimetric analysis, which has 
the advantage of elimination of the effects of floccu- 
lation usually associated with other methods of 
analysis. 

In spite of these apparent advantages, however, 
lack of knowledge of the basic laws of transmission 
of light through a suspension renders the method 
still unreliable and, moreover, even though certain 
principles of design of these apparatus, by the obser- 
vance of which the effects of many of these errors may 
be minimised, are now clear, it is often found that 
instruments in use differ unnecessarily widely from 
the theoretically desirable form. Because of the 
potentially great advantages of the photo-sedimen- 
tation system of powder-size analysis and, in general, 
the disappointing results achieved, the object of the 
present article is to discuss the various aspects of 
design, construction and use of these apparatus, 
and the theoretical principles upon which these 
functions should be based. 

For an understanding of the application of the 
photo-extinction method to the analysis of powder 
size, consider Fig. 1, herewith, in which a parallel 
beam of light is projected horizontally across a 
parallel-sided glass cell containing a suspension of 
powder of nearly spherical particles. The centre 
of the beam is at a distance H below the surface of 
the fluid, and the vertical depth of the beam is h. 
The beam of light is projected across the suspension 
from a suitable lens system, after which it falls 
upon some form of photometer ; generally, a self- 
generating photo-electric cell. 

Tt will now be assumed, as will be shown later to 
be true under certain conditions, that the equation 


da 
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holds, where I, and I, are the incident and emergent 
light intensities, respectively ; k, a factor depending 
on particle shape ; C, the concentration of powder 
in gm. per cubic centimetre of suspension ; 1, the 
length of path, assuming that the particles do not 
overlap; K,, a factor relating the light-obscuring 
power of a small particle of diameter d, to that of a 
similar particle if the ‘‘ square law ” of geometrical 
optics were applicable; n, the number of particles 
of size d, per gm. of powder; and d,, the diameter 
of the particle. If now, the particles are spherical, 


k=4, and, if it is assumed that K, = 1-0, then 


k > K, nd} is the shadow projected area of the 
material in the beam per gm. of powder. 

Since the particles are assumed to be approxi- 
mately spherical, the shadow projected area is a 
quarter of the total surface area and, since k > K,n dj 
is the shadow area per gm. of powder, it is also a 
quarter of the total surface area per gm., that is, 
a quarter of the specific surface of the powder. 
Thus, we have 


To _ tel : 
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where § denotes the specific surface of the powder. 
Thus the specific surface may be calculated from a 
knowledge ‘of the dimensions of the-apparatus, the 
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concentration of the powder in the suspension, 
and of the incident and emergent light intensities. 
Unfortunately, although extremely simple, the 
method is of necessity extremely inaccurate, for it 
is postulated in the derivation of equation (2) that 
K, is unity, whereas experiment shows that it 
deviates considerably from this value. 

A more powerful method of use of the apparatus 
is in connection with the determination of the size 
frequency of a powder: a quantity which is itself 
of considerable importance, and from which the 
specific surface of the powder may be calculated 
indirectly if required. In this method, a sample 
of the powder is dispersed in the fluid at the begin- 
ning of the test and the ratio of incident to emergent 
light intensities is determined at known times 
closely spaced through the period of the test. At 
any time t,, the diameter d, of the largest particle 
in suspension in the beam will be that of the particle 
which has fallen a distance H in the time ¢, (all 
larger particles will have fallen clear of the beam) 
and this diameter may be calculated from Stokes’s 
Law.* From observations made at a succession 


of times, a curve of log, Fs against d, may be 


z 
plotted, as in Fig. 2, curve a. If, now, a pair of 
ordinates, separated by an interval of lp (lp = 
0-001 mm.), are drawn to cut curve a at the points 
a’ and a”, then the distance a” — a’” is proportional 


d++ 
to K,k ¥ nd}; that is, to K, times the projected 
a—% 


area of the material in the beam between the sizes 
d,, — tand d, + 4. 

If a graph of K, plotted against d, (curve b) is 
available, a new curve, curve c, in which the incre- 


ment in the ordinate is equal to + times the dis- 


tance a” » may be built uP by step-by-step 
operation. ~The distance a/’ — a‘” is then propor- 
tional to the actual projboted area per micron 
interval, so that the shaded area represents the pro- 
jected area per micron interval times the mean 
diameter ; that is, it is proportional to the weight 
of material in that micron interval. Thus the area 
O A Bis proportional to the total weight of samples, 





* G. G. Stokes, Mathematical and Physical Papers, 








vol, 2, page 10, and vol. 3, page 56 (1880), 
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and so a size-frequency curve on a weight basis is 
obtained by expressing the areas (such as that 
shaded) as a percentage of the total area OAB 
and plotting these percentages against particle size 
at the middle of the relevant interval. In this 
way, variations in the value of K, with particle 
size are allowed for and so, in theory at least, the 
accuracy of the size frequency, or the specific surface 
calculated from it, is limited by the accuracy with 
which the values of K, are known. 

It will be observed that, in the above analysis, 
suspensions composed of spherical, or practically 
spherical, particles have been considered. For a 
great many industrial powders this condition is 
reasonably true, but, for reasons to be discussed 
later, the method is highly inaccurate when applied 
to the analysis of flaky materials. 

The theoretical equation of light transmission 
through a suspension will be built up at this point, 
in order that the basic assumptions may be made 
clear; the deviations from the theoretical case 
encountered in practice will be discussed in a later 
section. 

Consider the vessel, Fig. 3, herewith, of length 
1 cm. measured in the direction of the light beam, 
containing a suspension of the powder under 
analysis, the concentration of the powder being 
C gm. per cubic centimetre of suspension. Within 
the vessel is an element of the suspension, of Jength 
3 1 measured in the direction of the light beam. 

If the cross-sectional area of the light beam is 
A area units, and the light intensity is I units of 
energy per unit area of beam, then 


Light energy falling on the element 
Se eer 


The energy leaving the element 


= I(A — Effective projected area of the 
material in the beam) 


a 
=HA=“S>S ENG) 2. 6 ew ee 
0 


where k depends upon the shape of the particles, 
K, is the ratio of the light-obscuring capacity of the 
particle of diameter d, to that for the same particle 
if the “square law * of geometrical optics were 
applicable, and N is the number of partie of 
size d, in the beam. 
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If x is the number of particles of size d, per 
gramme of powder, then N=nC.A.81, which, 
on substitution in (4), gives 

Energy leaving the element 


d 
=I(A —kCA&8& > Kznd?). (5) 
0 
Also, energy leaving element 
= A(I +81) 
Equating (5) and (6), 


d 
A(I + 81) = 1(A —kCA8&l S Kz nd?3) 
0 


(6) 


or 
8I d 
—=—kC8l > K,nd? 
I 0 

so that 


hey 
ao 
Io 


a 
= - xo 81 5 Kz, nd} 
I 0 


J0 


I d 
loge = ROLE Kani; « (8) 
and, if required for an interval between, say, d, 


and d,, we have 


a ‘ dg 
log. — — log, — = kC1L> Kz nd} (9) 
I, I, 4 
where J, is the incident light intensity; I, and I, 


represent the light intensity with all material in the 
size ranges zero and d,, and zero and d,, respec- 
tively, in the beam. 

Consideration of the building up of these equations 
will show that the following assumptions are tacitly 
made: (1) the particles are absolutely opaque ; 
(2) there is no reflection between the particles or 
between the particles and the walls of the vessel ; 
(3) any deviations in the light-obscuring power of a 
small particle from that given by the “‘ square law ” 
is covered by the factor K,, which should thus 
depend upon the particle size, wavelength of light, 
refractive index of particle and fluid, etc., but not 
upon the physical size of the apparatus; (4) the 
concentration of the suspension is such that no 
two particles, within the element of suspension 8 
thick, fall on the same line parallel to the light beam. 
In the limit, as 81 +0, this must be true, so that 
integration of equation (7) will hold for any concen- 
tration whatever. Thus, there is no reason for the 
restriction sometimes expressed, that the concentra- 
tion must be kept very low in order that equations 
(8) or (9) shall hold. 

In a paper presented to the Society of Chemical 
Industry,* the present writer, in collaboration with 
Mr. H. B. Lloyd, gave a detailed account of investi- 
gations into the conditions for validity of equations 
(8) and (9) above ; but, for the present purpose, the 
salient features of these investigations will be stated 
without detailed analysis, except where such analysis 
is of immediate importance. In those investiga- 
tions, powders having a size range from zero to an 
upper limit were used, so that equation (9), 


I, ad 
loge = kOlS Ken 


was applicable. Also, since the same powder was 
* Jl. Soc. Chem. Ind., vol. 65, pages 52 and 65 (1946). . 
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d 
used for many tests, k > K,nd} was constant 


0 
between the different tests and therefore does not 
enter as a variable. 

The first two conditions enumerated above— 
namely, the complete opacity of the particles, and 
the absence of light reaching the photo-cell after 
reflection—cannot be achieved by any treatment 
of the powder or the suspension, but it is evident 
that equivalent conditions hold, provided that the 
apparatus is arranged so that only a negligible 
proportion of light reaches the photo-sensitive 
surface after reflection by and transmission through 
the particles. Since the scattered light will be 
distributed over a sphere, at the centre of which is 
the suspension, it is evident that this condition 
will be achieved when the photo-cell subtends a 
small solid angle at the centre of the suspension. 
Thus, analysis of the effects of a change of any 
variable in the problem must also include the 
influence of the change of solid angle subtended 
by the receiver at the centre of the suspension 





upon the effects studied. 


(Concentration x Length) x10" gm. per Sg.cm. 


it is seen that the linear relationship holds for all 
tests other than “ Silica Test B” ; even up to 99-5 
per cent. extinction for the “ Silica Test A.” 

The reason for the deviation from linearity for 
the “Silica Test B” is made clear by Table I, 
herewith, from which it is clear that the solid angle 
subtended by the receiver at the centre of the 
suspension is, in this case, approximately 50 times 
that used in the other tests. Thus it is clear that 
the linear relationship demanded by theory is 
obtained, provided that the solid angle subtended 
by the photo-sensitive surface is small; but, if this 
condition is not fulfilled, then scattered light falling 
on the receiver produces a deviation from the 
linear law. 


Similarly, a linear relationship between log. * 

2 

and the length, J, of the light path through the 
suspension is indicated, but this relationship has 


not been directly tested. In Fig. 6, however, log Fy 


is plotted against the product of concentration and 
length of light path (against C x 1) and again a linear 














TABLE I. 
Solid Angle 
— and a Length of Light Diameter of Distance of Subtended by 

‘est. luid. Path, I cm. Stop A. Stop A, cm. Stop A. 
Solid 

Indian ink Water 5-0 0-33 19-0 0-00024 

Cadeby slack Alcohol 5-0 0-33 19-0 0-00024 
Silica test A Water 5-0 0-33 19-0 0- 
Silica test B Water 5-0 2-30 19-0 0-0. 














For the purpose of definition, consider Fig. 4, 
opposite, in which a photo-extinction apparatus is 
represented diagrammatically. The solid angle 
subtended by the receiver is, effectively, 

@=Ag+Li (10) 
where A, is the area of the aperture in the stop A 
and L, is the distance from the centre of the sus- 
pension to the plane of the stop. 

Similarly, the cone angle subtended by the receiver 
is 


- 4 
FT ae 


where d, is the diameter of the aperture (if circular). 
If the aperture is other than circular, the substitu- 


tion of d, = 


angle with an accuracy sufficient for the present 


(11) 


as will give an equivalent cone 


purpose. 
The first relationship to be investigated was that 
between log.* (i.e., making d, = 0 in equation (9)) 


and the concentration, C, of the powder in the 
suspension. Evidently, if the basic equation 
were true the relationship would be linear, but 
it has been suggested by Traxler and Baum* 
‘and others that, in practice, deviations from the 
linear law exist. The results of these tests are 
shown graphically in Fig. 5, herewith, from which 


* R. M. Traxler and L. A: H. Baum, Proc. A.S.7T.M., 











vol. 35, Part 2, page 457 (1935)... 


relationship is obtained ; this is an indirect check 
on the linear relationship between log te and . 


These tests were carried out under the ——— 
that the photo-cell subtends a small solid angle at 
the centre of the suspension, so it may be concluded 
that, provided the solid angle is small, a linear 


relationship holds between log “* and Land probably, 
2 


although no evidence is available on this point, 
does not hold when the solid angle is large. 

Consideration of the foregoing investigations 
leads to the conclusion that an appreciable amount 
of light energy reaches the photo-cell after trans- 
mission through, and reflection by, the particles, 
and a more detailed examination of this idea leads 
to further useful results. 


(Te be continued.) 





THE ENGINEERS BUYERS AND REPRESENTATIVES 
ASSOCIATION.—The London and Home Counties Branch 
of the Engineers Buyers and Representatives Association 
held their Spring Dinner at Martinez Restaurant, Lon- 
don, W.1, on Saturday, March 25. The chair was taken 
by Mr. E. Marks, who, in proposing the toast of 
“The Association,” said that they had prepared a full 
programme of visits, meetings, etc., the success of 
which would depend on the support of the members. The 
reply was made by Mr. T. E. Parker, who thanked Mr. 
Marks for his work for the Association. “The Guests” 
was proposed by Mr. H. 8S. Hull and Mr. Straker Nesbitt 
responded. The dinner:was followed by a dance. x 





ENGINEERING. 


_Mance’ 3 31,1950. 








METRE-GAUGE DIESEL-ELECTRIC LOCOMOTIVE 


MESSRS. SULZER BROS., LIMITED, WINTERTHUR, SWITZERLAND. 
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DIESEL-ELECTRIC LOCOMOTIVE 
FOR HIGH-ALTITUDE RAILWAY 
IN BOLIVIA. 


A Dreset-zLEctric locomotive having a wheel 
arrangement and drive more often associated with 
electric locomotives has been built by Messrs. Sulzer 
Brothers, Limited, Winterthur, Switzerland, and 
recently shipped to South America. As Fig. 1, on this 
page, shows, it is of the double-bogie type, and it is 
driven by a large motor on each bogie through a 
geared jackshaft and coupling rods. The metre-gauge 
Machacamarca-Uncia Railway in Bolivia, on which it 
is to be used for passenger and freight trains, has many 
steep gradients and sharp curves and lies entirely at 
altitudes between 12,200 ft. and 14,400 ft. above sea- 
level. 

Though the type of wheel arrangement and drive 
has found considerable application to electric loco- 
motives, such a design has not often been adopted in 
Diesel traction. It has been applied in the present 
case because it gives an economical design capable 
of maintaining substantial tractive efforts at moderate 
speeds, the top speed permitted over the 60-mile route 
being 37 miles an hour. The railway, which is part 
of the Patino mining group, has a maximum gradient 
of 1 in 40, and long stretches averaging 1 in 58 to 1 in 63, 
combined with curves of 230-ft. radius. Passenger 
trains normally weigh about 100 tons, and mineral 
and freight trains up to 250 tons. The running times 
between the terminal points are three hours in one 
direction and four hours in the other. 

The Sulzer six-cylinder Diesel engine, which is 
shown with the generator in Fig. 2, is mounted on a 
welded-steel underframe extending between the two 
bogies. It is of the same type as those now being made 
in Great Britain at the Barrow Works of Vickers- 
Armstrongs Limited, on behalf of Messrs. Sulzer 
Brothers (London), Limited ; it is a pressure-charged 
engine designed and built solely for railway-traction 
purposes. The six cylinders have a bore of 11 in. and a 
piston stroke of 14} in., and at sea-level the one-hour 
rating is 915 brake horse- -power at 750 r.p.m. Owing 
to the high altitude of the Machacamarca-Uncia Rail- 
way, however, the engine has been de-rated to a one- 
hour output of 730 brake horse-power at 750 r.p.m. 
at an altitude of 13,000 ft. Pressure-charging is by 
a turbo-blower set of Sulzer design and manufacture, 
— lain bearings fitted to the shaft. 

rame of the.engine is a welded-steel and cast- 
an auaiaed with tied-in bearings—a form which has 
been proved in service with many Sulzer railway- 
traction Diesel engines. The crankcase is integral 
with the bedplate and its extension arms, which 
support the main generator, and is built up of mild-steel 
side frames tied together by cast-steel cross members 
which carry the main bearings, the whole being welded. 
The top halves of the main-bearing shells are keyed 
into the frame, means for adjustment being provided 
by tapered keys and toothed plates. The cylinder 
block, which is bolted. to the frame, is fabricated from 
mild-steel plates and fitted with cast-iron liners. The 
pistons are of light alloy, the crankshaft, with balance 
webs, is of carbon steel, and the main i 
white-metalled. . A pendulum- -type: vibration y ctor 
and Sulzer’ ‘fuel-injection and: control equipment. are 








FOR BOLIVIA. 

















Fie. 2. 915-B.H.P. Dreset ENGINE anp GENERATOR. 


fitted. The dry weight of the engine, with the complete 
bedplate, is 18,600 lb. The guaranteed fuel consump- 
tion on the continuous rating is 0-384 Ib. (174 gm.) per 
brake horse-power per hour, but on test the consumption 
was appreciably less. The lubricating-oil consumption 
was 3-55 lb. per hour. 

The electrical transmission equipment was made by 
Messrs. Oerlikon of Switzerland, to the engine makers’ 
requirements. It comprises a direct-drive main genera- 
tor, a 150-volt auxiliary generator, and two force- 
ventilated traction motors, each with its own motor- 
blower set above it. The motors drive the jackshaft 
through cushioned gears. The bonnet which covers the 
traction motor, Nife starting batteries, etc., at each 
end, is mounted on the bogie framing. Sulzer auto- 
matic electrical control equipment provides eight 
speed-torque notches between 400 and 750 r.p.m., 
together with starting and idling notches. 

Each bogie has six wheels with underslung leaf 
springs. A hydraulic damper is fitted between the 
inner end of each and the locomotive underframe to 
reduce parasitic movements of the bogies, particu- 
larly on straight track, and to eliminate symmetrical 
movements of the two bogies. The locomotive is 
equipped with combined straight and automatic air- 
brake equipment, with a single brake cylinder on each 
bogie ; comp’ ‘air is supplied by an Oecerlikon 
electrically-driven compressor. The whole of the 


are] mechanical portion of the locomotive was built- to 


Messrs. Sulzer Brothers’ requirements by Les. Ateliers 
Metallurgiques 8.A., Nivelles, Belgium: .: 





The traction characteristics of the locomotive are : 
maximum starting effort 33,000 lb., one-hour tractive 
effort at the wheel treads 21,600 lb. at 7-15 m.p.h., and 
continuous-rating tractive effort 16,750 Ib. at 10-25 
m.p.h. The locomotive weighs 69-3 tons in full working 
order, and 65-3 tons empty. The fuel capacity is 
530 gallons. The length over the centre couplers is 
48 ft., the bogie wheelbase is 10 ft. 4 in., the total 
wheelbase i is 42 ft., and the distanee between the bogie 
pivots is 27 ft. 11 in. The wheels are 41} in. in diameter, 
and the centre pair in each bogie is flangeless. 





B.O.C. PRIZE FOR WELDING RESEARCH.—The Council 
of the British Welding Research Association announce 
that a single prize of 1001. will be awarded to the winner 
of a competition to be held in 1950-51 for the best paper 
on a research into welding or its applications. The 
competition is limited to candidates whose age did not 
exceed 35 years on January 1, 1950, and papers must not 
exceed 5,000 words in length. The prize was founded 
in 1948, when the Council of the Association accepted an 
offer from the British Oxygen Company, Limited. The 
first competition was held in 1948-49, but no award was 
made. The result for 1949-50 has not yet been decided. 
Papers must reach the secretary, British Welding Re- 
search Association, 29, Park-crescent, London, W.1, on 
or before September 30, 1950... The decision of the asses- 
sors will be announced about April 1, 1951. The Council 
reserve the right to publish any of the papers in the 
Transactions of the Institute of Welding. Further 
particulars may be obtained from. the secretary. 
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§5-FT. FIREFLOAT FOR THE ROYAL AIR FORCE. 


MESSRS. VOSPER LIMITED, PORTSMOUTH. 
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Fig. 5. 


FIRE-FIGHTING LAUNCHES FOR 
THE ROYAL AIR FORCE. 
(Concluded from page 334.) 

ALTHOUGH the fire-fighting capabilities of the two 
launches referred to on page 333, ante, are, in general, 
the same, there are considerable differences in the 
methods of pre ulsion and of operating the fire pumps. 
The 60-ft. ~ as already described, is propelled 
by two Diesel engines connected to Voith-Schneider 
propellers, while the fire pumps are driven by a pe 
engine. The 55-ft. firefloat, however, is propelled by 
four Diesel engines arranged to drive two Rotol con- 
trollable and reversible-pitch propellers, the engines 
performing the dual purposes of propelling the vessel 
and driving the fire pumps. Furthermore, whereas the 
hull and superstructure of the larger vessel are con- 
structed from aluminium alloy, the 55-ft. firefloat is 
of mild-steel construction. The 55-ft. vessel is illus- 
trated in Figs. 4 and 5, on this page, and in Figs. 6 
and 7, on page 356, Figs. 5, 6 and 7 showing the fire- 
fighting equipment in action. The length on the water- 
line is 52 ft. 2 in., the moulded breadth 12 ft. 6} in., 
and the moulded depth 5 ft. 44 in. The craft is of round- 
bilge construction with a raised foredeck and short 
coach roof to provide sufficient headroom in the fore- 
castle. The vessel is divided into four watertight 
compartments by three bulkheads, the compartments 
being the same as on the 60-ft. vessel, namely, fore 
peak, forecastle, machinery space and after peak. The 
forecastle is fitted out to seat a crew of six, the equip- 
ment generally being the same as for the 60-ft. vessel. 
The foam tank is built into the vessel at the after end 
of the forward compartment, the total capacity being 
reed — A Raped poet ag centre-line bulkhead is 

in the tank and each compartment is provided 

— a bolted manhole ‘cover. ail ii 
© main propelling machin consists of four 
Perkins S6M Diesel pow Woe prem in pairs to drive 


two propeller shafts ; they can beseen in the two photo- 





Four Monitors DELIveRtING WaTER. 








graphs of the engine room reproduced in Figs. 8 and 9, 
on page 356. The engines are of the four-stroke cold- 
starting type and each is capable of developing 100 
brake horse-power at 2,000 r.p.m., with an overload 
capacity of 130 brake horse-power at 2,250 r.p.m. In 
view of the fact that the propellers are of the reversible- 
pitch type, the reverse positions of the engine gear- 
boxes are locked so that they cannot be used. The 
two engines on each shaft are disposed one forward 
and one abaft the main gearboxes, the drive being 
transmitted from each engine through special toothed 
clutches so that either one or two engines can be 
connected to each shaft as required. The main gear- 
boxes have a reduction ratio of 1-97 to 1, and are 
arranged so that, although the engines are of the same 
handing, the propellers turn in opposite directions. 
The gear cases are fabricated from mild-steel plate and 
are supported from the main engine bearers. The 
gearboxes, as previously indicated, are also designed 
to drive the fire pumps, the drive thereto beirig trans- 
mitted through Hardy-Spicer shafts fitted with splined 
couplings and supported by self-aligning roller bearings, 
which, in turn, are mounted on the main structure of 
the vessel. An Anderton friction clutch is fitted 
adjacent to each main gearbox so that the drive to the 
pumps can be disconnected when they are not required. 
These clutches and the two main gearboxes can be 
seen in Fig. 8, on page 356, which shows the forward 
part of the engine room. 

The four main engines are cooled by seawater, each 
being provided with its own inlet. After passing 
through the engine, the circulating water enters the 
exhaust-pipe jackets and eventually is injected into 
the exhaust pipes. The fuel is carried in two tanks, 
each of 154 gallons capacity, which are installed in 
the forward part of the engine room to port and star- 

» Tespectively. The tanks are connected by a 
levelling prpe and each is fitted with flush-deck filli 
and sounding connections and avert pipe: The port 
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tanks, the fuel i a twin filters before 
reaching the engine fuel-lift pumps. The lubricating-oil 


systems for the main engines and the main gearboxes 
are self-contained, and two reserve lubricating-oil tanks 
each of 12 gallons capacity are installed for replenishing 
the various services. 

The drive from the engines is transmitted through 
hollow propeller shafts to the Rotol wariable-pitch and 
reversible propellers, each of which has a diameter of 
2ft.5in. The change-pitch mechanism ‘is hydraulically 
operated, oil under pressure being fed through pipes in 
the hollow shafting to a double-acting ram situated in 
each propeller boss and connected through suitable 
linkages to the blade roots. The blade angle ranges 
from 20 deg. astern to 90 deg. ahead, and the controls 
are arranged so that the selected blade angle is main- 
tained irrespective of the craft’s operating conditions. 
All components in contact, with the water are of non- 
ferrous materials and sealing of the propeller boss is 
effected by synthetic-rubber seals. To ensure that 
water is excluded from the pitch-control mechanism, 
the oil inside the boss is kept at a pressure slightly 
above that of the surrounding water. 

The vessel is steered by twin rudders arranged in 
line with the shafts. Each rudder stock is fitted with 
a forged-steel tiller, the tillers being inter-connected 
by a mild-steel bar provided with screwed fork ends. 
A similar bar connects the port tiller to a Marles steer- 
ing gear; this is controlled from the bridge by an 
aluminium-alloy car-type steering wheel, 18 in. 
diameter, which is arranged to operate the shafting 
through bevel wheels and chain sprockets. 

The electrical services are supplied by four 6-volt 
accumulators connected in series to give 24 volts with 
a capacity of 230 ampere hours. The accumulators 
are situated in the after peak in two lead-lined boxes, 
one to port and the other to starboard. Each of the 
four main engines is fitted with a C.A.V. dynamo hav- 
ing a maximum output of 12 amperes at an engine 
speed of 1,080 r.p.m., the cutting-in speed being 750 
r.p.m. The dynamos are arranged in parallel so that 
when all four engines are a total ouput of 
48 amperes is available for charging the batteries. A 
combined regulator and cut-out is provided for each 
dynamo; these are contained in a cast aluminium- 
alloy box situated in the pump room. The complete 
electrical system is provided with insulated returns 
and single-pole fuses with the exception of the dynamos 
which are fitted with double-pole fuses. An auxiliary 
generating set is installed at the forward end of the 
engine room for supplying the electrical load when 
the main engines are shut down. The set is similar 
to that installed on the 60-ft. firefloat and com- 
prises a 5-7 h.p. Coventry Victor Diesel engine arranged 
to drive a dynamo having an output of 1,260 watts 
at 24 volts. This engine is also to drive 
a centrifugal-type bilge pump through a separate 
dog clutch, the pump having a capacity of 1,500 gallons 
an hour. As on the 60-ft. vessel, the auxiliary engine 
is provided with its own 5-gallon fuel tank, which is 
filled from the main fuel tanks by a semi-rotary hand 
pump. The auxiliary dynamo is fitted with a separate 
carbon pile regulator and cut-out ; these are situated 
in the same box as those for the main dynamos. The 
four main engines and the auxiliary engine are all 
arranged for electric starting, the starter-motor switch 
in each case being controlled remotely by a solenoid. 

As previously mentioned, the fire-fighting equip- 
ment is, in general, similar to that installed on the 
60-ft. launch. Two Drysdale-5 fire pumps are fitted 
in the after end of the engine room, one being driven 
from the port gearbox and the other from the star- 
board gearbox through the Hardy-Spicer shafts and 
Anderton clutches already referred to. The propeller 
and pump driving shafts are, of course, inter-connected 
when the pump clutches are engaged so that the power 
available for one service at any instant is dependent 
on that being absorbed by the other. When full power 
is being absorbed by the propellers, for example, the 
pumps cannot be used, but when the full output of the 
pumps is employed 180 h.p. is still available for 
propulsion. Any condition of relative power output 
between these extremes can be achieved either by 
reducing the number of appliances in use or limiting 
the propulsion power by reducing the pitch of the 
propellers. 

Each fire pump is capable of delivering a maximum 
of 500 gallons of water a minute against a head of 
300 ft. when running at a 7 of 1,800 r.p.m. As in 
the case of the 60-ft. vessel, the two pumps discharge 
into a common fire main which extends nearly the 
full length of the vessel and is connected to the 
monitors, pourers and breeching connections. There 
are four monitors, all being of the dual-purpose type ; 
two are each capable of delivering 350 gallons of water 
or 1,800 gallons of foam per minute at a pressure of 

130 Ib. per square ‘inch and each of the remaining 
two monitors can deliver either 150 gallons of water 
or 900 gallons of foam a minute against the same 
pressure. ‘Two foam pourers are installed, one port 





and starboard engines draw fuel from ‘their respective 





and one starboard, just forward of amidship, and are 
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used to form a blanket of foam on the surface of the 
water. Two reaction jets are fitted forward, one to 
ort and the other to starboard. These are supplied 
rom the fire main and are intended to give an equal 
and opposite thrust to that of the. monitors to enable 
the craft to maintain station when fighting a fire. 
They are opsrated from the bridge by remote controls 
of the bevel-box and torque-rod type. The fire pumps 
can be used for salvage work as on the 60-ft. vessel, 
two separate salvage connections being provided for 
this purpose. These are situated port and starboard 
at the forward end of the engine-room casing and are 
designed so that suction hoses can be connected to 
them for pumping out aircraft hulls. 

The performance of the fire pumps is indicated by 
pressure and vacuum gauges i ed on the bridge 
at the fireman’s position, the gauges being duplicated 
at the engine-control position. Orders in respect of the 
operation of the fire pumps and foam equipments are 
transmitted from the bridge to the engine room by 
Chadburn-type telegraphs. The engineer’s control 
position is arranged centrally in the engine room just 
abaft the main gearboxes. The main instrument 
is also installed at this position and contains the 
gauges used in connection with the main engines and 
the fire pumps. The throttle controls for the main 
engines can be ted from both the engine room 
and the bridge but the pitch of the propellers is con- 
trolled from the bridge only. A comprehensive range 
of crash and rescue equipment is installed on the 
vessel, including axes, portable fire extinguishers, rescue 
nets, life-buoys, lifejackets and a quantity of small 
tools such as hacksaws, chisels, etc. Other equipment 
a includes a searchlight, a floodlight and a 

oud hailer. 





BRITISH STANDARD 
SPECIFICATION. 
The i lication of engineering interest 
Copies are obtainable from the Sales 
the Institution, 24, Victoria-street, 
at the price quoted at the end of the paragraph. 
Ryne | en Engines.—A re- 
vision of B. 0. , covering reci ing, internal- 
combustion engines for marine pee agin and 
for stationary and industrial purposes, but excluding 
the carburettor type, has now been issued. The 


ity has been taken to re-write the ifica- 
have 


it of 
8.W.1, 


hes ats. 





tion, Ta ee the amendments whic 
been made from time to time since 1935, the date of 
original publication. In the new edition the word 
“ reci ting ” has been added to the title to make 


Freciproca 
it clear that the ne is not applicable to gas 
turbines. Comprehensive statements on the de-rating 
of Diesel engines under various conditions of operation 
have been included and these statements are made 
explicit by worked-out examples. In addition, atten- 
tion is drawn to the a: ix which contains details 
of the information which should form an essential part 
<7 inquiry for —— ae ee so as to ensure that 
supplier is adequately advised concering the dut: 
to be performed. [Price 2s., postage included. ] " 





CONTRACTS. 

Messrs. THE BRITISH THOMSON-HOUSTON COMPANY, 
LimiTeD, Rugby, have supplied the electrical traction 
equipment for 50 trolley omnibuses, the first of which 
are going into service in a few weeks in Perth, Australia. 
The firm has also supplied traction equipment for 30 
trolley omnibuses for Adelaide and 30 for Brisbane. 
A second repeat order for trolley-omnibus traction equip- 
ments has been received from Finland, bringing up the 
number of equipments, supplied or on order for that 
country, to 35. The chassis and bodies are constructed 
in Finland, 


The contract for the building work of the new television 
station of the British Broadcasting Corporation, at 
Holme Moss, near Huddersfield, has been awarded to 
Messrs. JOHN LAaING AND SON, Limited, London, 
N.W.7. The 35-kW vision transmitver, the 12-kW 
sound transmitter, the aerial and the aerial feeder system 
are being manufactured by Messrs. MARCONI’S WIRELESS 
TELEGRAPH CoMPANY, LIMITED. A 750-ft. mast, similer 
to that at Sutton Coldfield, will be supplied and erected 
by Messrs. BRITISH INSULATED CALLENDER’S CON- 
STRUCTION COMPANY, LIMITED. As recently announced 
by the. Postmaster-General in Parliament, it is hoped 
that this station will be completed by the middle of 1951. 





_SUSPENSION..OF LEAD ALLOCATIONS. SysTEM.—The 
Ministry of Supply announce that, as larger supplies of 
lead are now available, the allocation system will be 
suspended to-day (Friday). Further particulars are 
being notified to consumers by the Director of Non- 
Ferrous Metals, to whom inquiries should be addressed 
at 20, Albert-street, Rugby. 


BOOKS RECEIVED. 


Ministry of Works. National Building Studies. Special 
Report No. 8. An Inquiry into Domestic Hot Water 
Supply in Great Britain. Part I. Distribution of Water 
Heating Appliances and Their Use in Winter. [Price 
1s. net.) No.9. An Inquiry into Communal Laundry 
Facilities. By Janet C. Wuson. [Price 1s. net.) 
No. 10. New Methods of House Construction. Second 
Report. [Price 9d. net.] H.M. Stationery Office, 
Kingsway, London, W.C.2. 

Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on 9th December, 1949, 
at Victoria Station in the Southern Region British 
Railways. [Price 3d. net.] Report on the Fire which 
Occurred in an Express Passenger Train on 23rd June, 
1949, at Penmanshiel Tunnel in the Scottish Region 
British Railways. [Price 9d. net.] Report on the 
Accident which Occurred on 30th September, 1949, at 
Mangotsfield in the London Midland Region British 
Railways. [Price 4d. net.) H.M. Stationery Office, 
Kingsway, London, W.C.2. 

Science Museum. Outline Guide to the Exhibits. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
6d. net.) 

Liverpool Observatory and Tidal Institute. Annual 
Report, 1949. The Director, Liverpool Observatory 
and Tidal Institute, Liverpool. 

The Engineers. A Record of the Work Done by Shell 
Engineers in the Second World War. By HaroLp 
Nockotps. The Shell Petroleum Company, Limited, 
St. Helen’s-court, Great St. Helen’s, London, E.C.3. 
[{Gratis.] 

The Physical Society. Report of the 1948 Summer Sym- 
posium of the Acoustics Group. Noise and Sound 
Transmission. Offices of the Society, 1, Lowther- 
gardens, Prince Consort-road, London, 8.W.7. [Price 
1ls., post free to Fellows and Members of the Acoustics 
Group: 18s. post free to non-members.] 

Applied Thermodynamics Problems for Engineers. By 
W. J. Peck and A. J. RicHMOND. Edward Arnold and 
Company, 41, Maddox-street, London, W.1. [Price 
21s. net.) , 

The Industrial Safety Manual and Directory, 1950. 
Edited by J. VERNON BosLy. Practical Press, Limited, 
1, Dorset Buildings, Salisbury-square, London, E.C.4. 
[Price 25s. net.] 

National Certificate Workshop Technology. By T. Nut- 
TALL. The English Universities Press, Limited, 
St. Paul’s House, Warwick-square, London, E.C.4. 
[Price 8s. 6d. net.] 

Alexander Gibb. The Story of an Engineer. By GODFREY 
Harrison. Geoffrey Bles, 52, Doughty-street, Lon- 
don, W.C.1. [Price 15s. net.] 

Through Five Generations. The History of the Butterley 
Company. By R. H. MorrraM and COLIN CoorTE. 
Faber and Faber, Limited, 24, Russell-square, London, 
W.C.1. [Price 12s. 6d. net.] 

The History of Engineering in Ipswich. By the Ipswich 
Engineering Society on the Occasion of their Jubilee, 
1899-1949. W. S. Cowell Limited, Butter Market, 
Ipswich. [Price 10s. 6d.] 

Oil Burners. By KALMAN STEINER. Second edition. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 
6-50 dolls.) McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 55s. 6d.] 

Machine Tools for Engineers. By PROFESSOR CHARLES R. 
Hine. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
3-50 dols.] McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
30s.) 

Einfliisse auf Beton und Stahlbeton. By PROFESSOR 
ADOLF KLEINLOGEL. Fifth revised and enlarged edition, 
in co-operation with Proressorn Kurt Waltz and Dr. 
HvuGO VIERHELLER. Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 9 D.M.] Lamge, Maxwell and Springer, Limited, 
41-45, Neal-street, London, W.C.2. [Price 16s8.] 

United States National Bureau of Standards. Circular No. 

The Geiger-Miiller Counter. By LEON F. 
Curtiss. The Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 
U.S.A. [Price 20 cents.] 

University of Ilinois. Engineering Experiment Station. 
Reprint Series No. 45. Highway Bridge Floors. By 
FRANK E. RICHART, NATHAN M. NEWMARK, and 
CHESTER P. Stess. A Report of Investigations 
Conducted in Co-operation with the Bureau of Public 
Roads, U.S. Department of Commerce, and the Division 
of Highways, State of Illinois. The Director, The 
Engineering Experiment Station, University of Illinois, 

_ Urbana, Illinois, U.S.A. [Price 30 cents.]} 

Descriptive Catalogue of the Collection of Firearms in the 
Museum of Applied Science of Victoria. By EDGAR 
Howarp PENROSE. The Trustees of the National 
Museums of Victoria, Melbourne, Australia. Henry 
Sotheran, Limited, 2-5, Sackville-street, Piccadilly, 





Londou, W.1. {Priee 15s.] 





PERSONAL. 


Mr. R. A. RIDDLEs, C.B.E., has been elected Pre 
of the Institution of Locomotive Engineers, 28, Vici 
street, London, S.W.1, for the session 1950-51. 

Mr. C. E. H. Verity, 0.B.E., M.1.C.E., M.I.Mech.8., 
M.I.E.E., who, prior to vesting day, was chief dey>lop- 
ment and testing engineer (mechanical engineeri:<) of 
the London Power Company, has been appointed «: puty 
chief engineer (generating station construction), Pritish 
Electricity Authority. Since April, 1948, he has been 
largely concerned with the Authority’s programme of 
construction of power stations throughout the country. 

The Rt. HON. THE EARL OF SELBORNE, C.H.. |’.C, 
has been elected President of the National Coun: j| of 
Building Material Producers, Clutha House, 10 Princes- 
street, London, S8.W.1, in succession to Mr. H. |. Cc, 
JOHNSTON, 


Mr. A. L. FreEtpine, M.1.C.E., M.I.E.E., A.M.I, 
Mech.E., advisory and inspecting engineer for the New 
South Wales Government, has been appointed also 
official representative, in London, for the Snowy Moun- 
tains Hydro-Electric Authority of the Australian Com- 
monwealth Government, c/o New South Wales Govern- 
ment Offices, 56-57, Strand, London, W.C.2. 


Proressor E. K. RIpEAL, F.R.S., who resigned, as 
from December 31, 1949, from his appointments as 
Director of the Davy-Faraday Research Laboratory and 
Fullerian Professor of Chemistry at the Royal Institu- 
tion, has been appointed to the Chair of Chemistry of the 
University of London, tenable at King’s College. Pro- 
fessor Rideal’s new appointment dates from August 1, 
1950. 

Mr. E. S. Wappinerton, F.S.E., M.Inst.W., Assoc. 
LE.E., has been appointed British representative of 
the International Institute of Welding for Commission 
No. 8—Hygiene and Safety. 

BRIGADIER A. W. GRIFFIN, director of Messrs. Jack 
Olding and Company, Limited, and Mr. W. A. BUELL, 
export.manager of the Barber-Greene Company, Aurora, 
Illinois, U.S.A., have been appointed to the board of 
Messrs. Barber-Greene Olding and Company, Limited, 
Hatfield, Hertfordshire. Other changes in the com- 
pany’s reorganisation include the appointment of Mr. 
E. L. HaRBER as managing director and Mr. F. G. 
FLOCKHART as production engineer. 

Mr. H. W. BaKER, who has been engineer-in-charge 
of the London Television Station, at Alexandra Palace, 
since 1946, has been appointed assistant superintendent 
engineer, television, British Broadcasting Corporation, 
London, W.1. 


Mr. FRANK Parr, who now fills an executive position 
with the British Iron and Steel Federation, is joining 
Messrs. Whitehead Iron and Steel Company, Limited, 
and their associated companies as a special director. 

com 


Mr. C. C. Massey, assistant m : 
division (sheet sales) for Messrs. Richard Thomas and 
Baldwins Limited, has been appointed sales manager, 
sheet department, of the Steel Company of Wales, 
Limited, and will commence his duties on May 1. Mr. 
A. J. JENKINS will continue his duties as sales manager 
of heavy steel and other products. Mr. J. POWELL, 
A.M.1.Mech.E., has been appointed engineer-in-charge 
of the Abbey Works of the Steel Company of Wales, 
Limited, with effect from March 1. 

Mr. C. H. Brazier, staff officer (operating staff), 
Railway Executive Headquarters, London, has been 
appointed Regional staff officer, Scottish Region, British 
Railways. 

The boards of Messrs. POWELL DUFFRYN LIMITED, 
40, Lime-street, London, E.C.3, and of Socony-VacuuM 
Or Company, INCORPORATED, New York, announce that 
they have signed heads of agreement for the incorpora- 
tion of the oil storage, blending and packing business 
carried on at Coryton, in the Thames Estuary, by 
Messrs. Cory BROTHERS AND COMPANY LIMITED (a 
wholly-owned subsidiary company of Messrs. Powell 
Duffryn Limited) into the business carried on in the 
United Kingdom by the Vacuum OI COMPANY LIMITED, 
of London (a wholly-owned subsidiary company of 
Socony-Vacuum Oil Company, Incorporated). 

The telephone number of the NorRTH OF SCOTLAND 
HyprRo-ELECTRIC BOARD, 16, Rothesay-terrace, Edin- 
burgh, 3, is now Edinburgh CENtral 1361. 

As from April 1, all sales and service for UNIONMELT 
automatic arc-welding equipment in the United Kingdom 
will be handled by the QuasI-ARc COMPANY, LIMITED, 
and inquiries should be addressed to the company at 
Bilston, Staffordshire. (Telephone: Bilston 41905.) 

Messrs. ACHESON COLLOIDe LIMITED, have removed 
their offices from 10, Gayfere-street to 18-19, Pall Mall, 
London, S.W.1. (Telephone: WHItehall 2034-7; 
telegrams : Oildag, Piccy, London.) 

Messrs. British INSULATED CALLENDER’S CABLES, 
Litrep, inform us that the telephone number of their 
Edinburgh branch, quoted on page 324, ante, was incor- 
rectly sent out. The number should read Central 6786/7. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Apart from a strike of maintenance 
engineers at Colvilles’ Works, very satisfactory conditions 
have prevailed in the industry recently and some excellent 
individual performances have been attained. In the 
week before last a new record was created in the No. 4 
melting shop at Dalzell Works, Motherwell, when an 
output of 5,722 ingot tons was achieved from five open- 
hearth furnaces. This was 60 tons above the previous 
pest figure established in the final week of January this 
year. A second record was made by the Lanarkshire 
steel Company, which is also within the Colville group. 
Producticn at these works aggregated 4,938 tons over 
17 shifts, an increase of 237 tons on the previous best per- 
formance made in February last year. The finished output 
from the 36 in. and 27 in. rolling mills totalled 3,459 tons. 
A strong demand continues for ship and boiler plates 
from both home and overseas sources. The home 
position in plates has been further strengthened by the 
announcement of an additional Australian wagon order 
to be carried out by Pressed Steel Company, at Linwood 
Works, Paisley. The consumption of bars will also 
penefit. Large sections, however, remain a quiet trade, 
and the re-rollers are becoming increasingly anxious 
at the inadequacy of orders, some shifts already having 
been lost. An insatiable demand exists for light sheets. 
Considerably more than is licensed could be sold abroad. 


Scottish Coal.—Although the worst is by no means 
over, consumers are slowly emerging from the anxieties 
created by the shortage of supplies in recent weeks. 
Strike losses depressed the divisional outputs, offsetting 
a slight improvement in productivity in some areas. 
Lanarkshire has been the most severely hit by stoppages, 
but the improvement in individual performances else- 
where has not removed the stringency. In Ayrshire, for 
example, despite larger tonnages, distributors are having 
to pare down deliveries to accord with stocks, while Fife 
and the Lothians have had similar problems. So far as 
industrial fuel is concerned, all areas have just been 
scraping through. But for the more favourable tempera- 
tures prevailing recently, complaints of inadequacy from 
domestic consumers would have been more numerous. 
As it is, delivery has not been possible on the full basis 
on account of strikes, but withdrawals from depot and 
private stocks helped to maintain a sufficiency of coal 
to householders. The intense pressure from inland 
consumers for supplies has slowed down exports. 








NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—A new threat of overseas 
competition in export markets for Welsh and English 
coals has come during the past week from South Africa. 
It was reported that the Danish Railways had made 
arrangements for a trial cargo of South African coal at a 
price quoted as 88s. per ton, including delivery. This 
was about 12s. per ton below the price at which Welsh 
coals could be supplied, and nearly 7s. per ton cheaper 
than North-East coals. Shippers have for some time 
past been advocating a reduction in the price of Welsh 
coals, in order to put the trade in a better position to 
meet the growing competition from Germany and 
Poland. Trade with Portugal has been restricted for 
several months owing to the dissatisfaction of Portuguese 
merchants with current prices. Negotiations between the 
parties concerned have been carried on for some time, 
but no solution to the difficulty has so far been found. 
In spite of the foregoing, however, Welsh exporters have 
encountered greater demands from abroad during the 
past week than they could cope with, on account of the 
present acute scarcity of supplies. Production was well 
maintained, but outputs were mainly reserved for home 
consumers, and shippers found it difficult to maintain a 
steady flow of coals to meet starding contracts. Order 
books were well filled for some time to come, and the 
uncertain effect upon production of the coming Easter 
holiday made it very difficult to complete new contracts 
providing for early deliveries. The small amount of 
foreign trade transacted was mainly to France and the 
Argentine, with only occasional cargoes being dispatched 
to Italy, Spain and Portugal. The home trade remained 
active, and substantial quantities were earmarked for 
forward delivery for the railways, public-utility under- 
takings, and the iron and steel industry. General indus- 
trial and domestic demands showed little sign of easing. 


Swansea Steel-Sheet Industry—The market report 
issued by the Ircorporated Swansea Exchange states 
that, last week, the tin-plate market was very active and 
sales to both home and overseas buyers were on a large 
scale. It was expected that orders on producers’ books 
for milling would keep the industry fully employed for 
some weeks to come, The demand for steel sheets was 
insistent and new business, as bas been the case for some 
time, was difficult to negotiate. The demand for iron 
and steel scrap showed no sign of relaxing, and most 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—A general complaint is that, in many 
cases, production costs have greatly increased without 
any compensation in selling prices, and that where selling 
prices have been advanced it has been long after higher 
costs have had to be borne. To meet rising costs of 
production, one steel firm has reduced the salaries of its 
eight directors, and the reductions are to operate so long 
as present difficulties in production costs prevail. It is 
hoped that the directors’ action will have some influence 
upon those employees of the firm who have been asked 
to accept cuts in bonus payments as a measure of 
economy. Hitherto, the employees have not agreed to 
the proposal. The directors of Edgar Allen and Company, 
Limited, Imperial Steelworks, Sheffield, have decided 
that manual workers who have completed 30 years of 
service with the firm and who have reached 55 years of 
age by September 15, are to be entitled to a second week’s 
summer holiday with pay. Mr. S.C. Goodwin, chairman 
of the Neepsend Steel and Tool Corporation, Limited, has 
returned from a business tour of South Africa. He 
considers that the prospects for certain of Sheffield’s 
products are most favourable in South Africa, especially 
small tools, cutlery, silverware and other specialities. 
Furthermore, stainless steel, in the form of bar, sheet 
and strip, is in good demand in South Africa. Sheffield 
stee] firms are busily employed, but some have lighter 
reserves of orders on their books after the boom demand 
and production of the post-war years. More skilled 
labour is needed in some departments. 

South Yorkshire Coal Trade.—Coal production con- 
tinues to be disappointing while the demand is strong 
allround. Sickness absenteeism in recent weeks has been 
greater owing to the prevalence of influenza. To meet 
export requirements and make adequate deliveries to 
industry and public-utility organisations, there have 
been inroads upon supplies which normally would have 
gone to the house-coal market, and special steps have 
had to be taken to relieve acute shortage in this market. 
The railways are trying to build up reserves for the 
Easter holiday-train traffic. Hard coke is in adequate 
supply, and gas coke is still fairly plentiful. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Most iron- and steel-producing 
plants are as fully occupied as conditions permit, but 
even with outputs of many commodities at a high level, 
the distributable total tonnage continues to be well 
below that required to meet the present needs of cus- 
tomers. Makers are able. however, to handle delivery 
claims much better than previously, and, in some cases, 
the supplies of particular commodities reaching consuming 
plants are proving sufficient. Buyers’ prospective re- 
quirements are still heavy and demands for greatly 
increased tonnage allocations are expected. Satisfactory 
features of the present situation include adequate supplies 
of various descriptions of raw material, the rising trend 
of steel exporte, and increasing activity at steel-using 
plants. Merchants are managing to provide large quan- 
tities of scrap meta] to iron foundries and steelworks. 

Foundry and Basic Iron.—Ordinary foundry pig iron 
continues in steady request and consumers would readily 
accept larger parcels than they are receiving. Supplies 
obtainable elsewhere, except from the Midland area, are 
small, and regular deliveries from that distant source 
are urgently needed. Outputs of the basic blast-furnaces 
are promptly absorbed at adjoining steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are providing regular customers 
with somewhat larger parcels than has recently been the 
case, but the call for larger supplies has not ceased. 
Distributable tonnages of low- and medium-phosphorvus 
grades of iron meet consumers’ requirements fairly 
well. Refined-iron manufacturers have good bookings. 

Manufactured Iron and Steel._—Makers of semi-finished 
and finished iron are busy on fairly good contracts, but 
are in a position to guarantee reasonable delivery dates 
to purchasers of many commodities. Inquiries, however, 
are rather numerous and the transaction of considerable 
new business seems not unlikely. Recent deliveries of 
nearly all steel products have been large, but, in several 
instances, the supply has not yet overcome the demand. 
Certain types of semi-finished steel are in only moderate 
request, buyers having covered their requirements as 
extensively as they consider necessary. Small billets, 
sheet bars and slabs, however, are still in brisk demand. 
Branches of the finished-steel industry are providing 
large quantities of material for home purposes, in addi- 
tion to increased shipments overseas. Shipbuilders, in 
particular, are no longer embarrassed by restricted steel 
allocations. Steel plates are urgently wanted in various 
trades, and outputs of heavy sections and rails are 
eagerly taken up. There is also a persistent call for large 





stcelmakers were pressing for increased deliveries. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








SOCIETY OF ENGINEERS.—Monday, April 3, 5.30 p.m., 
Burlington House, Piccadilly, W.1. ‘“‘ Some Aspects of 
Gas Supply,” by Mr. E. C. Le Jeune. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, April 3, 6 p.m., James Watt 
Memorial Institute, Birmingham. “ Standardisation in 
the Electrical Industry,” by Mr. J. T. Moore. Measure- 
ments Section: Tuesday, April 4, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘“‘ Dielectric Admittances in 
Transformers,” by Dr. A.H.M. Arnold. North-Western 
Centre: Tuesday, April 4, 6.15 p.m., Engineers’ Club, 
Manchester. (i) “‘The M.K.S. or Giorgi System of 
Units : the Case for Its Adoption,” by Mr. L. H. A. Carr. 
(ii) “‘ Rationalised M.K.S. Units in Electrical Engineering 
Education,” by Dr. E. Bradshaw. Southern Centre: 
Wednesday, April 5, 6.30 p.m., 111, High-street, Ports- 
mouth. ‘“ Fault-Throwing Tests on the 132-kV Grid 
System Under Normal Working Conditions,” by Mr. W. 
Casson and Mr. F.H.Birch. Radio Section: Wednesday, 
April 12, 5.30 p.m., Victoria-embankment, W.C.2. 
(i) “‘ A Review of Some Television Pick-Up Tubes,” by 
Dr. J. D. McGee. (ii) “The Design of a Television 
Camera Channel for Use with the C.P.S. Emitron,” by 
Dr. E. L. C. White and Mr. M. G. Harker. Scottish 
Centre: Wednesday, April 12, 7 p.m., Heriot-Watt 
College, Edinburgh. Discussion on ‘“‘ Pulse Methods of 
Fault Location on Overhead Lines,” opened by Mr. D. W. 
Berry. Utilization Section: Thursday, April 13, 5.30 
p.m., Victoria-embankment, W.C.2. Discussion on 
“ British Standards Institution Specifications for Elec- 
trical Accessories,”’ opened by Mr. J. F. Stanley. 

Royal SoOciETY OF ARTS.—Monday, April 3, 6 p.m., 
John Adam-street, W.C.2. ‘“‘ The Manufacture, Proper- 
ties and Applications of Aluminium and Its Alloys,” 
by Dr. C. J. Smithells. Wednesday, April 5, 2.30 p.m., 
“The Ventilation of Ships’ Holds,” by Mr. S. J. Duly. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffeld 
Branch: Monday, April 3, 7.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘“‘ Experiences with Ethyl 
Silicate in the Foundry,” by Mr. D. F. B. Tedds. Lincoln- 
shire Branch: Thursday, April 13, 7.15 p.m., Technical 
College, Lincoln. Short Paper Competition. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—<Scottish 
Centre: Monday, April 3, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘‘ Minimising the Danger of Fire in 
Transport,” by Mr. J. Atack. 

INSTITUTION OF CIVIL ENGINEERS.—Works Division : 
Tuesday, April 4, 5.30 p.m., Great George-street, S.W.1. 
“* New Steelworks, Port Talbot : Construction of Werks,” 
by Mr. Donald Lumbard and Mr. A. A. Wright. 


INSTITUTION OF MECHANICAL ENGINEERS.—AUTO- 
MOBILE DIVISION: Tuesday, April 4, 5.30 p.m., Storey’s- 
gate, St. James’s Park, S.W.1. ‘“‘ Petrol Injection,” by 
Mr. R. Barrington and Mr. E. W. Downing. Coveniry 
Centre: Tuesday, April 4, 7 p.m., Geisha Café, Hertford- 
street, Coventry. Discussion on “‘ What is Implied by 
Specification Plating,” opened by Mr. B. B. Winter. 
Institution: Friday, April 14, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Meeting in association with 
Hydraulics Group. “ Recent Development of ‘ the 
Mechanism of the Hydraulic Variable-Pitch Aircraft 
Propeller,” by Mr. H. L. Milner. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, April 4, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. Annvral Meeting. ‘“‘ The ‘ Fairfree ’ : 
Fishing Vessel and Floating Factory,” by Mr. W. 
Lochridge. 

INSTITUTION OF WORKS MANAGERS.—Tuesday, April 4, 
6.45 p.m., Royal Society of Arts, John Adam-street, 


W.C.2. “‘ Profit Sharing,” by Sir Charles J. Bartlett. 
INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, April 4, 7.30 p.m., Grand Hotel, 


Cardiff. Annual Meeting. Dundee Branch: Tuesday, 
April 11, 7.30 p.m., Mather’s Hotel, Dundee. Annual 
Meeting. . 


JUNIOR INSTITUTION OF ENGINEERS.— Midland Section : 
Wednesday, April 5, 7 p.m., James Watt Memorial 
Institute, Birmingham. ‘‘ Modern Developments in 
Gravity and Pressure Die Casting, Mainly in Light 
Alloys,” by Mr. H. E. Robinson. 


INSTITUTION OF PRODUCTION ENGINEERS.— Nottingham 
Section: Wednesday, April 5, 7 p.m., Victoria Station 
Hotel, Nottingham. “Costing for Small Engineering 
Firms,” by Mr. J. H. Smith, Wolverhampton Section : 
Wednesday, April 5, 7 p.m., Gas Board Offices, Clarenee- 
street, Wolverhampton. ‘‘ Industrial Finishes,” by Mr. 
A. W. Wallibank. 

BRITISH INSTITUTION OF RADIO ENGINEERS,— Scottish 
Section: Thursday, April 6, 6.45 p.m., 39, Elmbank- 
crescent, Glasgow. ‘“‘ Electrical Measurements,” by 
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first naval architect to bear the title of Director of 
Naval] Construction and a founder of the Institution 
of Naval Architects, had considerable literary gifts. 
His son, the late Mr. Sidney W. Barnaby, was the 
author of a classic work on screw propellers which is 
as notable for its clarity of expression as for its 


343 | technical qualities : so that it is not altogether sur- 


prising that his grandson should have displayed, in 
this Parsons Lecture, an aptitude for le mot juste 
which was obviously appreciated by those who 
heard it. 

When the Lecture is considered as a: whole, 
however, it presents other facets which are at least 
equally noticeable ; especially in its presentation 
of the changes that have come about within the 
working life of one man. The author joined the 
Institution in 1911, so that the developments which 
he outlined have all been accomplished within the 
period of his own association with the science and 
practice of naval architecture. It may be remarked, 
without implying any detriment to the work of 
naval architects as such, that the most significant 
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THE PARSONS MEMORIAL 
LECTURE. 


WHEN the series of Parsons Memorial Lectures 
was initiated, we inclined to doubt whether it would 
be practicable to maintain indefinitely the high 
level of quality that its primary purpose—that of 
commemorating Sir Charles Parsons—really re- 
quired. There are, after all, so many such memorial 
discourses ; the James Forrest Lectures of the 
Institution of Civil Engineers, the Hawksley and 
Thomas Lowe Gray Lectures of the Institution of 
Mechanical Engineers, and the Andrew Laing 
Lectures of the North East Coast Institution of 
Engineers and Shipbuilders are cases in point. It 
must be admitted, however, that the difficulty of 
maintaining a sufficiently high standard has been 
met and surmounted, so far, with remarkable 
success ; and the 14th Parsons Memorial Lecture, 
presented by Mr. K. C. Barnaby at the opening 
session of the 1950 Spring Meetings of theInstitution 
of Naval Architects, is certainly a fully adequate 
addition to the series which preceded it. Admit- 
tedly, it broke no new ground—a lecture which 
summarised 40 years of contributions to the T'rans- 
actions of the Institution of Naval Architects could 
hardly be expected to do this as well as synthesising 
so many records of original work; but it is not 
everyone who has the gift or the acquired ability 
to compress into a few thousand words the carefully 
considered opinions of several scores of authors, 
each of whom has some claim to rank as an expert, 
and those who believe in the force of heredity have 
been ‘provided with some powerful arguments in 
support of that thesis. Sir Nathaniel Barnaby, the 








to the improvement of ship forms, it may be ques- 
tioned whether a compensating advantage would 
have accrued but for the advances that have been 
made concurrently in improving the efficiency and 
raising the maximum power output of marine pro- 
pelling machinery; and the most significant of 


363 | these advances are attributable directly to the 


genius of one man, Sir Charles Parsons. 

There can be no better example, however, of the 
essential unity of scientific advancement than that 
presented by the instance of the ship and its machi- 
nery. The increase in power that the steam turbine 
made possible could not have been achieved without 
the aid of the metallurgist, the boiler designer, the 
mining engineer (if the experts in oil technology 
will allow themselves to be included in that cate- 
gory), and, in later years, the physicist and the 
mathematician. Without improved forms of water- 
tube boiler, half of the potential benefits of the 
turbine would have been unattainable. Without 
the timely introduction of the Michell thrust 
bearing, the power developed could not have been 
transmitted to the propeller. Without the develop- 
ment of oil firing, the greater boiler outputs could 
not have been sustained ; and without the inter- 
vention of the physicist and the mathematician, 
propellers could not have been made that would 
use effectively the increased powers delivered to 
them. There could be no better justification of the 
wide scope of the research programme planned by 
the British Shipbuilding Research Association than 
this mutual interaction of needs and accomplish- 
ments. 

Looking back, as the succession of Parsons Lec- 
tures have induced their hearers to do as a pre- 
liminary to looking again forward, it is easy to see 
how the various contributions fit into the pattern 
of development ; but it is still far from easy to 
extrapolate from these data with sufficient assurance 
to enable any reasonable prediction to be made of 
future trends. More than ever before, economics 
and politics interpose to affect the sequence of 
events, and technical development tends to become 
more and more subservient to the influence of factors 
which owe little or nothing to the force of logic 
or even common sense. Mr. Barnaby quoted Com- 
mander Bowles as saying that ‘‘the present mania 
for battle-useless extreme speed and excessive fuel 
mileages -has put the British Navy in pawn to 
people like the Shah of Persia and the politicians of 
Mexico.” The hyperbole need not be taken too 
literaily ; but it is an undoubted fact that, in this 
present day, purely technical considerations must 
often be subordinated to claims and difficulties 
which, in fact, are largely artificial and often avoid- 
able, given the will to avoid them. It is one of the 
most lamentable features of this time, moreover— 
as was indicated by Lord Cunningham in his speech 
at the annual dinner of the Institution, on Wednes- 
day evening—that the advantages which should 
rightly result from technical developments may be 
and often are entirely negatived by influences 
which are in no way technical, and over which tech- 





nicians and scientists alike have no control whatever. 
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For several years, the annual reports of the 
Chamber of Shipping have complained about the 
time that ships now spend in port. Not so very 
long ago, it was reckoned that the average cargo 
vessel spent about 200 days at sea in a year. When 
Canadian Pacific Steamships put into service their 
Duchess and Beaver classes of passenger and cargo 
steamers, respectively, they envisaged a great 
reduction in the time that these vessels would have 
to spend in port; it was a matter of complaint 
indeed, among the younger officers that they had 
not enough time to explore the possible entertain- 
ment values of the ports to which they traded. 
Those ships represented technical advances which, 
in effect, enabled five vessels to do the work that 
previously would have required six; but five such 
ships to-day would probably do no more than 
could have been done by four, a quarter of a century 
ago, and this retrograde movement has been due 
to influences which are almost entirely artificial. 
The late Mr. A. T. Wall pointed out that the benefits 
of increased size of ships were of no avail beyond a 
certaim point, because of the time taken in loading 
and discharging deep ships; every extra foot 
in depth of hold means an additional foot through 
which the cargo has to be lifted or lowered. If, in 
addition, the dockside labour refuses to use the 
improved handling appliances now available or 
otherwise restricts artificially the amount of work 
done per man-hour, the situation is materially 
worsened. It will be regrettable indeed if, having 
established by experience the improvements in 
operating efficiency that are attainable by building 
bigger ships, increasing their service speed and 
reducing their fuel consumption, owners find them- 
selves obliged to revert to smaller and slower vessels 
in order to reduce the amount of their locked-up 
capital; for ships do not earn dividends or even 
their keep by lying alongside quays. 

Of the 14 Parsons Memorial Lectures that have 
been delivered since the series was inaugurated in 
1936, six have related directly to marine propulsion, 
and several others have had some bearing upon it. 
In every case, the emphasis has been on the improve- 
ment of efficiency which has been achieved as the 
result of Parsons’ pioneering genius and inspiration. 
It would almost seem that the time has come for a 
Parsons Lecture to be presented by a first-class 
engineering economist ; someone who possesses in 
excelsis the ability which Conan Doyle attributed to 
Sherlock Holmes’s brother, Mycroft, to bring into 
correct relation a host of facts which seem to have 
no firm basis of relative assessment, the significance 
of which is varying continually and often irregularly, 
and many of which have no logical foundation or 
origin. Where such a genius is to be sought, we 
do not pretend to know; and how the results of 
his survey could be impressed effectually upon all 
the politicians, demagogues, pseudo-economists, 
fashion-followers and plain ignoramuses who to- 
gether exert so much influence in retarding the 
realisation of the potential benefits of applied science 
and accumulated experience would present a prob- 
lem even more difficult than finding the man. 

The fact remains, however, that humanity as a 
whole is not deriving the benefits that should accrue 
from all the vast outpouring of money, energy and 
mental effort that has been and is being devoted to 
the advancement of scientific knowledge. It is 
axiomatic that there are no bounds to the possible 
extent of that knowledge—every step forward and 
upward opens out new fields for exploration ; yet 
somehow rea] progress is hampered by the continual 
emergence of new obstacles. The population of the 
world is increasing at a rate variously estimated but 
certainly many millions per annum, and the needs, 
real or imagined, of that growing population are 
expanding steadily. The volume of world trade 
should show a corresponding increase ; but the stock 
of basic raw materials, which must be drawn from 
the earth, is inevitably diminishing and, therefore, 
the need for greater efficiency of utilisation becomes 
ever more clamant. Somehow, this fact must be 
brought home to humanity at.large. Such informed 
discourses.as the Parsons Lectures show how nu- 
merous and active, and often successful, have been 
the searchers after knowledge ; but in the long run 
it is often the common man who, in his myopic 
millions, determines how much or little of it is applied. 


BUILDING RESEARCH. 


Ir was stated in the report of the Building 
Research Board which dealt with its operations in 
the year 1947 that efforts had largely been con- 
centrated on short-range problems at the ex 
of longer-range and more fundamental work, and 
that this procedure could not be continued inde- 
finitely without serious effect on the work of future 
years. It is recorded in the report* for the year 
1948, which has just been published, that careful 
attention was given to this matter, but it is clear 
that insistent demands for the consideration of 
ad hoc problems are still tending to restrict the 
amount of attention which can be devoted to research 
on broad lines. It is stated, however, that a start 
has been made towards remedying the staff shortage 
and inadequate laboratory accommodation which 
have hitherto prevented the expansion of the 
activities of the Research Station. 

An example of what may be described as pressure 
by outside bodies, designed to influence the class of 
work undertaken, is furnished by a recommendation 
by the Ministry of Works’ Advisory Council on 
Building and Civil Engineering Research and 
Development that high priority should be given 
to research on cellular concrete, lightweight concrete, 
floor-surfacing materials, pre-stressed concrete, 
quality control of concrete and the heating of 
buildings. Some of these matters are suitable 
subjects for fundamental research, but it may be 
suspected that the list has been compiled mainly 
from the point of view of assisting the Government’s 
housing programme. This is a legitimate aim. 
In view of the financial commitments which are 
being entered into by the building of very large 
numbers of houses to let at uneconomic rents, 
anything which can be done to reduce first costs 
will be to the national ‘advantage. Nothing is 
said about costs in the recommendations, and, 
indeed, the word cannot be said to figure prominently 
in any part of the report, but some of the subjects 
suggested for investigation may have a direct 
bearing on them. 

The subject of “‘ floor-surfacing materials,” for 
instance, which at first sight appears to be more a 
matter for house furnishers than for a building 
research station, has relevance because the shortage 
of timber has resulted in a greatly increased use of 
concrete as a base for ground floors. This must be 
provided with some form of cover and research 
has been directed to the study of the effects of rising 
damp on the various materials which are in use. 
It has been found that the unrestrained moisture 
movement of a material is not a reliable guide to the 
dimensional changes which it may show when 
stuck to a solid base and proper study of the per- 
formance of a material in situ may be beyond the 
experimental capacity of a manufacturer of a floor- 
covering material. That this is the case is made 
evident by the fact that during the year twenty-one 
flooring materials were submitted for test. This is 
not an isolated example of contact between manufac- 
turers and the Research Station, and the properties 
of many other commercial materials, such as 
building boards and paints have been investigated. 

When the maker of any class of article submits 
samples for test and report it may be assumed that 
he takes proper advantage of the assistance given, 
but in the broader aspect of the relations between 
the Building Research Station and the building 
industry generally, there is some doubt if full use is 
being made of the information which is being 
accumulated. Domestic building is mainly in the 
hands of a large number of small firms and it may 
be doubted if the majority of these ever see the 
Building Research Station’s reports and bulletins. 
In order to attempt to reach a wider circle, a series 
of National Building Studies has been started and, 
in addition, results of work at the Station are being 
incorporated in the Codes of Practice which are 
being published. These latter documents, in parti- 
cular, are intended for firms actually engaged in 
building. Still further assistance is being rendered 
by the Building Research Station Digests, which 
are being issued monthly. 


* Report of the Building Research Board with the Report 
of the Director of Building Research for the Year 1948. 








Although much of the work of the Station js 
concerned with domestic building, and creat 
attention is clearly being giver to the heating, heat 
insulation and ventilation of small houses, \any 
of the investigations in hand bear on civil enginecring 
proper. One of these is concerned with the !)road 
subject of soil mechanics. It is stated that pressure 
of work in this field has continued to be heavy and 
that investigations have been restricted to pra: ‘ical 
problems most likely to provide new information, 
Some particulars are given of the case of a large 
gas-holder which settled unevenly, causing the 
foundation slab to crack across the middle; the 
resulting tilt prevented the operation of the holder. 
Investigation showed that the foundation slab 
rested directly on a layer of soft clay underlain by 
a bed of compact gravel. The layer of clay varied 
in thickness and the maximum settlement occurred 
where it was thickest. As this effect was not in 
accordance with existing theory, and as plastic flow 
appeared to have taken place in the thicker portions 
of the layer, a series of model experiments was 
carried out. This showed that for a given size of 
footing, the bearing capacity decreased as the 
tnickness of the plastic layer increased. 
Particulars are also given of the case of a factory 
building which suffered severe foundation move- 
ment and extensive structural damage. It was 
built on a fill of domestic and industrial waste 
material which had been left to consolidate for 
several decades before building was undertaken. 
The fill rested on London clay and the superstruc- 
ture of the factory was carried on piles extending 
a few feet into the clay. Investigation indicated 
that gradual consolidation of the material of the 
fill had led to the drag on the piles being increased 
so that they penetrated into the clay beyond their 
original level. Another example dealt with settle- 
ment due to the differential drying shrinkage of 
foundation clay lying below kilns in which high 
temperatures were reached. 

A large amount of research work was concerned 
with various aspects of concrete manufacture and 
laying. An important aspect of this subject is that 
of quality control, which is being investigated. As 
a first step, a study was made of concrete production 
by a number of different types of organisation, 
including four building, civil and structural engi- 
neering contractors and two factories producing 
precast units. The latter were manufacturing pre- 
stressed concrete railway sleepers and as these 
had to pass stringent acceptance tests, the degree 
of control was good. In the case of “ building and 
civil engineering contractors generally,” however, 
it is stated that a “less stringent standard of 
quality in their in-situ work” was attained. It is 
added that “‘ although they realised that a saving 
in cement might be effected by closer control, they 
were not always convinced that this would lead to 
a reduction of cost.” It is suggested that incentive 
to better control might be provided by the adoption 
of procedure on the lines of the Swedish Cement 
and Concrete Regulations, which permit higher 
working stresses according to the degree of control 
exercised by the contractor. The whole of this 
matter is clearly a reflection on civil-engineering 
contractors generally, but as the proceedings of 
only four were examined, the majority may contend 
that the criticism does not apply to them. No 
indication is given of the way in which the four 
were selected. It may be hoped that the final 
remark in this section of the report does not relate 
to the great British firms which carry out important 
contracts abroad as well as at home. It is stated 
that “‘in many cases it was observed that the 
employees responsible for producing and placing 
concrete lacked the essential elementary knowledge 
of the subject.” 

This question of control forms but a small part 
of the section of the report concerned with concrete. 
Cements, aggregates, curing, prestressing, vibration 
and other aspects of the general subject are dealt 
with. Mention may be made of an investigation 
of the possibility of manufacturing a type of con- 
crete from cement and granulated peat undertaken 
for the Department of Agriculture for Scotland. 
Preliminary work is apparently not unpromising, 
and the material might be suitable for small build- 
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NOTES. 


THE Economic Survey ror 1950. 


Tue Economic Survey for 1950, which was issued 
as a White Paper (Cmd. 7915) on Monday, March 27, 
is factual so far as it deals with the events of 
1949 and prophetic, as must inevitably be the case, 
when, considering the outlook for the present year. 
Both production and productivity, it appears, 
increased during the past twelve months, the first 
being about 64 per cent. and the second about 
5} per cent., higher than in 1948. Over the field of 
business enterprise as a whole, the output per man 
year increased by nearly 4 per cent. As regards 
the present year, “it is very difficult to forecast 
the growth of productivity’; perhaps it will be 
wise to leave it at that. Dealing with individual 
industries, it is recorded that in 1949 the output of 
coal per man-sbift increased to 3-02 tons, compared 
with 2-9 tons before the war, and is expected to 
increase further during 1950, so that the aggregate 
output should rise from 215 million to 223 million 
tons. The main problem, however, will be to 
secure sufficient labour, particularly at the face, in 
those pits where productivity is highest and the 
costs of production lowest. The output of steel is 
estimated to increase from the record of 15-55 
million tons in 1949 to between 15-75 and 16 
million tons in 1950. During 1949, the output of 
the engineering industries increased by 7 per cent. 
over 1948 and was some 60 per cent. above that of 
1938. It is thought that this output could be 
further increased by about 4 per cent. during 1950 
without being limited by materials or labour. It is 
interesting to learn that about two-fifths of the 
exports of manufactured goods are made by the 
engineering industries. The intention is to secure 
further expansion by slightly reducing the home 
market of capital goods. Whether this is altogether 
wise may be doubted, considering Britain’s own 
need for capita] equipment. The prospect of some 
improvement in electricity supplies is held out, 
though the number of motor cars and commercial 
vehicles available will be fewer. The Survey ends on 
a note of modified optimism. ‘‘ The fundamental 
strength of the British economy is much greater than 
it was two years ago.” The future, however, largely 
depends on keeping prices stable, and on counter- 
acting the increases that have already occurred, by 
improved industrial and commercial efficiency. 

Tue Instrrution oF Naval ARCHITECTS. 

The annual dinner of the Institution of Naval 
Architects was held at the Connaught Rooms, 
London, W.C.2, on Wednesday, March 29, the chair 
being taken by the President, Admiral of the Fleet 
Viscount Cunningham of Hyndhope. The toast 
“The Institution of Naval Architects” was pro- 
posed by His Excellency the Danish Ambassador, 
Count Eduard Reventlow, who, in expressing his 
pleasure that the Institution had held their 1949 
summer meeting at Copenhagen, referred to the 
great part played by Lord Cunningham in the 
liberation of Europe. He went on to speak of the 
debt owed by all maritime nations to Great Britain 
for research work in general, and in particular 
to the work of the Institution, whose discussions, 
he said, “reached far beyond the shores of this 
country.” He was particularly glad to see that 
the Institution had set up a committee to study the 
important question of tonnage laws and hoped that 
their deliberations would lead to more businesslike 
methods. Count Reventlow closed his speech with 
a reference to the ties forged during the war between 
Danish and British sailors and expressed the hope 
that the goodwill then established would last far 
into the future. In response, Lord Cunningham 
said that, in his opinion, there was little doubt that 
Great Britain led the world in the “ art and science 
of shipbuilding.” It was encouraging to note the 
Steady progress being made in research; this, he 
added, should lead to the ever-improved ship but 

Wwe must not wait indefinitely in the hope that our 
Scientists will one day achieve perfection.” It should 
be borne in mind, however, that “improved ” ships 
Inevitably would cost more; the natural demand 
for increased speeds, better accommodation, etc., 
must be paid for. It was disappointing to learn, 
therefore, that-these benefits were 80 often cancelled 





by the slow rates of loading and unloading vessels 
in many parts of the world ; he could not help feeling 
that too many men were being grievously misled. 
Lord Cunningham then turned to shipbuilding and 
referred to the ever-rising costs in this country 
which, he said, might well compel the foreign 
owners to place their orders elsewhere. The 
nebulus idea that the Government could put 
everything right was a fallacy that needed frequent 
and patient explanation. No Government, he said, 
could create a demand that no longer existed. 
Neither could the Government of a country like 
Britain control and operate its merchant shipping 
successfully, for ‘‘ you cannot monkey about 
with an industry or rap‘dly prescribe some doc- 
trinaire remedy to cure ills that were imperfectly 
understood.” He was particularly glad to hear 
Count Reventlow’s remarks on the tonnage laws. 
Naval architects were greatly concerned over this 
matter ard it was a fact that certain types of ships 
could be built at a lower first cost, with greater 
earning capacities and a higher standard of safety 
were it not for the restrictions imposed by these 
laws. Lord Cunningham then referred to the Royal 
Corps of Naval Constructors and insisted that the 
Royal Navy of the future would not be well served 
unless the men responsible for designing His 
Majesty’s ships were of the highest calibre. It was 
well known, however, that a feeling of frustration 
existed in the Corps and, in his opinion, the only 
remedy was to make it a branch of the Royal Navy. 
Lord Cunningham closed his speech by saying that, 
while the matters he had discussed were of direct 
importance to the Institution, they were also of 
great importance to the country generally. The 
toast of “‘ The Guests” was proposed by Sir Amos 
Ayre, vice-president of the Institution, who, referring 
to the coming competition in shipbuilding, ex- 
pressed the hope that foreign Governments would 
not give aid in the form of subsidies. The reply was 
made by Sir William Currie who said that, in his 
opinion, naval architecture represented “ the highest 
skill of mathematical knowledge.” 
NationaL Evectriciry TaRirr. 

In April, 1948, the British Electricity Authority 
initiated a series of interim tariffs for the electricity 
supplied by them to the 14 Area Boards. These 
tariffs, which were estimated to produce revenue 
sufficient to cover the Authority’s expenditure on 
revenue account in respect of generating plant and 
main transmission, were based on a fixed charge 
of 31. 10s. per kilowatt, for each point of supply, 
and a running charge of 0-335d. for each kilowatt- 
hour consumed. The running charge was subject 
to a variation in accordance with the cost of 
fuel. In addition, both fixed and running charges 
were subject to surcharges from 3 per cent. to 10 per 
cent. in seven districts, and to discounts varying 
from 2 per cent. to 10 per cent. in five others, in order 
to avoid abrupt changes in the cost of supplies to 
the individual Area Boards, compared with the costs 
their predecessor undertakings might have incurred. 
A year ago these surcharges and discounts were 
halved and they cease to-day. To-morrow (Saturday, 
April 1) a new tariff will come into force, under 
which the fixed charge is increased to 3l. 15s. per 
kilowatt of maximum demand. The method of 
ascertaining this maximum demand will be the 
same as before with the exception that, if the figure 
at night or during the week-end exceeds that of 
the week-day demand, such excess will only be 
charged one-third of the normal rate. On the 
other hand, the running charge will still remain 
unaltered at 0-335d. per kilowatt-hour, subject to 
a variation of 0-0007d. for each penny by which the 
cost of fuel differs from 38s. per ton. This increase 
will, it is hoped, cancel the smal] deficit which 
occurred in the Authority’s trading with the Area 
Boards in 1948-49. It is also intended to compen- 
sate for the increased costs of new generating plant, 
transmission equipment and labour so far as these 
cannot be met by economies in operating costs. 
The new tariff is, in fact, calculated to increase the 
revenue of the Authority from the sale of electricity 
in bulk by an average of a little more than 2 per 
cent. A standardised bulk-supply tariff will ‘there- 
fore be in force for the whole country and should in 
time enable steps to be taken towards more uniform 
distribution charges. 





New Broapcastinc WAVELENGTHS. 


The Copenhagen Plan for allocating the use of 
broadcasting wavelengths in Europe, which came 
into force on Wednesday, March 15, and of which 
we gave particulars on page 273, ante, appears on the 
whole to be working satisfactorily. Observations 
made at the British Broadcasting Corporation’s 
measuring station at Tatsfield, in fact, show that, 
with certain exceptions, all the 400 odd long-wave 
and medium-wave broadcasting stations in the 
25 countries of the European area were re-tuned 
to the new wavelengths on the correct date and 
that, in most cases, a high standard of accuracy 
was achieved. It also appears that the sharing 
of wavelengths between stations has not caused 
more interference than was expected. There have, 
however, been some departures from the Plan. 
Luxembourg, for instance, is still working on the 
long wavelength of 1,293 metres as well as on its 
allocated wavelength of 208 metres. Spain, too, 
(which does not participate in the Plan) is working 
on its old wavelength, although it has been allocated 
new ones, and has thus caused considerable inter- 
ference. Broadcasting in the American Zone of 
Germany is still being carried out on 25 different 
wavelengths, whereas only three were allocated in 
the Plan. As some of the stations concerned are of 
high power, it is to be hoped that it will not be Jong 
before they come into line. Other “ nonconform- 
ists’ are Istanbul and some stations in Palestine, 
Egypt. Malta, Andorra and the occupied zones of 
Austria and Trieste. The Plan allocated to broad- 
casting stations certain wavelengths between 200 
and 187 metres, which had been previously reserved 
for local marine services, in particular, links from 
lighthouses and light-vessels to the shore. These 
stations have now been given new wavelengths, 
but there is at present some interference, as it has 
not always been possible to make the change. 
There should, however, be no unusual interference 
with the radio-telephone distress wavelength of 
181-8 metres or the radio-telegraph distress and 
emergency wavelength of 600 metres. 


Wootwicu PotytTecHnic DiaMonp JUBILEE. 


To celebrate their Diamond Jubilee, the Wool- 
wich Potytechnic have held an Exhibition of Work 
during the past week. The Jubilee week opened 
on Tuesday, March 28, with a “ private view ” for 
industry and invited guests. Wednesday was 
reserved for visits from schools, and on Thursday, 
March 30, the exhibition was open to the public. 
The Jubilee dinner is to be held this evening, Friday, 
March 31. The Polytechnic is organised in the 
following departments: mathematics, physics and 
telecommunications, chemistry, biology, civil and 
mechanical engineering, electrical engineering, build- 
ing and architecture, art, and domestic science, and 
includes secondary technica) schools for boys and 
girls. Since the foundation of Woolwich Polytech- 
nic in 1890, there has been a contmuous expansion 
in the number of students and in the facilities avail- 
able. In 1900-1901 there were 1,179 technological 
students ; in the current year there are 5,412. As 
well as the junior schools, the part-time day courses 
for apprentices from industry and from the Royal 
Arsenal, and the evening classes, there are full-time 
day courses for internal degrees of the University 
of London in civil, mechanical, electrical, and tele- 
communications engineering, general science, special 
chemistry, special physics and special mathematics. 
During the Jubilee exhibition, the apparatus used 
throughout the session by the students in the 
laboratories, drawing offices, and workshops was 
on view, in the mechanical and civil engineering 
laboratories. Students were demonstrating stan- 
dard methods of materials, structure and engine 
testing and flow measurement, while special exhibits 
were shown in the electrical engineering and mea- 
surements laboratories. The equipment used for 
research, which is being carried out for the Ministry 
of Supply, on the torsional characteristics of wire- 
rope helical springs used in-repeating machine guns 
was also on view. Apparatus for’ precise measure- 
ment was displayed in the technical measurements 
laboratory, which is recognised ‘by the National 
Physical Laboratory as being entitled to calibrate 
and issue certificates for certain classes of com- 
ponents. 
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TORSIONAL STRESS IN HELICAL SPRINGS. 
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LETTER TO THE EDITOR. 


TORSIONAL STRESS IN 
CLOSE-COILED HELICAL SPRINGS. 


To THE Eprror oF ENGINEERING. 


Smr,—I have read Dr. Morley’s article on the 
above subject, in your issue of March 3, with great 
interest. During the war, this Division investigated 
several problems arising in the design of helical 
springs, among which was that of the most appro- 
priate formule for the maximum torsional stress in 
circular and rectangular section springs. The 
results for the circular section are summarised in 


the following Table, in which c = spring index < 


as in Dr. Morley’s article. 





Investigator. Curvature Correction Factor. 
e=10. ec = 5, ce = 3. 
Adams aia ow 2a 1-350 1-565 
Austin 1-134 1-289 1-546 
Bergstrasser ... 1-135 1-294 1-556 
Dick 1-222 1-500 2-000 
Géhner 1-134 1-292 1-554 
Honegger 1-166 1-340 1-592 
Rover ... 1-136 1-300 1-583 
Wahl ... 1-128 1-310 1-580 
Wood = oo. FE 1-350 1-667 
Recommended formula 
e+0-2 
| 1-133 1-300 1-600 
Morley A 1-142 1-300 1-548 
xs 2 1-131 1-278 1-508 
-.o 1-138 1-295 1-545 
Freiberger 1-136 1-293 1-552 


The upper part of this Table is reproduced from 
Spring Design Memorandum No. 1, “ Notes on the 
Design of Helical Compression Springs,” prepared 
by the Engineering Division of the National Physical 
Laboratory and published by the Ministry of Supply 
in 1942. (The line giving Géhner’s results has been 
corrected, the original values having been obtained 
from a source containing a misprint.) The expres- 

e+0-2 
e-1 
accurate for all practical purposes and much simpler 
than the others. It is now widely used by spring 
designers and manufacturers in this country. 

The values obtained by Dr. Morley’s three new 
methods are added for comparison. The last line 
is taken from ‘“‘ The Uniform Torsion of an Incom- 
plete Tore,” by W. Freiberger, Report No. SM122, 
October, 1943, C.S.I.R., Australia. The solution 
of the problem for zero helix angle given in this 
report is exact and is probably the most satisfac- 
tory one available ; in view of the agreement with 
Géhner, it may be taken as final. Toroidal co- 
ordinates are used and the results are expressed in 
series of Legendre functions. 





sion was suggested as being sufficiently 





Some of Dr. Morley’s results can be expressed in 
a slightly simpler and more direct form if it is noted 





-1 “ae 
that 7 a a as can easily oe proved from 





equation (10). This leads to :— 
ry = 
h — . ° . ° . » 7) 
y(7 -y) 
K ig . . e ° « (16) 


3 4e-—y 0-615 











f 
max. 27a a ea + — fe + (20) 
Fart i/- 2) 
2+3 —{1 + 1- 
max. = Bond Se. (87) 
max. tye-1 
Putting y = 1 in the revised equation (20) gives : 
(max. __4¢—1 , 0-615 
¥ —a + (32) 
which is Wahl’s expression. . 


The treatment of the similar problem for the 
rectangular section does not lend itself to brief 
statement, but the results are shown in the design 
charts, Figs. 1 and 2, herewith. In these :— 

q = maximum torsional stress (Ib. per sq. in.). 
P = axial load (Ib.). 

b = radial breadth of section (in.). 

h = axial depth of section (in.). 

S = rate or stiffness of spring (Ib. per in.). 

nm = number of effective coils. 

D = mean coil diameter (in.), 


b 
A, » = functions of o( = ) + m( = ;) plotted in the 


diagrams. 

The above results on curvature effect have been 
embodied in the Design Data Sheets issued by the 
Armaments Design Department of the Ministry of 
Supply, and will be included in the British Standard 
Guide to the Specification of Helical Compression 
Springs, to be issued shortly. 

Yours faithfully, 
D. G. Sopwiru. 
Engineering Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
March 7, 1950, 





MAGNETIC MATERIALS.—A 65-page illustrated brochure 
entitled ‘“‘ Permanent -Magnets” has been issued by 
Messrs. William Jessop and Sons, Limived, and Messrs. 
J. J. Saville and Company, Limited, Sheffield. It 
describes general features and applications of the mag- 
netic alloys, and outlines the principles. underlying the 
design and manufacture of magnets for specific purposes. 
Tables and diagrams set out typical properties like 
remanence and energy-product, and relevant B-H curves 
are given. Other sections summarise modern concep- 
tions of magnetism and describe methods of finding 
magnetic properties. A bibliography of important 
papers is also included. 








OBITUARY. 


BARON VAN HAERSOLTE. 

Many readers who have associations with Dutch 
shipping will share our regret on learning of the 
death, on March 21, of Baron van Haersolte, who 
inspired and, until recently, was Director of, the 
Instituut voor Scheepvaart en Luchtvaart at Rot- 
terdam, a technical, nautical and aeronautical 
institute and museum which is probably unique. 

Jan Willem Jacobus, Baron van Haersolte, was 
a native of Zwolle, where he was born on Septem- 
ber 28, 1877. As a youth, he entered the Royal 
Netherlands Navy, eventually reaching the rank of 
lieutenant. After seven years at sea, he relinquished 
his commission and, for a time, was employed by 
the Hollandsche Spoorweg, the privately-owned 
railway company whose system is now absorbed in 
the Dutch State Railways. In 1912, he was 
appointed an examiner of patents in the Netherlands 
Patent Office, his particular concern being those 
relating to shipbuilding and maritime affairs. He 
held this position for some seven years, leaving it to 
begin his long association with the Technical 
Museum. The purpose of the museum was never 
solely or mainly historical, though in course of time 
it began to acquire, inevitably, a notable status in 
this respect also; it was intended from the start 
to be instructional and completely up to date, for 
the benefit of all who followed the sea or were con- 
cerned with maritime affairs. To the task of 
gathering models and examples of technical and 
scientific apparatus, and forming a first-class ship- 
ping library, Baron van Haersolte devoted himself 
with characteristic enthusiasm, and with remark- 
able success. From a converted private house, he 
progressed to a larger establishment in the Haringv- 
liet, but had the mortification of seeing it set on 
fire by German incendiary bombs in 1940. Most of 
the library and records were saved, but the greater 
part of the models perished with the building. With 
great courage and pertinacity, Baron van Haersolte 
and his associates set to work to gather or make 4 
new collection and to provide a building to house it. 
The present Institute in the Rochussenstraat stands 
as a monument to the success of their efforts. 
Baron van Haersolte retired at the end of 1947 
and sin¢ée then had devoted himself to farming 
and, at his house in The Hague—a museum in 
itself—pursuing his interest in everything to do with 
shipping. He was an Officer of the Order of 
Oranje-Nassau ; and an associate of the Institution 
of Naval Architects, whose Gold Medal he received 
in 1923. He took part in last year’s summer meet- 
ing of the Institution in Denmark, and visited 
England latér in the year—on a cycling tour of the 
Cinque Ports, ‘an enterprise which was typical of 
his love of this country and his active mind. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


Last year’s innovation of holding the Spring 
Meeting of the Institution of Naval Architects on 
poard the ex-sloop Wellington, headquarters ship 
and “hall” of the Honourable Company of Master 
Mariners, which is moored off the Victoria Embank- 
ment, evidently met with the general approval of 
the members, for the same venue was chosen for 
the 1950 Spring Meeting, which opened on the 
morning of Wednesday, March 29. The President 
(Admiral of the Fleet Viscount Cunningham of 
Hyndhope, O.M.) took the chair. 

‘The first business was the presentation of the 
annual report of the Council, which showed that 
the membership, at December 31, 1949, was 3,386, 
an increase of 106 over the total for the previous 
year. This figure is made up of nine honorary 
members, 1,232 members, 1,076 associate members, 
664 associates and 405 students. The Institu- 
tion Premium for 1949 was awarded to Mr. W. P. 
Walker for his paper on “ Detection of Laminar 
Flow in Ship Models”; the Wakeham Prize to 
Mr. J. F. Leathard for his paper on a “‘ Theoretical 
Study of a Methodical Series of Propeller Tests ”’ ; 
and Watts Prizes of 35/. to Captain H. S. Hewson 
for his paper on “‘ Modern Accommodation for Self- 
trimming Colliers ” and of 5/. to Mr. F. Bandey, who 
presented a paper containing “ Proposals for Recon- 
ditioning of Crew Accommodation in a 10,000-ton 
Cargo Ship.” It was announced that a bequest of 
2,0001. had been made to the Institution under the 
will of the late Mr. A. W. Baxter to provide an 
annual prize, to be known as the Samuel Baxter 
Prize, to be awarded in recognition of the best 
contribution during the year towards safety and/or 
efficiency in seagoing vessels. The first award will 
be made in 1950. In connection with the National 
Certificates in Naval Architecture (of which 47 
Higher and 93 Ordinary were granted), the Duke of 
Northumberland Prize was awarded to Mr. R. A. 
Weallans, of Kirkaldy Technical College. 

The election of vice-presidents, treasurer and 
auditors, and members of Council resulted in the 
following being elected: as vice-president, Sir 
Summers Hunter ; as members of Council, Mr. F. G. 
Bryant, Professor L. C. Burrill, Mr. W. T. Butter- 
wick, C.B.E., Mr. G. Daniel, C.B.E., Mr. W. G. 
Ferguson, Mr. W. G. John, R.C.N.C., Engineer Vice- 
Admiral Sir John Kingcome, K.C.B., Mr. James 
Lenaghan, Mr. A. J. Merrington, C.B.E., R.C.N.C., 
Mr. J. 8. Redshaw, O.B.E., and Dr. S. Livingston 
Smith ; and as associate members of Council, Sir 
Colin 8. Anderson, Captain W. H. Coombs, C.B.E., 
and Professor T. H. Havelock, F.R.S. Instructor 
Rear-Admiral Sir Arthur E. Hall, K.B.E., C.B., 
was re-elected treasurer and Messrs. Ball, Baker and 
Company were re-appointed as auditors. 

These names having been announced, the Presi- 
dent then presented the Institution Premium to 
Mr. W. P. Walker and the Wakeham Prize to Mr. 
J. F. Leathard ; and, having done so, proceeded, to 
deliver his presidential address, reprinted below. 

PRESIDENT’S ADDRESS. 

Lord Cunningham prefaced his address with an 
expression of thanks to the Honourable Company 
of Master Mariners for placing their floating head- 
quarters again at the disposal of the Institution, 
and congratulated the Honourable Company on the 
notable collection of books, models and other exhibits 
now displayed on board the Wellington. Not only, 
he said, did they add greatly to her embellishment 
and dignity, but they were of much interest to all 
whose business it was to promote the improve- 
ment of ships. He then continued: We have 
enjoyed three meetings in the past twelve months, 
and those of you who were in Copenhagen last 
August will, I am sure, agree that this was the 
highlight of the year. The friendliness, kindness, 
and hospitality we received from our colleagues of 
the Institution of Danish Civil Engineers will long 
be remembered. To show our appreciation of this 
enjoyable and successful meeting, the Council have 
decided to make a gift to the Institution of Danish 
Civil Engineers of a. Presidential chair for use in 
their fine lecture hall. The design and construction 
of this chair has been effectively carried out by 





Messrs. Hampton’s, of Pall Mall, on whose premises 
it can be seen by members during the next few days. 
It is hoped to arrange for the presentation to be 
made in Copenhagen in the near future. We were 
much honoured by the presence of His Majesty 
King Frederik of Denmark at our opening meeting, 
during which His Majesty graciously accepted the 
Diploma of Honorary Membership of the Institution. 
We look forward to seeing our Danish hosts and 
friends, and many others, next year at the Inter- 
national Conference of Naval Architects and Marine 
Engineers during the Festival of Britain. I do not 
think I need say much about this International 
Conference at this stage except to welcome the 
co-operation of the Institute of Marine Engineers as 
joint hosts with us in London, and to thank the 
Institution of Engineers and Shipbuilders in Scotland 
and the North East Coast Institution of Engineers 
and Shipbuilders, who are also co-operating and 
taking charge of the proceedings in Glasgow and 
Newcastle. 

The three meetings of the Institution last year 
have somewhat congested our T'ransactions for the 
time being, and this year’s programme of papers 
and activities will be rather more modest ; however, 
we and the Institution of Engineers and Shipbuilders 
in Scotland have been invited by the North East 
Coast Institution of Engineers and Shipbuilders to 
visit Newcastle for a joint meeting in June. 

Before leaving the question of meetings, I should 
like to remark on the generally high level of the 
discussions which most of our papers this last year 
have evoked. Apart from the added liveliness that 
I ventured to recommend at our last Spring Meeting 
—a suggestion to which, I was glad to see, some of 
our younger members responded, vigorously—it has 
been apparent that authors have not had everything 
their own way, which is as it should be. Both 
valuable information and differing points of view 
have been forthcoming, and the authors have been 
given a lot of fresh bones to chew. Sometimes, 
however, I feel there is rather too much bone and 
not enough meat, and I would ask contributors to 
make their points with the utmost brevity. To-day, 
I think we all talk and write too much, and some- 
times forget that the cost of printing—and especially 
of correcting—our brilliant observations has in- 
creased enormously. It is now so high that we can 
no longer afford to let either authors or contributors 
spread themselves leisurely over columns of print, 
and insert illustrations and diagrams to their hearts’ 
content. Apart from other considerations, the 
greater the length of a paper or discussion, the less 
the chances are of its being read, unless the writer 
is a very great authority; the busy man will 
probably skip it altogether. 

The next point I want to remark on relates to 
those invaluable members of the Institution, the 
Associates. There has been some correspondence in 
the shipping Press and with the Institution over 
the status of the Associates, and disappointment 
has been expressed in some quarters that their 
professional qualifications are apparently not suffi- 
ciently recognised. -Speaking as an Associate 
myself, I think it is a pity there should be any such 
misunderstanding. I am well aware, for example, 
that many of my fellow Associates are actively 
engaged in yacht and boat building, and very 
successfully, too; but that activity by itself does 
not necessarily make a man a fully qualified naval 
architect, as the term must be understood and 
interpreted by a highly technical institution such as 
ours, any more than it makes an Admiral one. It 
has recently been truly remarked that “ One is 
trained as a naval architect, one does not grow 
into one,” and that is the essence of the whole 
matter, There is no substitute for an initial tech- 
nical training, nor can there be, in these days of 
ever-increasing scientific progress in ship design and 
construction. It would be wrong for this Institution 
to countenance the idea that a thorough academic 
training, coupled with early practical apprentice- 
ship in a shipyard, as now laid down in our By-laws, 
could be dispensed with. It would not be fair to 
the man who had taken the time and trouble to 
equip himself fully in both these respects. 

You will forgive me if I talk about naval matters 
first, and remark that the past year has been 
unique in that not one new submarine, destroyer 





or larger ship has joined the Fleet. The only new 
naval vessels to be completed during this period 
were one frigate and one surveying vessel. The 
plazing of contracts by the Admiralty for refits of 
Reserve Fleet ships in private shipyards has, how- 
ever, continued during the year, and this policy 
should materially benefit the industry, particularly 
as there are signs that the reconstruction and 
repairs of merchant ships are easing off. During 
the past year, the work on the operations of replen- 
ishing fuel and stores at sea has been going on 
steadily, and it would be of great practical interest 
if the Admiralty would let us have a paper before 
this Institution, setting out the results of the model 
experiments and full-scale trials on the inter-action 
effects of two or more ships steaming close together, 
as it seems to me that we have still not got to the 
bottom of this.important question. 

Where matters of research are concerned, it is 
satisfactory to know that the Admiralty are leading 
the way with many important investigations, and I 
am told that a new Welding Development Labora- 
tory is now coming into operation at the Naval 
Construction Research Establishment at Rosyth. 
This should be a great asset. Laboratories for the 
radiographic inspection of welding have also been 
set up in the Royal Dockyards at home, and one 
is planned for Malta. There is news also that the 
extensive programme of trials undertaken by the 
Admiralty Ship Target Trials Committee is now 
nearing completion. Last year, I referred to a 
special trial in which a ship would be loaded and 
the stresses measured. This trial has now been 
carried out on a destroyer afloat, and will soon be 
completed by loading the same ship in dock up 
to the point of structural failure. Another series of 
structural trials successfully undertaken by this 
Committee is the lowering of submarines in deep 
water until the pressure hull collapses—the first 
time that full-scale trials of this kind have been 
carried out. Last summer, the Admiralty carried 
out a trial in which the cruiser Arethusa was exposed 
to a source of gamma radiation in order to examine 
the extent of shielding provided by the ship’s struc- 
ture. Then there are the no less useful trials which 
have been conducted by the Admiralty and Air 
Ministry on moorings and anchors. 

As regards the shipbuilding industry generally, an 
abnormal load of work is still carried, though it 
is patchy in places. The cost of all materials 
remains high and the hopes of last year that a fall 
was in prospect have been frustrated by devaluation. 
The import index of our basic raw materials is 
still more than three and a half times that of 1938. 
These conditions impose a serious handicap on an 
assembling industry such as shipbuilding; but 
at least one good thing has happened in the course 
of the past year—during the last quarter of 1949, 
the shipbuilding industry, for the first time since 
the war, received a quantity of steel in accordance 
with its needs. 

An event of considerable interest to shipbuilders 
and repairers last year was the Petersberg Agreement 
between the Allied High Commissioners and the 
Chancellor of the German Federal Republic, which 
was signed on November 22, 1949. By this agree- 
ment, Germany can begin building for her own use, 
or for export, an unlimited number of oceangoing 
ships of up to 7,200 gross tons. These agreements 
virtually free more shipping capacity than is needed 
for German economy, and we may now expect to 
meet the full force of German competition in the 
shipping and shipbuilding industries. Ship re- 
pairers in all other countries are already feeling the 
competition. You will notice that the size limita- 
tions are given in gross tons. With tonnage regu- 
lations full of loop holes, as they are, we may expect 
some ingenious manipulation to extend the actual 
size of the ships that Germany builds. 

This adds point to the desirability of an early 
revision of the tonnage regulations. So long as 
British shipbuilding is in fair competition and is 
not hamstrung by unnecessary regulations, it should 
be able to hold its own against all comers, This 
brings me to another very important matter, namely, 
what can be done about these vexed tonnage- 
measurement. laws, As I see it, this is a problem 
which nearly everyone agrees is open to adverse 
criticism, but to which:no one can yet propose an 
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agreed and satisfactory remedy. Few deny that 
the tonnage laws are in need of revision because of 
their tendency to discourage safety and arrest 
development, but the difficulty in improving them 
lies in reaching agreement between interested 
parties on any new system of measurement. There- 
fore, the technical institutions of this country must 
give the Government a lead in indicating what they 
consider to be the best way of modifying these laws 
in order that the natural development of ships of 
the future may not be handicapped. 

The principal basis for the reckcning of these dues 
is the net tonnage of ships. At present, a ship in 
which the machinery space is 12 per cent. of the 
gross tonnage receives a deductior allowance for 
machinery space of 21 per cent. of the gross tonnage 
in computing her net tonnage; whereas a sister 
ship whose machinery space happens to be 13 per 
cent. or more is given a deduction of 32 per cent. 
Thus, a small-addition to the machinery space 
can give a large reduction in net tonnage. The 
owners naturally prefer the latter ship. The result 
is two-fold. Firstly, in certain ships, notably 
loaded tankers, this extra volume of machinery space 
is just sufficient to imperil the safety of the ship, 
should this space flood through damage. Secondly, 
any modern machinery project which offers economy 
in space cannot be used to advantage, which is a 
penalty on good design. 

During the past year, therefore, the Council have 
undertaken to examine these problems once again, 
and the strong representative committee referred 
to in the annual report is already under way. We 
are specially grateful to those members of the 
Institution who, being particularly well equipped 
to deal with this question, have agreed to serve 
on the committee. With the added and valuable 
assistance of representatives nominated by the 
General Council of British Shipping and the Insti- 
tute of Marine Engineers, and the support we are 
seeking from the Institution of Engineers and Ship- 
builders in Scotland and the North East Coast 
Institution of Engineers and Shipbuilders, we have 
great hopes that the team now assembled will find 
a way of loosening some of the present tonnage bonds 
which constrict the ship designer and penalise the 
shipowner, and thereby free us to continue “the 
improvement of ships,” for which express purpose 
this Institution was founded. 

I would like particularly to welcome at our 
meeting this morning the Institute of Marine 
Engineers, who are attending the reading of the 
Parsons Memorial Lecture. As it has fallen to the 
lot of the Institution of Naval Architects this year 
to deliver the Parsons Memorial Lecture, such a 
decision is very appropriate, and I think you will 
agree with me that the Council has made a wise 
choice in asking Mr. K. C. Barnaby to undertake 
this duty. The Council felt that the memory of 
Sir Charles’ Parsons deserved to be commemorated 
this year by a distinguished practising naval archi- 
tect, who would survey the progress made in various 
methods of marine propulsion in which Sir Charles 
Parsons was so closely interested. In 1942, Sir 
Stanley Goodall delivered this lecture on behalf of 
the Institution, and stressed Sir Charles Parsons’ 
work with particular reference to the Navy. To- 
day, Mr. Lloyd Woollard has kindly agreed to 
present Mr. Barnaby’s lecture, which I now accord- 
ingly invite him to read. 

Having to keep another engagement, the Presi- 
dent then vacated the chair, which was taken by 
Sir Maurice Denny, Bt. Sir Maurice, who was 
supported on the platform by Sir Murray Stephen, 
President of the Institute of Marine Engineers, 
presided for the remaining part of the Wednesday 
morning session, which was a joint meeting of the 
Institution of Naval Architects and the Institute 
of Marine Engineers to hear the 14th Parsons 
Memorial Lecture. The Lecture was entitled “ Pro- 
gress in Marine Propulsion (1910-1950)” and was 
read on Mr. Barnaby’s behalf by Mr. Lloyd Woollard, 
M.A. The medal which is conferred on a Parsons 
Leéturer was presented to Mr. Barnaby, on behalf 
of the Royal Society, by Dr. J. M. McNeill, C.B.E.. 
F.R.S., whose thanks to the lecturer and to Mr. 
Woollard were seeonded by Sir Murray Stephen. 


THE INSTITUTE OF 
METALS. 


Tue forty-second annual general meeting of .the 
Institute of Metals opened on the morning of 
Wednesday, March 29, and will be brought to a 
conclusion after a morning session to-day, Friday. 
The first session was held at the Café Royal, Regent- 
street, London, W.1, with the President, Sir Arthur 
Smout, J.P., in the chair. The annual general 
meeting was preceded by a short extraordinary 
general meeting at which certain alterations to the 
provisions of the Memorandum of Association of 
the Institute were approved. The purpose of these 
alterations was to enable the Institute to continue 
to benefit as a “ charity ” in respect of income tax. 


Report oF Council. 


The first matter on the agenda at the annual 
general meeting was the report of the Council for 
the year ended December 31, 1949. This indicated 
that the members on the active list of the Institute, 
on December 31 last, totalled 3,506, as compared 
with 3,326 on December 31, 1948, and 3,179 on 
December 31, 1947. The Council reported, with 
regret, the deaths of an original member, Mr. E. A 
Smith, and of 14 other members, including Dr. K. 
Brozyna,- Dr. W. Cullen, Mr. D. H. Hopper, Mr. 
R. E. Horley, Mr. W. Paterson, and Mr. F. S. 
Tritton. The number of papers published had 
continued to increase. During the calendar year 
1949, 55 papers and addresses had been printed in 
the Journal, a further 13 had been published in 
connection with a symposium on “ Metallurgical 
Applications of the Electron Microscope.” One 
contribution, on account of its size, had been 
included in the Institute’s Monograph and Report 
Series (Serial No. 1206, ‘The Solidification of 
Castings: A Review of the Literature,” by R. W. 
Ruddle). The total of the publications for 1949 
was thus 69. A Metallurgical Engineering Com- 
mittee, under the chairmanship of Mr. D. F. 
Campbell, M.A., A.R.S.M., had been formed to 
develop interest in metallurgical engineering in the 
non-ferrous metal industry and to promote the 
study of equipment and instruments used in the 
industrial melting, casting and working of non- 
ferrous materials. The Committee had been instru- 
mental in obtaining, for publication, two excellent 
papers on the rolling of aluminium. The Joint 
Committee for National Certificates in Metallurgy, 
in which the Institute shared responsibility with the 
Ministry of Education and the Iron and Steel 
Institute, the Institution of Mining and Metallurgy, 
and the Institution of Metallurgists, reported that 
satisfactory ptogress had been made during the year 
1948-49. Approved schemes for senior courses 
leading to an Ordinary National Certificate in 
Metallurgy were in operation at 22 technical colleges 
(compared with 18 during the previous year), and 
schemes for advanced courses leading to a Higher 
National Certificate at 11 colleges (compared with 
nine during the previous year). 


Honorary TREASURER’S REPORT. 


The report prepared by the honorary treasurer, 
Mr. W. A. C. Newman, showed that the income for 
the financial year ended June 30, 1949, amounted to 
24,4511., and the expenditure to 25,315/., thus giving 
an excess of expenditure over income, for the year, 
of 864]. The largest increases in expenditure had 
been due partly to rises in salariee and wages and 
increases in staff, but, most of all, to the increased 
cost of the Institute’s expanded publications. It 
was pointed out that the maintenance of the Insti- 
tute’s activities would be enhanced considerably 
and given a much firmer basis by further increases 
in membership. 


ELEcTION OF OFFICERS. 


The officers nominated by the Council at the 
autumn meeting held in Paris on October 4, 1949, 
were declared to be duly elected for the year 1950-51. 
They were, as President, Mr. H. 8. Tasker ; as vice- 
presidents, Professors H. O’Neill and F. C. Thomp- 
son; and, as members of Council, Mr. G. L. Bailey, 
Mr. Harry Davies, Mr. E. H. Jones, Dr. L.. B. Pfeil 


elected by the Council to be senior vice-presi:ent 
for the year 1950-51 and that he would be the 
Council’s next nomination for the presidency o! the 
Institute. 


AWARDS AND ANNOUNCEMENTS. 


The first award of the W. H. A.. Robertson Me: jal, 
to the authors of the paper adjudged to be of the 
highest merit contributed to the Journal on engi: er. 
ing aspects of non-ferrous metallurgy was tien 
made. The recipients were Mr. W. J. Thomas and 
Mr. W. A. Fowler, authors of the paper, “ {\ me 
Technical Problems Influencing Produ: ‘ion 
Economy in the Rolling of Aluminium.” A modal 
was awarded to each author and these were | oth 
handed to Mr. Thomas in the absence, owins to 
illness, of his colleague, Mr. Fowler. 

Among other announcements made was that the 
Council had received a sum of money to found a 
medal to perpetuate the name of Dr. Walter Rosen- 
hain, F.R.S. The medal would be awarded annually 
for work of exceptional merit in the field of physical 
metallurgy. Other items of news were that the 
May Lecture would be delivered at the Royal 
Institution at 6 p.m., on May 10, by Dr. H. Roxbee 
Cox, chief scientist to the Ministry of Fuel and 
Power, and that the 42nd annual autumn meeting 
of the Institute would be held in Bournemouth 
from September 19 to 22. The Autumn Lecturer 
was to be Dr. E. E. Schumacher of the Bell Tele- 
phone Laboratories, Murry Hill, New Jersey, U.S.A, 

The President elect, Mr. H. S. Tasker, B.A., was 
then inducted by the retiring President, Sir Arthur 
Smout, and after votes of thanks to the retiring 
officers, the remainder of the session was taken up 
by the reading of the presidential address, which 
we publish in abridged form below. 

(To be continued.) 





THE WORK OF THE INSTITUTE 
OF METALS.* 


By H. 8S. Tasker; B.A. 


THE period of the Institute of Metals’ development 
since 1908 has coincided in time with a great expansion 
in the field covered by metallurgical research and 
industrial practice. This great expansion has been 
accompanied by a diversification which, it seems to 
me, has created problems for our Institute that did 
not exist in its earlier days. The flow of scientific and 
technological research in the non-ferrous metal field, 
although a strong and rising current, ran in those days 
in, broadly speaking, one all-embracing channel. As 
the flow of work has increased it has become ramified 
and the resulting streams, each in its own bed, have 
deveioped so as to stimulate the growth of knowledge 
in many fields, some of them differing so widely as 
often to appear to have little in common. To change 
the metaphor, there was a time, doubtless, when all 
metallurgists spoke and understood a common language. 
The majority of our members in those days could read 
and appreciate most of the papers published in our 
yes. Times have changed, and nowadays it affords 
me, as a layman, not a little consolation when Dr. A. 
F.I.M., tells me that the paper of Dr. B., F.1.M., is 
beyond his comprehension. This specialisation is, no 
doubt, the inevitable result of the scientific method, 
and is, of course, not peculiar to metallurgy. 

However, I refer now to our own problems created 
by this diversification even in the comparatively 
restricted field of non-ferrous metallurgy. They find 
expression, for instance, in comments as to the ultra- 
theoretical nature of some of the papers published in 
the Journal and in complaints that the discussions at 
our general meetings are not what they were in the 
old days. There is substance in such statements, and 
in my view it will be wise for the Institute to modify 
its policies to meet the changing conditions of the 
times. 

It has, for instance, been somewhat unwilling in the 
past to countenance, under its broad cover, the forma- 
tion of groups of those members whose main interest 
is in one particular branch of the science. Has not 
the time come when such groups should rather be 
encouraged ? Can we not recognise that, while our 
scientific members share a fundamental and essential 
core of interest, many of them are working in widely 
different fields with highly iali techniques ? 
Cannot such workers be assisted in joining together 
under the «gis of the Institute to arrange for such 
discussions, publications and activities as will be most 
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helpful to them ? Certain provisos are needed. The 
sphere of interest should be capable of reasonably 
precise definition ; the group must provide a keen and 
active committee which would initiate and develop its 
programme under the — survey of the Council. 
. Given such conditions, I am sure that the encourage- 
ment of groups within the Institute would be a real 
ractical service to its members. 

A start has, of course, been made. The successful 
work of the very active Metal Physics Committee has 
been well supported, and, in arranging such fixtures 
as the recent Symposium on “ Metallurgical Applica- 
tions of the Electron Microscope,” it has proved its 
practical usefulness not only to our own members, but 
to a wider circle of scientists both in this country and 
abroad. Quite recently, another committee, dealing 
with metallurgical engineering, has started work. I 
know that in raising this subject of group-formation 
I may be wandering into debatable ground, but if my 
toes are trodden upon no great harm will be done. 
My underlying thought is this: that, if a substantial 
body of members share a desire or need that comes 
within the aims of the Institute, we should endeavour 
to satisfy it within the bounds of our powers and 
resources. 

It is in this direction also that the undoubted pro- 
blems surrounding the arrangement of discussions— 

icularly at our general meetings—may, I feel, find 
their solution. In the old days, so I am told, discussions 
were lively and controversial. Most of the members 
were interested in most of the papers. Times have 
changed. Papers are more highly specialised, and it 
will be exceptional if, even where several are grouped 
together, they give rise to general discussions interesting 
to all our members. 

As one solution to this problem there was arranged 
for last year’s annual meeting a symposium on “ Metal- 
lurgical Aspects of Non-Ferrous Metal Melting and 
Casting of Ingots for Working.” There was a valuable 
and well-attended discussion. A similar symposium is 
to be held tomorrow. These are, when all is said and 
done, special discussions specially designed to assist 
and interest a certain section of our membership, 
namely, those concerned with problems of practical 
technology. But is there any reason why, simultane- 
ously, another and separate discussion should not take 
place on some widely different theme which would 
interest a different set of members? Such meetings, 
designed specifically to meet the needs of defined 
groups of members, seem to me far more likely to give 
rise to lively discussion than those at which papers 
of varied types are presented. I suggest that simul- 
taneous discussions by different groups would be an 
experiment well worth trying. We rightly aim at 
bringing together at our general meetings members of 
all kinds often from distant places. A programme 
which gave them alternatives would avoid wasted days 
for some of them. I come back again to the root cause 
of our problem : it is no longer an easy matter to find 
subjects of current importance which admit of general 
discussion by the whole body of our members. If that 
is so, let there be more discussions and, provided that 
the subjects are of current importance, let them be 
more restricted in their scope and appeal. 

The wider field covered by metallurgical science has 
helped to create for the Institute another serious 
problem—that of finance. The volume of our publica- 
tions has greatly increased and the spread of the 
Institute’s activities has widened. There seems every 
reason to expect that these tendencies will continue. 
Simultaneously, the cost of every item of expenditure 
has risen sharply. It is true that our membership has 
continuously increased, but, in spite of this, it became 
necessary in 1947 to increase the rate of subscription 
by one-third. Now, in spite of the efforts of our 
Honorary Treasurer, the balance is again substantially 
on the wrong side. This is not the time for a detailed 
account of our position, but the fact is that the Institute 
is caught between the increase in the volume of its 
useful activities and the economic conditions now 
epg. in this country. Hitherto your Council has 

id it down that the former must not be curtailed and, 
in particular, that every paper submitted for publication, 
if it reaches our Beatin d ge stl som 9 must be published. 
I believe that to be the only possible decision, but it is 
one that severely limits the opportunities for economies. 
On the other hand, a further increase in the rate of 
subscription might well lead to a loss in membership, 
thus not only undermining our usefulness and influence 
but also limiting the additional revenue to be expected. 
The Institute has, thanks to the War-Time Emergency 
Fund, a brief respite after which, if additional income is 
not found, its work must be curtailed. To this situa- 
tion the Council is now, in good time, giving its atten- 
tion. My own view. is that, although we should exercise 
all reasonable economy, our work should go on and 
indeed should be expanded in any direction that will 
assist. the none of metallurgical science. For this 
new sources of regular income mu t and will be found. 

I would like now to refer to one subject.to which in 
recent years many members of the Institute have 





devoted considerable attention—metallurgical educa- 
tion. In 1943 the Department of Scientific and 
Industrial Research appointed a Committee under Dr. 
(now Sir) Andrew McCance to consider the steps 
necessary to sécure an adequate supply of trained 
metallurgists in the post-war period. Our Institute 
was among the organisations invited to give evidence ; 
the task of preparing our evidence was remitted to the 
Finance and pte Purposes Committee, of which 
at the time I happened to be chairman, so that it: fell 
to me to reconcile and to condense into coherent form 
the various views of the members of Council and others 
who joined in our deliberations. 

It chanced that at that same time two other develop- 
ments occurred. The Board of Education, as it was 
then, approached the various institutiéns interested in 
metallurgy, pressing for the establishment of National 
Certificates in Metallurgy and secondly, among working 
metallurgists, the demand became active that a qualify- 
ing organisation concerned specifically with the science 
and practice of metallurgy should come into being. 
Neither of these proposals a simple problem, but 
discussions took place with the Iron and Steel Institute, 
the Institution of Mining and Metallurgy, and the 
Institute of British Foundrymen, and ultimately three 
important results were obtained. The Joint Committee 
for National Certificates in Metallurgy wes formed ; 
the first draft of a constitution for the proposed 
Institution of Metallurgists was produced; and 
lastly, the four metallurgical Institutes combined to 
set up the standing Joint Committee on Metallurgical 
Education. National Certificates and the Institution 
of Metallurgists are now firmly established and the 
obstacles that once appeared daunting have been 
happily surmounted. The Education Committee 
already has a solid record of useful work to its credit, 
and the Institution of Metallurgists now joins in its 
labours. 

The purpose of all the activity of which I have 
es a brief review has been the provision, mainly 

r industry and research, of more and better qualified 
metallurgists. The planning of the right training for 
men of graduate standard is far from easy. Metallurgy 
is in itself a secondary science in that it consists in the 
application of the fundamental principles of chemistry, 
physics, and mathematics to the restricted field of 
substances in the metallic state. 

Even after liberal eliminations, it is clear that a well- 
qualified graduate must cover a very wide area of 
knowledge and yet a university course allows three or, 
at most, four years into which some small experience 
of works practice must, if possible, be fitted. The 
weight of your Institute’s influence, has, in these 
circumstances, been exerted solidly in favour of concen- 
tration on the three basic subjects—chemistry, physics 
and mathematics. We have urged that the metal- 
lurgical course should properly be one of four years, 
and that specifically metallurgical subjects should be 
introduced only in the later years. We have expressed 
the view that, as has been the case with some of our 
greatest metallurgists, a graduate in the basic sciences 
is likely, if he can take a post-graduate course in 
metallurgy, to be better qualified, particularly for 
research, than a metallurgical graduate of equal 
ability. I am sure that in this emphasis on fundamental 
grounding, as to which the other metallurgical insti- 
tutes have been in full agreement, a contribution to 
the future well-being of British science and industry 
has been made. 

A supply of university graduates trained purely as 
scientists does not, however, fill all the requirements of 
our industry. These men will not be trained techno- 
logists. They must be regarded and used as raw 
material of good quality, but they are not a finished 
product. But industry needs, in addition, greater 
numbers of young men of distinctively technological 
training, and much discussion has taken place in recent 
years as to the best way to provide them. There are 
many students for whom such a training is the most 
suitable, men whose turn of mind is practical rather 
than theoretical, but who may nevertheless be of great 
value in later life, particularly if working alongside 
men of more fundamental outlook. Moreover, industry 
in this country, and perhaps particularly the non- 
ferrous metal industry in many of its branches, is not 
preponderantly composed of large companies or groups. 
The part played by companies of small or moderate 
size is most important, and for such as these the 
problem of fitting into the organisation a man of 

urely theoretical university training is often difficult. 
Ror businesses too have emerged as the creation of 
practical men of outstanding character and ability to 
whom the theoretical as opposed to the practical type 
of recruit makes less appeal. 

I cannot rid myself of the old-fashioned belief that 
a university is, and should remain, an establishment 
for the pursuit and dissemination of knowledge for 
its own sake ; its research, in whatever field, should be 
unhampered by practical objectives and should follow 
truth wherever she may lead; its teaching should be 
directed to the discipline and training -but not to the 





technical equipment of the mind. The rise of science 
has, in the course of a few generations, added an 
enormous range to the field that a modern university 
must cover. Many subjects within this range inevitably 
have aspects which closely affect the material condi- 
tions under which we live. This factor in itself must 
have made it increasingly hard for professors in scien- 
tific subjects to keep ever in view the goal of pure 
knowledge for its own sake. The difficulty is enhanced 
in our country to-day when the need is for rapid 
practical results so that as a nation we may earn our 
daily bread. Yet it is as true to-day as ever it was 
that it is from pure research with no practical purpose 
that the great technical advances of the future may 
spring. I believe, therefore, that—even on material 
grounds though by no means on those grounds alone— 
the universities should be allowed to fulfil their ancient 
functions and that no pressure, whether from: Govern- 
ment or from industry, should attempt to divert them 
from the free pursuit of knowledge; otherwise the 
penalty will ultimately be paid by the people and the 
industries of this country, and it will not be a light 
one. 

How, then, shall our much-needed technologists be 
trained, and where? I personally have yet to see a 
better. solution than that proposed nearly five years 
ago by the Percy Committee. The colleges of tech- 
nology then advocated seem to me undoubtedly to be 
the instruments best suited to produce the well- 
qualified but practical recruits for whom all branches 
of our industry are asking. It is to be regretted that 
the tangible results of the Percy Report are as yet 
small, for progress on those lines would relieve the 
present pressure on the universities. Students of 
undergraduate cannot and should not be divided 
into sharply defined categories, but, in time, there 
would take place a rough sorting process so that the 
different types of men would tend to take the type of 
training—more fundamental on the one hand or more 
practical on the other—best suited to their natures. 
It is worth noting that in this Report emphasis is 
again laid on the need for a solid basis of fundamental 
science in a technological, as distinct from a university, 
course. As for the prestige attaching to a technological 
training and the standing of these colleges compared 
with the universities, these in the long run will surely 
depend on the quality of their work and of the men 
they turn out. 

Lastly, I would like to refer to the danger that the 
increasing demands made by scientific education on 
the time and energies of the student may crowd out 
from his mental background that broader culture, that 
knowledge of the humanities so essential to the full 
development of character and personality. This 
question has already received the consideration of our 
Joint Educational Committee, for in 1948 it published 
a wise and strong recommendation that the entrant to 
a university science course should be required to show 
evidence of culture outside the strictly scientific field. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 


Tuts list now appears regularly in the last issue of each 
month. Organisers are invited to send to the Editor 
particulars of forthcoming events. 








PHYSICAL SOCIETY’s EXHIBITION.—Friday, March 31, 
to Wednesday, April 5, at Imperial College of Science and 
Technology, London, S.W.7. For further details, see 
page 204, ante. 


BRITISH AUTOMOBILE AND MoToR CyYcLE SHOW.— 
Saturday, April 15, to Sunday, April 23, at the Grand 
Central Palace, New York. Organisers: The Society 
of Motor Manufacturers and Traders, 148, Piccadilly, 
London, W.1. (Telephone: GROsvenor 4040.) 

Lyons INTERNATIONAL Fairn.—Saturday, April 15, to 
Monday, April 24. Agents: Messrs. Robert Brandon 
and Partners, Limited, 45, Dover-street, London, W.1. 
(Telephone : REGent 0901.) 

Swiss INDUSTRIES FairR.—Saturday, April 15, to 
Tuesday, April 25, at Basle, Switzerland. <Agenis: Swiss 
Legation, Division Economique, 18, Montagu-place, 
London, W.1. (Telephone: PADdington 0701.) 

EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Test GEAR FOR THE RaDIO, TELEVISION AND TELE- 
COMMUNICATIONS InDUsTRY.—Monday, April 17, to 
Wednesday, April 19, at Grosvenor House, London,W.1. 
Particulars from the Radio and Electronic Component 
Manufacturers’ Federation, 22, Surrey-street, Strand, 
London, W.C.2. (Telephone: TEMple Bar 6740.) 

MANCHESTER BUILDING TRADES EXHIBITION.—Tues- 
day, April 18, to.Saturday, April 29, at City Hall, Deans- 
gate, Manchester. Organisers: Provincial Exhibitions, 
Limited, City Hall, Deansgate, Manchester. (Telephone : 
Deansgate 6363.) sill 

,RoyaL SaniTaRy INSTITUTE HEALTH CONGRESS.— 
Monday, April 24, to. Friday; Aprib.2%, at the Winter 
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Garden, Devonshire Park, and the Town Hall, East- 
bourne. For particulars, apply to the secretary of the 
Institute, 90, Buckingham Palace-road, London, S.W.1. 
(Telephone : SLOane 5134.) 

IRON AND STEEL INSTITUTE ANNUAL GENERAL MEET- 
ING.—Wednesday and Thursday, April 26 and 27. For 
particulars, see page 339, ante. 

LiteE INTERNATIONAL Fatr.—Saturday, April 29, to 
Sunday, May 14, at Coronmeuse, Liége, Belgium. Apply 
to the Foire Internationale de Liége, 32, Boulevard de ja 
Sauveniére, Liége. 

BRUSSELS INTERNATIONAL Fatr.—Saturday, April 29, 
to Sunday, May 14. Information from the Palais du 
Centenaire, Brussels, Belgium. 

GERMAN INDUSTRIES FAIR, HANOVER.—Heavy Indus- 
tries Fair: Wednesday, May 3, to Sunday, May 14. 
Organisers: Deutsche Messe- und Ausstellungs-A.G., 
Hanover, Germany. Agenis: Messrs. Eppac Limited, 
2, 3, and 5, Studio-place, Kinnerton-street, London, 
S.W.1. (Telephone : SLOane 8157.) 

INSTITUTION OF WATER ENGINEERS, SUMMER GENERAL 
MEETING.—Wednesday, Thursday and Friday, May 3, 
4 and 5, at Leamington Spa, with headquarters at the 
Regent Hotel. Apply to the secretary of the Institution, 
Parliament Mansions, Abbey Orchard-street, London, 
S.W.1. (Telephone: ABBey 6740.) 

INSTITUTE OF ROAD TRANSPORT ENGINEERS, ANNUAL 
Tour.—Sunday, May 7, to Friday, May 12. Visits to 
vehicle manufacturers, works, and operating establish- 
ments in Scotland. Details from the secretary of the 


Institute, 174, Palace Chambers, Bridge-street, London, | has also 


S.W.1. (Telephone: WHItehall 8971.) 

BRITISH INDUSTRIES Fair.—Monday, May 8, to Friday, 
May 19, at Earl’s Court, W.14, and Olympia, W.14, 
London ; and Castle Bromwich, Birmingham. Particu- 
lars from the Director, British Industries Fair, Board of 
Trade, Horseferry House, Thorney-street, London, S.W.1. 
(Telephone: VICtoria 6800); and general manager, 
British Industries Fair, 95, New-street, Birmingham, 2. 
(Telephene : Midland 5021.) 

VALENCIA INTERNATIONAL SAMPLES Fain.—Wednes- 
day, May 10, to Thursday, May 25. Agent: Mr. R. H. 
Thornton, 8, Duke-street, London, S.W.1. (Telephone : 
WHltehall 6674.) 

INTERNATIONAL TRADE Fairn.—Saturday, May 13, 
to Monday, May 29, at Porte de Versailles, Paris. 
Organisers: Foire de Paris, 23 rue Notre Dame des 
Victoires, Paris. (Telephone: Gutenberg 39-20.) Agent: 
Mrs. M. Hyde, 4, Park-lane, London W.1. (Telephone : 
GROsvenor 5480.) 

ILLUMINATING ENGINEERING SOCIETY, SUMMER MEET- 
Ingc.—Tuesday, May 16, to Friday, May 19, at Buxton. 
Information from the secretary, 32, Victoria-street, 
London, 8.W.1. (Telephones: ABBey 5215 and 7553). 


INCORPORATED PLANT ENGINEERS, ANNUAL CONFER- 
ENCE.—Thursday, May 18, to Saturday, May 20, at 
Nottingham. Apply to the secretary, 48, Drury-lane, 
Solihull, Birmingham. (Telephone: Solihull 3021.) 

CONFERENCE ON ISOTOPES IN INDUSTRY.—Friday, 
May 19, to Sunday, May 21, at the University, Edgbas- 
ton, Birmingham. Organised by the Department of 
Extra-Mural Studies of the university and the Birming- 
ham branch of the Atomic Scientists’ Association. 
Further information available from Mr. D. Bracher, 
Physics Department, the University, Edgbaston, Bir- 
mingham, 15. 

SwEpDiIsH INDUSTRIES FaiR.—Saturday, May 20, to 
Monday, May 29, at Gothenburg. Organisers: Svenska 
Massan, Gothenburg, Sweden. 

INSTITUTION OF ELECTRICAL ENGINEERS, NORTH- 
WESTERN CENTRE JUBILEE.—Saturday and Sunday, 
May 20 and 21. Outing to Lancaster, Morecambe and 
Windermere in celebration of the Centre’s 50th session. 
Apply to Mr. A. L. Green, 244, Brantingham-road, 
Chorlton-cum-Hardy, Manchester, 21. 

CANADIAN INTERNATIONAL TRADE FAIR, TORONTO.— 
Monday, May 29, to Friday, June 9. Representative: 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
$.W.1. (Telephone: WHItehall 8701.) Brrrisn TooL, 
MACHINE-TOOL AND SCIENTIFIC-INSTRUMENT SECTION : 
Apply to Room 347, Third Floor, Victoria House, South- 
ampton-row, London, W.C.1. (Telephone: HOLborn 
4667.) 

NEWCOMEN SOCIETY, SUMMER MEETING.—Thursday, 
June 1, and Friday, June 2, at Sheffield. Apply to the 
assistant secretary of the Society, Miss G. Bingham, 
O.B.E., 43, King’s-road, London, 8.W.3. (Telephone : 
SLOane 8883.) 

INSTITUTE OF BRITISH FOUNDRYMEN, ANNUAL CON- 
FERENCE.—Tuesday, June 6, to Friday, June 9, at the 
Spa Hotel, Buxton. Full information from the secretary 
of the Institute, St. John Street Chambers, Deansgate, 
Manchester, 3. (Telephone: BLAckfriars 6178.) 

INSTITUTION OF GAS ENGINEERS ANNUAL MEETING.— 
Tuesday, June 6, to Friday, June 9, at Bournemouth. 
Apply to the secretary of the Institution, 17, Grosvenor- 
crescent, London, 8.W.1. (Telephone: SLOane 8266. 


LABOUR NOTES. 
THE mt need for checking the upward trend in 
the cost of living, which the devaluation of sterling has 
encouraged, was impressed upon the Chancellor of the 
Exchequer by the special economic committee of the 
Trades Union Congress, when the committee met Sir 
Stafford Cripps and other Ministers on March 27. At 
this pre-Budget interview, the trade-union officials, 
led by Sir Vincent Tewson, C.B.E., general secretary 
of the T.U.C., emphasised that there would be the 
greatest difficulty in maintaining even the present 
amount of wage stability should the cost of living be 
allowed to rise to any appreciable ian, tony 
considered that the opposition of union membershi 
to the policy of ,wage restraint would be still further 
increased if profits were known to be high, or if the 
restrictions on dividends were relaxed. It may be 
recalled that officials of unions which have put forward 
substantial wage claims during recent months are 
included in the membership of the committee, and that 
these claims affect some four to five million workpeople. 





The committee are understood to have renewed their 
previous suggestions that the Government should 
inquire into the possibility of securing economies in 
distribution costs as one means of lowering prices, 
and to have suggested that some measure of relief 
should be provided for the lowest-paid employees in 
industry, possibly through the medium of the forth- 
coming Budget. On previous occasions the desirabilit 
of removing purchase tax from the cost of essentia 
been advocated. Among other points made 
by members of the committee on March 27 was the 
fact that the burdens now falling on all sections of the 
community were increasing, and reference, in this 
connection, was made to the effects of the anticipated 
rises in railway freights, London passenger fares, and 
agricultural prices. On the whole, little that was new 
emerged from the meeting. As at present arranged, 
the committee are due to — a report on the 
economic situation to a full meeting of the T.U.C. 
General Council on April 26. 





The claim of the National Union of Railwaymen for 
an increase in the wages of the lowest-paid grades of 
railway employees is due to be discussed at a meeting 
of the Railway Staff National Council on April 14. 
Both sides of the railway service are represented on the 
Council and, as pointed out on page 334 of our issue of 
March 24, the coming meeting will enable the N.U.R. 
to present their case afresh to the Railway Executive, 
with the additional advantage to the Union that high 
officials of the Railway Clerks’ Association and of the 
Associated Society of Locomotive Engineers and 
Firemen, which Unions refused to join in the claim, 
will be present during the discussion. Any decision 
by the Government, before April 14, to accept the 
recommendations of the Transport Tribunal for 
increases in railway-freight charges will tend to 
strengthen the arguments of the N.U.R. in favour of 
the desired wage improvements, on the ground that 
conditions have changed since the Executive rejected 
the claim on February 27. In any case, it is ex 
in some quarters that the N.U.R. will refer to the 
probability of working-to-rule protests in some sections 
of the railway service if all requests for wage improve- 
ments are to be refused. 





Addressing a conference of railway delegates at 
Torquay on March 25, Mr. J. B. Figgins, general 
secretary of the N.U.R., stated that it might become 
necessary for the Union to insist that the national 
agreements which it had made with the Railway 
Executive should be honoured to the letter and, in 
consequence, that there should be no work on rest days. 
He regarded it as outrageous that railwaymen who 
gave up their leisure time, by working on Sundays 
and rest days, should be penalised by having their extra 
earnings used as an argument against an increase in 
wage rates. Mr. Figgins referred to the application 
of the Union for a weekly increase of 10s. as having 
been “‘ adamantly ”’ rejected, and criticised the manner 
in which the Executive had handled wage claims. 
He said that the Union had not realised that, under 
nationalisation, it would have to submit, to an indepen- 
dent tribunal, arguments and reasons for increased 
wages which were no different from those previously pre- 
sented by its representatives to the railway companies. 





The persistence of the N.U.R., Mr. Figgins declared, 
had compelled the Government to set up a Board of 
Conciliation, but the Union had not been happy with 
the Board and remained convinced that a Court of 
Inquiry should have been established on similar lines 
to the one formed in 1947. The findings of the latter 
body had not been forced upon the Union, as had the 
recommendations of the Board of Conciliation. He 
agreed that certain concessions relating to the railway- 
men’s working conditions had been made, but stated 
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justified the 10s. increase. Mr. Figgins advocateg 
further electrification of the railways as an “ urgent 
necessity,” but considered that this could only be 
brought about by exerting pressure on the Government 
whose policy was restricting capital developments, ” 





The Association of Building Technicians held their 
annual meeting in London on March 18. A resolution 
suggesting the establishment of a national training 
scheme for instructing technicians, managers, foremen 
and personnel at lower levels in new methods of 
construction, site organisation, and the utilisation of 
mechanical plant to produce more buildings at a lower 


P§ | cost, was approved. 


The achievement of a balance of payments reimaing 
the principal economic problem facing the United 
Kingdom during the coming year, according to the 
“Economic Survey for 1950” (Cmd. 7915, price 1s, 
net), published on March 28, but the devaluation of 
sterling has provided immense opportunities for findi 
asolution. The Survey emphasises that the advantages 
of devaluation to the export market would be lost, 
owing to inevitable rises in costs, should personal 
incomes, including wages and dividends, be increased 
without corresponding improvements in production 
taking place. Any such increase in personal incomes 
would also produce serious inflation in this country, 
In brief, the Survey suggests that 1950 should bring 
about an upward trend in dollar earnings, increased 
sales to other hard-currency countries, larger receipts 
from shipping services, and some advantages from 
improved sales of gold from South Africa, coupled 
with considerable reductions in expenditure on dollar 
commodities, due to the purchase of these articles from 
sterling countries. Indeed, it foreshadows a marked 
improvement in the position of sterling countries 
overseas. 





The numerical strength of the industrial population 
in the United Kingdom is regarded by the Survey as 
likely to show but little change during 1950 and the 
level of unemployment is expected to remain at its 
present low figure of between 1} and 2 per cent. of the 
country’s insured population. It will thus be seen that 
industry is confronted with the important problems 
of how to secure stability of incomes, particularly 
salaries and wages, in spite of rising prices, and how to 
attain improvements in production figures with an 
almost stationary labour force. The absence of sub- 
stantial incentives and high taxation on earnings are 
added difficulties with which industry has to contend. 
All forecasts in the Survey appear to be based on the 
presumption that the stabilisation of wages will 
continue. 





The productivity curve is tending to flatten and 
estimates by the Survey for increases in production 
during the coming year are lower than those attained 
in 1949. Industries covered by the index of production 
are expected to improve by 34 per cent. during 1950, 
against nearly 5} per cent. in 1949, and, for other busi- 
ness enterprises, productivity is hoped to attain an 
advance of 2} per cent. during the coming year, com- 
pared with an increase of approximately 4 per cent. in 
1949. The effect of devaluation on prices, the Survey 
states, can only be guessed, but, as an ideal, and 

rovided that the restraint on increases in income 
levels continues, prices in the home market should 
rise only sufficiently to balance the additional costs of 
imports due to devaluation. Some increase in prices 
as a result of devaluation are, however, inevitable. 
The import price index is 13 per cent. higher than it 
was six months ago. The general wholesale index has 
advanced by 6 per cent. during the same period. 





Difficult man-power problems appear to be developing 
at the London docks. They are fikely to reach an even 
more serious level when the present slack period at the 
docks comes to an end alter the Easter holidays. 
Some 300 London dockers, summoned by the unofficial 
port workers’ committee, called for a ban on overtime 
work, until April 14, as a protest against the decision 
of the Transport and General Workers’ Union to expel 
three members and discipline five others for the part 
they played in the unofficial dock strike during June 
and Saly, last year. The meeting also decided that 
there should be a strike throughout the port in the 
event of any of these men being unable to secure work 
owing to the operation of the closed-shop agreement. 
April 14 was x sem as being the date on which the 
appeals of the three men against their proposed expul- 
sion come before the Union’s committee. Overtime 1s 
worked by a considerable proportion of London 
dockers on Sundays and after 5 p.m. on other days. 
Work on twelve ships in the port was stated to be 
held up on Monday night, owing to the ban on over- 
time, but the’ number had fallen to ten on Tuesday. 
A small meeting of representatives of London’s 27,000 
dockers and stevedores a resolution on March 28 





that there had been no increase in wages. The facts 
which the Union had placed before the Board amply 





demanding the early implementation of the dockers’ 
charter. 
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RAILWAY ELECTRIFICATION : 
DESIGN OF OVERHEAD 
EQUIPMENT.* 


By F. B. Krrcuin and J. HoLianp. 


Brrore the overhead system of an electric railway 
can be designed, a study must be made of the available 
source of high-voltage supply to substations, and the 
graphical timetables of the anticipated traffic density. 
From the characteristics of the proposed locomotives, 
or multiple-unit trains, in relation to the timetable 
and gradients of the line, the most economical copper 
section per track of the overhead equipment, and the 
approximate spacing of substations, must be deter- 
mined. The copper section having been decided, it 


remains for the designer to arrange the wire sizes to | 


the best advantage. The various systems available 
are one single-contact wire (tramway construction) ; 
a single-contact wire supported from a main catenary ; 
& main catenary supporting an auxiliary catenary and 
one contact wire; a main catenary supporting two 
contact wires; and a main catenary supporting an 
auxiliary catenary and two contact wires. The first 
arrangement is applied to minor siding constructions. 
It requires short spans, and is limited to slow running. 
The others are more generally applicable and give the 
greatest degree of flexibility to the contact wire. This 
is an important feature for high-speed current collection. 
The fourth and fifth methods are favoured in certain 
quarters as it is claimed they give better current collec- 
tion than methods two and three. The main and 
auxiliary catenaries are usually stranded cables of hard- 
drawn copper, to give maximum conductivity for 
minimum weight of conductor. For a siding catenary, 
where conductivity in the catenary is not of such 
importance, cadmium-copper strands are used, but, if 
climatic conditions permit, economy can be obtained 
by using galvanised steel strand. 





* Paper read before the Institution of Electrical Engi- 
ueers Convention on Electric Railway Traction on Wed- 
nhesday, March 22, 1950. Abridged. 
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| wire being blown off the 




























The next consideration is the maximum permissible 
span length to avoid any possibility of the contact 
pantograph collector pan 


| under maximum wind conditions. Trouble was experi- 





enced in Melbourne when using 300-ft. spans and a 
large sag. From a number of full-scale tests it was 
concluded that, for the worst conditions to be expected 
in England, a 220-ft. span can be regarded as a safe 
maximum. To give maximum protection i 
blow-off, the contact wire must be central on the panto- 
graph at mid-span for maximum spans, but a gradually 
increasing offset at mid-span is allowed as the spans 
are shortened. From consideration of the ‘‘ hogging ” 
or “drooping” of the contact wire at minimum and 
maximum temperatures, the authors’ experience is 
that a sag of 5 to 6 ft. in the catenary gives good 
running conditions for all speeds. From the require- 
ments of tracks to be electrified standard structures 
are designed for open line construction, for both normal 
supporting structures and anchor structures, and these 
are used wherever possible. Fig. 1 shows a typical 
cross-section of overhead equipment. 

The choice of material for supporting structures for 
an electrification scheme lies between wood poles, 
reinforced concrete, and mild steel. Wood poles 
have been used extensively, but have generally been 
restricted to single-track cantilever or two-track 
structures, carrying light equipment. They have also 
been employed for cross-span construction with the 
extensive use of guys. Reinforced concrete has been 
chiefly used in the form of masts, with steel cantilevers, 
or cross-span construction with guyed masts. The 
mast may be of ordinary reinforced concrete or, latterly, 
a pre-stressed concrete type. Very little development 
has been done in the use of reinforced-concrete portal 
structures, but this is at present under consideration. 

If reinforced concrete can be justified economically, 
it has the great advantage of the reduction in main- 
tenance costs, as painting is unn . There is 
little saving of steel in ordinary reinforced concrete, 
but with pre-stressed concrete the amount of steel 
required is only about 30 per cent. of that for a com- 
parable steel mast. The disadvantage is the overall 
















size of the mast, the excessive weight, and the careful 
handling required. The last-named greatly increases 
the erection costs. Concrete anchor structures have 
not been found satisfactory ; consequently, if concrete 
is called for, masts of the guyed type are generally 
used. In addition to the first cost of the masts, the 
cost of guys, fittings, and guy foundations has to be 
considered. Concrete masts lead to restriction in 
design, and are economical only when mass-produced. 

All things considered, steel appears to be the most 
widely accepted material for track structures, not- 
withstanding the present unprecedented demand and 
cost. The supporting structures may be cantilevers, 
two masts with cross beam pin-jointed at the connec- 
tion of mast and beam, plain portal structures with 
the mast fixed or pin-jointed at base, knee-braced portal 
structures with the masts fixed or pin-jointed at base, 
compound portal structures ; or, for long spans, two- 
or three-pin arches, simple cross span, or cross beams 
supported by tie rods or cross spans. Of these, the 
fixed-base portal structure for multiple tracks is 
undoubtedly the most economical. Structures have 
to be designed to suit the particular railway in question, 
and track gauge, clearance from track, allowance on 
curves, conductor sizes, and varying specifications 
regarding temperature range, windage, ice loading, 
permissible stresses, all require investigation. An im- 

t factor in structure design is the question of 
fabrication costs, and, while a simple portal structure 
built up of plain beams may average at present-day 
costs about 40/. per ton, a similar structure with built- 
up or latticed members may average about 65/. per 
ton. Painting, assembly, foundation, and erection 
costs must also be considered. 

One way of reducing foundation costs is to design 
structures with pin-jointed bases, but this adds to the 
amount of steel required, and to the cost of erection of 
the structure ; the cost is again increased if the nature 
of the ground iis such that the foundations have to be 
tied together. Pin-based structures are particularly 
convenient on viaducts, where the masts may be 
placed on brackets outside the viaduct walls, and the 
two foundations tied together under the tracks. A 
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simple portal structure built from broad-flanged beams | 
may be used for spans up to about 40 ft., and, by | 
using a knee-braced portal structure, broad-flange | 
beams may be employed for spans up to about 70 ft. | 
Broad-flanged beam structures require the minimum | 
of fabrication, and are easy to clean, paint and main- 
tain ; they also provide sufficient stiffness for along- 
track wind loads. Fabricated structures of a lattice 
type, with built-up masts, are used for long cross-track 
structures. Generally these structures are manufactured 
and delivered in sections completely riveted, each sec- 
tion being joined on by bolted connections during 
erection. For work in this country, it is felt that 
economy in steel could be effected by making more use 
of welded connections. There is little scope for varia- 
tion in design of anchor structures. 

The designer requires to know the maximum loads 
that a structure will be called upon to withstand, and 
this is generally presented in the form of a loading 
diagram showing applied loads. He then requires 
to know the permissible working stresses he is allowed 
to adopt. Confusion has arisen in the past by specifica- 
tions calling for a given factor of safety for the 
erected structures. The design assumptions are valid 
only until the elastic limit of the material is reached ; 
with increasing loads there is deformation of the 
structure within the plastic range before the structure 
fails. It is difficult to reconcile working stresses with 
ultimate failure. 

For normal supporting structures, the foundations 
are designed as side-pressure foundations; a cored 
hole is left in the foundation, into which the mast is 
placed and finally grouted in position. Side-pressure 
foundations are designed to the following assumptions : 
the centre of overturning of the foundation is at two- 
thirds of the depth of the foundation below ground 
level, and the stress diagram between ground level and 
the centre of overturning is bounded by a parabola ; 
the stress diagram between the centre of overturning 
and the base of the foundation is bounded by a straight 
line ; the permissible ground pressure varies directly as 
the depth and equals Kd, the assumed value of K for 
nena, ground being generally taken as 1,000 lb. per 
square foot per foot of depth ; and a portion of the over- 
turning moment is resisted by pressure on the base 
of the foundation. Foundations designed on the above 
assumptions have been installed and tested. It is 
difficult to determine the actual failure of a foundation, 
or to assign a definite factor of safety, but it was 
ascertained from tests that the foundation was stable 
after. application of twice the maximum applied 
moment. Alternative designs are prepared for values 
of K equal to 800 and 500. If the ground is judged 
unsuitable to resist side pressures, gravity-type founda- 
tions are used. These are also used for all anchor 
structures and anchor masts. Pre-cast foundations 









have been used, but are suitable only for structures 
carrying light loads. Foundations should be simple in 
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design, and care should be taken to avoid undercutting, 
excessive template work, and boxing. It is economical 
to use extra concrete in order to save labour on instal- 
lation. The total cost of erected structures with 
foundations may be as high as 55 per cent. of the total 
cost of overhead equipment. 

When the maximum permissible spacing between the 
structures has been determined, the designer endeavours 
to make a layout on the track plans, using the minimum 
number of structures. For convenience in manufac- 
turing conductors, for handling in the field, for elec- 
trical sectioning and maintenance, the tension length 
is restricted to approximately one mile. At the end 
of each tension length an “overlap span” is intro- 
duced. The equipment is overlapped to give a short 
distance of parallel running on the contact wires of 
each tension length, and thus ensure a smooth tran- 
sition from one section to the next. On single track, 
the equipment is generally turned out and terminated 
on an anchor mast, while for double and multiple 
tracks a pair of anchor structures are used. These 
overlap spans may be “solid,” insulated and fitted 
with jumpers, or insulated and switched. The first 
consideration in making a layout is to locate the 
switched overlap spans. The principal positions are 
determined by the substation and track cabin locations, 
and the switching requirements at stations. The 
intermediate overlap spans are then located at intervals 
of approximately one mile. Overline bridges definitely 
locate the position of adjacent supporting structures. 
Crossovers, in which section insulators have to be used, 
restrict the structure position, as the structure must be 
close to the section insulator. On tangent track, open- 
line maximum spans are used as far as possible. For 
curved track, the radius of curvature and the per- 
missible offset of the contact wire in the centre of the 

determine the maximum structure ing. 
curves, intermediate pull-off masts may be 
required between the main —— On tangent 
track, the wires are displaced at the supports, first on 
one side of the track centre, and, at the next support, an 
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equal distance on the opposite side of the track centre. 
The normal amount of this “ stagger ” is 12 in., while 
the maximum offset on curves is limited to 15 in. 
The object of stagger is to distribute the wear on the 

tograph strips, and to prevent the possibility of 
orming a groove in the collecting surface of the 
pantograph “ pan.” 

The registration of the contact wire at structures 
for multiple tracks may be by means of cross spans, 
or by independent supports, i.e., verticals attached to 
the bridge member. The former is much cheaper 
than the latter, and, while it is possible to give this 
mechanical independence on open line, it is not 
possible to maintain it in junction work. It is again 
the question whether additional capital expenditure is 
justified to provide against possibility of a damaged 
pantograph wrecking a cross span, and affecting more 
than one running track. Fig. 2 illustrates the former 
method, and Figs. 3 and 4 the latter. The usual 
contact-wire heights worked in this country are 16 ft. 
above rail for normal running conditions, 18 ft. over 
public level-crossings, and 20 ft. in sidings. The 
minimum contact-wire height at bridges and tunnels 
depends on the loading gauge and the required elec- 
trical clearance to stock. For high-speed running, the 
change of grade of the contact wire relative to the 
track should not be greater than 1 in 300 for main-line 
working. 

Various types of supporting insulators are in use, 
namely, standard cap and pin, diabolo bracket, and 
solid core. These are all porcelain insulators. For ter- 
minating, the cap and pin, or a diabolo type, is used. 
For side registration and cross-span termination, the 
same types are used as for supporting. For cross-span 
insulation between tracks, a more convenient form is 
that shown in Fig. 5. To minimise the effect of lightning, 


On| the insulation should be graded—the impulse strength 


of the insulator being greatest for terminal insulation, 
a little less for supporting insulation, and lowest for 
registration insulation, so that, in the event of a heavy 
lightning surge being induced in the overhead equip- 
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ment, it will spill over at the registration insulation, 
where the least damage may occur. 

For high-speed running it is essential to avoid a 
hard spot at each registration point. On earlier elec- 
trification schemes, a long steady-arm was attached to 
the insulator on the mast, but this caused sparking at 
high speeds, owing to excessive weight. With the 
introduction of cross spans and a short steady-arm, 
the effect is reduced, but, owing to the angle of the 
steady-arm, a certain amount of load is still taken at 
the contact-wire clip. To reduce the hard spot further, 
the hinge of the steady-arm is brought down approxi- 
mately to the level of the contact wire, i.e., in line 
with the transverse pull. A horizontal hinge will 
enable any along-track movement to take place which 
may occur from the “ stroking ”’ effect of the panto- 
graph, or from re-tensioning of the contact wires. On 
multiple-track construction this necessitates a drop 
bracket from the cross beam. 

In compound-catenary construction, main droppers 
are used between the main and the auxiliary catenary, 
and short loop-type droppers between the auxiliary 
catenary and the contact wire. In simple-catenary 
construction, main droppers support the contact wire 
from the catenary. It has been found desirable, at 
least in industrial areas, to use semi-hard drawn solid 
copper wire for the main droppers, instead of flexible 
stranded wires, as the individual strands are liable to 
deteriorate rapidly. In simple-catenary construction, 
loops or chains are used to give flexibility. A flexible 
feeding connection is used between the catenary and 
the contact wire at intervals along the line. Figs. 6 
to 9 illustrate two types of droppers in use. In this 
country, preference has been shown for bolted catenary 
and contact-wire clips. 

Each main-line equipment of multiple-track con- 
struction is insulated from the neighbouring lines, 
and paralleled only at substations and track sectioning 
cabins. This enables any one track to be isolated in 
case of a fault. The normal method of insulating a 
cross-over between main lines is to ‘“‘ cut in” a con- 
tinuous-feed section insulator. This causes a hard 
spot, and arcing must occur when it is taken at speed. 
To minimise the hard spot, instead of using section 
insulators, “‘double wiring” is introduced, using an 
extra equipment with an insulated knuckle to give the 
electrical sectioning. This is expensive, but enables 
fast cross-overs to be taken at a greater speed. Figs. 
10 and 11 show a design of porcelain section insulator, 
while Figs. 12 to 14 illustrate an insulated knuckle 
used in “* fast cross-overs.” 

Bridges and tunnels, except where these are newly 
built, invariably leave the designer the most difficult 
problems, owing to the very small clearances available. 
In this country, where bridges are frequent, the job 
becomes one of great importance. Where bridges occur 
at infrequent intervals, and clearances under the brid, 
are such that only the contact wire may be carried 
through, it is economically possible to terminate the 
main catenary wire at the bridge face and jumper 
the terminated ends by means of an insulated cable. 
In this country, however, this method is impracticable 
and economically undesirable. In consequence, bridge 
equipment had to be designed to get all the bare line 
wires (for the Liverpool Street-Shenfield scheme, a 
main catenary, auxiliary, and contact wire) through the 
bridges without cutting them, and in the smallest 
possible space, while preserving the essential flexibility 
of the contact wire. After field tests and trials, a 
wiring arrangement has been devised which permits 
all the wires to pass under bridges with a minimum 
available space of 12} in. where the bridge soffit is 
flat, and only 8} in. where the bridge construction 
is of the jack-arch type; the arrangement used is 
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illustrated in Fig. 15. The majority of bridges are of 
this latter kind. The minimum amount of space 
required to take the wires through, when supported by 
the simplest means, is 15} in. 
This minimum-clearance construction permits a 
possible free lift of 2} in. to the contact wire, a distance 
which is considered sufficient even where, as on the 
Manchester-Sheffield-Wath line, heavy trains may use 
two locomotives in tandem. In Liverpool Street 
Station one bridge had 7 in. space to get the wire 
through, and modifications to either the bridge or 
the track were impossible. The wires were accommo- 
dated at the expense of the 2} in. free lift of the contact 
wire, this very special case occurring in a terminus 
where train speeds will be low, and only one pantograph 
exerts pressure on the contact wire. The minimum- 
clearance equipment leaves an air-gap between the line 
wire and the bridge roof, or the face of the roof girder, 
of only 4 in., the minimum distance permitted in the 
Railway (Standardisation of Electrification) Order, 
1932. Flexibility of the contact wire through bridges 
is obtained by supporting the contact wire on the loop 
droppers shown in Fig. 15. The attachment of the 
fittings to the face of bridges was extremely difficult, 
owing to multiple tracks, skewed bridges on which the 
equipment had to be set normal to the track rails, 
and a multiplicity of bridge designs. After much 
preliminary design work it was considered desirable 
to erect independent structures at the bridge faces ; 
thus the existing faces remained untouched. Many 
tunnel problems on the Manchester-Sheffield line still 
remain to be solved, but the cutting of deviation 
tunnels is likely to minimise some of the difficulties 
inherent in pre-war plans. All brackets supporting 
equipment are connected to an earth wire fastened to 
the buttress of the bridge, and carried to track rails 
through a spark-gap. This latter fitting is designed to 
break down by puncturing at a predetermined voltage. 
In addition to the track circuit-breakers in the 
various substations, line switching is carried out on 
the track structures by means of porcelain-insulated 
knife-type switches; these are not operated under 
load. Three principal types are in common use, the 
isolating, the alternative feed, and the siding earth 
switches. The switches are rated at 1,000 amperes 
for one hour. They are mounted on the track struc- 
tures on small-part steelwork designed to suit the 
local conditions and the type of structure available at 
a particular location. The most convenient position 
of the switch is usually at the height of the cross beams 
or girder. The switches are therefore operated by 
rods from the ground, usually a distance of approxi- 
mately 20 ft. The operating rod is insulated from 
the switch unit by a porcelain insulator only in many 
cases, but on the Liverpool Street-Shenfield and Man- 
chester-Sheffield schemes this insulation is augmented 
by a wood-beam secondary insulation. On earlier 
-schemes, switches of this t; have been operated by 
a single-switch operating A which is very slender in 
relation to its length, and is in compression when 
the switches are operated. When operated by the 
above means, the weight of the rod itself and the 
mechanical resistance of the switch blade in the contact 
have to be overcome. To minimise the load, and 
remove the compression load from the greater part 
of the switch-operating rods, double operating rods 
are being used. For the Manchester-Sheffield elec- 
trification, separate switching structures are under 
consideration. By this it is hoped to reduce the length 
of insulated feeder cable between substation and 
switches, to give better switch-operating facilities, to 
keep the anchor structures free from special steel parts 











for carrying switches and operating gear, and to 
simplify the connections between switches and line. 
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LAUNCHES AND TRIAL TRIPS. 

S.S. “ Inisn Hazev.”—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Irish Shipping, 
Limited, Dublin. Last vessel of a series of five. Main 
dimensions: 446 ft. 14 in. (overall) by 57 ft. 34 in. by 
37 ft. to shelterdeck ; deadweight capacity, 8,900 tons 
on a draught of 25 ft. 1 in. Triple-expansion engines 
with Bauer-Wach exhaust turbine, and three oil-fired 
boilers. Service speed, 124 knots. Trial trip, March 7. 

S.S. ‘* SuEvic.”—Twin-screw refrigerated-cargo liner, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for Messrs. Shaw Savill and Albion Company, 
Limited, London, E.C.3. Last vessel of an order for five. 
Main dimensions: 561 ft. (overall) by 72 ft. by 43 ft. 
44 in. to shelter deck; gross tonnage, about 13,900. 
Parsons triple-expansion single-reduction geared turbines, 
developing 14,000 s.h.p. at 120 r.p.m., and two Foster- 
Wheeler oil-fired water-tube boilers. Speed about 
17 knots. Launched, March 7. 

M.S. “ SEcurITy.”—Single-screw cargo vessel, built 
by Messrs. Goole Shipbuilding and Repairing Company, 
Limited, Goole, Yorkshire, for Messrs. Frederick T. 
Everard and Sons, Limited, London, E.C.3. Main 
dimensions: 225 ft. by 36 ft. by 16 ft.; deadweight 
capacity, 1,740 tons. Diesel engine to develop 800 b.h.p. 
at 250 r.p.m., supplied by the Newbury Diesel Company, 
Limited, Newbury, Berkshire. Launched, March 8. 

S.S. “ Hutpra.”—Single-screw oil tanker, built by 
the Blythswood Shipbuilding Company, Limited, Scots- 
toun, Glasgow, for Skibsaktieselskapet William Hansens 
Rederi, Bergen, Norway. Main dimensions: 305 ft. by 
44 ft. by 20 ft. 3 in. to upper deck; about 3,500 tons 
deadweight on a draught of 18 ft.6in. Triple-expansion 
engine of 1,350 i.h.p., and two oil-burning cylindrical 
boilers, supplied by Messrs. David Rowan and Company, 
Limited, Glasgow. Trial speed, 11? knots. Trial trip, 
March 8. 

M.S. “* Exmoor.”—Single-screw cargo vessel, built and 
engined by Messrs. William Doxford and Sons, Limited, 
Sunderland, for the Moor Line, Limited, Newcastle-upon- 
Tyne. About 444 ft. 9 in. length overall by 56 ft. 6 in. 
beam by 29 ft.; deadweight capacity, about 9,140 tons. 
Doxford four-cylinder opposed-piston oil engine, giving a 
service speed of 13 knots. Trial trip, March 9. 

S.S. “ GaRDINIA.”—Twin-screw tanker, built and 
engined by Messrs. Smith’s Dock Company, Limited, 
South Bank-on-Tees, to the order of the Anglo-Saxon 
Petroleum Company, Limited, London, E.C.3, for their 
shallow-draught service to Lake Maracaibo, Venezuela. 
Length b.p., 405 ft. 4 in., breadth 62 ft. 6 in., depth 
21 ft. 6 in. to harbour deck; deadweight capacity, 
approximately 7,967 tons on a draught of 18 ft. 8 in. 
Triple-expansion engines and two Babcock and Wilcox 
water-tube boilers to give a service speed of about 
12 knots. Trial tr‘p, March 10. 

M.S. “* MINSTER.”—Single-screw collier, built by the 
Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for Messrs. Stephenson Clarke, Limited, 
London, E.C.3. Main dimensions: 322 ft. (between 
perpendiculars) by 46 ft. by 22 ft. 4 in.; deadweight 
capacity, about 4,600 tons on a draught of 19 ft. 11 in. 
Kincaid-Harland-B. and W. five-cylinder directly- 
reversible trunk-piston Diesel engine of 1,600 b.h.p. 

S.S. “‘ HeRo.”—Single-screw cargo vessel, built by 
Messrs. Hall, Russell and Company, Limited, Aberdeen, 
for Bruusgaard, Kiésteruds Skibs. A/S, Drammen, 
Norway, designed for the Chinese coastal trade. Main 
dimensions : 281 ft. overall by 41 ft. 10 in. by 18 ft. 7 in.; 
deadweight capacity, about 2,300 tons on a draught of 








16 ft. 6 in. Fredriksstad steam motor constructed by 
Messrs. Hall, Russell. Launch, March 20. 








ENGINEERING. 








HAND-OPERATED 











Fig.2. 


\N 
W 


WAAAY 






Uv 
Ces 


PAAR 
s scone: 


Ns 


tats tsttTtees. 


IW 
aN 







Yin 








SSS aw 





VII. Hee 


3 










w Yih 
NSS zz 


~y 
: Sp euro = OS LAA: 
N y TION : Nssgi NZ 
N Y \ 
WY) EIN A ite 
ZG 


SY; Yin 





Z 
= 


a 
FSS ASS 


MARCH 31, 1950. 


GEARBOX. 


Qeeeee 


iho, a 
0 ete aS 
Wis ~ morte rent} 











Nin 


YAN 

Y f 

Oo 
a 


Wy 


ZA} 








3 

N 
WH 
VY ~ 
\ 


N 





NNOUYAVY_V 7 X-* 
BO Uy Uy 








Fie. 1. 


HAND-OPERATED MULTI-SPEED 
GEARBOX.* 
By W. F. Arxiys, A.M.I.P.E. 


A compact portable gearbox with 14 different gear 
ratios, ranging from 1:2 up to 24:1, has recently 
been designed and constructed at the National Physical 
Laboratory for testing the mechanisms of taximeters. 
Its possible use for other purposes has prompted the 
publication of this description. 

Annual routine testing of taximeters is one of the 
principal activities of a special station of the National 
Physical Laboratory at Lambeth, London. All taxi- 
meters controlled by the Metropolitan Police are sent 
there at least once a year, for a check on their func- 
tioning. Two conditions are involved in the test, 
because, when the taxicab is at rest or proceeding at 
less than 5 m.p.h., the meter is operated by clock 
mechanism ; and at over 5 m.p.h., the distance travelled 
controls the meter. The drive to the fare-recording 
mechanism, either by time or distance, is generally 
through a multi-toothed cam, which is made to rotate, 
lifting a lever which is returned, after each lobe of the 
vam is , by a spring. As the lever makes its 
quick return after each crest of the cam has passed, 
it operates the fare-recording mechanism by one incre- 
ment. The initial increment is two-thirds of a mile, 
and the meter is required to record this amount in 
terms of money within prescribed limits. 

A number of factors will cause the meter to record 
inaccurately, such as backlash in the clock train of wheels 
or in the train of wheels through which the distance 
measurement is driven ; also, losses can be considerable 
in the methods used in the “ pick up” from the road 
wheels or the clock mechanism. Another cause can 
be inaccuracies in the divisions of the multi-toothed 
cam. It is to test the accuracy of the initial increment 
of the taximeter that the gearbox, described in this 
article, was designed. To do this test, the meter is 
placed on the locating platform of the gearbox and, 
by operating the divided handwheel provided, it is 
possible to drive the meter through distance measure- 
ments and to determine to a decimal fraction the 
number of spindle revolutions to any fare-recording. 
In this way, repeated readings of the initial distance 
are taken after each lowering of the flag. A sequence 
of flag falls and fare-recording is followed that will 
ensure that every tooth of the cam wheel is brought 
into the initial distance test. 

Briefly, the gearbox consists of a light-alloy octagonal 
casting measuring 9} in. (23-5 cm.) across the flats of 
the octagon and 12 in. in height (30-5 cm.). The 
casting is divided into an upper and a lower compart- 
ment by a horizontal platform, the drive being trans- 
mitted between the two compartments by a central 
spindle. Each compartment contains four layshafts, 
which can be engaged independently with the centre 
spindle by means of external throw-in levers to produce 





* Communication from the National Physical Labora- 
tory. Abridged. 


| the required output spindle speeds. Two of the main 
| requirements of the design were, firstly, the direction 
| of rotation of the output spindle for any selected ratio 
was to be the same as that of the operating handwheel, 
and, secondly, a minimum number of gears were to be 
engaged at any one time. 

The external appearance of the gearbox is shown in 
Fig. 1, herewith. Any of the gear ratios may be 
selected by pressing down two appropriate levers, one 
in the upper and the other in the lower compartment. 
Spiral gears were chosen throughout to ensure smooth 
| running. The design was influenced to a certain extent 
| by the limiting size of gear which could be cut on the 
particular hobbing machine available. To avoid 
having to resort to very high diametral pitches in order 
to reduce the size of gears for the high ratios, a train 
of gears was introduced for each ratio. This allowed a 
diametral pitch of a lower number to be used and 
resulted in stronger teeth. Breaking down into gear 
| trains presents two advantages. It could be arranged 
| that each train had the same number of gears and that 
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arm f, and Fig. 4, a section of the upper compartment 
above the cross arm g. 

The lower section (x in Fig. 2) of the three centre 
spindles is operated by the handwheel through a pair 
of spiral gears j and k of 1 : 1 ratio, and has its bearings 
in the base e and the cross arm f. The middle section y 
has three bearings, one in cross-arm f and the others 
in the centre platform b and the cross-arm g, respec- 
tively. The bearings for the top or output section z 
are housed in cross-arm g and the cover plate h. 

Each of the layshafts carries two gears and has its 
bearings in two blocks which can slide radially in slots 
provided in plates e and A and the centre platform b. 
All of the gears are keyed to the spindles. In Fig. 2, 
m and m, are the sliding blocks for layshaft d. The 
sliding blocks are located endwise by the cover plates 
q and r, and the top locating platform. End play for 
the layshaft, between the bearings in the sliding 
blocks, is controlled—depending, of course, on the 
position of the gears on the layshaft, to mesh with 
their mating gears on the centre spindles—either by 


TABLE I.—RatTio3 OBTAINABLE. 





Nominal Ratio of Lower Compartment. 


Output Spindle to | — 





ae. Lever No. Ratio. 
1:3 6 \ Ee 
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S<:% 8 4:1 
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3:1 6 333 
oss 8 4:1 
§:1 2 5:1 
6:1 + 6:1 
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the direction of rotation of the output spindle was 
always the same as that of the handwheel. Moreover, 
gears of small diameters could be used, enabling the 
overall dimensions of the gearbox to be no larger than 
the taximeter under test. In fact, as will be seen 
from Fig. 1, the locating platform for the taximeter 
had to be extended beyond the octagonal body of the 
gearbox. Fig. 2, herewith, represents a section through 
the gearbox, showing the composite central spindle, 
the input gears, and one layshaft in each of the two 
compartments. 

Referring to Fig. 2, the octagonal body, a, is divided 
by platform 6 into two compartments, connected by a 
composite central spindle (x, y and z). Each compart- 
ment contains four layshafts, which can be moved 
independently in a radial direction, by means of the 
appropriate cam lever, to mesh with gears on the 
centre spindles. Fig. 2 shows only one layshaft in 
each compartment, indicated by (c) and (d), respectively, 
but the plan views (Figs. 3 and 4, on page 369) show 
the disposition of the four layshafts with respect to 
the handwheel and centre spindles. Fig. 3 shows a 
section of the lower compartment above the cross 








the gears themselves as shown by layshaft d or by 
distance pieces, one of which is shown at the lower 
end of layshaft c. Any of the layshafts can be con- 
nected with the adjacent centre spindles ; for example, 
the cam lever s, operating against the beam t, produces 
a forward motion of the sliding blocks through the 
push rods u. These rods are held in contact with the 
beam ¢ and the sliding blocks by the springs !/. Return 
springs p are also provided for the beam ¢t. The initial 
adjustment for meshing is made with screws v and w 
when the inner face of beam ¢ is in contact with the 
external boss on the gearbox body. i 

Light alloy is used extensively to minimise the 
weight of the complete gearbox. The bearings for the 
centre spindles, layshafts and push rods are of the 
sintered-bronze oil-filled type. To reduce wear, 
hardened steel pads n are provided on the alloy beam ¢ 
for the cam levers to operate against. 

To reduce the manufacturing costs, all the gears 
were cut with a single hob, each gear thus having the 
same diametral pitch ; also, each gear was cut at the 
same spiral angle of about 15 deg., with the exception 
of the input gears, which form a right-angled drive and 
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have a spiral angle of 45 deg. This economy in gear 
cutting resulted in some of the ratios deviating from 
the nominal figure, as will be shown in the following 
example. It was intended that the 24:1 ratio should 
be obtained by a 4:1 ratio in the upper compartment 
and a 6:1 ratio in the lower compartment of the 
gearbox. The 4:1 ratio was conveniently made up of 
two 2:1 ratios, consisting of one 40-toothed and one 
20-toothed wheel on the layshaft, meshing with 
20-toothed and 40-toothed wheels on the centre spindles. 
The sub-division of the 6:1 ratio, however, was not 
so easy, because to maintain a centre distance between 
the layshaft and the centre spindle which would enable 
the gears on both to mesh correctly required the ratio 
to be in the proportions of the square root of 6, i.e., 
2-4495 : 1. 

Bearing in mind this requirement, in conjunction 
with the fixed diametral pitch, spiral angle, and the 
pitch diameters of the pinions, the nearest whole 
number of teeth for the wheels was selected which 
would give the least deviation from the nominal 
required ratio; this particular example resulted in a 
49-toothed and a 20-toothed wheel on the layshaft, 
and a 20-toothed and a 49-toothed wheel on the centre 
spindles, giving a combined ratio of 6-0025 : 1, and an 
overall ratio for the box of 24-01: 1. For the particular 
purpose for which this gearbox was designed, it is not 
essential that each ratio be exact, providing that the 
deviation from nominal is known. 

_Exact ratios could be obtained by varying the 
diametral pitch and the spiral angle. This would 
mcrease the manufacturing costs, because a variety 
of hobs would be required and the gears would have 
to be cut individually. Also, the number of gears in 
the box would be increased, as, in the present arrange- 
ment shown in Fig. 5, herewith, one particular pinion 
on the centre spindle meshes in turn with the gears 
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on several of the layshafts. This could not be so unless 
all gears were cut with the same diametral pitch and 
to the same spiral angle. 

By operating the appropriate levers, any one of the 
layshafts in the lower compartment of the box, for 
example c, is brought into mesh with its mating gears 
on the lower and middle centre spindles, and any one 
of the layshafts in the upper compartment of the box, 
for example d, is brought into mesh with its mating 
gears on the middle and upper centre spindles. 

The operating levers round the octagonal box (Fig. 1) 
are numbered consecutively. A chart showing the 
various combinations of levers for the ratios obtainable 
is shown in Table I, herewith. It should be noted that 
the 3:1 ratio can also be obtained by using levers 
1 and 4 in the upper and lower compartment, respec- 
tively. Similarly, an alternative method. of obtaining 
the 4:1 ratio is with levers 6 and 7. In practice, it 
has been found an advantage to engage a lay- 
shaft in the lower compartment of the box first, 
as. slight movements of the handwheel assist the 
meshing. 

The work described above has been carried out as 
part of the research programme of the National Physical 
Laboratory, and this article is published by permission 
of the Director of the Laboratory. 





METALLOGRAPHIC POLISHING POWDERS.—A new pow" 
der, known as Microid Gamma alumina, has been intro- 
duced by Messrs. Griffin and Tatlock, Limited, Kemble- 
street, London, W.C.2, and is intended for polishing all 
non-ferrous metals and alloys, and for imparting a high- 
grade finish to steel and cast iron. It is now available 
in addition to the firm’s polishing aluminas grades 5/20 
(fast cutting) and 3/50 (slow cutting), the three being a 
complete range of metallographic powders. 








TANKERS. 


Notice No. 1931, recently issued by Lloyd’s Register 
of Shipping, embodies a complete revision of the 
Society’s Rules and Tables of Scantlings for Ships 
Carrying Petroleum in Bulk, together with certain 
revised rules for pumping and piping, and additions 
and amendments to certain other sections of the Rules. 
The principal new provisions are summarised below. 
It may be noted that these new Rules are the first to 
be issued since Lloyd’s Register amalgamated with the 
British Corporation Register. Revised Rules for Cargo 
and Passenger Ships were issued by Lloyd’s Register a 
year ago. 

The first rules for oil tankers were issued in 1909 
and remained in force until 1925, when they were 
thoroughly revised. The original rules applied to the 
transversely-framed ship—the system then in general 
use—and those of 1925 to the longitudinal system of 
construction introduced by the late Sir James Isher- 
wood, and described by him in a paper on “‘ A New 
System of Ship Construction,” presented to the Institu- 
tion of Naval Architects in 1908. The tanker with 
two longitudinal bulkheads has now superseded almost 
completely the older type with “‘ summer tanks” and 
a single bulkhead on the centre line, and longitudinal 
framing has become standard in two forms, namely, 
the completely longitudinally-framed type and the 
combined system, with longitudinal framing for the 
bottom and the decks, and vertically-framed sides. 
The revised rules are based on the recent practice and 
experience of Lloyd’s Register with both types and on 
welded construction, though requirements are also 
given for riveted connections. 

The method used for tabulating scantlings is similar 
to that of the revised rules for cargo vessels, the para- 
meters being the principal dimensions and the draught 
of the ship. As tankers in certain trades experience 
severe corrosion, necessitating extensive repairs at a 
comparatively early stage in the life of the ship, some 
increases have been made to the thickness of bulkhead 
plating and other parts of the internal structure. The 
rules apply to ships from 240 ft. to 620 ft. long. The 
revision has been made in consultation with a panel 
of experts, convened by the Technical Committee of 
Lloyd’s Register and representing the industry in the 
United Kingdom and other shipbuilding countries. 
An edition of the new rules in metric units is in course 
of preparation. 

The new Rules for Pumping and Piping Arrangements 
have been drawn up by another expert panel, on which 
were represented shipbuilders and owners in the United 
Kingdom, and the overseas committees of Lloyd’s 
Register. The proposals were widely circulated for 
comment throughout the world before reaching the 
final form in which they were approved by the General 
Committee of the Society on December 15, 1949. 
They relate principally to bilge pumping, air and 
overflow pipes, sounding pipes, oil-fuel burning installa- 
tions, and pressure pipes generally. The rules govern- 
ing fire-extinguishing systems are still under considera- 
tion. 

The amended requirements for the bilge drainage of 
machinery spaces relate mainly to emergency bilge 
suctions which permit of continued drainage in the 
event of a breakdown of the main bilge system. For 
air and overflow pipes, and for sounding pipes, mini- 
mum thicknesses are given; and the sizes of the air 
and overflow pipes have been increased to diminish the 
risk of damage to tanks that are overflowing. The 
main alterations to the rules for oil-fuel burning 
installations are designed to provide increased protec- 
tion against the risk of outbreaks of fire. The existing 
rules for steel pressure pipes have been completely 
revised to meet modern conditions of temperature and 
pressure, and the hydraulic test pressures for various 
pipe systems have been simplified. Copies of Notice 
No. 1931 are obtainable on application to Lloyd’s 
Register of Shipping, 71, Fenchurch-street, London, 
E.C.3. 





CALENDAR.—The Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford Park, Manchester, have sent 
us a monthly tear-off wall calendar, which is current from 
April, 1950, to March, 1951, inclusive. 





COUNCIL OF THE INSTITUTION OF MECHANICAL ENGI- 
NEERS.—The names of the members of Council of the 
Institution of Mechanical Engineers, announced at the 
annual general meeting on March 17, are: President, 
Dr. S. F. Dorey, C.B.E., Wh.Ex., F.R.S.; _vice-presi- 
dents, Mr. A. C. Hartley, C.B.E., B.Sc. (Eng.), and Mr. 
P. L. Jones, M.C., B.Sc., Wh.Ex.; and members of 
Council, Mr. H. Desmond Carter, Mr. T. A. Crowe, 
M.Sc., Dr. D. F. Galloway, B.Sc. (Eng.), Wh.Ex., Mr. 
Cc. K. F. Hague, Vice-Admiral (E) the Hon. D. C. Max- 
well, C.B., C.B.E., Professor H. W. Swift, M.A., D.Sc. 
(Eng.), and Professor D. G. Christopherson (associate 
member). ; 
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NEW WORKS OF GLASGOW COR- 
PORATION WATER DEPARTMENT.* 


By Srantey D. Canvin, B.Sc. (Eng.), M.I.C.E. 


THE population served by the water supply service 
of the city of Glasgow is 1} millions, and the area 
served is 80 square miles. The source of supply is 
Loch Katrine, which provides 75 million gallons per 
day, and Gorbals, which supplies 5 million gallons per 
day. The supply is by gravitation, with a small 
percentage of pumping, and the length of the mains is 
1,000 miles. The size of the mains is from 48 in. 
diameter downwards. The water is soft, requiring 
no filtration or chemical treatment other than chlorina- 
tion, except at Gorbals. The main feeds are by eight 
cast-iron trunk mains, 36 in. in diameter. The con- 
sumption per head per day is 65} gallons, including 
26 gallons for industrial purposes. Ninety-four per 
cent. of the water is supplied from the north, and this 
gives rise to special distribution problems, particularly 
on the south side of the area, which is divided more or 
less equally from east to west by the River Clyde. 

The Loch Katrine catchment area has an average 
annual rainfall of 82 in., and the latest estimate indi- 
cates that the present yield is sufficient for the imme- 
diate future requirements of the city, though the 
provision of supplementary supplies is now under 
consideration for commencement within the next 
decade. The two aqueducts between Loch Katrine 
and the service reservoirs at Milngavie comprise two 
tunnels, 13 and 19 miles long, respectively, with cut- 
and-cover portions 9 and 1} miles long, suponnesly. 
and multiple pipelines crossing the valleys. The length 
of each aqueduct is approximately 25 miles. The 
combined carrying capacity of these aqueducts, when 
completed, is estimated to be 110 million gallons per 
day, and at present the maximum carrying capacity is 
estimated to be 92 million gallons per day, which is 
barely sufficient to allow isolation of portions of the 
aqueducts for maintenance p . To arrive at the 
maximum, it will be necessary to lay a further 48-in. 
main across the Endrick and Blane Valleys. This 
work is of the new works post-war programme, 
and is scheduled to commence in the year 1952. The 
two service reservoirs at Milngavie store approxi- 
mately 1,200 million gallons, equal to about 15 days 
supply ; though, of course, a large amount of bottom 
water would not be available. The immediate post- 
war problem for the undertaking has been one of laying 
peel mains and other works for distribution. 

In 1939, the Water Department sought powers to 
lay a new main, 36 in. in diameter, from the service 
reservoirs at Milngavie, to feed the eastern and south- 
eastern portions of the water area, and to cope with 
housing development. Powers were granted under the 
Glasgow Water and Tramways Order Confirmation 
Act, 1940, but, owing to the war, a start could not be 
made until the middle of 1945. The need for new 
works arises from the postponement of the 1939 pro- 
gramme ; the extension of the city boundaries, under 
the Boundaries Act, 1937 ; the Corporation’s compre- 
hensive housing programme, reaching a figure of about 
4,000 houses last year; the inauguration of large new 
industrial estates, such as Wester Queenslie and 
Carntyne ; the increased demands due to the rising 
consumption per head, caused by improved housing, 
social amenities, but mostly industrial development ; 
and the fact that the eight existing 36-in. trunk mains 
were working to capacity during their peak periods. 

Generally speaking, Glasgow’s new housing estates 
and new industrial factories have to be sited on the 
outskirts of the water area, and usually at high eleva- 
tion. These sites have not only been at great distances 
from the service reservoirs at Milngavie, but, in many 
cases, are either higher in elevation than the service 
reservoirs or are at too great a distance from them to 
be served satisfactorily by gravitation. For this 
reason, the New East Main, which has formed the major 
part of the new works programme so far, is in part to 
be a pumping main, comprising the first trunk pumping 
main in the Department. 

The end of the war period, in 1945, found all the 
trunk mains to the city working to capacity, and no 
additional supplies could be expected for a further 
period of four to five years. For this reason, it became 
imperative to get the maximum efficiency out of the 
existing system until the new works could be brought 
into service. No doubt, this has been a common experi- 
ence, but, in the case of Glasgow, having regard to its 
actual need and commitments, and for the reasons 
previously stated, the situation gave rise to anxiety. 
Consequently, while pressing on with the new works, 
sufficient labour and materials had to be diverted to 

improving the existing distribution system during the 
five years in the way of reconditioning, by scraping 
or other methods, scores of miles of existing service 





* Paper presented to the Scottish Section of the 
Institution of Water Engineers, at a meeting held in 
Glasgow on March 17, 1950. Abridged. 





mains and the communication pipes. At the same 
time, a large amount of labour and materials have had to 
be allotted to laying service mains to the new housing 
estates, to the extent of about 15 miles per annum. 

The purpose of the new works completed to date is 
to afford new supplies to the eastern and south-eastern 
parts of the city area and to new housing estates in 
the southern part of the area ; and to improve existing 
supplies where the working margin is considered 
insufficient. The former is accomplished by the New 
East Main, together with a new pumping station at 
Buchley and a new service reservoir, with a capacity of 
6 million gallons, at Ruchazie, within the city boundary 
—the reservoir — storage adjacent to the area 
where additional water is required; and by taking 
surplus water from the existing trunk mains during 
the night and pumping it to newly constructed water 
towers for use during the following day. Instances of 
this have been at the very extensive new housing 
sites at Pollok and Priesthill, where three new reinforced- 
concrete water towers, of capacities up to half a million 
gallons each, have been erected. ‘Fhese sites, on the 
south of the river are at considerable distances from 
the service reservoirs at Milngavie, and, in consequence, 
are difficult from the distribution point of view. The 
effect has been to utilise the existing trunk mains to 
their economic limit for 24 hours per say. The second 
purpose is accomplished by linking up the new ring 
main beyond the service reservoir to the existing 
trunk mains by various cross connections at strategic 
points, and also by pumping to the existing service 
reservoirs at Cockmuir and Lethamhill. One of the 
important effects of the above arrangement is that the 
hydraulic gradients on some of the existing city mains 
will be considerably improved at all times, thus provid- 
ing a better all-round supply over a wide area, not 
directly served by the new works. 

The new works to date comprise, briefly, the laying 
and jointing of about 14 miles of cast-iron concrete- 
lined pipes, mostly 36 in. in diameter, from the service 
reservoirs to the north of the city. The route chosen 
forms a circular main from the reservoirs, skirting the 
north-eastern of the water area, crossing the 
Clyde and finishing to the south of the river at Burnside, 
and linking up there with the existing distribution 
system. On this route has been erected a new service 
reservoir with a capacity of 6 million gallons per day, 
situated at Ruchazie, some nine miles from Milngavie. 
The top water level of the new reservoir is higher than 
that of the service reservoir, being 337 ft. above 
Ordnance Datum. The new pumping station to serve 
this reservoir has been situated at Buchley, some three 
miles from the service reservoirs. The route of the 
main is Milngavie-Bardowie-Bishopbriggs-Robroyston- 
Ruchazie - Shettleston - Tollcross - River Clyde-Ruther- 
glen- Burnside. 

The outlet works at Milngavie comprise the sinking 
of shafts and driving of tunnels in the solid rock, 
forming part of the embankment of the existing service 
reservoirs. In the design of the existing works, no 
provision was made for extension, and the works 
recently undertaken required that the straining well 
should be broken into to form an outlet for the new 
main. The extraordinarily hard nature of the rock, 
and the fact that the close proximity of existing works 
and vital reservoirs precluded the use of explosives, 
gave rise to slow and laborious progress as measured by 
ordinary tunnelling standards. In designing the 
tunnels, provision was made for a future connection 
between the straining wells of the reservoirs, to improve 
the flexibility of operation, and also for duplication of 
the east main if required. The tunnels are of semi- 
circular arched sections, mostly 10 ft. in diameter 
when lined with brickwork or concrete, and carry 
48-in. to 42-in. cast-iron concrete-lined pipes. An 
emergency or auxiliary intake directly into the Craig- 
maddie reservoir has been constructed through the 
concrete cut-off wall beneath the overflow weir of the 
reservoir, to avoid penetration of the puddle core wall 
of the main embankment. The reinforced-concrete 
bridge over the Kelvin has a span of 67 ft. Provision 
has been made for two lines of pipes. The height of the 
parapet walls is 8 ft. 6 in. After the pipes were laid, 
the bays were filled in with sand and sown with 


grass. 

Owing to the level at which water is required, the 
entire output of the east main has to be pumped. 
The pumping station at Buchley was designed to 
harmonise with rural surroundings. The machinery 
consists of four electrically-driven horizontal split- 

ing pumps, with a total capacity of 20 million gallons 
per day. The pumps are of the single-stage type, 
directly-coupled to squirrel-cage motors operating on 
a supply of 415 volts, three phase, 50 cycles. The main 
incoming control gear is oil-immersed and the starting 
panels are of the Korndorffer connected type. The 
output from the four pumps is measured by means of a 
multi-point Pitometer and the total output is measured 
by a 36-in. Venturi meter. 





point where the canal is 67 ft. in width, a subway, with 


Passing underneath the Forth and Clyde Canal, at a | East 





an overall length of 171 ft., including shafts, was 
constructed, partly of reinforced concrete and partly 
of mass-concrete work. A mass-concrete semi-circular 
section was adopted for the lower works, passing through 
solid rock, relieving pipes being provided to deal with 
any extraneous water pressure which might arise, 
The upper works, consisting of the end shafts with their 
access hatches and manholes, were constructed jp 
reinforced concrete to resist the earth pressures. he 
canal was centrally divided by coffer-damming anc the 
work was carried out to each half in turn by ordinary 
excavation methods. The central bulkhead, of stee| 
sheet piling, was formed of a double row of piles, 
common to each cofferdam in turn. As most o! the 
concrete work was below the surface of the rock and, 
therefore, below the points of the piles, this allowed 
sufficient overlap of the excavation works to enable 
the central junction of the concrete to be made. 

The pipe subway at Bishopbriggs, under the main 
railway line from Glasgow to Edinburgh, was required 
to be constructed in such a manner that traffic should 
not be interrupted at any time; therefore, much of 
the work had to be done during week-ends. The railway 
tracks were supported by steel trough sections, placed 
under the lines. The subway was constructed of 
mass-concrete walls with precast roof slabs of concrete. 
covered rolled-steel joists. The subway was 83 ft. 6 in, 
long, 14 ft. wide, and 7 ft. 6 in. high. 

The reinforced-concrete service reservoir at Ruchazie 
has a depth of 24 ft. of water and a capacity of 
6 million gallons. It is constructed in two compart- 
ments. An interesting feature of the construction was 
that a special batching plant was set up on the site and 
all concrete was pumped into the required position. 
Steel shuttering was used throughout, and each section 
of the walls was poured to the full height in one lift. 
The reservoir is founded on rock, surrounded by earthen 
embankments and covered over. 

The reinforced-concrete pipe bridge over the Monk- 
land Canal at Milncroft carries a single line of 30-in. 
pipes. The span is 34 ft. and the width 6 ft., with the 
pipe carried on cross beams. No decking is provided, 
the pipe being exposed. The bridge over the River 
Clyde at Eastfield consists of a Pratt-girder steel bridge 
in five spans of 68 ft. The spans were fabricated at 
Anniesland, and transported by special train to the site. 
A British Railways’ mobile crane lifted each span as a 
complete unit and deposited it in the final position on 
previously-prepared concrete piers, built as extensions 
to the existing piers of the railway bridge. All five spans 
were placed in position within six hours of the arrival 
of the train at the site. The bridge carried a single 
line of 24-in. bitumen-lined and sheathed steel pipes 
across the River Clyde, the pipes being exposed. 

Peaty and boggy ground was encountered at various 
parts along the route of the east main and the use of 
reinforced-concrete piling to support the pipes was 
deemed necessary. Although Franki piling was used 
in some parts of the route and precast reinforced- 
concrete piling in other parts, the type of super- 
structure adopted was similar throughout. A double 
row of piles carried longitudinal beams, which in turn 
supported the pipes at intervals of about 6 ft. 

urther new works include the Pollok and Priesthill 
water towers, each supplied by a small all-electric 
pumping station, drawing supplies from existing 
gravitation mains. Their chief purpose is to draw 
surplus water by night from the existing system and 
store it for use during the following day. The water 
towers are three in number, of capacities of 510,000, 
450,000 and 50,000 gallons, each constructed of rein- 
forced concrete and designed to give a better finished 
appearance than the average water tower achieves. 

Messrs. F. A. Macdonald and Partners, of Glasgow, 
were engaged as consultants for the design and con- 
struction of Ruchazie Reservoir, the water towers and 
the River Kelvin pipe-bridge, including some piling 
and pipe supports. All other works were designed, 
and the construction supervised, by the staff of the 
Corporation. The whole has been carried out by 
contract. Exclusive of special works, other than 
valve chambers, the cost of providing and laying 36-in. 
concrete-lined cast-iron pipes across open country, 
including the formation of cuttings, embankments, 
and normal culverts, advanced from an average of 
181. 16s. per lineal yard in 1945 to an average of 211. 12s. 
per lineal yard in 1948. To these rates it was found 
that approximately 2/. per yard should be added where 
the pipe track lies in normal suburban roadways, 07 
4l. per yard where the track passes through heavily 
built-up areas. An approximate analysis of the costs 
of the work shows that some 55 to 60 per cent. of the 
cost was incurred in purchasing pipes and valves, etc., 
30 to 40 per cent. of the cost in the pipelaying contrac- 
tor’s excavation, concrete, pipelaying, backfilling, 
and surface restoration, and the cost of constructing 
valve chambers and su ision each accounted for 
from 2 to 3 per cent. of the total. The above costs do 
not include major special works which were part of the 
Main project, and which absorbed rather more 





than 20 per cent. of the total expenditure of 800,000!. 
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Heat EXCHANGERS UNDER TEST. 














Fig. 2. ConsTRUCTION OF Heat EXCHANGER. 


DELANIUM CARBON. 


tories of Messrs. Powell Duffryn Carbon Products, 
Limited, 140, Battersea Park-road, London, S8.W.11, 
have special significance in the chemical industries, 
though the material has many uses also in the electrical 
and mechanical engineering fields. This form of carbon, 
which is resistant to most corrosive agents, is produced 
by a carbonisation process which gives it a homogeneous 
structure impervious to water up to pressures of 80 Ib. 
per square inch. It can be fabricated to very close 
tolerances, and by a‘ suitable impregnating treatment 
can be made impermeable to hot gases or steam. 

The material was developed at the company’s labora- 
tories, and is produced in the required shapes by 
pressing or extruding the ‘‘ doughs” prepared from 
finely-ground mixtures of strongly-coking coals, the 
process making use of their self-agglutinating and plastic 
properties under pressure. The resulting products are 
fired in a reducing atmosphere under conditions depend- 
ing on the final properties required. Shrinkage occurs 
during firing and the finished product is a carbon 
having a dense and uniform structure. 

Two of the commercially available forms of the 
material are known as Delanium carbon and Delanium 
graphite, the latter being the softer of the two but 
having higher thermal and electrical conductivities 




















Fie. 3. Pacxmya or MopExt Scrussine Towser. 


The shear strength of the two types are about 12,000 Ib. 


jand 8,000 lb. per square inch, respectively, and their 
Some of the applications of Delanium carbon which | 
were demonstrated on March 9 at the research labora- | per square inch; scleroscopic 


compressive strengths about 38,000 Ib. and 20,000 Ib. 
hardness values are 


| approximately 85 and 65, and the respective thermal 


conductivities are about 3 and 40 B.Th.U. per square 
foot per hour per deg. F. per foot. Electrical resistivities 
are given as 0-007 and 0-0007 ohm per cubic inch, 
respectively. Each of these two grades are representa- 
tive of a wide range which can be produced to suit 
various requirements. 

Some of the applications of the carbon are indicated 
by its use in a cubic form of heat exchanger and also 
as the packing in an experimental model of a Paragrid 
scrubbing tower. Two ofthe heat exchangers, under 
a type of back-to-back test, are illustrated in Fig. 1. 
Each unit consists essentially of a Delanium-graphite 
block perforated by rows of tubular holes, the holes 
in each row being at right angles to those in the row 
immediately below and above it; in the units illus- 
trated, the holes are } in. diameter, and are spaced 
about » in. apart. The blocks in the experimental 
units illustrated are at present built up from a number 
of slabs — in a pile as shown in Fig. 2. There 
are semi-circular grooves in the top and bottom faces 
of the slabs so that complete holes are formed when 
the slabs are piled together; the block is held in 
compression by cast-iron plates at the top and bottom, 
and the fluids are led.into and out of the holes by 


headers which, if required, can be made to allow the 
fluids to make one, two, three, or four passages through 
the block. 

If one of the fluids is corrosive, the headers are 
made of a suitable grade of Delanium and are backed 
by cast-iron plates ; carbon headers can also be fitted 
to all faces if heat exchange is to be effected between 
two corrosive fluids. It is claimed that this form of 
| heat exchanger occupies about one-eighth of the 
| floor space, and one sixth of the volume of the usual 
| tubular type of equal capacity, and that a 9 in. cubical 
| block has an effective heating surface of about 9-4 sq. 
|ft.; another advantage is the ease with which the 
| unit can be dismantled for cleaning. 
| The experimental model scrubbing tower is about 
| 6 ft. tall and 6 in. square, and is fitted with glass sides so 
| that the behaviour of the liquid falling through the 
| packing can be seen. The packing consists of narrow 
| strips of a Delanium carbon stacked in vertical rows to 
| form an open grid-like structure which can be built up 
|to any reasonable height and offers relatively small 
| resistance to the rising gases. A photograph ofa section 
|of the Delanium stack is reproduced in Fig. 3. The 
| strips are spaced about j in. apart laterally, and are 
arranged so that large surface areas are exposed to 
the liquid for small gas-pressure drops across the stack. 
The lower edges of the strips are serrated to provide a 
large number of drip points which help to break up 
and scatter the liquid and so increase the wetted areas ; 
liquid dropping from one strip falls freely under 
gravity on to the next below and is thus further broken 
up. 

Other applications in the chemical field include 
tiles for the lining of vats and retorts and for splash 
panelling; special grades of impermeable Delanium 
carbon are also available for the crucibles needed in 
vacuum-furnace work. Suitable grades are also pro- 
duced for both electrical and mechanical engineering 
purposes, among which may be mentioned current 
collectors for trolley-’buses and cranes, various types of 
electrode, brushes for generators and motors, sealing 
rings for pumps and turbines, and oil-less bearings. 


| 
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NOTES ON NEW BOOKS. 


Electric and Magnetic Fields. By Steruen S. Atrwoop. 
Third edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16. [Price 5-50 
dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 44s. net.] 


Tins book, first published in 1932 and revised in 1941, 
consists of the material delivered in a course of lectures 
to third-year and fourth-year students in electrical 
engineering at the University of Michigan. It is 
divided into four parts, and covers in great detail the 
|electric field, the magnetic field, the ferromagnetic 
field, and combined electric and magnetic fields. Some 
| space is devoted to elementary facts and definitions, 
| and to a discussion on units, leading up to the reasons 
| for adopting the rationalised M.K.S. system of units. 
It is hardly a work to be recommended to the beginner, 
| but the reader who has had the necessary basic 
| instruction should find it of great value. The first 
| part deals with the electric field due to static charges, 
| and to a steady electric current ; and condensers are 
| studied at some length. Part II is concerned with 
| the magnetic field in a medium of constant permeability, 
and includes two chapters on inductance. Part III 
considers the effects of a medium of variable permea- 
bility and the properties of permanent magnets, and 
describes the mapping of magnetic fields. The last 
part of the book combines the conclusions previously 
reached, and discusses circuits containing capacitance 
and inductance, reference being made also to trans- 
mission lines and the radiation of energy. The book 
concludes with an explanation of Maxwell’s equations. 
The treatment throughout is on a somewhat academic 
plane, but the problems at the end of each chapter 
serve to illustrate practical applications. 








Tandem Compound Locomotives : A Historical Review. 
By P. M. Katta-BisHop. Kalla-Bishop Books, 4, 
Temple Fortunc-court, London, N.W.11. [Price 
5s. 6d., or 7s. full-cloth bound. ] 


THE main branch of the tree of locomotive develop- 
ment still flourishes, while side-shoots have grown, 
had their day, and withered; they still do. The 
tandem compound arrangement was a side-shoot that 
first appeared in 1868, flourished to such good purpose 
that some of the largest locomotives in the world 
worked on this principle, and finally died in the early 
*twenties. Mr. Kalla-Bishop’s monograph briefly 
traces the history of all classes of tandem compound 
locomotive, and the book contains line drawings, some 
half-tone illustrations, and a table of leading dimen- 
sions of all the designs. The figures opposite “ weight 
in working order, long tons,” show that the designs 
increased progressively in size from the 27-4 tons of 
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the Erie locomotive in 1868 to the 134-1 tons of the 


Santa Fé 2-10-2 locomotives of which 159 were built 


in 1903, 1904 and 1905; although in 1902 and 1903 
there were several lighter designs, one being of 57 tons. | 


A tandem compound locomotive with four cylinders 
had them arranged in pairs on either side, one pair 


ahead of the other, with the high-pressure cylinders in 


front of the low-pressure cylinders, or vice versa, and 
the piston rod on each side serving the two cylinders. 
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FRACTIONAL HORSE-POWER 
ELECTRIC MOTORS. 


| 

| closed. 
| design of centrifugal switch, which is made in two 
| parts, the contactor being mounted on the end frame 
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The single-phase motors are fitted with a new 


A NEW series of fractional horse-power motors is|and the centrifugal mechanism on the roto: shaft, 


now being produced by Messrs. Hoover, Limited, at 
their Cambuslang factory in Scotland. These motors, 
which are intended for such purposes as driving refrig- 


and other types of light industrial and domestic plant 


The advantages that led to the adoption of this arrange- | are of the single-phase split-phase, single-phase capa- 


ment were the absence of crank axles, which were 


difficult to make, at a time when four cylinders were | 


required, and the fact that the problem of determining 


citor-start, and three-phase patterns, and have outputs 
ranging from 4 to ? h.p., at speeds of 950, 1,425 and 
2,850 r.p.m. They are designed for solid-foot, flange 


the relative amounts of power developed by the high- | and resilient mounting, with or without an automatic 


pressure and low-pressure cylinders would thereby be | 
avoided. The objections that led to the abandoning | 


belt tensioner. Their appearance will be clear from 
Fig. 1, which shows a }-h.p. capacitor-start motor of the 


of the arrangement were, first, that two cylinders acting | drip-proof type with resilient mounting. A sectionalised 
on one crankpin require various reciprocating parts to | view of a }-h.p. motor of the split-phase drip-proof type 
is given in Fig. 2. All sizes of motors can be supplied, 
either in totally enclosed or in drip-proof casings. 

The complete range of motors is made up of different 
combinations of standard components, so that mass 


be strengthened to such a degree that they become | 
unduly heavy, and satisfactory balancing becomes | 


impossible ; second, that two cylinders on each side 
of the engine increase its length in front of the driving 
wheels unduly ; and third, that the inspection of the 
iston and rings becomes a more complicated task. 
Yhen George Stephenson restricted his design to 
essentials he builded better than he knew. 


Machining of Zinc Alloy Die Castings. Zinc Alloy 
Die Casters Association, Lincoln House, Turl-street, 
Oxford. [Gratis.] 


Most of the information in this booklet refers to 
American practice. The New Jersey Zinc Company 
having agreed to the reproduction in this country of 
their book Practice in Machining Zinc Alloy Die 
Castings, published in the United States in 1945, the 
Zine Alloy Die Casters Association have produced this 
British edition, after changing some American terms 
to their British equivalents and, in other ways, 
making the text more intelligible to British readers. 
There is nothing complicated about most of the 
machining operations referred to : conventional practice 
is nearly always adopted, and the chief value of the 
book lies in its clarity and comprehensiveness. There is 
a useful leavening of hints based on practical workshop 
experience in the United States. The text is divided 
into 26 sections, each devoted to one operation, such 
as drilling, milling, tapping, turning, etc. 








Western Germany. By C. F. I. Ramspen and A. W. 
Berry. The British Engineers’ Association, 32, 
Victoria-street, London, 8.W.1. [Price 2s., including 
postage in the British Commonwealth.] 


Tis pamphlet presents the authors’ observations 
made during a study tour of Western Germany, under- 
taken in October, 1949 ; that is, after the establishment 
of the West German Government at Bonn. It reviews 
the position of the territory as a possible competitor in 
world markets and contains in a small compass a 
large amount of statistical data, together with many 
useful comments on the handicaps, as well as the 
advantages, which the intending German exporter may 
expect to encounter. An appendix dealing with the 
estimated mechanical-engineering production of 
*“ Bizonia ” in 1949 is likely to be particularly valuable, 
being based either on the actual production in the 
previous year or on extrapolations from that of the 
first quarter of 1949. The total, it is concluded, prob- 
ably did not exceed a million tons in 1949, which may 
be compared with the total of exports from the United 
Kingdom to all other countries, which, based on the 
first ten months of that year, was at the rate of about 
877,000 tons. Agricultural and dairy machinery was 
by far the biggest item in the German production, 
totalling 239,700 tons, mining machinery coming 
next with 140,000 tons. The pamphlet is one that 
the visitor to Western Germany can slip easily into 
his pocket—a course to be advised. 





Extraction and Fabrication of Aluminium. Northern 
Aluminium Company, Limited, Banbury, Oxford- 
shire. 

THE description of this booklet as an “ up-to-date 

story of aluminium from mine to market,” is, perhaps, 

rather too sweeping, but the compilers of it have 
provided an eminently readable account, in simple 
terms, of the processes of extraction and fabrication 
of aluminium and its alloys, which should be of service 
to those unfamiliar with the industry. Aluminium 
sheet, strip, wire and sections are dealt with. The book 
is, of course, frankly partisan, the advantages of the 
light alloys from the cost and strength-for-weight 
viewpoint being strongly emphasised. Perhaps the 
most attractive section is that dealing with the succes- 
sive operations in the fabrication of the light alloys— 
continuous and semi-continuous casting, rolling, 
extrusion, production of rolled bar and wire, forging, 
die casting, etc.—which form Part III. The other 


parts are devoted to the extraction of aluminium, the 
properties of the metal and its alloys, and various uses. 























Fie. 2. 


production techniques can be employed to the greatest 
possible extent in their manufacture. The rotor is of 
the conventional squirrel-cage t with an electrical 
sheet steel laminated core, though cast aluminium is 
used to form the bars and end rings. In this way, 
soldering and riveting are avoided, thus leading, it is 
claimed, to more stable electrical conditions. A cooling 
fan is also die-cast integrally with the rotor and the 
whole assembly is pressed on to a {-in. shaft. To 
ensure economy in production, only one size of journal 
is used and when ball bearings are employed the inner 
races are pressed on to it. To control end play, one of 
these bearings is secured in the frame. The stator 
laminations are fixed in a body of aluminium alloy, 
which is cast round them. At both ends of the body are 
machined spigots on which the end frames are located. 
Accurate alignment and even airgap between the rotor 
and stator are thus ensured, so that silent running is 
possible. The end frames themselves are of reinforced 
aluminium alloy. 

The thermal overload cut-outs, with which the 
motors are fitted, are of the micro-switch type and are 
operated by a bi-metallic strip. They can be actuated 
either automatically or manually, and in the latter case 
are of the “‘ trip free ” type, so that they cannot be held 





| Both the drip-proof and totally-enclosed range 
|form to the 
| permits a temperature rise of 50 deg. C., althouyh in 
| erators, washing machines, lathes, saws, grinding wheels | most cases 40 deg. C. is not exceeded. 





as : : J‘ con. 
ritish Standard specification, which 
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| capacitor-start motors also conform to the British 
| Standard specification for refrigerator duty. 





CATALOGUES. 
Fluid-Level Control.—A priced catalogue has been 
issued by Messrs. Elcontrol Limited, 10, Wyndham-place, 


London, W.1, describing the operating principles of ay 


| electrical method of regulating fluid levels in vats, (inks, 
| or wells, and illustrating some of the equipment used, 


Metal electrodes suspended from above the liquid project 
to the high and low levels between which pumps or other 
plant are required to operate; circuits are made or 
broken as the liquid reaches the electrode tips, so that 
relays are actuated to control the associated equipment, 


Nickel Alloys.—A publication issued by Messrs. Henry 
Wiggin and Company, Limited, Wiggin-street, Birming- 
ham, 16, contains descriptions of the use of “‘ Nimonic ” 
alloys in the gas-turbine combustion § system of 
Messrs. Armstrong Siddeley Motors, Limited, Coventry ; 
various applications of Monel, Inconel, Morflex Thermo- 
metal, and Ferry ; and the Wolf safety lamp, manutfac- 
tured by the Wolf Safety Lamp Company, Limited, 
Sheffield, which uses a nickel-cadmium cell accumulator, 
the active positive material being pasted on perforated 
and folded nickel foil. 


Industrial Fans.—An illustrated publication has been 
issued by Messrs. Aerex, Limited, 32, Deansgate, Man- 
chester, 3, which describes their axial and centrifugal 
fans for industrial purposes. Graphs are included to 
show characteristic performance curves, as well as dia- 
grams to illustrate the arrangement of the fans in relation 
to auxiliary plant; one section describes fans for mine 
and tunnel ventilation, boiler draught. aircraft-engine 
test-plant, drying operations, air filtration and similar 
duties, and in another some details are given of smaller 
standardised units for office ventilation, dust collecting 





and similar purposes. 

Heavy-Duty Portable Drill.—We have received from 
| Messrs. Westool, Limited, St. Helen’s, Auckland, County 
Durham, an illustrated leaflet describing their model 2A 
| electric drill, which is capable of drilling §-in. to 1}-in. 
holes to a depth of 5 in. in mild steel. A motor to 
suit standard voltages is incorporated, and different 
gear ratios can be supplied to give high speeds for normal 
drilling or slow speeds for reaming, expanding or 
drilling exceptionally tough material. A No. 3 Morse 
| taper is used, the drill bit being automatically ejected 
from the socket by screwing down the feed handle. 
| The overall weight of the drill is 43 Ib. and its length 18 in. 


| Earth and Insulation Testers.—Messrs. Evershed and 
| Vignoles, Limited, Acton-lane Works, Chiswick, London, 
| W.4, have sent us illustrated leaflets describing their 
| Series 4 range of Megger earth and insulation testers. 
| The former are twin-range instruments having scales of 
10 to 40 and 0 to 200 ohms, or, alternatively, 0 to 100 
land 0 to 500 ohms; the insulation testers have scale 
| ranges of 0 to 50 megohms for testing at pressures up to 

500 volts, and can be provided with scale-dividing 
| switches, or with second scales for continuity readings 
| of 0 to 100 or 0 to 10,000 ohms. The new instruments 
| weigh about 6 Ib. each, and are housed in plastic cases 
| approximately 74 in. by 5 in. by 5# in. 

Slow-Speed Oscilloscope.—-We have received from Mr. 
| A. E. Cawkell, 7, Victory Parade, The Broadway, South- 
| all, Middlesex, an illustrated pamphlet describing a 
portable oscilloscope for observing and comparing low- 
frequency phenomena in the 0-1 to 50 cycles per second 
range. A 6-in. diameter cathode-ray tube is incorporated 
with two direct-current amplifiers with push-pull outputs, 
which are electronically switched to produce two beams, 
the afterglow lasting about 5 seconds. The instrument 
is designed for a 210 to 250-volt alternating current 
supply, and is fitted with the usual focusing, shifting, 
gain, and time-base controls ; the sensitivity is approxi- 
mately 100 millivolts for a 2-cm. vertical deflection. 

Prefabricated Roofs for Tropical Buildings.—Messrs. 
Taylor Woodrow (Building Exports), Limited, 41, 
Welbeck-street, London, W.1, have issued a booklet 
entitled ‘“‘ Arcon Tropical Structures.” It describes the 
latest improvements to the Arcon lightweight prefabri- 
cated roof and tubular-steel supports which were the 
subject of a short article in ENGINEERING, vol. 165, 
page 223 (1948). The structures are now slightly lighter 
in weight, but are still capable of withstanding tropical 
storms. The upper roof sheeting can be provided in 
either the original corrugated asbestos cement, or alu- 
minium, while the lower roof or ceiling can be of corru- 
gated asbestos cement or fibre-board supported on 
light-alloy extruded sections. The booklet maintains 4 
high standard of pictorial presentation. 
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MANUFACTURE OF FUSION- 

WELDED PRESSURE VESSELS 

BY BABCOCK AND WILCOX, 
LIMITED. 


(Concluded from page 346.) 


Or all the machines and equipment in the 
pressure-vessel department at Renfrew, that of the 
greatest technical interest is the 2,000,000-volt 
X-ray equipment.which is used for the exami- 
nation of welds. Fig. 9, on this page, shows the 
X-ray head in the concrete room. Before describing 
its use and design, however, we conclude below 
the account of the manufacturing processes. 

After the longitudinal seams have been welded, 
the test plates, which have been welded under the 





longitudinal seam. In the Babcock process, the 
backing strip is removed, and the bottom of the 
weld is chipped out and filled by hand welding. 
In the submerged-arc process, the inside groove 
is filled by the interior automatic head. The seam 
is dressed flush inside and outside by pneumatic 
chipping hammers and portable grinders, and the 
drum prepared for X-ray examination by the 
2,000,000-volt unit or one of the smaller units. In 
the past year, the aggregate of defects found and 
repaired in the welding of drums and vessels was 
equivalent to only 10 in. per mile of welding. 

The weld is divided into 12-in. lengths, about 4 in. 
wide, suitable marks are stamped on the plate 
surface adjacent to the weld, and lead tab duplicates 
attached with adhesive tape for the radiographic 
record. A film is mounted behind each length in 
turn, with a section number applied inside; the 

















Fie. 9. 2,000,000-vort X-Ray EQurpMEnt. 


same conditions, are cut off and put on one side 
until a later stage. The welded seam is now 
dressed flush with the surface of the shell inside and 
outside, and the ends of the shell machined with 
half grooves in preparation for the welding of the 
drumhead. The drumheads are hot pressed in the 
forge, pickled in acid to remove scale and machined 
to form the other half of the circumferential U 
groove, when they are to be welded by the multi- 
layer process, or the smaller V-shaped grooves if the 
submerged-are method is used. Fig. 10, on page 
374, shows the hydraulic press used for the drum- 
heads. Owing to the difficulty of photographing 
a hot plate, it was necessary to whiten a drumhead 
for photographic purposes. The drumhead is tack- 
welded to the shell and the circumferential seam is 
then welded by the same equipment as is used for the 
longitudinal seam. Fig. 4, on page 346, ante, 
shows a circumferential weld being made in the 
Unionmelt machine. The welding heads are 
stationary and the drum is slowly revolved by the 
supporting rollers, which are motor-driven through 
suitable gearing, resulting in a speed of rotation 
consistent with the rate of deposition of the metal 
and controlled from the operator’s platform near 
the welding head. The inside of the circumferential 
Seam is then completed in the same way as the 





serial number of the drum, which is applied outside ; 
a letter on each end of the section, applied outside to 
facilitate the subsequent connecting up of the 
films; and a penetrameter in steps of 0-010 in., 
with holes in each step, to calibrate the X-ray 
film. Each film is 15 in. long by 4 in. wide to allow 
an overlap of 1} in. at each end. 

The radiographic process is carried out in such 
a manner as to ensure that no part of the weld is 
missed during the examination. The four main 
types of faults which may be created during the 
welding process and which would be subsequently 
revealed on the negative are porosity, lack of fusion, 
cracks, and slag inclusion. The first three faults 
are actually voids of one kind or another in the weld 
metal. While weld metal absorbs a certain amount 
of radiation and only allows the highest penetrating 
part of the beam to reach the film, the voids allow 
the radiation to pass through the metal more easily 
in their areas, so that there are corresponding 
intensifications on the negative. With proper 
technique, voids having a dimension in the direction 
of the rays of less than 2 per cent. of the plate 
thickness are clearly shown. The X-ray film, in 
its light-tight casette, is placed in position behind the 
weld on the inside of the shell. After the lead 
markers have been applied, the X-ray tube is 


centred over the area required to be examined. 
It is important that the X-ray beam should be 
normal to the weld, and so to the film. A wave- 
length is selected which is capable of penetrating the 
particular thickness of metal with the maximum 
amount of contrast, and the area is irradiated for a 
predetermined exposure time. The film is then 
processed with developing and fixing solutions, and, 
after washing and drying, is ready for inspection and 
diagnosis. 

If any defects are revealed by the radiographic 
examination, the affected areas of the weld are cut 
out with pneumatic chippmg hammers and filled 
by hand welding. The repaired area is then 
X-rayed as before to ensure that all defects have 
been removed. The drum is then marked off and 
holes are cut by oxy-acetylene torch, to enable 
branches and nozzles to be welded in position. The 
welding groove in this case is a half U, and is 
formed in the shell or drumhead by pneumatic 
chipping hammers. The nozzles are hand welded, 
the joint being preheated if necessary. To ensure 
that all welding on the drum is stress-relieved, holes 
for nozzles and tubes which will afterwards be 
connected by welding are machined before stress- 
relieving, and nozzles and stub tubes are welded in 
place. Fig. 18, on page 386, shows a drum being 
drilled for tube holes, and Fig. 15 shows the nozzles 
being faced. The pitch between the spindles of the 
vertical drilling machine can be adjusted, and each 
tool is specially designed to trepan, ream, recess and 
groove the hole. All welding completed, the drum 
is finally stress-relieved by being heated to about 
600 to 650 deg. C. The test plates, which were 
welded at the same time as the longitudinal seam, 
are inserted into the drum before stress-relieving 
and thus receive the same stress-relief as the drum, 
to ensure that the final condition of the test plates 
is truly representative of the welded seams. 

Stress-relieving capacity at Renfrew has been 
increased from time to time Originally, a pro- 
ducer-gas stress-relieving furnace was _ installed, 
which could accommodate vessels approximately 
10 ft. 6 in. in diameter and 40 ft.long. This furnace 
had refractory walls about 3 ft. thick and, because 
of the heat absorption, of the brickwork itself, stress- 
relieving cycles in some cases took as long as 36 
hours. In 1942, a new furnace, shown in Fig. 16, 
on page 386, was installed; it is 16 ft. wide, 
17 ft. 6 in. high, and has a length of 50 ft., and is 
built of refractory insulating brick. The walls are 
of light panel construction, 1 ft. 3 in. thick. In 
this furnace, the stress-relieving cycle is reduced 
to one-third of the time required in the old furnace. 

At this stage, the test. plates are passed to the 
Research Department Laboratory to enable test 
pieces to be prepared for mechanical tests, and macro 
and micro examination of the weld structure, 
required by whatever code has been specified for 
the drum. Fig. 11, on page 374, shows the way 
in which the test plates are divided to provide the 
tests specified by B.S. 1113-1943. When satis- 
factory test results have been confirmed, the 
nozzles and branches on the drum are closed by 
blank flanges and the manhole doors are fitted for 
the drum to be subjected to a hydraulic test, as 
shown in Fig. 17, on page 386. This may be carried 
out at a pressure twice the designed working pressure 
of the drum, and, while under this test pressure, 
all welds are subjected to careful scrutiny. Fig. 13, 
on page 375, shows a finished boiler drum. 

We return now to the 2,000,000-volt unit, built 
by the General Electric X-ray Corporation, of 
Milwaukee, and installed in the Renfrew Works by 
Newton Victor, Limited, 15, Cavendish-place, 
London, W.1. In 1932, Messrs. Babcock and Wilcox 
installed their first X-ray plant; it was rated at 
200 kV, and was capable of X-raying welds in plates 
up to 2 in. thick. This was followed in 1934 by a 
400-kV X-ray plant for plates up to 4 in. thick. 
Further sets, up to 400 kV rating, were added subse- 
quently. In 1949, however, a 2,000,000-volt X-ray 
plant, capable of X-raying welds in plates up to 10 in. 
or 12 in. thick, was installed in a special concrete 
building. 

The tank or head of the unit, shown in Fig. 9, 
herewith, is mounted in a fork, the latter being 
arranged to swivel in a supporting frame which 





forms part of a pantograph mounting, thus elimi- 
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nating any tendency to swing. The head and 
support frame are suspended by wire ropes from 
winch gear on the crab of the overhead travelling 
crane, so that the tube head can be raised or lowered 
as required. The motions of the crane structure 
and the angulation of the head are controiled from a 
pendant-type push-button station at ground level. 
Tt is easy, therefore, to obtain full angular, ver- 
tical and horizontal adjustment. The assembly 
is considerably more flexible than the 400-kV 
equipment installed in 1934. The new tube may 
be continuously operated at 14 milliamperes and 
2,000,000 peak volts, under which conditions it 
produces as much radiation as would be available 
from more than 20 Ib. of radium. As an example 
of the increased capacity of the 2,000,0C0-volt X ray 
unit, each section on a drum 4 in. thick is X-rayed 
in an exposure of two minutes, whereas with the 
400,000-volt machine 14 hours were required for 
each section. Again, the sensitivity at 4 in. thick- 
ness is equal to that of the 220,000-volt unit on metal 
1 in. thick. For circumferential welds, the drum is 
rotated on a trolley. For longitudinal welds, it is 
stationary and the X-ray head is moved by the 
overhead crane. 

Fig. 14, opposite, shows a section of the 2,000,000- 
volt X-ray unit, and an explanation of the refer- 
ence letters is given below the illustration. The 
design and manufacturing problems associated with 
this unit can be conveniently divided into two sec- 
tions : first, the preduction of a suitable high-tension 
transformer, and, second, the provision of a sealed 
X-ray tube of suitable characteristics which would 
ensure its efficient operation at 2,000,000 volts. In 
some respects, the prcduction of the tube presented 
a greater problem than that of the transformer, 
though it will be appreciated that these two com- 
ponents are so intimately related that they must be 
designed together. 

The tube operates in a self-rectified circuit, being 
directly connected to the high-voltage winding of 
the transformer, one end of which is earthed. This 
feature, together with an appropriate change in the 
design of the X-ray tube itself, enables the source 





of radiation to be brought outside the tank. As a 
result, radiographic procedure is materially simpli- 
fied, particularly when dealing with circumferential 
seams in welded pressure vessels, since the active 
end of the tube may be placed inside the vessel and 
the entire seam irradiated at one time. The high- 
tension, transformer is a resonance type, operating 
with a tuned secondary circuit adjusted to resonance 
at 180 cycles per second. It has a low-voltage 
winding consisting of two flat coils, and a high- 
voltage coil, which consists of 243 flat sections, is 
stacked on top of the primary, spaced to facilitate 
cooling. The use of the resonance principle of 
operation makes an iron core unnecessary, and the 
central space of the high-voltage coil, normally 
occupied by an iron core, houses the X-ray tube. 
This arrangement materially facilitates the con- 
nection of the various tube electrodes to the high- 
voltage winding and also provides an electrostatic 
shield for the tube. 

To avoid overheating of the surrounding steel 
tank by eddy currents, an inner lining, consisting of 
narrow overlapping silicon-steel strips, spot welded 
to the tank wall, is provided. This iron shell guides 
the magnetic flux from the top to the bottom of the 
coil stack, the lower end being provided with a ring 
of radially spot-welded strips of similar material. 
The tube envelope consists of 24 sections of moulded 
boro-silicate glass tubing, joined to Fernico rings 
which carry the internal electrodes of stainless 
steel. The insulating envelope is 60 in. long and 
34 in. in diameter, and, in order to increase the 
voltage gradient which may be applied to any 
section of the tube, the inside of the glass walls is 
sand-blasted. A tungsten target backed with 
copper is mounted in the lower end of the extension 
chamber and both target and chamber walls are 
water-cooled. The tube is supported by a metal 
flange bolted to the bottom of the tank. By using 
gas as an insulating medium in this transformer, it 
has been possible materially to reduce its bulk and 
weight. The gas is sulphur hexafluoride (SF,), 
the tank being filled with the gas at a pressure of 
approximately 60 Ib. per square inch. In earlier 
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mcdels, freon (CCI,F,) was employed, but the 
sulphur derivative is more satisfactory as it is less 
easily liquefied, enabling lower temperatures and 
higher working pressures to be used. Also, there is 
no carbon content which might be troublesome if a 
flash-over took place, since free carbon would be 
preduced. It is non-toxic and does not affect 
ordinary metals, such as would be used in the 
construction of the transformer. 

The power for energising the equipment is 
obtained from a motor-generator set installed 
adjacent to the X-ray room. This consists of a 
25-h.p. auto-synchronous motor, which is fitted 
with a slip-cycle impedance-relay starting mechan- 
ism, coupled by means of an inverted-tooth chain 
drive to a 10-kVA 500-volt 180-cycle single-phase 
alternator, and a 4-5-kVA 220-volt 60-cycle three- 
phase alternator. The driving motor incorporates 
an overhung exciter, as also does the 180-cycle 
alternator. The large alternator supplies power 
for the resonance transformer, and the smaller 
one provides three-phase power for the various 
subsidiary control circuits. 

The X-ray unit with its supporting mechanism 
is installed in a concrete enclosure measuring 59 ft. 
wide by 70 ft. long by 40 ft. high, as shown in Fig. 9. 
Heating is by steam panels on the walls. The walls 
are of sufficient thickness (about 2 ft. 9 in.) to form 
primary barriers, thus ensuring safety from radia- 
tion. The thickness is maintained to a sufficient 
height above ground level to ensure that the upward 
component of the beam cannot affect personnel 
working in adjoining buildings. Although very little 
radiation can take place through the glass roof, 
red lights around the eaves and warning notices are 
posted. These lights are interlocked with the con- 
trols for the X-ray unit. The enclosure is un- 
broken on three sides, and the homogeneous con- 
crete foundations extend a sufficient depth below 
ground level to eliminate the possibility of radiation 
leakage. The fourth wall divides the X-ray enclo- 
sure from the main shop, shown in Fig. 12, opposite, 
in which repairs are carried out. Two openings 
are provided in this wall: one at the extreme 
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Fig. 12. 

















Fic. 13. Frisoep Borer Drum. 


right-hand side, through which personnel can gain 
access to the unit; through the other, measuring 
2 ft. wide by 15 ft. high, the drums are brought 
into the enclosure for radiagraphic examination. 
The small access opening is connected by a tor- 
tuous passage, U-shaped in plan, to a cortrol room. 
The maze formation of the tunnel ensures that a 
primary protection barrier exists between the 
control room and the opening, through which operat- 
ing personnel enter the enclosure to adjust the 
position of the tube head. As an additional 
safeguérd, a lead-lined steel-framed door is provided 
~ ¥ control room to seal off the maze while the 
it 18 Operating, thus eliminating an ibilit 
of scattered radiation reaching the pl sic 4 
staff, who remotely control the X-ray beam and dura- 
tion of exposure. The large opening through 
which work is conveyed into the enclosure, is 
protected on the inside by a lead-lined steel screen, 
and on the outside by a 50-ton concrete door. 
The inside screen is equipped with a chain-wheel 
gear for hand control. The outside primary door 
runs on rails and is operated by remotely-controlled, 
electrically-driven winch gear. To convey heavy 
ms from the main shop to the X-ray enclosure, 
and vice versa, & power-operated carriage, fitted 
oe a turning gear, is provided. The carriage is 
electrically driven and push-button controlled, and 





is provided with ultimate limit switches, The 
carriage controls are fully interlocked so that travers- 
ing is possible only when both the outside door and 
inside screen are fully open. The rotating feature 
is necessary to facilitate the alignment of a hori- 
zontal-drum seam with the tube head, and for 
positioning a section of a circumferential seam for 
X-raying. 

Inside the control room are two panels. One 
is for the accurate and precise control of the X-ray 
output and duration of exposure. It also includes 
full electrical protection for the head, signal lamps, 
milliameter and megavoltmeter. The second panel 
is required for protective purposes, to safeguard the 
personnel. This panel is equipped with an “all 
clear” indicator, “open” and “closed” pilot 
lamps for the main outside door, inner screen and 
control-room door. Additional pilot lamps indicate 
whether the outside and control-room safety keys 
have been removed or replaced. Push-button sta- 
tions are provided for the remote control of the main 
outside door and for initiating the warning system. 
Switch-fuse gear also forms part of this panel, 
which acts as a distribution point for all electrical 
equipment associated with the 2,000,000-volt, X-ray 
unit. Before the X-ray beam can be switched on, 
all doors must be closed, all safety keys replaced, 
and the appropriate push-button pressed in order to 
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sound a warning bell and, after a delay, illuminate 
the “all clear” indicator. When the latter is 
illuminated, it is then possible to revert to the main 
X-ray control panel and operate the tube head. 
An attempt to open any door would instantaneously 
shut off the X-ray beam. 





Busk STUDENTSHIP IN AERONAUTICS.—A vacancy has 
arisen for a Busk Studentship in Aeronautics for the 
year 1950-51, and the trustees hope to make an appoint- 
ment in June. The studentship is of the value of about 
3001. and is tenable for one year fr2m October 1, buta 
student may be re-appointed on the same terms for a 
second year. It is open to any man or woman, who is a 
British subject and of British descent, who will not have 
attained the age of 25 years on October 1. The object 
of the studentship is to enable the holder to engage in 
research, or the preparation for research, in aeronautics, 
invelving experimental as well as mathematical investiga- 
tion. Forms of application may be obtained from Sir 
Melvill Jones, C.B.E., A.F.C., F.R.S., Professor of 
Aeronautical Engineering, Engineering Laboratory, 
Cambridge. 





“TORSIONAL STRESS IN CLOSE-COILED HELICAL 
SPRINGS ”: ErRRaTA.—Our attention has been drawn 
to some typographical errors, which we regret, in the 
above article by Dr. A. Morley, on pages 231 and 232, 
ante. Inthesecond column on page 231, the capital letter 
S in equation (10) should be the figure 5; and, in the 
second line below equation (11), the full stop after 2hy 
should be deleted. On page 232, at the beginning of the 
third line from the bottom of the first column, the 
symbol § should be inserted before the words “‘ when 
curvature is neglected.” In the middle column on page 
232, the word “ then,” in the second line above the table, 
should read “‘ than ” ; and, in the table itself, the heading 


A’ 
y= S should read y = rt It should be pointed out, 
however, that y was correctly defined in the text. 
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SCIENTIFIC RESEARCH IN 
AUSTRALIA. 


(Continued from page 333.) 


ANOTHER point of some interest in timber testing 
concerns the effect of moisture content on strength 
properties, and the consequent need to adjust air-dry 
test figures to the standard moisture content of 
12 per cent. In contrast with most other timber 
laboratories which. use an intersection point 
derived from the relationship between moisture 
content and strength, the Australian Forest Products 
Laboratory has always derived its intersection 
point from the relation between moisture content 
and shrinkage. If the correction is small, it is 
immaterial which of these procedures is adopted ; 
but some Australian wocds, such as mountain ash 
and karri, show abnormally high shrinkage effects, 
and the disparity in correction becomes appreciable. 
Accordingly, an investigation has been started to 
determine the effects of moisture content, in certain 
species of wocd, cn their elastic and strength 
properties, and generally to explore the differences 
between intersection points derived by the alter- 
native methcds. It may be noted that the testing 
of different species has been found markedly more 
efficient when a few specimens are selected from 
each of a large number of trees, than when a larger 
number of specimens from each of a small number 
of trees are tested. The adoption of this testing 
procedure as a general rule is expected to increase 
materially the rate at which the several hundred 
species of Australian trees of potential industrial 
utility can be comprehensively examined. 

In various other directions, the applications of 
timber for use have been extended by research 
into the practical problems of drying, machining, 
precerving, and preventing disease in timber. 
Equipment has been designed, for instance, to 
enable the cutting action of a single sawtooth to be 
examined in detail and hence to measure the energy 
consumed in the fundamental processes of wood 
working. The production and processing of veneers, 
and the manufacture of plywood, have naturally 
received a good deal of attention. Closely related 
to this class of development is the mechanism of the 
setting of glues, the nature of their adhesion to wood, 
and the appraisal of the peculiar merits of a wide 
range of synthetic adhesives based on raw materials 
available in the Commonwealth. Ofsuch adhesives, 
acid casein, widely used in many parts of the world, 
has not hitherto been produced commercially in 
Australia; but, if present trials are successful, 
an acid casein being made by a dairy-produce 
organisation in Australia promises to become a 
major adhesive in the plywood industry. The 
chemical] problems connected with the precipitation 
of casein from skim milk are accordingly among the 
subjects under active investigation in this field. 
Attention is also being given to the possibilities of 
utilising waste wood for making hot-pressed boards, 
and to the best equipment for fabricating fibre 
board commercially. 

While much of this timber research is intended, 
eventually, to contribute to the solution of 
Australia’s urgent building programmes, it is worth 
remarking that another contribution comes from 
the Division of Soils, whose work includes soil sur- 
veys directed especially towards the suitability of 
land for building development. Thus, for the 
neighbourhood of Melbourne, a soil reconnaissance 
map has been completed to show the physical and 
engineering characteristics of undeveloped suburban 
areas, and to relate the various soil types distin- 
guished with the underlying geological formations, 
with special reference to their suitability or proper- 
ties as foundations. Associated with the same 
general purpose is a field experiment in which the 
stability of clay soils is being related to the changes 
in water content and soil movement. Since it is 
very desirable to be able to follow fluctuations in 
water content without disturbing the soil every time 
sampling is necessary, an indirect method is in use, 
whereby moisture content is deduced from the 
electrical conductivity of gypsum blocks embedded 
in the ground. The technique is not easy, and is 
subject to uncertainties. Tests are in progress, 
therefore, on analagous buried blocks made of 





various types of plaster and embodying concentric 
electrodes. A thermal method of estimating water 
content is also under trial] as an alternative to the 
electrical technique. 

Just as other applications of physica] research 
in soil technology are valuable in many ways in 
relation to the important programme of work on 
animal and vegetable products, so also physics and 
engineering are represented in many of the important 
investigations associated with the preservation, 
storage and transport of foodstuffs, which have 
been pursued for many years in Australia with 
increasingly successful results. Among the pro- 
jects recently undertaken in this field is a detailed 
study of the performance, under actual industrial 
conditions, of representative commercial fruit stores. 
Extremes of temperature variation in different 
parts of the store are generally within 14 deg. F. 
of the average, in the best stores, deteriorating in 
the less satisfactory establishments to a range 
from 5 deg. F below to 2 deg. F. above the average. 
The reasons underlying the disparities are not 
clearly apparent and are being sought by studies 
of design factors in cooling and temperature-con- 
trolling equipment, methods of routine cold-store 
operation, and in the systems employed for stacking 
the stored goods. The long-distance transport of 
fruit and vegetables is being investigated, at the 
request of the New South Wales Government 
Railways, with special reference to the performance 
of a new type of louvred van. Comparisons with an 
existing type of food van, by temperature measure- 
ments, have been made recently upon cargoes of 
bananas during very hot summer weather. They 
confirm the superior ventilation qualities of the new 
van design, though the improvement is not great 
enough to be of much practical importance in the 
carriage of bananas. With this fruit, as has been 
proved to be the case with peas in rail transport 
from South® Australia to Melbourne, the “self- 
heating” effect presents problems which warrant 
careful analysis in connection with modifications of 
vehicle design, and further tests are in progress 
to ascertain more precise data on the thermal 
properties of refrigeration vans and to explore the 
effects of the gradual melting of ice in the bunkers 
as the journey proceeds. Other full-scale trials 
have been concerned with a cargo of frozen egg 
pulp in a New South Wales Railway refrigeration 
van, the special purpose being to determine the 
efficiency of the M.R.C. type of car in maintaining 
very low temperatures when salt is added to the 
ice in the bunkers. Most of the rail-transport tests 
have been relevant to water-ice refrigeration, but 
some work has also explored the performance of 
dry ice, i.e., solid carbon dioxide, when used for 
preserving frozen egg during rail transport. It is 
of interest to note that freezing tunnels for egg pulp 
and for crayfish tails are being studied from the 
standpoint of design and performance in relation to 
commodity. 

Other food preservation experiments cover an 
extremely wide field, ranging from studies of 
wrapping materials intended to control loss of water 
from livers and kidneys in cold storage, to the 
performance of equipment for continuous butter- 
making. The commodities include practically all 
the important preservable foods, for which the 
physical, chemical and biological aspects are 
inevitably closely interconnected. For example, 
the effect of low concentrations of ozone is to be 
examined in relation to the growth of micro- 
organisms on ox muscle in cold storage. Many 
problems arise from the canning and raw storage 
of fish, while eggs are still presenting some diffi- 
culties in respect of safe packaging for transport 
and the effects, on quality, of oiling them for 
export to the United Kingdom. In connection with 
fruit canning, the research for a satisfactory 
sulphur-resisting lacquer for the interior coating of 
containers is now nearing success with the develop- 
ment (in co-operation with Australian lacquer 
manufacturers) of a coating which combines the 
desirable properties of protective value, mechanical 
resistance and attractive appearance. Research on 
oleo-resinous sulphur-resisting lacquers has led to 
clearer definition of the optimum level of added 
zinc oxide for satisfactory protective qualities. On 
the subjects of dehydration, dried fruits, wine and 





dairy produce, research in numerous directions jg 
showing good dividends in respect of improved 
products and the elimination of losses due to pests, 
decomposition and deterioration arising during 
storage. 

Mathematics naturally plays an important part in 
all phases of the Organisation’s researches, and for 
many years a separate Section of Mathematical 
Statistics has been maintained to help the various 
Divisions of Research in planning their experimental 
programmes and analysing their results. A certain 
amount of statistical research has also been carried 
out by the Section itself, the chief investigation now 
in progress being a forecast of the monthly rainfall 
over South Australia, which is being presented 
graphically on a series of maps. The work is being 
extended to establish the relationship between 
variability of rainfall within zones of equal mean 
rainfall, on the one hand, and plant ecology on the 
other. The probabilities of drought of varying 
intensity and duration are also under examination 
in the same analysis. Another considerable statis- 
tical study has been directed to the trend in yield 
throughout the South Australian wheat belt, which 
has recently been extended to embrace the period 
from 1896 to 1941. 

The non-statistical practical mathematical work 
of the Section is mainly concerned with means of 
mechanical and electrical computation. A differ- 
ential analyser is in course of construction, associated 
with which is an “ interim” assembly of apparatus 
consisting of two integrators, adding units, three 
gearboxes and four plotting tables. A limited 
range of problems can be solved on this machine 
and its operation is affording the mathematicians 
some useful experience. An electrostatic storage 
unit, similar to that developed by William and 
Kilburn at Manchester, is also being assembled. 
It incorporates a standard cathode-ray tube, on the 
fluorescent cdéating of which signals are stored. 
Substantial progress has been achieved in the design 
of an instrument, embodying a robust compass of 
the flux-gate type, which automatically and con- 
tinuously plots the course of a vehicle in which it is 
mounted. A similar course plotter, fitted with a 
gyro-stabilised magnetic compass, was completed a 
year ago. Other mathematical apparatus which is 
being studied for purely scientific or commercial 
applications includes a National accounting machine, 
which has been adapted to solve differential equa- 
tions ; a range of Hollerith punched-card equipment, 
which is proving useful for a variety of scientific 
purposes, not yet fully explored ; and an electronic 
computing machine of the digital type, operating on 
the binary system, which is being designed by the 
mathematical staff to accept data and deliver the 
solution by punched-card methods. 

Some reference should be made to the admirable 
organisation of information and library services 
which underly the whole of the Organisations 
technical activities. In collaboration with various 
other bodies, the Organisation regularly publishes 
three Australian journals, devoted respectively 
to physical and biological science, applied science, 
and agricultural research. Longer reports are 
published in the C.S.I.R.O. Bulletin series, and 
pamphlets dealing with special investigations are 
prepared in collaboration with the industrial under- 
takings to which the results are most directly 
serviceable. A most useful feature of the informa- 
tion service is that, by its activities, the results of 
Australian work and scientific thought are becoming 
more promptly and easily available in Britain and 
the United States. The Organisation maintains 
liaison offices in London and Washington, a pro- 
longation of war-time establishments which is likely 
to extend, since they provide facilities for the inter- 
change of information and bases for C.S.LR.O. 
officers overseas, as well as points of contact with 
research students. The importance of all these 
avenues for distributing the results of Australian 
scientific research warrants the widest publicity, 
because the standard of the work carried out com- 
pares favourably with that conducted in the best 
laboratories elsewhere, while, in those respects 
which are peculiar to Australian mineral, animal 
and forestry resources, it is, of course, the sole 
source of world information. 

(To be continued.) 
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THE PHYSICAL SOCIETY’S 
EXHIBITION. 


Tue 34th exhibition of scientific instruments and 
apparatus organised by the Physical Society was 
opened at the Imperial College, Imperial Institute- 
road, South Kensington, London, S.W.7, on Friday, 
March 31, and remained open until Wednerday, 
April 5. The opening ceremony was performed by 
Professor S. Chapman, F.R.S., President of the 
Society, on the afternoon of the first day and, as on 
previous occasions, both commercial firms and the 
research sections of Government departments were 
among the exhibitors. The display as a whole 
indicated the high standard which has been 
attained in instrument making in this country. 
It is therefore satisfactory that the exhibition was 
open, for the first time, on a Saturday afternoon, 
so that “junior staffs ’’ were able to attend. 

On the first day, a lecture on “* Solar Physics and 
the Aurora Polaris,” was given by Professor S. 
Chapman, in which he pointed out that during solar 
flares, corpuscular streams were emitted from the 
sun and gave rise, if directed towards the earth, 
to great magnetic storms and auroral displays. 
The earth’s magnetic field deflected that part of the 
solar matter which approached and entered it; 
ard much of this matter was guided to high altitudes 
and entered the atmosphere along the lines of 
magnetic forces. The corpuscules penetrated the 
atmosphere down to heights of about 100 km., and 
rendered the air molecules luminous. The effect 
was visible as aurora. 

In a lecture on “Colour Vision and Colour 
Television,” which was delivered on Monday, 
April 3, Dr. W. D. Wright pointed out that any 
system of three-colour reprcduction depended 
furdamentally on the possibility of matching a large 
range of colours by an additive mixture of red, 
green and blue light in varying proportions. This 
property seemed destined to find its most direct 
application in colour television. Various methcds 
had been proposed for the prcduction and syn- 
thesis of separate red, green and blue pictures, but 
their relative merits wou’d be determined in part 
by the extent to which picture brightness and 
definition could be sacrificed for colour. The 
lecture by Dr. F. J. Scrase, on “ Sounding the 
Upper Air,” which was delivered on Tuesday, 
April 4, consisted of an historical survey of the 
methcds of exploring the meteorological properties 
of the atmosphere up to great heights. Many of 
the most recent of these methcds used radio and 
radar techniques. Some of the results that were 
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Fie. 2. 


PAMETRADA WAVE ANALYSER ; Messrs. MUIRHEAD AND COMPANY, 


LIMITED. 


now being obtained, including recent measurements 
of wind and temperature at heights up to 30 km., 
were described. In a lecture on “The Earth’s 
Atmosphere,” delivered on Wednesday, April 5, 
Sir Robert Watson-Watt surveyed the main physical 
characteristics of the earth’s atmosphere and pointed 
éut some ways in which the microclimatology and 
micrometeorology of the troposphere required 
clarification. The ozonosphere, he said, illustrated 
the ingenious and fruitful combination of evidence 
carried by light waves and matter from outer space, 
and by sound waves from the earth’s surface, in 
estabiishing vitally important physical character- 
istics. 

In accordance with the practice adopted for the 
past three Physical Society exhibitions, the Cam- 
bridge Instrument Company, Limited, 13, Gros- 
venor-place, London, S.W.1, confined their display 
to one class of the wide range of instruments that 
they manufacture. On this occasion, oscillographs 
were selected, for the excellent reason that it is 
just over 50 years since the first Duddell oscillograph 
was made by the firm. The opportunity was there- 
fore taken to stage a historical exhibit showing 
the development which has taken place in these 
instruments in the intervening pericd ; as well as to 
show a number of parts illustrating the method of 
construction and the various switching arrange- 
ments. The exhibits further included a number of 
early Duddell instruments, photographs of historical 
interest ard origina] pencil drawings. The subject 
is dealt with in an excellent monograph which the 
company have prepared. 

Among the instruments shown was the six-ele- 
ment oscillograph illustrated in Fig. 1. This has 
been designed for recording up to six phenomena 
simultaneously on photographic paper or film and 
to provide clear open records for frequencies up to 
7,000 cycles per second. The wave form can be 
viewed up to the time of making an exposure. 
Transients, which can be located on any desired 
part of the record, can also be photographed. The 
whole apparatus is operated at mains voltage and 
supply frequency and can be mounted on a bench 
or on a trolley. The light source for the six records 
is a single 8-volt lamp, the output from which 
passes through six adjustable slit masks. In front 
of the slits are six spherical strip lenses, each of 
which focuses an image of the lamp filament on 
to its respective vibrator mirror. The return 
beams are focused by further lenses on to a cylin- 
drical lens and thence on to the photographic surface 
in the camera. 





Each vibrator comprises a bifilar loop, which 





carries an aluminised mirror and is tensioned to a 
predetermined natural frequency. The loop is 
mounted between the poles of a permanent magnet 
and the system is critically damped by immersion in 
a specially constructed leak-proof oil-bath. The 
low, high and extra-high frequency vibrators are 
interchangeable without re-alignment of the optical 
system and provision can be made for one or more 
watt vibrators by adding field terminals to the 
connecting board. The amplitude of each vibrator 
can be controlled by continuously variable resist- 
ances, which may be connected in series or parallel. 
Time markings on the record at 10 millisecond 
intervals are effected by a neon lamp, which is 
energised by a self-starting contact-driven 100- 
cycle tuning fork. The various controls are accom- 
modated on a panel at the side of the oscillograph. 

The camera is of the drum type, which gives high 
speed records up to 12 metres per second and carries 
half a metre of film or paper 120 mm. wide. A con- 
tinuous paper camera may be. used for work at 
speeds up to 2 metres per second. It carries film or 
paper of the same width in lengths up to 100 ft. 
A shutter between the cylindrical lens and the 
camera can be set by hand and released electrically 
by a key or by a commutator revolving with the 
camera drum. The beginning of the record can 
thus be correlated with the beginning of the paper 
or film. A safety shutter on the camera is auto- 
matically opened when the drum is in position, but 
closes the aperture when the camera is removed. 
In the continuous-paper camera the film, or paper 
is set in motion by a magnetic clutch and is fed into 
a detachable cassette, so that the exposed portion 
can be detachcd for developing without removing 
the camera. The camera, commutator and rotating 
mirrors, by which the wave forms are observed, are 
driven by an alternating-current motor through 
three cone pulleys, which give speed ratios of 1 to 3, 
1 to 1 and 3 to 1. 

A 12-element oscillograph of similar design and 
a portable oscillograph of the Duddell type which 
has been designed primarily for the investiga- 
tion of strain and vibration problems in aircraft 
during flight were also shown by the Cambridge 
Instrument Company. 

Messrs. Muirhead and Company, Limited, Elmers 
End, Beckenham, Kent, an example of the Muir- 
head-Pametrada wave analyser, which is illustrated 
in Fig. 2, on this page. This instrument is of 
the regenerative feed-back type with resistance 
capacitance tuning. Constant selectivity is ob- 
tained at all time frequencies’ as distinct from the 
constant band-width of the heterodyne type of 
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Fie. 3. APPARATUS FOR FREQUENCY STABILISATION OF OSCILLATORS ; GENERAL ELEcTRIC Company, LIMITED. 


analyser. Tuning is from 19 cycles to 21,000 cycles 
per second in three-decade bands (with overlap), 
each band being subdivided into three. In addition, 
a fine control gives 0 to 2 cycles per second, so that 
intermediate readings can be obtained. To facilitate 
tuning to a signal of slightly variable frequency 
a band-pass control is available, giving 3 per cent. 
or 10 per cent. “ flat-tops ” at all frequencies. 

The maximum ‘ensitivity of the instrument is 
such ‘that a signal of 3 millivolts R.M.S. gives full 
meter deflection. An input attenuator enables a 
maximum input of 10 volts to be used. The meter 
normally reads average values, but can be switched 
to indicate peak values either below or above the 
average. For oscilloscope work, the output is 


brought out to terminals, and jacks of a telephone | 


pattern are also provided. It may be noted that the 
output voltage has the same frequency as that of 
the input and not an intermediate frequency, as 
with hetercdyne analysers. At maximum selecti- 
vity the total effective value of Q is 80. The 
accuracy of the frequency setting is within 0-5 per 
cent., and the frequency response is constant within 
+2 decibels over the whole range. 

The apparatus illustrated in Fig. 3 was shown 
by the Research Laboratories of the General Electric 
Company, Limited, Wembley, Middlesex. It con- 
sists of a monitor oscilloscope (on the left); ampli- 
fiers and sequence wave generators ; sweeping and 
master oscillators; a source of power; an am- 
monia-filled wave guide; vacuum pumps; a 
Pirani gauge; and a second monitor oscilloscope 
for demonstration purposes. It was intended to 
demonstrate a method whereby the frequency of an 
oscillator can be stabilised in the following manner. 
In some cases, extremely sharp resonance absorption 
of electromagnetic waves occurs at low pressures, 
the absorption frequencies being determined solely 
by the structure of the gas molecules and being inde- 
pendent of the temperature and pressure. For 
instance, ammonia shows strong absorptions for 
wavelengths in the region of 12 mm. (25,000 mega- 
cycles per second). 

Equipment has, therefore, been developed to 
enable these extremely stable reference frequencies 
to be used to control a microwave oscillator in 
much the same way as a quartz crystal is used to 
control oscillators at lower frequencies. In the appa- 
ratus demonstrated at the exhibition the frequency 
of a reflex Klystron auxiliary oscillator was con- 
stantly swept over a band of a few megacycles per 
second by a sawtooth voltage. This oscillator 
supplied power to a wave-guide about 20 ft. long, 
which contained ammonia gas at a pressure of 
0-01 mm. of mercury and terminated in a detector. 




















Fic. 4. Apparatus FoR Lone-Distance PHOTOGRAPH TRANSMISSION ; 
Messrs. Bark AND Stroup, LimiTep. 


The same oscillator also supplied power to a mixer, 
which was coupled to the master oscillator, the 
frequency of which was to be stabilised. Two 
pulses were thus formed ; the first in the detector, 
owing to the sudden absorption of power as the 
osciHator passed through a resonance frequency of 
the ammonia; and the second in the narrow-band 
amplifier, which was coupled to the mixer. This 
pulse was due to the beat between the two oscil- 
lators. 

These two pulses were used to trigger two “ flip- 
flop ” circuits producing sequence waves. Each wave 
begins with its respective pulse and terminates at 
the end of each scanning cycie. These two waves 
were then subtracted, so that a voltage propor- 
tional to the time difference between them remained. 
This “error” voltage was next smoothed and 
applied to the reflector electrode of the master 
oscillator, so as to control the frequency of the 
latter. The system is, in effect, a servo-mechanism. 

The condition of zero error occurs when the 
ammonia absorption pulse and the beat pulse are 
coincident in time. This will be the case when the 
master oscillator differs in frequency from the 
resonance line by the centre frequency of the narrow- 
band amplifier. As this can be set anywhere 
between zero and several hundred megacycles per 
second, it is possible to stabilise the oscillavor at 
any desired frequency over a wide band by selecting 
a suitable filter. 

The purpose of the telephoto apparatus, exhibited 
by Messrs. Barr and Stroud, Limited, 15, Caxton- 
street, Anniesland, Glasgow, W.3, and illustrated 
in Fig. 4, is to reproduce photographs by .long- 
distance electrical transmission. It is based on a 





prototype made by the Unit Telephone Company, 
which was, in turn, an improvement on other 
apparatus as regards portability and size. The 
present apparatus has been further improved in 
general appearance, finish and mechanical construc- 
tion. The equipment, which will accommodate 
photographs up to 10 in. by 8 in., consists essentially 
of a transmitter, a receiver, an electric amplifier 
and control units. The photograph is wound on 
a drum in the transmitter and is scanned in a 
continuous close helix by a beam of light, which is 
concentrated on a very small area on the picture 
surface. The reflected light from this surface, 
the strength of which varies in accordance with the 
tone values of the picture, impinges on a photo- 
electric cell, where it is converted into electric 
signals of varying strength. These signals are 
amplified and are transmitted either by line or 
radio at a frequency of 1,326 cycles per second to 
the receiver, where they control an oil-damped 
mirror oscillograph. The deflection of this mirror 
displaces a beam of light from a fixed source and 
focuses it on a roll of photographic paper. This 
paper is wound on a drum, which runs in synchron- 
ism with the transmitter drum. A special mesh 
at the lens of the projector is shaped so that for a 
given beam displacement the light passing through 
the lens is of the correct amount to give an exposure 
of the paper which will correspond in tone with the 
small portion of the picture producing the signal. 
The television sweep generator, which was 
exhibited by Marconi Instruments, Limited, St. 
Albans, Hertfordshire, has been designed for use in 
conjunction with a suitable cathode-ray oscilloscope 
for checking or aligning television or frequency- 
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Fic. 5. TELEvIsIon SweeP GENERATOR; Messrs. Marcont InstRUMENTS, LIMITED. 

















Fig. 6. Sounp-Levet RecorpEeR ; Messks. Makcont INSTRUMENTS, LIMITED. 


modulation receivers, aerials and fecders. The 
main radio frequency carrier output covers television 
bands in the 40 to 190 megacycle range, while the 
intermediate frequency bands are frem 5 to 15 
megacycles ard from 20 to 30 megacycles. The 
video-frequency band is from 0 to 10 megacycles. 
The generator, which is illustrated in Fig. 5, is 
operated frem the alternating-current mains and 
all the bards can be swept at the standard fre- 
quency. This frequency sweeping is effected by 
means of a vibrating capacitor, which is driven by a 
concentric permanent magnet moving-coil system. 
An X-axis deflecting voltage of variable phace is 
synchronised with the frequency sweep and is 
. 





available for application to an oscilloscope. A 
blanking circuit can be inclvded to preduce a zero 
reference line. In operation, when the X-axis 
drive is applied to the X-amplifier of the oscilloscope 
ard the frequency swept output of the generator is 
applied to the Y-axis through the system under test, 
the frequency response characteristic of the latter 
is displayed on the tube. 

The same firm were exhibiting the high-velocity 
sound-level recorder, illustrated in Fig. 6. This is 
designed for inputs with frequencies between 50 
cycles and 15 kilocycles per second and records 
the change in level of the input and not its wave 
form. The recorder is essentially a self-balancing 




















Fic. 7. PortasLe Pyrometer ; SALFORD 
EvecrricaL INSTRUMENTS, LIMITED. 





Fig. 8. 


PorTABLE VISCOMETER ; MESSRS. 
FrerRantit LIMITED. 


potentiometer, the stylus of which is operated by a 
double-acting magnetic clutch. This clutch com- 
prises a ferrous tongue, which lies between the rotat- 
ing pole pieces of an electromagnet, the latter being 
excited by two drive valves in anti-phase. The 
signal input is passed through the potentiometer to 
an amplifying stage, which is followed by a phase 
splitter and a fuil-wave diode rectifier. The out- 
put from this rectifier is passed to a direct-current 
amplifier and thence to the driver valves in anti- 
phase. A change in the signal-input level un- 
balances the system, engages the magnetic clutch 
and drives the potentiometer in the appropriate 
direction until balance is restored. The waxed 
paper upon which six marking scribers trace a 
reference graticule is driven by a synchronous 
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motor through a two-speed gearbox, while the 
rotating pole pieces are operated by a high-speed 
direct-current motor. The high-tension direct cur- 
rent is obtained from the mains through a trans- 
former and full-wave valve rectifier with choke- 
capacitance. 

The instrument illustrated in Fig. 7, on page 379, 
is @ portable pyrometer exhibited by Salford Elec- 
trical Instruments, Limited, Peel Works, Silk-street, 
Salford, 3, and is based on the use of a Thermistor. 
The latter is mounted in a ventilated copper sheath 
and is connected in one arm of a Wheatstone bridge, 
which is brought out to terminals on the waxed 
Burma teak case. The rest of the bridge circuit 
and the battery are housed in the case. The 
advantage of this arrangement is that leads up to 
five miles long can be employed. The maximum 
temperature range is 300 deg. C. 

Among the other instruments shown by the same 
firm was a link testing wattmeter which has been 
designed for measuring the power in alternating- and 
direct-current circuits without interrupting the 
circuit. It consists of two units: a pair of pole 
pieces, one of which is fixed while the other is 
hinged so that it can encircle the circuit under 
test ; and a plug-in indicator. The indicator is a 
spring-controlled dynamometer movement which 
is enclosed in a case of moulded insulating material. 
Test leads, in which high rupturing capacity fuses 
and test clips are incorporated, are brought out 
of the pole piece handle for connecting to the 
voltage circuit. The link testing wattmeter is 
essentially a single-phase dynamometer wattmeter 
with a wound voltage coil, the current coil being 
formed by the conductor passing through the pole 
pieces. The instruments are calibrated in kilowatts, 
four ranges up to 200 kW being available. 

The portable viscometer illustrated in Fig. 8, on 
page 379, has been developed by Messrs. Ferranti 
Limited, Hollinwood, Lancashire, for determining 
the viscosity of a wide range of liquid and semi- 
liquid substances, such as oils, greases, paints and 
rubber. It consists of a rotating outer cup, which 
is driven by a two-phase synchronous motor and 
a second coaxial cup. This inner cup is supported 
in jewelled bearings and is free to rotate against 
a calibrated spring, which is fitted with a pointer 
to show the angular deflections. The driving and 
measuring mechanisms are enclosed in the top 
of the instrument, the dial being visible through a 
glass window. To operate the meter the cups are 
immersed in the liquid, of which it is desired to 
measure the viscosity, and the motor is switched 
on. The resulting rotation of the liquid then 
exerts a viscous drag on the inner cup and causes 
a deflection proportional to the viscosity. The 
resulting value can be read on the dial, which is 
calibrated to read directly in viscosity units; or 
the effect of any change in temperature, composi- 
tion or thixotropy can be continuously observed. 
Values as low as 0-1 centipoise can be continuously 
indicated in this way. A wide range of shear rates 
is provided for the determination of the anomalous 
behaviour of non-Newtonian liquids by the com- 
bined effect of a quick-change three-speed or five- 
speed gearbox and a set of three or more inter- 
changeable inner cups. By this means the range 
of the standard instruments can be extended from 
a few centipoises to several hundred thousand poises. 

The stand of Messrs. Everett, Edgcumbe and 
Company, Limited, Colindale Works, London, 
N.W.9, was devoted to a display of the develop- 
ments which have been made during the past year 
in electrical measuring instruments of the indicating 
and graphic types. Among these mention may be 
made of aspeed recorder, which has been designed 
to record directly the average speed of a train over 
a measured length of track, at each end of which is 
aswitch. The actuation of the first switch by the 
train closes a 12-volt battery circuit and initiates 
the timing period, which is concluded when the 
second switch is opened. This second switch 
simultaneously energises the circuit of a recording 
instrument, so that a line is drawn on a chart, 
the length of which is proportional to the speed of 
the train. The timing element is a vibrator, which 
drives a smal] synchronous motor. This motor in 
turn operates the potentiometer of the recorder. 


(T'o be continued.) 





TESTING GAS-TURBINE ENGINES 
FOR AIRCRAFT. 


Some methods of testing gas-turbine engines fot 
aircraft were described in a paper entitled “ Modern 
Methods of Testing Aero- and Power Plants,” 

resented by Mr. A. C. vesey, O.B.E., B.Sc., 

-R.Ae.S., to the Royal Aeronautical Society on 
Thursday, March 30. There were, he said, three 
categories of testing: checking the functioning and 
performance of components on rigs under simulated 
engine-operating conditions; full-scale performance 
and functional investigation of the complete engine on 
the test bench, in an altitude test plant, and in flight ; 
and full-scale engine endurance testing, which consumed 
most time and money. A 7,000-lb. thrust jet engine, 
for example, when run on the standard Ministry of 
Supply 150-hour test, would use between 80,000 and 
100,000 gallons of fuel, whereas a 2,000-h.p. piston 
engine would use about 22,000 gallons of fuel. Develop- 
ment work should, therefore, be carried out as far as 
possible in the first two classes of testing. 

In developing the combustion system, the first step 
should be to ensure that the air flow from the com- 
pressor outlet was in a satisfactory condition to be 
accepted by the combustion chamber, before any actual 
burning tests were made, otherwise it might be found 
that a combustion chamber which gave excellent condi- 
tions on the rig was unsatisfactory in service. A simple 
— for obtaining a complete picture of the air 
velocities at the head of the flame tube and in the air 
annulus consisted of a number of Pitot tubes, which 
could traverse the compressor outlet duct and the 
combustion chamber annulus, controlled from the 
test cabin. An actual example, cited by the lecturer, 
showed an uneven velocity distribution around the 
compressor outlet, varying from below 50 ft. per second 
to peak values of approximately 500 ft. per second. 
This led to bad distribution in the flame tube, with 
possible distortion and cracking and ill effects on the 
turbine blades. By modifying the discharge ducts and 
rearranging the compressor guide vanes, a more uniform 
velocity distribution in the annulus round the flame 
tube was obtained, giving improved combustion and a 
reduction in the flame length. 

The fuel burner was one of the major factors con- 
trolling combustion stability at high altitudes, and a 
high degree of atomisation was required over a wide 
flow range. Investigations on burner characteristics 
were facilitated by high-speed photography, by means 
of a Mullard flash tube giving a flash of one million 
candlepower for a millionth of a second. As a result 
of such investigations, a two-stage burner had been 
develo having a small spray orifice for the lower 
part of the range, opening up to a larger orifice to satisfy 
the maximum flow conditions. The modified burner, 
in addition to giving improved stability characteristics, 
showed a marked improvement on starting and relight- 
ing the engines in flight. 

The temperature distribution at the combustion- 
chamber discharge nozzle should ensure the best 
possible temperature pattern at the turbine blades for 
avoiding creep failures. It was usually preferable to 
have higher temperatures at the blade tip, and lower 
temperatures at the root, where the stress was highest. 
An apparatus used for investigating temperature 
distribution at the combustion-chamber discharge 
nozzle comprised nine doubly-shielded thermocouples, 
each of which could traverse radially the combustion- 
chamber discharge nozzle. To derive the turbine-blade 
temperature, it was necessary to calculate the tempera- 
ture drop. As a check on the accuracy of this calcula- 
tion, the actual blade temperature could be determined 


by the Brinell hardness recovery method, by running | b 


a steady test of approximately 1 hour’s duration on a 
few specially-tempered blades ; after the run, hardness 
checks were taken over the whole surface of the blades, 
from which the blade temperature distribution could be 
deduced. From the creep properties of the blade 
material, the stress at any point along the blade to 
cause creep failure in 100 hours could then be compared 
with the calculated stress along the blade. In an 
actual case cited by the lecturer, the margin of safety 
was raised by modifications to the tertiary holes in the 
flame tube, which altered the temperature distribution 
along the blade. This allowed the use of a higher 
mean flame temperature, with a consequent improve- 
ment in the performance of the engine. The thermo- 
couples used in this traverse could be replaced by total 
pressure-head tubes, to give a complete survey of the 
total pressure distribution in front of the nozzle guide 
vanes. In conjunction with the pressure plot at the 
compressor outlet duct, this gave the pressure loss 
in the combustion system. 

Two methods had been employed to check the 
turbine-blade tip clearances, which varied with the 
operating conditions of the engine. In the visual 
method, windows were cut in the shroud ring so that 
a shadowgraph of the blade tip in relation to the 
shroud ring or nozzle guide vanes could be obtained. 
This method gave both tip and axial clearances. The 





other method, which used an electrically-driven probe 
carrying a floating pin, was suitable for measuri 
blade-tip clearances on axial compressors, but wis nog 
so useful for a axial movements of the 
blade. The gas-flow conditions at the turbine coulg 
be investigated by means of a “‘ traversing yawmeter” 
operated by two reversible electric motors in yaw and 
in linear travel, controlled from the test cabin. 

It was now common to use a “ flying test-bed,” such 
as the Avro Lancaster aeroplane, retaining the normal 
inboard piston engines and ee the test engines 
in the outboard positions, quite early in the develop. 
ment programme. The complete calibration of ap 
engine over its full es range could thus be 
assessed fairly accurately with comparatively simple 
equipment. Since the Lancaster flying test bed wag 
limited in altitude to about 36,000 ft. and in speed to 
about 300 m.p.h., at a later stage in the engine develop. 
ment the altitude calibration should be repeated in the 
aircraft types in which the particular engine was to be 
fitted, to take into account air-intake effects and any 
effects from the lower Reynolds number at hi 
altitudes. The general handling of the engine and 
behaviour of the control systems, combustion systems, 
and oil and fuel systems, was checked on the flying test. 
bed, which also revealed mechanical troubles at high alti. 
tudes which were not encountered on the test-bed. Ik 
had been found, for example, that frequent relighting 
at high altitude might have adverse effects on flame 
tubes, nozzle guide vanes, and turbine blades. The 
lecturer believed that a full engine calibration in flight 
gave accuracy equal to that obtained in an altitude 
chamber. The chief difference was that, in flight testing, 
the thrust was computed from total pressure and 
temperature measurements in the jet pipe, and a know. 
ledge of the effective area’ of the nozzle, whereas in 
the altitude chamber a direct measurement of thrust 
was made. The only serious error arose through the 
actual flow in the jet-pipe nozzle departing from the 
assumed uniform conditions ; this could be eliminated 
by a test-bed calibration of the engine and jet pipe, 
from which the “ effective” area of the nozzle was 
determined. It was usual to make a complete pressure 
and temperature traverse across the jet pipe in order 
to locate the test pressure and temperature tapping 
points at positions reading mean values; this should 
be done at a range of engine speeds to ensure that there 
was no serious change in the pattern of the traverse. 
It was not possible to extend the test-bed calibration 
up to pressure ratios much beyond the choking value ; 
pressure ratios of 2-2 to 1 could be reached on the 
test bed, whereas values of 4 to 1 could be reached in 
flight. Theoretically, the contraction coefficient, i.e., 
the ratio of the effective nozzle area to the geometric 
nozzle area, should remain constant, whereas analysis 
of data from the high-altitude test chamber indicated 
a slight increase of contraction coefficient—about 2 per 
cent.—up to pressure ratios of approximately 3 to 1. 
Thrust values calculated on the assumption of constant 
contraction coefficient would, therefore, be slightly 


istic. 

The flight test also furnished confirmation that the 
surge point of the engine was safely outside the range 
of engine operating conditions. The aircraft was 
flown at approximately the tropopause, and the 
engine was overspeeded until surge was encountered. 
The air temperature and aircraft speed at which the 
engine would surge at its operational revolutions per 
minute could then be calculated. 

Strain gauges were used to measure the stresses in 
rotating centrifugal impellers and axial compressors 
and had recently been employed to investigate the 
frequency, mode and amplitude of vibration of turbine 
lades in running engines. Mercury slip rings had 
now entirely replaced the silver-graphite brushes and 
stainless-steel slip rings which had been used for 
earlier stress investigations on moving impellers. It 
was necessary to find an adhesive having the required 
electrical insulating properties at high temperatures, 
that would not only withstand the centrifugal force 
but would also ensure that the resistance wire was 
stretched and shrunk by the blade during vibration; 
the coefficient of expansion of the cement had to be 
sufficiently near to that of the blade material to avoid 
cracking on cooling; it was undesirable to exceed a 
temperature of 900 deg. C. in stoving the gauge in 
position on a “ Nimonic” blade, yet the gauge must 
function and remain in position at temperatures of, 
say, 800 deg. C. Unfortunately, the cements developed 
to give these characteristics were corrosive and, 
consequently, it was not practicable to use very fine 
gauges of wire. The overall resistivity and sensitivity 
of the gauges were, therefore, low, and it was necessary 
to use slip rings of extremely constant resistivity, 
since any change in voltage drop at the slip rings would 
be amplified in the ancillary equipment and would make 
it impossible to get a clear indication of strain changes 
in the blade. The amplifiers, with an amplification 
of half a million, tended to pick up electrical inter- 
ference; the conventional practice of connecting 
one side of the circuit and amplifier to earth could not 
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therefere be used, and both leads of the strain gauge 
were insulated so that any interference picked up by 
the leads tended to be equal and opposite. 

Performance testing of the turbine was carried out 
on a cold test rig ; it was thus possible to use model 
turbines on a reduced scale. The plant used comprised 
two compressors, driven by two 2,000-h.p. units, 
each giving a pressure ratio of 3 to 1, one supplying 
air to the turbine and the other drawing away the tur- 
bine exhaust, to give a high pressure ratio, up to 8 to 1, 
across the turbine. Certain allowances had to be made 
in relating the testing conditions on the rig to the 
operating conditions on the engine, due to the differ- 
ence between the specific heats of the cold air and the 
hot gas in the engine. 

The investigation of air intakes of jet engines was 
carried out in the wind tunnel. By drawing air through 
a full-scale model of the duct, the flow conditions at 
the entry of the compressor, and the pressure losses, 
could be studied. A simple form of wind tunnel con- 
sisted of a Derwent jet engine inside a duct. The air 
flow through the working section of the tunnel was 
furnished by the air drawn into the engine and the 
injection effect by the jet of the Derwent. Ip the 
particular equipment referred to, a Mach number of 
0-78 could be attained in the working section, which 
had an area of 707 sq. in., and a maximum flow of 
200 lb. per second. 





CANADIAN INDUSTRIAL STATISTIOS.—Statistics issued 
recently show that the gross earnings of the Canadian 
Pacific Railway during 1949 totalled 363,252,000 dols.. 
a8 compared with 355,250,000 dols. in 1948. The 
corresponding figures for the Canadian National Rail- 
ways were 500,723,000 dols. last year, against 491,270,000 
dols, in 1948. Other evidence of Canadian pro<perity is 
furnished by the fact that 5,176,000 tons of newsprint 
were produced in 1949, compared with 4,983,000 tons in 
1948, 





THE COMBUSTION ENGINEERING ASSOCIATION.—The 
Council of the Combustion Engineering Association, 24, 
Tottenham Court-road, London, W.1, announce that they 
have ceased issuing their monthly bulletin and have 
taken over Combustion Engineering as their official 
monthly journal. The first issue of this has reached us 
and contains a description of the objects and main 
activities of the Association, and its report for the year 
ended March, 1950, illustrated and other articles on the 
application of underfeed stokers to foundry stoves, the 
downjet furnace, and the rational allocation of coal, and 
book reviews and other matters. The editorial offices 
of the journal are at 147, Victoria-street, London, S.W.1. 








Fig. 1. VEssEL UNDER Way. 


TWIN-SCREW PASSENGER MOTOR- 
SHIP ‘* BLOEMFONTEIN CASTLE.’’ 


THE new passenger motorship Bloemfontein Castle, 
which was built and engined at the Belfast yard of 
Messrs. Harland and Wolff, Limited, for the Union- 
Castle Mail Steamship Company, Limited, 3, Fenchurch- 
street, London, has successfully completed her sea 
trials and was scheduled to leave on her maiden voyage 
to South and East Africa yesterday. The introduction 
of the Bloemfontein Castle on this service represents a 
distinct innovation, as she is designed to accommodate 
all passengers in one class. The Union-Castle Line 
are well known for their graceful ships and, as will 
be seen from the illustration at the top of this page, 
there is no doubt that the Bloemfontein Castle will 
uphold this reputation, the well-raked stem, cruiser 
stern, low streamlined funnel, together with the rounded 
bridge front and single mast giving the vessel a most 
attractive appearance. 

The new vessel, which is of approximately 18,400 
gross tons, has an overall length of 595 ft., a moulded 
breadth of 76 ft. and a moulded depth of 37 ft. Accom- 
modation is provided for some 739 passengers in one, 
two and three-berth cabins, with a few family four-berth 
cabins. There are seven decks, the passenger accommo- 
dation and public rooms being arra: on five of 
them, namely, boat deck, promenade deck, bridge deck, 
shelter deck, and upper deck. There is also consider- 
able space for general and refrigerated cargo, the 
insulated spaces amounting to approximately 186,000 
cub. ft. There are two cargo holds forward, and three 
aft, of the machinery spaces, the insulated spaces, in 
general, being situated in the ’tween decks. The cargo 
hatches are served by ten tubular-steel derricks, six 
of which are designed for ten-ton lifts and four for 
five-ton lifts, all being worked by electric winches. 
The vessel is divided into ten watertight compartments 
by nine bulkheads, which extent to the upper deck, 
while the double bottom is suitably divided for the 
storage of fresh water, water ballast, fuel oil and 
lubricating oil. 

The arrangement and decorations of the public 
rooms are of the usual high standard associated with the 
Union-Castle Line. The dining saloon is situated 
on the upper deck and extends the full width of the 
ship, having a width of 74 ft. and a length of 70 ft., 
and es accommodation for 386 persons at a 
sitting. The lounge is on the promenade deck and, like 
the dining saloon, extends the full width of the ship ; 
it commands unobstructed views both forward and 
to port and starboard. Aft of the lounge, and on 
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reading and writing room and the smoking room, the 
latter being located at the after end of the promenade 
deckhouse. and comfortably furnished 
verandah café is situated at the after end of the bridge 
deck and looks out on to an open-air swimming pool. 
The cabins are adequately furnished with chests of 
drawers and wardrobes and are provided with hot and 
cold running water. 

The vessel is propelled by twin screws, each of 
which is driven by an eight-cylinder two-stroke double- 
acting Harland-B. and W. Diesel engine of the builders’ 
latest design. Each engine has eight cylinders with 
a bore of 620 mm. and a piston stroke of 1,400 mm., 
the exhaust pistons being controlled by eccentrics on 
the crankshaft. Unfortunately, no photograph of 
the engines is available ; they are similar in all respects, 
however, to that illustrated in Fig. 2, on page 382, 
which was installed in the Roxburgh Castle. Figs. 3 
and 4, on page 383, show the engine room of the 
Bloemfontein Castle. A notable feature of the engine 
installation is the provision of the necessary heaters, 
purifiers, clarifiers, etc., for operating both the main and 
auxiliary engines on heavy, or boiler, oil. In general, 
the construction of the main engines is in accordance 
with the builder’s usual design. The bedplates are built 
up from cast-iron I-section cross-girders and longitudinal 
members, the cross girders supporting the main-bearing 
bushes. These are of cast steel and lined with white- 
metal of the builders’ brand, the bushes having an 
eccentricity of 1 mm. so that the bottom halves can be 
removed easily while the crankshaft is in position. The 
crankshafts are made in two parts, coupled together by 
solid flanges and fitted bolts. Both sections of each 
crankshaft are of the built-up type, with crankpins and 
journals of Siemens-Martin forged steel shrunk into 
webs of cast steel. The thrust blocks are of the 
Harland-B. and W. type and are incorporated in the 
after ends of the main-engine bedplates. The thrust 
shafts are machined from forgings of Siemens-Martin 
ingot steel and each is fitted with a cast-iron turning 
wheel which engages with a turning gear of the builders’ 
own design and manufacture. 

The main frames are iron castings which are secured 
to the bedplate and connected to each other by cast-iron 
crosshead guide-plates ; they are closed at the top by 
diaphragm plates fitted with scraper boxes where the 
piston rods pass through. The crankcase so formed is 
completely enclosed, but large inspection doors are 
provided to give easy access to the crosshead and 
crankshaft bearings. The oil vapour is extracted from 
the crankcase of each engine by two electrically-driven 
fans which discharge to the top of the funnel. The 
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between them ; they are of hard close-grained cast iron 
and are machined on the outside as well as the inside. 
Each liner has a heavy flange at both top and bottom 
to which the cylinder “‘ covers” are secured by nickel- 
steel set screws. Ports are incorporated at the middle 
lengths of the liners ; these admit scavenge air from the 
scavenge belt and, in conjunction with exhaust ports 
in the cylinder “covers,” ensure effective uniflow 
scavenging of the cylinders. 

e cylinder covers are of heat-resisting steel and 
incorporate recesses for the fuel valves, starting valves 
and relief valves. The bottom covers have concentric 
exhaust cylinders cast integrally with them and 
fitted with cast-iron sleeves, whereas on the top 
covers the exhaust cylinders, which are of cast iron, 
are secured to the covers by set screws. The exhaust 
cylinders, of course, are provided with suitable ports 
through which the exhaust gases pass into exhaust 
belts fitted round each cylinder. Each top and 
bottom cylinder cover is supported by a frame, those 
for the top being of cast iron and those for the bottom 
of cast steel. The bottom frames are mounted on 
distance pieces which are secured to the top of the 
main frame by long tension bolts passing through 
to the underside of the bedplate. The bottom exhaust 
pistons have bodies of cast iron which are fitted with 
end pieces of special steel ; they are, of course, provided 
with stuffing boxes so that the piston can pass 
through them. Each top and bottom exhaust piston 
is attached to a cast-steel yoke, the top and bottom 
yokes, in turn, being joined together by steel side rods. 
The bottom yoke, in each case, is controlled by eccen- 
trics integral with the main crankshaft, the motion 
being transferred from the eccentrics to the yokes by 
eccentric straps, crossheads and spindle rods. 

Each main piston is made in three parts, comprising 
a cast-iron body fitted between upper and lower end 
pieces of special heat-resisting steel. The piston rods 
are of fo Siemens-Martin steel and are provided 
with solid-forged top flanges which are sandwiched 
between the bodies and lower-end pieces of the pistons. 
The rods are enclosed in sleeves pe pee iron, arranged 
so that an annular space is formed between the sleeves 
and the rods, which is used for conveying the cooling-oil 
to the pistons. The rods are also bored axially through- 
out their length to allow for the return flow of the 
piston-cooling oil. Oil for cooling the exhaust pistons is 
led, in each case, through one guide and spindle of the 
controlling gear to the bottom piston and then, by a 
pipe attached to one of the side rods, to the top exhaust 
piston. It is returned through a pipe, attached to 
the same side rod, into the opposite spindle and guide 
and then, through a sight-box, into the return main. 
In the case of the main pistons, the oil is fed to, and 
returned from, the piston rods through standpipes 
which are allowed a slight movement to accommodate 
any lateral misalignment. As in the case of the 
exhaust pistons, the oil flows through a sight-box 
before entering the return main. 

Scavenge air is supplied to the cylinders by two 
rotary blowers of the builders’ design and manufacture, 
which are mounted on brackets bolted to the frames 
at the back of each engine. The scavenge blowers are 
driven by roller chains from the engine crankshaft, 
means being provided for adjusting the tension of the 
chain. Air-intake silencers are fitted to the blowers and 
they are provided with automatic change-over valves for 
interchanging the suction and delivery ports when 
reversing. The blower bearings are supplied with oil 
from the main forced-lubrication system. The air 
ducts from port and starboard blowers are cross- 
connected so that, in the event of a blower failure, 
three blowers will still be available. Each cylinder 
cover is fitted with two fuel valves, one starting valve 
and a safety valve. The air-starting valves are spring- 
loaded and are operated by compressed air, which is 
controlled by a distributor. The fuel valves are of the 
builders’ automatic spring-loaded type and are operated 
by the fuel pump pressure. Two fuel-injection pumps 
are provided for each cylinder, the pumping elements 
being operated by a camshaft arranged along the 
inboard side of each engine and driven by chains 
from the crankshaft. 

The lubricating and piston-cooling oil is supplied by 
four motor-driven Drysdale pumps arranged in pairs, 
one pair for each engine. Each pump has a capacity 
of 370 tons an hour against a pressure of 34 atmo- 
spheres ; this is sufficient to supply the needs of one 
engine, so that one pump of each pair can be kept as 
a standby. The main-engine cylinders are cooled with 
fresh water, which is circulated through a closed system 
by two Drysdale pumps driven by variable-speed 
motors. Each pump has a capacity of 350 tons an 
hour against a head of 60 ft. and discharges fresh water 
through its respective cooler to a supply pipe having 
branches to each cylinder cover and jacket of the main 
engines. Two coolers are installed, one for each 
engine, the cooling surface in each case being 3,500 
sq. ft.. They are supplied with sea water by four 
motor-driven pumps arranged in pairs, one for each 
engine. Each pump is capable of delivering 400 tons 
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an hour against a head of 65 ft., and, as in the case 
of the lubricating-oil pumps, this is sufficient to supply 
one engine. 


the cooling surface in each case being 2,030 sq. ft. 
Starting air is provided by two air compressors 
designed and manufactured by the builders. Each is 
capable of delivering 250 cub. ft. of free air per minute 
and is driven by an electric motor, also of the builders’ 


manufacture. The two compressors are cooled with | 
sea water obtained from the main and auxiliary salt- | 
The air is stored in three | 


water cooling systems. 
cylindrical reservoirs, each of which has a capacity of 
800 cu. ft. A steam-driven emergency air compressor, 
having a capacity of 10 cub. ft. of free air per minute, 
is also installed in the engine room. 

As previously mentioned, each engine is provided 
with the usual form of turning gear, which can be oper- 
ated either by hand or by an electric motor. The tunnel 
shafting is machined from forged ingot steel and has 
a diameter of 18 in. The tunnel bearings are of the 
self-lubricating type, the lower halves being of cast 
iron fitted with white-metal bearing surfaces and 
arranged for salt-water cooling. The aftermost lengths 
of the shafting are provided with trailing collars, 
which, when required, work in conjunction with the 
aftermost tunnel bearings, the forward faces of which 
are lined with white metal. The propeller shafts have 
a diameter of 19} in. and are fitted with continuous 
gunmetal liners in way of the stern tubes. The pro- 
pellers, which are of manganese bronze, are to the 
builders’ latest aerofoil design; they are of the solid 
type and each has three blades. 

Current for the engine-room auxiliaries, and for 
the ship’s services is provided by four Diesel-driven 
generators of the shipbuilders’ design and construction, 
each having an output of 450 kW at 220 volts. The 
engines and generators are installed in a separate 
compartment forward. of the main engine room and 
separated therefrom by a watertight bulkhead. The 


The circulating pumps also supply the | 
oil coolers, two of which are provided for each engine, | 


| engines are of the six-cylinder two-stroke single-acting 
| opposed-piston eccentric type, the bore being 260 mm. 
and the stroke of the main and exhaust pistons 370 mm. 
and 150 mm., respectively, the combined stroke being, 
| therefore,520mm. Auxiliaries mounted on each engine 
include a fuel-service pump, a lubricating-oil pump, 
and lubricating-oil coolers and filters, while the inde- 
| pendent auxiliaries comprise two fresh-water pumps 
and coolers, two sea-water pumps and one standby 
lubricating oil pump. The engines are lubricated on 
the dry-sump principle, independent oil drain tanks 
being provided for each engine. The cylinders are, of 
course, cooled with fresh water and provision is made 
|for supplying cooling water from the double-bottom 
tanks when the vessel is in dry dock. The two fresh- 
water circulating pumps are motor-driven and are 
| situated in the generator room; each is capable of 
| supplying the cooling needs of the four engines. One 
of the two sea-water pumps is of the self-priming type, 
for circulating from the double-bottom tanks; both 
pumps are driven by variable-speed motors and, as 
for the fresh-water system, one pump is capable of 
meeting the cooling load. The sea-water pumps supply 
the lubricating-oil coolers as well as the jacket coolers, 
and a by-pass is arranged between the salt and fresh- 
water mains so that, in an emergency, the engines can 
be cooled with salt water. Each engine is fitted with 
a hand-turning gear, which is also arranged for electrical 
drive from a portable motor. 

Two Clarkson waste-heat boilers are installed just 
under the funnel at the level of the bridge deck, each 
being designed to take the exhaust gases from one 
engine, with a by-pass to a silencer and the atmosphere. 
Each boiler has a heating surface of 1,200 sq. ft. and is 
designed for an operating pressure of 100 lb. per square 
inch gauge. There are, in addition, two Cochran 
boilers arranged for burning oil fuel only, and situated 
in the after port and starboard corners of the generator 
room. Each Cochran boiler has a heating surface of 
850 sq. ft. and is designed to have an evaporation of 

















5,000 Ib. per hour at the same pressure as the waste- 
heat boilers, namely, 100 Ib. per square inch. The 
oil-burning equipment is of the gravity type and the air 
8 supplied to the burners of each boiler by an electrically- 
driven blower. All four boilers are supplied by two 
Weir feed pumps installed in the generator room, each 
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of which is capable of fulfilling the total feed-water 
requirements. One of the pumps is provided with an 
emergency air connection for filling the boilers when no 
steam is available. The evaporator and distiller also 
are situated in the generator room. The evaporator is 
capable of producing 100 tons of fresh water per 24 
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hours when supplied with steam from the boilers at 
100 Ib. per square inch, and the distilling condenser 

75 tons of fresh water per 24 hours. There are two 
evaporator feed pumps, each of which is capable of 
dealing with 18 gallons of water per minute against a 
head of 75 ft. The distiller circulating pump has a 
capacity of 16,000 gallons per hour against a head of 
20 ft. Both the evaporator pumps and distiller pumps 
are electrically driven. 

Other auxiliary machinery includes two sanitary 
pumps, two fresh-water pumps for domestic purposes, 
two hot-sea-water pumps, two combined bilge and 
ballast pumps, an emergency bilge pump and a fire- 
service and bilge pump. The sanitary pumps, which 
are driven by variable-speed motors, each have a 
capacity of 100 tons per hour and discharge to the 
wash-deck and sanitary systems and the fire main. 
The combined bilge and ballast pumps are, of course, 
of the self-priming type, but only one pump is con- 
nected into the ballast system. The emergency bilge 
pump is of the submersible type and is situated in the 
shaft tunnel; it has a direct-suction from the com- 
partment in which it is situated as well as suctions 
from the engine-room bilges and the bilge main. It 
has a capacity of 135 tons an hour against a head of 
55 ft 


The navigational equipment installed in the vessel 
is exceptionally complete and includes an echo-sound- 
ing machine, directional wireless and a comprehensive 
radar system. Fire protection arrangements include 
the Lux-Rich fire-detecting and extinguishing systems 
for the cargo spaces and Grinnell sprinklers throughout 
the passenger and crew accommodation. The life- 
saving equipment comprises 12 lifeboats suspended 
under gravity davits, one of the boats being fitted 
with a propelling motor and the others with Fleming 
hand-propelling gear. In addition, a motor launch is 
provided for port use. The vessel is fitted with a 
streamlined rudder operated by an electro-hydraulic 
steering r controlled, in the usual manner, by 
telemotor from the bridge. The ship takes her name, 
of course, from the capital of the Orange Free State 
and the launching ceremony was performed on August 
25, 1949, by Mrs. Leif Egeland, wife of the High 
Commissioner for the Union of South Africa in London ; 
her completion by March of this year, therefore, repre- 
sents a remarkable achievement. On her maiden 
voyage, she will call at Las Palmas, Ascension and 
St. Helena and proceed to Cape Town, Port Elizabeth, 
East London and Durban. She will sail homeward 
through the Suez Canal, calling at several Mediter- 
ranean, as well as African, ports. It is probable that 
her normal service will be between the United Kingdom 
and South African ports up to Beira, sailing by the 
Atlantic route each way. 
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BRITISH STANDARD 
SPECIFICATIONS. 

The following publications of engineering interest 
have been issued “ the British Standards Tastitution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Press Tool Sets——A new specification, B.S. No. 
1609, oe ress-tool sets, has been compiled to 
meet the or standardised tooling equipment for 
hand and power-operated presses. The specification 
deals with the materials and dimensions of press-tool 
sets for use with presses having capacities up to 80 tons. 
Six types of press-tool sets are standardised, namely, 
rear post, rear post elongated, diagonal post square, 
diagonal post elongated, centre t elongated and 
rear post reversed elongated. Guide posts, guide 
bushes, and screwed and flanged shanks are also 
standardised. Discussion during the preparation of 
the specification demonstrated the need for accuracy 
in the terminology concerning the various components 
of a complete press-tool set and press tool. As a 
result, an appendix, setting out the recommended 
names for these components, has been included, and, in 
this, are given 22 line drawings of examples of complete 
tools and tool assemblies. [Price 10s. 6d., postage 
included.] 


Road Studs and Plates.—Another new specification, 
B.S. No. 1573, covers stainless-steel road studs and 
plates. It was originally intended to include these items 
in a revised edition of B.S. No. 873, which concerns 
“construction of road-traffic signs (cast metal) and 
posts,” but as the complete revision of this specification 
had to be deferred pending further investigations, it 
was decided to prepare a separate specification. This 
has been confined to one size of square stud, one size 
of triangular stud and two sizes of plates. This was 
done to reduce the number of types in production and 
accordingly some sizes of studs and plates’ which are 
legally permissible, but not frequently used, are omitted. 
The material has been limited to stainless steel because 
it is stated that experience up till the present “‘ has 
not proved that any other material will give equivalent 
ae in service.” It has not been possible. 

owever, to devise a convenient test for ‘‘ stainless- 
ness,” and, therefore, a specification for a suitable 
steel (B.S. En. 58a) has been included. [Price Is., 
pestage included.] 





CONTRACTS. 


MESSRS. VICKERS-ARMSTRONGS LIMITED, Vickers 
House, Broadway, London, S.W.1, have received an order 
from Messrs. Furness, Withy and Company, Limited, 
for a cargo and passenger steamer of 10,500 tons dead- 
weight carrying capacity,to be built at their Naval Yard, 
Walker-on-Tyne. The vessel will have an overall 
length of 497 ft., a beam of 63 ft. 2 in., and a moulded 
depth of 41 ft. There will be accommodation for 12 
passengers. The propelling hinery ist of 
single-reduction geared turbines of 7,700 s.h.p., manufac- 
tured by the Parsons MARINE STEAM TURBINE COMPANY, 
LIMITED, giving the ship a sea speed of 15} knots. The 
boilers will be built by Vickers-Armstrongs Limited, 
Barrow. The keel will be laid in the near future and the 
vessel will be completed towards the end of 1951. 


Messrs. THE ENGLISH ELECTRIC COMPANY, LIMITED, 
Queen’s House, Kingsway, London, W.C.2, afnounce 
that the English Electric Export and Trading Company 
have received an order from the Spanish National Rail- 
ways for twenty 3,600-h.p., 3,000-volt, direct-current, 
5-ft. 6-in. gauge main-line electric locomotives, to the 
total value of 2,713,4001. The locomotives will be built 
at the Preston Works of the English Electric Company, 
in conjunction with the Vutcan FounpRY LIMITED, 
Newton-le-Willows, as sub-contractors, and it is antici- 
pated that the first of the locomotives will be delivered 
to Spain in about 18 months’ time. 








THE INSTITUTE OF WELDING.—The Council of the 
Institute of Welding, 2, Buckingham Palace-gardens, 
London, S.W.1, have awarded the Sir William J. Larke 
Medal for the best paper read before the Institute during 
the year. to Mr. R. G. Braithwaite, M.I.C.E. Mr. Braith- 
waite’s subject was “‘ The Control of Distortion in Are 
Welding.”’ 

THE ERGONOMICS RESEARCH SOCIETY.—A new body, 
to which the name Ergonomics Research Society has 
been given, has now been formed. By “‘ ergonomics ”’ is 
meant the study of the relation between man and his 
working environment. The Society is intended to bring 
together investigators in the flelds of applied psychology, 
Physiology and anatomy, and movement study. Meet- 
ings are to. be held three or four times a year and persons 
interested should communicate with the secretaries of 
the Society, Sussex House, 34, Palace-road, East Molesey, 
Surrey. 





BOOKS RECEIVED. 


The Meaning of Relativity. By PROFESSOR ALBERT 
EINSTEIN. Fourth edition, containing an Appendix 
on the Generalised Theory of Gravitation. Methuen 
and Company, Limited, 36, Essex-street, Strand, Lon- 
don, W.C.2. [Price 7s. 6d. net.] 

University of Illinois. Engineering Experiment Station, 
Bulletin Series No, 382. Fatigue Strength of Various 
Details Used for the Repair of Bridge Members. By 
PROFESSORS WILBUR M. WILSON and WILLIAM H. 
MunsE. A Report of an Investigation sponsored by 
the American Welding Society and. the American 
Institute of Electrical Engineers. The Director, The 
Engineering Experiment Station, University of Illinois, 
Urbana, Illinois, U.S.A. [Price 40 cents.] 

Einfliisse auf Beton und Stahlbeton. Part IT. 
FESSOR ADOLF KLEINLOGEL. 
enlarged edition. Wilhelm Ernst und Sohn, Hohen- 
zollerdamm 169, Berlin-Wilmersdorf, Germany. 
[Price 8 D.M.] Lamge, Maxwell and Springer, Limited, 
41-45, Neal-street, London, W.C.2. [Price 14s.] 

The London Chamber of Commerce. Sizty-Eighth Annual 
Report of the Council, 1949. The Secretary, The 

- London Chamber of Commerce, 69, Cannon-street, 
London, E.C.4. 

The Institution of Heating and Ventilating Engineers. 
Recommendations for the Computation of Heat Require- 
ments for Buildings. 1950 edition, revised. Offices 
of the Institution, 75, Eaton-place, London, S.W.1. 
[Price 3s. net.] 

Heat Pump Applications. By Emory N. KEMLER and 
SaBERT OGLEsBY, JR. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 6 dols.] MoGraw-Hill Publishing Com- 
pany, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 51s.] 

Punches and Dies. Layout, Construction and Use. By 
FRANK A. STANLEY. Fourth edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 4-75 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 40s. 6d.) 

Concrete Simply Explained. By Vicror S. WIGMORE. 
Third revised edition. The Society of Engineers 
(Incorporated), 17, Victoria-street, Westminster, Lon- 
don, S.W.1. [Price 2s. post free.) 

Wireless at Sea. The First Fifty Years. A History of 
the Progress and Development of Marine Wireless Com- 
munications Written to Commemorate the Jubilee of The 
Marconi International Marine Communication Com- 
pany, Limited. By H. E. Hancock. The Marconi 
International Communication Company, Limited, 
Marconi House, Chelmsford, Essex. [Price 15s.] 

The History of Sugar. By NoEL DEERR. Volume II. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 55s. net.] 

Mechanik deformierbarer Kérper. By PROFESSOR FRIED- 
RicH TOLKE. Volume I. Der punktférmige Korper. 
Springer-Verlag, Reichpietschufer 20, Berlin W.35, 
Germany. [Price 45 D.M.] 

The Institution of Mechanical Engineers. Proceedings. 
War Emergency Issues, 37-46, 1948. Volume 159. 
Offices of the Institution, Storey’s Gate, St. James’s 
Park, London, S.W.1. 

Smithsonian Institution. Publication No. 3956. Atomic 
Energy in Industry. By H. A. WINNE. No. 3958. 
Roentgen Rays against Cancer. By PROFESSOR JOHN G. 
Trump. Offices of the Institution, Washington, D.C., 
U.S.A. 

Transactions of the Liverpool Engineering Society. Volume 
LXX. Seventy-Fifth Session. Edited by E. B. Cote 
and J.CARLISLE. Offices of the Society, 9, The Temple, 
24, Dale-street, Liverpool. 

Association of British Chemical Manufacturers. Conference 
on Chemical Works Safety. Grand Hotel, Harrogate, 
29th-3lst October, 1948. Proceedings. Offices of the 
Association, 166, Piccadilly, London, W.1. [Price 5s., 
post free.]} 

Sewage Treatment. Design and Specification. By L. B. 
Escritr. The Contractors’ Record, Limited, Lennox 
House, Norfolk-street, London, W.C.2. [Price 30s.] 

Materials Engineering of Metal Products. By Dr. 
NorMAN E. Wotpman. Reinhold Publishing Cor- 
poration, 330, West 42nd-street, New York 18, U.S.A. 
[Price 10 dols.}] Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 80s. net.) 

The Taff Vale Railway. By D. S. BARRIE. Second 
edition. The Oakwood Press, Tanglewood, South 
Godstone, Surrey. [Price 5s. net.] 

Rirmingham. England’s Second City. The City of Bir- 
mingham Information Department, The Council 
House, Birmingham, 1. [Price 6d.] 

British Inventions. By F. SHERWOOD TAYLOR. Pub- 
lished for the British Council by Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 1s. net.] 

Central Board of Irrigation, India. Publication No. 38. 
Annual Report (Technical). 1946. Parts I and II. 
Edited by N. D. GutHati. The Secretary, Central 
Board of: Irrigation, Kennedy House, Simla S.W., 
India. 
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PERSONAL. 

Following the retirement of Prorgssor R. 8S. Hutron, 
chairman of the Council, City and Guilds of London 
Institute, and BRIGADIER H. CLEMENT! SMITH, chairman 
of the executive committee, SiR FREDERICK HANDLEY 
PaGE has been elected chairman of the Council and 
executive committee. Both Professor Hutton and 


Brigadier Smith are remaining on the Council and 
executive committee. 


The distinction of Fellowship of the City and Guilds 
of London Institute (F.C.G.1.) has been conferred upon 
Mr. HAROLD GRINSTED, C.B.E., B.Sc. (Eng.), F.R.Ae.S., 
Mr. W. H. Grinsted, M.B.E., M.I.E.E., Mr. GERALD 
Lacey, C.I.E., B.Sc. (Eng.), M.1.C.E., and Sir KENNETH 
G. MIToHELL, K.C.I.E., M.1.C.E., M.Inst.T. 


MAJOR-GENERAL W. S. Tope, C.B., C.B.E., M.I, 
Mech.E., M.I.E.E., who recently retired as Chief of the 
Royal Electrical and Mechanical Engineers, has been 
appointed a director of Henry Meadows Limited, Wolver- 
hampton, and has been elected chairman of the board. 


Sm Joun Cockcrort, F.R.S., has been decorated with 
the Cross of Chevalier of the Legion of Honour by the 
French Government. 


Proressor E. K. RIDEAL, F.R.S., has been elected 
President of the Chemical Society, Burlington House, 
Piccadilly, London, W.1, in succession to Sm Ian 
HEILBRON, D.S.O., F.R.S. 


Mr. W. E. A. REDFEARN, a special director of the 
English Steel Corporation, Limited, Sheffield, has been 
elected President of the National Association of Drop 
Forgers and Stampers. 


Mr. GuTHLac Wuson, M.I.C.E., has taken into 
partnership, in the firm of Scott and Wilson, 47, Victoria- 
street, London, S.W.1, Mr. E. O. Measor, A.C.G.1,, 
B.Se., M.I.C.E., and Mr. HENRY GRACE, M.Sc., 
A.M.I1.C.E., M.R.San.I. 


Mr. H. J. Fountain, a founder of the Clarkson 
Thimble Tube. Boiler Company, Limited in 1926, 
retired from the position of managing director on March 
31, having reached the retiring age, but remairs on the 
board as consultant. Mr. S. W. Spurr has been 
appointed to succeed Mr. Fountain as managing director. 


Mr. F. W. Smiru, C.M.G., M.C., has been released 
from his appointment as a deputy secretary of the 
Ministry of Fuel and Power to be a chief officer of the 
British Electricity Authority. He will have responsi- 
bility for contract negotiations and procedure arising 
out of the capital plant programme. 


Mr. E: S. Boorn, M.Eng. (L’pool), A.M.1.E.E. 
A.M.1L.Mech.E., a generation construction engineer. 
North Western Division, British Electricity Authority, 
since vesting day, has been appointed engineer-in-charge. 
Co-ordination Section of the Generation Construction 
Department at the headquarters of the Authority. 


Mr. J. D. Lewis, M.C., M.1I.Mech.E., M.I.Loco.E., 
has become a partner in the firm of Fox and Mayo, 
consulting engineers, 155, Dashwood House, Old Broad- 
street, London, E.C.2. The style of the firm will remain 
unchanged. 


Mr. E. G. CHADDER, superintendent engineer, studios, 
British Broadcasting Corporation, London, W.1, has 
been appointed senior superintendent engineer, sound, 
following Mr. L. Hottne’s resignation from the Corpora- 
tion. Mr. F. WILiiaMs, B.Sc., M.I.E.E., has succeeded 
Mr. Chadder as superintendent engineer, studios. 


Mr. H. FIRMINGER and Mr. W. H. CHALLIS have 
been appointed principal executive assistants in the 
office of the Signal Engineer, London Transport Execu- 
tive, 55, Broadway, London, 8.W.1. 


Mr. D. R. Jounson, sales executive of Bryce Fuel 
Injection Limited, Staines, Middlesex, one of the 
Associated British Oil Engines Group of Companies, has 
been appointed vice-president of Associated British 
Oil Engines Incorporated, New York, the new American 
sales company set up last year. 


Mr. E. A. WARBURTON WHITEHEAD relinquished his 
position as sales manager of the Electroplant Company, 
Palace of Engineering, Wembley, Middlesex, as and 
from March 31. 


Mr. R. F. Prosser, M.C., has been appointed private 
secretary to Mr. F. Beswick, M.P., Parliamentary 
Secretary to the Ministry of Civil Aviation, Ariel House, 
Theobald’s-road, London, W.C.1. 


Messrs. JOHN S. YOUNG AND COMPANY, LIMITED, 
257-261, Eglinton-street, Glasgow, C.5, have been 
appointed by MrEssrs. SNow DEAKIN AND COMPANY, 
LimireD, Bideford, N. Devon, to be joint distributors 
for the latter firm’s complete range of Ernst portable 
direct-reading hardness testers, for Great Britain and 
Ireland. 


Messrs. CHLORIDE BATTERIES LimiTED have set uP 
new south-eastern area headquarters for the sale and 
distribution of Exide and Drydex batteries at Abbey- 
road, Park Royal, London, N.W.10. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

scottish Steel_—Despite the prolonged strike of main- 
tenance engineers and electricians at Colvilles’ Motherwell 
works, ingot production has been well maintained, 
comfortably supported by raw-materialsupplies. Rolling 
mills are correspondingly engaged. Blast-furnaces are 
operating steadily, but without the urgency prevailing a 
year ago when scrap was much less plentiful than it is 
to-day. The home demand forsteel is still out of balance, 
plates and sheets being in strong request, heavy sections 
and bars only moderately so, while bookings in small 
pars and light sections suffice only for day-to-day opera- 
tions at a number of re-rolling establishments. Conflict- 
ing statements in regard to the shipbuilding outlook 
have been expressed recently, but the majority of 
observers here incline to accept the view of Sir Wilfrid 
Ayre, chairman of the Burntisland Shipbuilding Company, 
who declared that after a decade of continuous activity 
there is now evidence of relaxation in demand. The 
position at the Clyde shipyards varies, one firm holding 
orders representing 2} years’ full employment, while 
others are down to their last contract. The absorption 
of plates, however, remains heavy to meet the aggregate 
tonnage under construction at present, and steady 
consumption by other users further strengthens the 
position. Capacity deliveries of light sheets are still 
followed by fresh orders. Makers continue to appeal 
for the removal of restrictions on building in order to 
improve the disposal of joists and angles. 


Scottish Coal,—After an exceedingly strenuous two 
months, during which the supply position occasionally 
bordered on the acute stage, distributors can now relax 
momentarily. Fortuitously mild weather, towards the 
end of last month, brought about a sharp reduction in the 
consumption of coal for space-heating purposes, and the 
strain on industrial and domestic fuel has been eased 
correspondingly. Stocks in each category have been 
heavily reduced, however, and their renewal will present 
a problem for several months, especially as many users 
are keen to have stronger margins next winter than they 
had during the present one. Electricity works and 
gasworks have come through with varying results, the 
former having had little trouble in most areas, but 
several of the smaller gasworks have still only small 
tonnages in reserve. There is no danger that outputs 
will not be maintained, however. Bunkers are steady, 
with supply and demand comfortably balanced. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The steel trades are feeling the effects 
of changing world conditions and, although production 
continues at a high level, it seems probable that Lord 
Riverdale’s prophecy, many months ago, that, in the 
course of a year, there would be a world surplus of steel, 
is likely to be confirmed. New business is not coming 
forward freely and there is less buying ahead. Continental 
firms, including Germany, are increasing their outputs 
and intensifying competition by giving quicker deliveries, 
often at lower prices. In the Far-Eastern markets, 
Japan, as well as Australia, are very keen competitors 
and are taking business which formerly was transacted 
by Sheffield and district firms. Sheffield steelmakers, 
however, are not disheartened and their vigorous efforts 
to expand their export trade are meeting with success. 
They are particularly hopeful concerning prospects in 
Canada, where the devaluation of sterling is a help. 
Some sections of the railway-material departments are 
feeling the effects of competition more than others. 
The lighter branches of the steel trades, however, are 
busy, notably those supplying engineers’ small tools and 
many types of edge tools for industrial use and for 
agriculture and horticulture. There is an active state in 
light and heavy engineering works. Sbeffield University 
has received her largest single grant of 250,0001. from the 
University Grants Committee as a contribution towards 
the cost of enlarging the engineering departments. In 
the spring or early summer work will be started on the 
new building, which is estimated to cost 350,0001. The 
University’s Development Fund will provide the balance 
of 100,0007. The new block will enable the departments 
eoncerned to accommodate three times as many students 
as at present. 


South Yorkshire Coal Trade.—There is a steady rate of 
coal output but not sufficient fuel to cover all require- 
ments. Many users have to go short and draw upon 
Teserves. Markedly short are the supplies of domestic 
coal, some qualities of which are being utilised to meet 
the heavy export needs. The railways have intensified 
their demands to meet Easter holiday requirements. 
Coking coal is in fair suppty and the make of hard coke 
satisfies the needs of ironmasters. Gas coke is fairly 
Plentiful, but high prices restrict buying. Washed and 
graded steams are in full request, and there is no diminu- 
tion of the requirements of public-utility undertakings. 
Patent fuel is active and firm. 
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NOTES FROM THE SOUTH-WEST. 


CarRpDiIFrF, Wednesday. 

The Welsh Coal Trade.—While South Wales coal ship- 
ments are making some progress towards recovery, the 
rate of increase is slower here than in other coal-exporting 
centres. The Ministry of Fuel and Power have issued 
figures showing that from the country as a whole ship- 
ments in the first eleven weeks of this year were up on 
those for the corresponding period of 1949 by more than 
1,000,000 tons—equivalent to 44-6 per cent. In South 
Wales, in the first eight weeks, shipments rose by 146,422 
tons, equal to 21-7 per cent. With outputs in the coal- 
field generally at a disappointing level—they have shown 
consistent reduction since early February—shippers 
point out that the only way in which exports can be 
increased, and advantage taken of the demand for Welsh 
coals is by releasing more from the inland market, the 
requirements of which, they say, should be met by other 
coalfields. American coals are selling in Brazil at prices 
well below those charged for best British coals. Some 
slowing down in the Argentine trade, which has been fairly 
active of late, has become apparent. Shipments have 
been withheld to some extent during the past week, 
pending payments for coals already supplied, while it is 
feared that the hold-up that has occurred in the meat 
talks may affect the coal trade. The French trade has 
been well sustained during the past week, while a few 
cargoes have again been made available for Italy. It 
was reported that sales have now been completed over 
the remainder of the yearforthis country. Business with 
Spain ard Portugal has remained very quiet, but some 
development in this section is expected shortly. The 
inland demand provides an outlet for almost the whole of 
current outputs, while orders are substantial. Operators 
are showing reserve in entering into forward business on 
account of uncertainty as to the effect of Easter on 
outputs. Bunkers remain in strong demand and are 
scarce, while cokes and patent fuel are busy. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, tin-plates maintained their recent 
activity. A good number of orders was placed by home 
users, while the export d db st: and a 
substantial volume of business was transacted. Steel 
sheets continue to be sought after, while a strong demand 
persists for most grades of iron and steel scrap. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation——While the increased aggregate 
tonnage output of iron and steel does not cope fully 
with the demand, the improved position enables producers 
to handle delivery obligations fairly satisfactorily. Peak 
makes of several commodities are reported and stocks of 
most descriptions of material are at a level that permits 
withdrawals to meet emergency calls. An outstanding 
exception is the statistical state of the sheet branches of 
the industry. The huge output of steel sheets is inade- 
quate for current needs and an early further material 
expansion of production cannot be looked for. Supplies 
of raw material from home sources continue on a scale 
that deals adequately with consumers’ exceptionally 
heavy needs and the imports of material from abroad 
are still on asatisfactory level. The distributable tonnages 
of iron and steel scrap are large, but a further expansion 
in the delivery of German scrap has not in the least 
reduced the eager demand for maximum parcels of home- 
provided scrap. Pig iron is still wanted in quantity. 

Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron have still to rely, almost 
entirely, on regular deliveries from the Midlands. All 
basic-iron output on Tees-side is needed for immediate 
use at producers’ adjacent consuming works. 

Hematite, Low Phosphorus and Refined Iron.—Kast- 
Coast hematite is in better supply than of late but buyers 
would still readily accept larger quantities than they are 
receiving. Low-phosphorus grades of iron continue in 
strong request and users are not always able to obtain 
parcels sufficient for their current needs. Refined-iron 
manufacturers are busily occupied and report continued 
considerable inquiry. They are able to deal with the 
requirements of home buyers and to provide a little 
tonnage for export. 


Manufactured Iron and Steel.—Firms turning out 
semi-finished and finished iron commodities have a good 
deal of work in hand and expect to book fairly large new 
contracts. Reasonably-early delivery can be promised 
to purchasers of some commodities. There is an un- 
abated brisk demand for sheet bars and slabs while small 
billets continue in considerable request, Other classes of 
semi-finished steel, however, are slow of sale and the 
import of foreign products has been curtailed. Finished- 
steel makers have to keep mills fully active to cope with 
the requirements of their clients for plates, rails and heavy 





sections. Home and export demands for black and gal- 
vanised sheets are greater than producers can provide. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF MARINE ENGINEERS.—Tuesday, April 11 
5.30 p.m., 85, The Minories, E.C.3. “‘ Further Develop- 
ments in the Burning of Boiler Fuels in Diesel Engines,”’ 
by Mr. J. Lamb. Education Group: Friday, April 14, 
6 p.m., 85, The Minories, E.C.3. Annual Meeting. “‘ The 
Theoretical and Practical Training of the Marine Engi- 
neer,”’ by Mr. A. Logan. 


ILLUMINATING ENGINEERING SOCIETY.—Tuesday, 
April 11, 6 p.m., 2, Savoy-hill, W.C.2. “ Visual Aids for 
Landing in Bad Visibility,’ by Mr. E. 8. Calvert. 


INSTITUTE OF FUEL.—North-Western. Section: Wed- 
nesday, April 12, 2 p.m., Engineers’ Club, Manchester. 
Annual Meeting and Film Display. 


INSTITUTE OF PETROLEUM.—Wednesday, April 12, 
5.30 p.m., 26, Portland-place, W.1. “ Cold-Starting 
Performance of High-Speed Diesel Engines and Their 
Fuels,” by Mr. E. B. Evans and Mr. L. D. Derry. 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, April 12, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Aspects of Air Conditioning in the Tropics,” 
by Dr. J. J. O’Dyer. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Southern 
Centre: Wednesday, April 12, 6.30 p.m., Grand Hotel, 
Bournemouth. “Electricity in the Cotton Industry.” 
by Mr. F. W. Cox and Mr. W. E. Swale. Scottish Centre : 
Wednesday, April 12, 7 p.m., Heriot-Watt College, Edin- 
burgh. Discussion on “ Experiments.in Pulse Methods 
of Fault Location on Overhead Lines,” opened by Mr. 
D. W. Berry. Utilization Section: Thursday, April 13, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion on 
“ British Standards Institution Specifications in Relation 
to Electrical Accessories,” opened by Mr. J. F. Stanley. 
Institution: Monday, April 17, 5.30 p.m., Victoria- 
embankment, W.C.2. Discussion on “ Private Genera- 
tion and the Public Supply,” opened by Mr. A. N. Irens. 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Wednesday, April 12, 7 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. Annual Meeting. East 
Midlands Branch : Wednesday, April 12, 7 p.m., Welbeck 
Hotel, Nottingham. Annual Meeting. Newcastle Branch > 
Thursday, April 13, 7.15 p.m., Turks Head Hotel, 
Newcastle-upon-Tyne. Annual Meeting. 


INSTITUTE OF WELDING.—West of Scotland Branch : 
Wednesday, April 12, 7 p.m., 39, Elmbank-crescent, 
Glasgow. Annual Meeting. “‘ Welding in the Construc- 
tion of Hydro-Electric Plant,” by Mr. J. Crawford. 


Royal Sociery oF ARTs.—Thursday, April 13, 5.15 
p.m., John Adam-street, W.C.2. “ Projected Industrial 
Development in Pakistan,” by Mr. Hamid Ali. 


INSTITUTION OF CIVIL ENGINEERS.—Midlands Asso- 
ciation: Thursday, April 13, 6 p.m., James Watt Me- 
morial Institute, Birmingham. ‘“‘ Government Offices, 
Whitehall Gardens: The Special Problem of Re-Siting 
an Historic Building,” by Mr. L. Scott White and 
Mr. G. A. Gardner. 


RoyvaL AERONAUTICAL SocteTy.—Thursday, April 13, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “‘ The Berlin Air Lift,” by Air Commodore 
J. W. F. Merer. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lincolnshire 
Branch: Thursday, April 13, 7.15 p.m., Technical College, 
Linco. Short Paper Competition. Newcastle 3 
Saturday, April 15, 6 p.m., Neville Hall, Newcastle-upon- 
Tyne. Annual Meeting. 


INSTITUTION OF CHEMICAL ENGINEERS.—Friday, 
April 14, May Fair Hotel, Berkeley-street, W.1. 11 a.m., 
Annual Meeting. 12 noon. Presidential Address on 
“ Technology and the State,” by Prefessor D. M. Newitt. 


INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
April 14, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. In conjunction with the Hydraulics Group. 
“ Recent Development of the Mechanism of the Hydraulic 
Variable-Pitch Aircraft Propeller, by Mr. H. L. Milner. 


Norts East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, April 14, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. “Tests on Stayed Masts 
with Heavy Derricks,” by Mr. C. J. Jensen and Mr. A. C. 
Hadjispyrou. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, April 14, 
6.30 p.m., 39, Victoria-street, S.W.1. : “ The Induction 
Motor, Particularly Single-Phase Machines, and Their 
Development,” by Mr. R. J. Herbert. 


WEsT oF SCOTLAND IRON AND STEEL INSTITUTE.— 





Friday, April 14, 6.45 p.m., 39, Elmbank-erescent, 
Glasgow. Annual Meeting. 
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ls. per insertion, with the exception of advertisements 
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eounts for all classified advertisements can be obtained 
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Classified advertisements intended for insertion in 
the current week’s issue must be received. not later 
than first post Wednesday. 
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advertisements for display announcements must be 
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lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves msible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE MOTOR INDUSTRY. 


Ir has been pointed out, with satisfaction, more 
than once, that during 1948 Great Britain became 
the largest exporter of motor vehicles in the world, 
and it appears likely that the same claim may be 
made for 1949. Full credit must be given to the 
motor industry for this achievement, but it is 
desirable that it should be realised that the conditions 
which made it possible may not endure indefinitely, 
or even for many more years. From the table given 
in “‘ The Engineering Outlook ”’ article on page 144, 
ante, it appears that 328,512 cars were produced by 
this country in 1948, but it is stated in the Britannica 
Book of the Year 1949 that, in the United States, 
in the same pericd, “ car preduction reached a total 
of 3,908,206 units.” The difference in magnitude 
between these figures indicates the difference in 
magnitude between the two industries which are in 
competition in foreign fields. The enormous output 
in the United States, made possible by the size of 
the home market, permits of capital expenditure 
on special-purpose plant and automatic machines 
on a scale impossible where smaller outputs are 
concerned ; this is directly reflected in selling prices. 

This advantage possessed by the American indus- 
try is offset at the present time by the international 
financial situation. Most countries are obliged to 
limit their dollar purchases and, as a consequence, 
tend to place orders for motor cars, as for other 
things, in soft-currency areas. Conditions are 
complicated by the fact that some of the large 
American manufacturers have established assembly 
plants, or even complete factories, overseas, but the 
general situation is that the foreign sales of American 
cars are tending to be restricted. How long the 
advantage which British firms are obtaining from 
this situation will last, it is impossible to say. The 
future appears to depend on the economic strategy 
of the United States; unless that country is pre- 
pared to adopt a policy of mutual trading, offsetting 
sales of motor cars and other goods by purchases 
from abroad, it would appear that her overseas 
trade will gradually dwindle, simply because poten- 
tial customers will not have the funds with which 


from the dollar shortage. This matter, however, is 
ut one’ item in the international situation. For 
some reason, which it is difficult to explain, motor 
cars appear to exert a fascination on governments, 
of quite a different order from that exercised by 
other types of manufactured products; they all 
wish to establish indigenous motor industries. 
One of the reasons why Great Britain has become 
the largest exporter of motor cars is the favourable 


35 | position afforded by the British Commonwealth, 


where it is possible to envisage, in a distant future, a 
British market as large as that now existing in the 
United States. This, however, would not result in 
the creation of a home industry comparable in size 
with that of America if manufacture were distributed 
throughout the Commonwealth. In 1948, the 
largest British export of cars to any country was to 
Australia, and 1949 will probably show the same 
thing. A motor-body building plant, however, was 
established in Australia as long ago as 1917, and was 
encouraged by the Government, which prescribed 
a quota for the import of complete cars. Both the 
Ford Motor Company of Canada and the General 
Motors Corporation now have assembly plants in 
Australia, and their example has been followed by 
the main British companies. Plants of this kind 
furnish an outlet for parts and accessories made in 
this country, but the general tendency is towards 
the establishment of complete manufacturing 
plants in Australia. 

The same tendency is evident in South Africa, 
and even in New Zealand, which has a compara- 
tively small population and no steel industry, 
car assembly being encouraged there. Im India and 
Pakistan, also, many assembly plants are already in 
operation. In relation to their enormous popula- 
tions, the motor-car imports of those countries are 
not at present large. This is to be explained by 
the low standard of living, and of education, of 
the mass of the people, but it may be assumed 
that, over the years, conditions will improve in 
both these respects. At the present time it may 
be doubted if a supply of labour capable of support- 
ing a precision-engineering industry on a large 
scale could be found in those countries, but again, 
conditions may be expected gradually to alter. In 
Canada, a well-developed motor-car industry already 
exists; there, as elsewhere, a dollar shortage has 
helped British manufacturers, but in normal circum- 
stances, if these ever return, this is likely to be a 
difficult market in which to build up large sales. 

Whatever the manufacturing conditions of the 
future may be, it can be assumed that this country 
will continue to enjoy preference in many of the 
Commonwealth markets, but in the rest of the world 
British manufacturers must expect to meet those of 
other countries on equal terms. Even if the all- 
pervading dollar question continues to restrict the 
overseas sales of United States motor cars, the 
activities of France, Germany and Italy must be 
taken into account. In 1929, France was the 
second largest producer of motor cars in the world, 
and although in magnitude the French industry 
has fallen behind that of Britain, and was severely 
crippled during the war, it has shown considerable 
recovery in recent years and has built up important 
export businesses in Belgium and Holland. Germany 
is a more uncertain factor, but a revived industry 
is gradually being established. Steel shortage 
may hamper output for many years, but large-scale 
manufacture, possibly based on a cheaper labour 
rate than rules in this country, may ultimately 
be built up. The Italian motor industry has 
never been large. Italy’s main pre-war foreign 
customer was Germany, but some success has been 
achieved recently in selling to South America. 

The position and prospects of the British industry 
are considered in some detail in a recent: P.E.P. publi-’ 
cation,* which, taken in conjunction with the article 
on the motor-vehicle industry, forming part of 
our ‘‘ Engineering Outlook” series, provides an 


* Motor Vehicles: A Report on the Industry. P.E.P. 
(Political and Economic Planning). 16,.Queen Anne’s 








Gate, London, S8.W.1. [Price 15s. net.] 
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extensive survey of the whole subject. Although the 
British motor-car industry may continue to hold a NOTES. 


relatively favourable position for a few more years, 
it will find itself faced by a growing competition. 
It is stated in the P.E.P. report that in “‘ the middle 
of 1949 manufacturers generally were said to be 
working at only 65 per cent. of potential capacity.” 
Conditions of that sort do not permit the lowest 
possible production costs and the reduction of selling 
prices. The restriction of output is mainly due to 
the shortage of steel, which the Minister of Supply 
said, in July, 1949, would not be overcome for two 
years. It may be that export demand will remain 
favourable until after that period, but the consolida- 
tion and holding of the position which the British 
motor industry has now attained must depend 
largely on increasing outputs. No doubt the inter- 
national financial situation requires home sales to 
be restricted, but it is to be hoped that this handicap 
will not continue so long that a decreasing export 
trade causes a decline in total production. 

The report discusses the question of reducing 
manufacturing costs, and increasing overseas com- 
petitive power by a reduction in the number of 
models. This much-discussed subject cannot be 
dealt with here, but there is one aspect of the 
question of car types which may be mentioned. 
The export of what may be termed luxury cars may 
not represent an important part of total overseas 
sales, but vehicles of that class do much to raise 
the status of British motor cars generally. The 
discouragement of the building of cars costing more 
than 1,000/. by the imposition of a purchase tax 
of 100 per cent. must act unfavourably on the 
export trade. It is satisfactory to note, however, 
that the purchase tax is to be refunded in the case 
of certain racing cars because of the beneficial 
effects of British successes in international racing 
events. 

The P.E.P. report states that “‘the difference in 
physical productivity per head between Britain 
and the U.S.A. appears to be considerably less for 
component making than for assembly.” This 
view was stated more specifically in a report 
published by the National Institute of Economic 
Research in 1948, and from the figures given it can 
be deduced that, while the physical output by an 
Operative on assembly is five times greater in 
America than in Great Britain, on component 
manufacture it is only twice as great. The very 
great difference in assembly efficiency is largely to 
be explained by the elaborate assembly plants in 
the United States, but in component manufacture 
there should not be a great difference in shop 
conditions and the larger scale of manufacture 
may be an important influence; an approach 
towards similar conditions might be made in 
Great Britain by a greater measure of standardisa- 
tion. It was stated in 1947, by Mr. Oliver Lucas, the 
joint managing director of Joseph Lucas, Limited, 
that 45 types of starters were made for 58 cars, 
and that the number of component models could be 
reduced by three-quarters, with an incalculable 
saving in production costs. 


As components represent about 50 per cent. of 
the cost of a motor car, this matter is clearly of 


great importance. 


“THe ScrENCE OF WEATHER.” 


A sprciaL exhibition, with the above title, has 
been arranged at the Science Museum, South 
Kensington, London, S.W.7, to mark the centenary 
of the foundation of the Royal Meteorological 
Society. The Society originated in a meeting, on 
April 3 and 4, 1850, of three Fellows of the Royal 
Society and seven of the Royal Astronomical 
Society, at Hartwell House, near Aylesbury, the 
residence of Dr. J. Lee, F.R.S. Samuel Charles 
Whitbread, F.R.S., was elected first President and 
James Glaisher, F.R.S., as secretary. The original 
title was the “ British Meteorological Society,” the 
present title dating from 1883. The Society was 
incorporated by Royal Charter in 1866, the members’ 
designation of Fellows dating from the same year. 
The membership, which was about 150 in 1850, now 
stands at 1,654. The exhibition at the Science 
Museum, while arranged to coincide with the 
Society’s centenary, is much more than merely 
a historical résumé. It is divided into five main 
sections, the first only being historical and relating 
mainly to the Royal Meteorological Society. The 
second deals with the methods of observing the 
weather, and the instruments employed in doing so. 
The third section, on “‘ Forecasting the Weather,” 
shows how the observations are plotted and corre- 
lated ; and the fourth is designed to demonstrate 
the uses of weather forecasting in practice. Finally, 
there is a section on meteorological research, and 
the instruments employed in it; for example, in 
the study of cloud physics, atmospheric sounding, 
etc. A special handbook has been prepared by 
Mr. D. Chilton, B.Sc., as a guide to the exhibition, 
and is on sale at the Science Museum, or through 
H.M. Stationery Office, at the price of 1s. net. 


Tue InstrtuTION oF MECHANICAL ENGINEERS. 


Two Steam Group papers were presented at a 
meeting of the Institution of Mechanical Engineers 
held on Friday, March 31: ‘Gas Cooling and 
Humidification ; Design of Packed Towers from 
Small-Scale Tests,” by Mr. W. F. Carey, M.Eng., 
M.I.Mech.E., and Mr. G. J. Williamson, B.A., 
M.I.Mech.E. ; and “A Contribution to the Theory 
of Natural Draught Cooling Towers,” by Mr. B. 
Wood, M.A., A.M.I.Mech.E., and Mr. P. Betts, 
B.Sc. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Continued from page 362.) 


THE 1950 Spring Meeting of the Institution of 
Naval Architects, which began on the morning of 
Wednesday, March 29, on board the Wellington, 
the headquarters ship of the Honourable Company 
of Master Mariners, continued with a technical 
session on the morning of the following day, when 
two papers were presented. The first of these was 
‘“A Note on New Forms for Ships’ Sterns,” by 
Mr. P. Carlotti ; and the second, by Professor A. I, 
Lindblad, dealt with ‘“‘ Further Experiments with 
Models of High-speed Ships.” The chair was taken 
by the President, Admiral of the Fleet Viscount 
Cunningham of Hyndhope, O.M. 


New Forms ror Surps’ STERNS. 


Mr. Carlotti’s paper described a method of 
designing the afterbody of a ship so that, instead of 
the normal deadwood, there was, in effect, a contra- 
propeller constructed as a separate “hull” in the 
shape of a thick aeroplane wing, located beneath the 
stern of a main hull of convex “ spoon-back ” shape. 
To produce the contra-propeller effect, the second 
“hull” was given a section resembling a flattened 
letter “‘ S,” the propeller shaft (the vessel being con- 
sidered as a single-screw type) passing through the 
central portion of the S and emerging at its trailing 
edge at the meeting point of the two blades of the 
contra-propeller. The author’s idea was to find a 
design which would allow the contra-propeller, and 
the ship’s screw, to be placed outside the boundary 
layer enveloping the main hull, and outside the 
turbulent region induced by the passage of the hull 
through the water. It was considered that a contra- 
propeller so placed would work differently from a 
turbine distributor or diffuser, and that the theory 
of its action could be derived from Prandtl’s vortex 
theory of aeroplane wings. Among the incidental 
advantages claimed for the Carlotti type of appen- 
dage was that it would perform the functions of the 
bilge keels, which, therefore, could be dispensed 
with and the resistance of the hull correspondingly 
reduced. In the paper, comparisons were drawn 
between four designs: Form | was that of a ship 
fitted with a normal sternpost, and Form 2, the 
same hull fitted with the form of stern devised by 


Mr. P. L. Jones, M.C., B.Sc., Wh.Ex., was | Mr. Carlotti (who was working in conjunction with 
in the chair. In the first paper, the authors, recall-|the Ateliers et Chantiers de France, at Dunkirk), 
ing that the total-heat method, when applied to|but with an appendage of symmetrical form, with 
water-cooling tower problems, was inaccurate with | no contra-propeller characteristics; Form 3 was 
increasing temperature and vapour pressure, and | the same time, except that the appendage served 
that the exact treatment propounded by Ferencz | also as a contra-propeller ; and Form 4 was a self- 
was complex and laborious, proceeded to show that | propelled hull of ** spoon-back ” form, but with the 
the water-cooling tower treatment could be extended | appendage removed and the propeller working at 
and adapted, with some sacrifice in accuracy, so|the end of an unsupported shaft. This last-men- 
that it could be used for dealing with nearly all the | tioned model, of course, was run solely for purposes 
gas-cooling, water-cooling, and humidification pro- | of comparison, the type being quite impracticable 
cesses which were likely to be encountered in prac-|as a full-sized ship. The results of the tests were 
tice. After developing the method, they gave a/| sufficiently encouraging to justify the application of 
worked example for a gas-cooling tower, and two | the Carlotti form of stern to a small passenger and 
appendices to the paper dealt with some experi-| cargo vessel of 915 tons displacement, now under 
mental results and the development of the basic | construction at Dunkirk for the Compagnie Générale 
If Britain’s present lead in|equation. Mr. Wood and Mr. Betts, in the second 


Transatlantique (the French Line), the form adopted 


some overseas markets is to be maintained, it will | paper, presented details of a theoretical approach to | being No. 3. 
probably be necessary to reduce prices. Sir Charles|the design ef natural-draught cooling towers. 
Bartlett, the chairman of Vauxhall Motors, has said | Compared with mechanical-draught cooling towers, 
that “‘ British costs must come down, or Britain’s|for the thermal design of which the total-heat 
share of export markets for manufactured goods, | method of heat-transfer calculation, together with 
such as motor cars, will most surely decline.” The | empirical data, provided a sound basis, the design 
United States scale of mass production will not be | of natural-draught cooling towers was more com- 
reached here in any foreseeable future, but if impor-| plicated and had hitherto resisted a theoretical Penelope, in 1867, had twin rudders, twin propellers 


tant savings can be made on an item which represents 


50 per cent. of car costs, substantial reductions in 


selling prices should be possible. The matter is 
probably of little importance in the home market at 
the present time ; the manufacturers can sell every | 
car which they are allowed to sell, but conditions in 
many foreign markets show signs of becoming very 
different. The possibility of reducing the great 
number of varieties of components has not been 
overlooked and the Lucas Company have. issued 


“synopsis sheets” to designers carrying 


posals which, if adopted, would reduce 45 models of 
starters to three, 98 windscreen wipers to six, and 
133 headlamps to four. 





volved for routine design work. 





Mr. R. W. L. Gawn, O.B.E., who opened the dis- 
cussion, observed that the paper dealt with a 
particular application of a skeg type of stern. 
Skegs had been investigated in the past, recent 
examples being some American vessels. Indeed. 
the idea extended back some years; H.M.S, 


approach. In addition to those elements which| and twin skegs. Ali those vessels, however, had 
appeared in connection with mechanical-draught|twin screws; Mr. Carlotti’s proposal differed in 
towers, the performance of natural-draught towers | that it related to a single-screw ship with the stern 
was also dependent on the atmospheric dry-bulb | sections specially shaped, and the skeg was also 

, which introduced a fourth variable. | specially shaped. Results of propulsion tests, as 
In their paper, the authors offered an extension to| given in the paper, if interpreted by the ordinary 
the theory to cope with vary'ng air rate, established | law of comparison, showed that the horse-power 
the relevant equations and showed how they could | required to drive a skeg ship was the same as that 
be solved. They showed that, after deriving the | required to drive the normal ship; but Mr. Carlotti 
basic characteristics of a tower and fill from|claimed to have another means of predicting the 
pro- | analysis of the test data, it was possible to predict | mcdel results, and, if that were accepted, his con- 
the performance of a similar tower under other | clusion was that the skeg ship required 7 per cent. 
conditions, although the analysis was rather in-|less shaft horse-power. 


The notion of dividing 
wake into its potential and frictional components 





was 
yea 
tati 


the! 
mo! 
not 


ere-oseant: 


le ee ee ae a ae. ee 








APRIL 7, 1950. 


ENGINEERING. 





389 








ound, and had been recognised for many 


was 

years; the difficulty had been to make a quanti- 
tative differentiation. That proposed by the author 
was oppreciable, and it was also hypothetical ; 
therefore, it should be treated with reserve until 
more information was available. The proposal was 
not lacking in ingenuity. The issue was funda- 
mental; it was not less than a claim that the 


comperative propulsive efficiency of the skeg ship 
would be better than was given by the model 
experiments as interpreted by the ordinary law of 
comparison. 

There was a parallel in the early days of mcde! 
experiments, when many eminent authorities had 
claimed that mcdels were misleading. Frovde had 
propounded his law of comparison and had disposed 
of criticism by testing mcdels of different sizes 
and showing that the results aligncd. He had also 
shown that there was reasonable agreement between 
medel and ship results. Mr. Gawn recommended 
Mr. Carlotti to take a leaf out of that illustrious 
book and arrange for the testing of models of 
much larger size, so that he could at least see the 
degree to which his proposals were satisfied. Mr. 
Gawn recalled a paper of his own, some eight years 
ago, dealing with experiments in which, seeking the 
correction to frictional wake, the surfaces of a 
number of mcdels were roughened, and it was 
sought to extrapolate those results through the 
various degrees of model roughness to the reduced 
skin friction of the ship. That was purely empirical, 
but the results showed that there was quite a fair 
reduction in wake if it could be treated in that way ; 
it was also shown that there was a reduction for 
twin-screw ships in which the propellers were 
fairly remote from the hulls. Caution was needed, 
therefore, before accepting fully the claim that there 
was no frictional wake in the skeg type of ship or 
medel. The wake of ships of fine form was quite 
amall, so that the scope for reduction in fine ships 
must be small. The wake of the single-screw ship 
mcdels dealt with by Mr. Carlotti was comparatively 
large, and it was prudent, therefore, to interpret 
the results for the specific types to which they 
referred. 

Turning to the results given in the paper for a 
small cargo passenger liner, Mr. Gawn said that, 
according to the ordinary law of comparison, the 
shaft horse-power of the skeg form was greater 
than that of the normal form ; but if the author’s 
deductions were accepted, that was transformed into 
a bare gain. The result was obtained, however, 
only by supplementing the author’s special correc- 
tion by the arbitrary assumption that bilge keels 
could be left off the skegged shape ; but there was 
no proof that this could be done. A further series 
of results was more definite. There the shaft 
horse-power of the skeg form was 3 per cent. less 
than that of the normal form, despite the fact that 
the hull resistance was 6 per cent. greater. Eventu- 
ally, however, the 3 per cent. improvement was 
extend d to 20 per cent. by one or two steps. Mr. 

Jawn doubted whether the complicated physical 
considerations involved could be presented properly 
by a few cumulative increments. It was surprising 
that the author had not considered whether im- 
— propellers could be fitted to some of the 
orms. 


Although he had had little personal experience 
with single-screw models, Mr. Gawn continued, he 
was impressed by the propulsive efficiencies quoted 
in the paper, and he asked the author for some 
information on block coefficients. With regard to 
the statement that rolling could be reduced by the 
skegs and, therefore, bilge keels could be omitted, 
he thought that this was purely a matter of facts 
and figures ; he would be surprised if the damping 
effect of a profile keel at the stern on the middle line 
could be regarded as comparable with the enormous 
damping effect of the bilge keel, increased as it was 
by hull reaction and by the hydrodynamic reverse 
current at the bilge—considerations which had no 
counterpart, so far as he could see, in the conditions 
obtaining at the stern. The claim that the direc- 
tional stability would be improved could be accepted 
a8 reasonable ; on the other hand, he would-expect 
an increased resistance to swinging, so that it was 
fair to suppose that the turning would be slower 


the author had some experimental evidence on these 
points, which- would be more convincing than 
argument. He considered that the idea put forward 
was worth discussing, and he looked forward to the 
results of the further work now in progress. 

Sir Amos L. Ayre recalled that, during the war, 
between 200 and 300 small ships had been built 
which had sterns and skegs identically of the type 
discussed in the paper, except that they had no 
contra-propeller arrangement. He suggested that, 
in further work, Mr. Carlotti might try the twist 
on the skeg in the reverse direction. He had never 
believed in the contra-propeller ; it was very old, 
and if there had been much in it at any time during 
the past 30 years it would have taken root. He 
had seen more of the pro-propeller, a condition in 
which it was easier for the water to enter into the 
propeller. He also shared Mr. Gawn’s doubt that 
the appendage discussed in the paper could ever 
take the place of the bilge keel ; the possibility was 
that the resistance to turning and the course 
keeping would about cancel out. After asking for 
some curves of effective horse-power and shaft 
horse-power to aid in interpretation of results, 
Sir Amos said that he appreciated the boldness 
with which the author had undertaken the research 
and he hoped that there might prove to be something 
in it. 

Mr. W. C. S. Wigley, M.A., commented that Mr. 
Gawn, as a practical man, had said very nearly 
what he himself would have said as a theoretical 
man. The author had proved to his own satis- 
faction, by the use of some assumptions, that, in a 
tank experiment on a reduced scale, his mcdel must 
automatically show an unfair disadvantage, amount- 
ing to about 7 per cent. in the case of the ships 
considered. If that were so, it would seem that the 
best procedure was not to run model tests, but to 
make comparisons of ship results. He agreed with 
the view that the appendages discussed would not 
render bilge keels unnecessary, and he suggested 
that part of the gain attributed by the author to 
the skeg must be due to the larger propeller, and 
some to the contra-propeller effect, which was 
usually found to give a gain of some 3 or 4 per 
cent. 

Mr. L. J. Thomas felt that few would quarrel 
with the author’s comments about the random 
distribution of vorticity in the boundary layer 
affecting the efficiency of the contra-propeller, but 
it seemed that the model interaction between the 
screw and the contra-propeller was more important ; 
he felt that this interaction would result in a much 
larger loss than would any effect of the boundary 
layer. Regarding the question of potential wake or 
potential plus frictional wake, he could not see 
that the red1ction of wake, mencioned in the paper, 
was due to the shape of the skeg, and particularly 
to the sharp stem. It seemed strange that the 
efficiency of the propeller behind the hull form 
could be so much greater than the efficiency of the 
same propeller in open water, as was indicated by 
the figures. It suggested that there must be some 
error in the calculations, and he asked if the author 
would verify the figures. 

The author, in a brief comment on the discussion, 
said that some new trials were in hand, with models 
of different lengths, and that comparisons would be 
made in order to verify the scale effect. The 
information gained could be given in an addendum 
to the paper. 


(To be continued.) 





“ ELecrric Lignt aT GODALMING.”—Under this 
title, the Graphic reported, in November, 1881, that 
High-street, Godalming, Surrey, was being lighted by 
three experimental electric lamps; the current was 
supplied by a generator rated at 18 h.p. and driven by a 
waterwheel. The March, 1950, issue of Southern Beam, 
the magazine of the Southern Division of the British 
Electricity Authority, contains an illustrated article 
describing this pioneer plant and reviewing its career 
until, in January of the present year, it was dismantled 
and the local supply taken wholly from the Area distribu- 
tion system. One of the original arc lamps has been 
preserved as a historical relic. A second generator was 
installed in March, 1882, and a third in July of the same 
year ; but all three were removed in 1928, when a 200-kW 


THE INSTITUTE OF 
METALS. 
(Continued from page 362.) 

Arrer the conclusion of the first session of the 
annual general meeting of the Institute of Metals 
in the Café Royal, Regent-street, London, on 
the morning of March 29, a luncheon was held, at 
which the 1950 Institute of Metals Platinum Medal 
was presented to the distinguished French metal- 
lurgist, Professor Albert Portevin. We dealt with 
the morning session of the meeting in last week’s 
issue, and now propose to report the speeches at the 
luncheon and the subsequent procecdings in the 
afternoon. 

InstrruTe PLatinuM MEDAL. 


When handing the Mcdal to Professor Portevin, 
the President, Mr. H. 8. Tasker, recalled the great 
services he had rendered to metallurgical educa- 
tion in France. Professor Portevin, he said, had 
been, also an active force in the direction of the Revue 
de Métallurgie and had been one of those instru- 
mental in the formation of the Société Francaise de 
Métallurgie. His hed been a life of achievement 
and service, crowned in recent years with France’s 
highest intellectual honour, the Membership of 
the Institut de France. Professor Portevin’s own 
researches had covered a wide field, chiefly in physical 
metallurgy. The processes of fusion and solidifica- 
tion, and of transformations in the solid state, 
improved methods of thermal and dilatometric 
analysis, micrographic methcds for the study of 
non-ferrous metal alloys ; the distribution of stress 
under load, and autogenous welding were some 
of the directions in which he had made important 
contributions to knowledge. 

In returning thanks for the honour conferred 
upon him, Professor Portevin, speaking in French, 
reminded his hearers that he had already received 
another high distinction, the Bessemer Medal of 
the Iron and Stee! Institute. He had always found 
that his studies of irons and steels had some bearing 
on his investigations on the non-ferrous metals. 
Certain phenomena were thus rendered clearer and 
practical results, some of them of industrial import- 
ance, were often obtained. For example, age- 
hardening and fissuring corrosion were two pheno- 
mena which had first become manifest in non-ferrous 
alloys, but had afterwards been found to apply to the 
steels. On the other hand, temper brittleness, first 
observed in steels, had subsequently been found 
in analogous form in the aluminium alloys. Accord- 
ingly, there was every reason to encourage close 
relations and frequent exchanges of data between 
investigators in the ferrous and the non-ferrous metal 
fields, and the ties which existed between the two 
great British metallurgical institutes furnished a 
remarkable example of this collaboration. More- 
over, the Iron and Steel Institute hed been obliged 
to turn to non-ferrous metallurgy to establish its 
Bessemer and Carnegie Medals. 

Following the luncheon, an afternoon meeting 
was held at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, Mr. H. S. Tasker, the 
President, taking the chair. 


MopeErn BiLLet Castine. 


The first paper taken was by Dr. E. Scheuer, 
chief metallurgist, International Alloys Limited, 
Aylesbury, and dealt with ‘‘ Modern Billet Casting, 
with Special Reference to the Solidification Process. 
The author stated that the characteristic feature of 
the continuous-casting process, as opposed to the 
conventional billet-castg processes, was the 
stationary condition of the liquid part of the billet 
and of the solidification zone during the casting 
operation. The method, which involved the use of 
a sleeve mould or, alternatively, of a roller mould, 
was the outcome of a long and varied development, 
the main objects of which had been to secure im- 
provement in production economy and in the quality 
of the billet. The continuous-casting process came 
much nearer to satisfying the requirements of the 
ideal casting process than the methods previously in 
use. In the aluminium industry it had become, 
since the war, by far the most popular casting 
process. The pouring speed and the pouring tem- 








and the turning circle would be larger. Possibly 





Diesel-driven set took their place. 


perature which controlled the process could be easily 


390 


ENGINEERING. 


APRIL 7, 1950. 








measured and need not be changed during: the 
operation. This made possible a rigid contro! of 
casting conditions and enabled a higher degree of 
uniformity to be attained than was possible with 
older processes. The equipment required was more 
complicated and expensive than with conventional 
billet-casting methods, but the output was consider- 
able, as small billets could be cast simultaneously 
in a series of moulds, which were small, easy to 
handle and inexpensive. Improvements, however, 
were still needed, firstly, in the elimination of radial 
internal stresses which could produce hot tears and 
cracking in finished billets; secondly, in the 
application of the method to high-melting point 
materials such as the copper alloys and steels ; and 
thirdly, in the development of the continuous strip- 
casting process to a point at which it could become 
a popular production method. 

Mr. W. A. Baker, who opened the discussion, 
stated that the most striking feature of the very 
popular “‘short-sleeve”’ mould process was its 
apparent simplicity. It was quite clear, however, 
that even in this apparently simple process there 
were many points of detail which must be closely 
controlled. One of the major problems to which 
the author had referred was that of the considerable 
internal stress in the high-strength light alloys 
cast by this method. If the outer layers of the 
ingot could be maintained at about 200 deg. C., 
rather than cooled down to 100 deg. C., the stresses 
due to differences in temperature might be relaxed. 

Dr. W. M. Doyle said that the modern continuous 
casting process was now generally accepted as far as 
the light alloys were concerned. It must be 
admitted that very high strength alloys of the 
D.T.D. 363A type, and certain binary alloys con- 
taining over 7 per cent. of magnesium, were difficult 
to cast by this process. Otherwise there were 
very few aluminium engineering alloys which could 
not be continuously cast. It had been found that 
minor modifications of the chemical composition 
of an alloy could eliminate some of the tendency 
towards cracking. For example, the base compo- 
sition of the alloy D.T.D. 290, before the advent 
of continuous casting, contained up to 1-2 per cent. 
of magnesium, which element was necessary to 
ensure the realisation of the requisite properties, 
especially in the form of strip. This particular 
composition was very prone to cracking during the 
casting process, and it had been found that this 
trouble could be eliminated if the magnesium were 
reduced to about 0-85 per cent., without any 
sacrifice of the mechanical properties. Further- 
more, the loss due to edge cracking in subsequent 
rolling operations had been reduced considerably. 

Dr. V. Kondic suggested that the subject of 
continuous casting would be worthy of consideration 
as a matter for a symposium, similar to that held 
last year on the conventional method of ingot 
casting. Contrary to what might be concluded on 
reading descriptions of continuous-casting processes, 
it should be emphasised that the conventional 
methods of ingot casting were by no means things 
of the past, and he believed that there was a vast 
field in which the older and the newer methods 
were complementary. The next speaker, Mr. J. 
Thexton, said that he was interested in the con- 
tinuous casting of both ferrous and non-ferrous 
metal alloys having melting points above 1,300 
deg. C., and with casting temperatures of 1,450 
deg. C., or over. Rapid heat extraction in the 
initial stages was a pre-requisite of the majority of 
continuous-casting processes and was effected by 
the use of a water-cooled mould. In the case of the 
high melting-point materials, such as steel and the 
nickel-base alloys, the amount of heat to be extracted 
was so much greater than with the light alloys that 
the most efficient mould conditions must be used. 
The rapid extraction of heat from the high melting- 
point alloys during the early stages of casting, 
however, presented no real difficulty. When the 
rate of heat extraction by the mould suddenly fell 
as a result of billet contraction, so that contact 
between billet and mould was broken, the outer 
skin of the billet was then strong enough to with- 
stand the direct impingement of water on the 
solidifying billet. In his opinion, the future field 
for continuous casting in the steel and high melting- 
point alloys industries lay in providing billets of a 


comparatively small diameter, say 6 in. to 9 in., 
but with a perfect surface. Thus the initial breaking 
down stage in processing could be eliminated and 
the billets could proceed to the final rolling stage 
without prior treatment. In the steel industry, the 
continuous-casting machine would be, no doubt, 
applied principally to the casting of high-alloy 
materials, such as the various stainless steels. 

Mr. Vinavier, referring to Dr. Scheuer’s state- 
ment that the continuous casting of zinc offered no 
difficulties, said that, as far as his knowledge went, 
attempts made to do this had not met with great 
success. It had not been possible to prevent the 
development of very coarse structure and serious 
difficulties had been met with in the subsequent 
rolling of zinc slabs obtained by this method. He 
would like to ask, therefore, whether the author’s 
statement had been based on real industrial experi- 
ence. The next speaker, Professor A. von Zeerleder, 
said that when casting large ingots by semi-continu- 
ous or continuous processes, considerable areas of 
indirect, inverse segregation, occurred in light-metal 
alloys, especially in the aluminium-magnesium 
alloys. Dr. P. Brenner, who spoke next, said that 
the macro- and micro-segregations of continuously- 
cast, as against chiil-cast, ingots of two aluminium 
alloys had been investigated by means of micro- 
hardness tests. The macro-segregations had been 
found to be much lower in the continuously-cast 
ingots, while the differences in concentration within 
the grains were nearly the same in both continu- 
ously-cast and chill-cast ingots in the as-cast condi- 
tion. If, however, the ingots were soaked at homo- 
genising temperatures, the micro-segregations were 
removed much more quickly in the continuously-cast 
ingots than in the chill-cast ingots as a consequence of 
the smaller size of the grains and the finer distribu- 
tion of the eutectic in the inter-dendritic network. 
This result was of considerable practical importance, 
because the soaking time of continuously-cast ingots 
could be much shorter than for chill-cast ingots. 

In a brief reply, Dr. Scheuer said that he quite 
agreed with Dr. Kondic on the desirability of holding 
a Symposium on continuous casting. Mr. Phexton’s 
remarks provided a good illustration of the applica- 
tion of the process to alloys of various types and 
indicated the different kinds of problems involved. 
His own remarks on the casting of zinc by the con- 
tinuous process had been quoted from a paper by 
Dr. Brenner, who had stated that, in Germany, ingots 
of zinc, copper and brass were habitually produced 
by the continuous-casting process, especially with 
direct cooling and using the short-sleeve mould. In 
answer to Professor von Zeerleder, sweating out of 
eutectic on the outside of the billet was not always 
accompanied by segregation in the interior. Segre- 
gation was dependent on the diameter of the billet 
because, with larger billets and also with certain 
alloys, the intense cooling which was a characteristic 
feature of the process could not be employed owing 
to the danger of internal stresses. In this case, it 
was understandable that a considerable amount of 
inverse segregation resulted. 


GRAIN REFINEMENT IN Cast ALUMINIUM. 
The next three papers, all of which were communi- 
cations from the British Non-Ferrous Metals 
Research Association, were discussed jointly. They 
were all three presented to the meeting by Mr. A. 
Cibula. The first was concerned with ‘“ Grain 
Refinement of Aluminium and its Alloys by Small 
Add tions of Other Elements,” by Mrs. Myriam D. 
Eborall; the second with ‘‘ The Mechanism of Grain 
Refinement of Sand Castings in Aluminium alloys,” 
by Mr. A. Cibula ; and the third with “‘ The Effect 
of Grain Size on the Tensile Properties of High- 
Strength Cast Aluminium Alloys,” by Mr. A. Cibula 
and Mr. R. W. Ruddle. The discussion on these 

three papers will be reported in our next issue. 

(To be continued.) 





NICKEL-ALLOY SPRING MATERIALS.—A new publica- 
tion issued by Messrs. Henry Wiggin and Company, 
Limited, Wiggin-street, Birmingham, 16, describes the 
properties of high-nickel alloy springs operating under 
exacting service conditions. The possible application of 
the Nimomic alloys for springs working at high tempera- 
tures is indicated, and the publication also refers to 





Monel, K-Monel, Inconel and a special nickel-iron-chro- 
mium-titanfum alloy, “ Ni-Span ‘ C”’.” 


CONVENTION ON ELECTRIC 
RAILWAY TRACTION. 
(Concluded from page 349.) 

Execrric Coacn LicuTtnc anv HeEatinc. 

The next paper at the meeting in the afternoon 
of Thursday, March 23, entitled ‘ Electric Coach 
Lighting and Heating,”’ was presented by Mr. J. w. 
Grieve. On 600-volt direct-current railway systems, 
he said, the common methcd of lighting was to con. 
nect a number of filament lamps in series across the 
line voltage. Where the voltage was higher the 
necessary supply was obtained from a motor. 
generator and this had also now become the standard 
practice on the London Transport and Southern 
Region systems, where voltages of 50 and 70, respec- 
tively, were employed for lighting. It was probable 
that when electric locomotives were used extensively 
on main lines it would be still the most economical 
and most flexible to continue to employ the existing 
battery and axle-driven generator. The intensity of 
the artificial illumination had risen from 2-5 ft.- 
candles 25 years ago to 7 ft.-candles in present com- 
partments and often more in open coaches. Fluores- 
cent lighting had several advantages, but it was still 
in the development stage and could not yet be 
justified on economic grounds. There was a prefer- 
ence for the Edison screw holder on filament lamps 
on the grounds of safety ; the lamps were also less 
likely to be stolen. 

Heating systems varied from simple direct heating 
to partial or full air conditioning, depending on 
whether the train service was suburban, medium- 
distance or long-distance. Direct heaters were 
usually arranged in series-parallel groups across the 
supply voltage. Partial air-conditioning was em- 
ployed on the multiple-unit stock used between 
Brussels and Antwerp, fresh air being drawn in by 
fans over resistors. A similar system was used on 
the Pullman cars on the Southern Region, appara- 
tus for by-passing smokey air, operated by a 
photo-electric cell being incorporated. Full air con- 
ditioning was in use on certain Italian high-speed 
three-coach trains, a temperature of about 68 deg. F., 
with a relative humidity of 50 per cent., being main- 
tained. On locomotive-hauled stock, the simplest 
method at present was to provide steam for the 
existing coaches from boilers on the electric loco- 
motive or from a special heater coach. As electrifi- 
cation developed, however, direct heating should 
become the rule. 

ELectric BRAKING SYSTEMS. 

The last paper at this meeting was by Mr. F. Why- 
man, on “ Railway Electric Braking Systems.” The 
electric braking systems on electrified railways, on 
which the braking effort produced by the traction 
motors acting as generators, were dealt with, descrip- 
tions being given of the principal regenerative and 
rheostatic methods with their main characteristics. 
In this connection, it was pointed out that conditions 
on locomotive-hauled trains and multiple-unit 
suburban coaches differed considerably, although the 
ruling factors in choosing a system were in both 
cases economic. The principal advantages to be 
expected from electric braking on main lines were 
that with it substantially higher operating speeds 
were permissible down long gradients, as the brake 
shoes remained cold andthe cost of their mainten- 
ance was reduced. The incidence of “ flatted” 
wheels and tyre treads was also reduced and the 
power consumption was less. On suburban passen- 
ger train systems the object should be to provide a 
service having the required speed and comfort 
at the lowest cost per passenger mile, and it was 
only when electric braking allowed this to be done 
that its use was justified. As on the main lines, its 
employment reduced power consumption and 
maintenance, but it required additional electrical 
equipment with its incidental costs. In fact, where 
normal service conditions prevailed it was impossible 
to make out a case for regenerative or rheostatic 
braking on direct-current systems. 

Traction Motors AND GEARING. 
The subject for discussion at the closing meeting 


of the conference, on Thursday evening, March 23, 
at which the chair was occupied by Mr. C. M. Cock, 





was the “Design and Maintenance of Stock.” 
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The first paper was on ‘‘ Mcdern Traction Motors 
and Gearing,” and was presented by Messrs. G. H. 
Fletcher and E. A. Binney, who stated that during 
the past 30 years improvements in axle-suspended 
motors hed been mainly in details. The earlier 
totally-enclosed motors were being replaced by the 
so-called “ coach-ventilated ” and the limited-ven- 
tilation types, with more or Jess protection against 
the ingress of brake-shoe dust and snow. This 
change hed enabled the weight of the motor to be 
reduced by about half. Roller bearings were now in 
universal use on armatures, the most common type 
being those with a flanged outer race. The main 
development had been in the provision of adequate 
means of preventing bearing grease from getting into 
the motor and gear grease getting into the pinion end 
bearing. The latest split-sleeve type suspension 
bearings hed axle-cap oil wells which greatly ex- 
tended the period between the lubrication of the 
bearing. The adoption of fabricated construction 
for this type of cap hed reduced the weight by about 
40 per cent., compared with the cast-steel cap. In 
some cases, bearinge had operated over 300,000 
miles between re-linings. There was a trend to- 
wards the use of roller bearings in place of sleeve- 
type bearings, but there were certain limitations to 
their employment, owing to their relatively large 
external diameter. 

As regards insulation, the present trend was, as 
far as possible, to discard all material which was 
likely to be carbonised or otherwise affected by 
heat. This had resulted in the extensive use of 
glass, although its high cost, in some cases, was a 
bar to its exclusive employment. In the early days 
of electric traction it was the practice to use a 
relatively small number of armature slots in order to 
increase the space factor ard keep down labour 
costs. It hed recently been found, however, that a 
larger number of slots increased the dissipation of 
heat, while the smaller tooth pitch enabled a shorter 
core to be used for the same output. With the 
tendency towards higher speeds and greater outputs 
there hrd been a gradual intreduction of the lap- 
wound armature to supplement the wave-wound 
type. This hed considerably increased the range of 
application of a given size of motor within the recog- 
nised limits of commutation. 

With the tendency to high-speed traction motors 
there had been a general tightening up in the quality 
of the gearing, both in regard to material and 
machining. At the present time, these gears 
included those of the case-hardened type, the higher 
cost of which was justificd by the facts that the 
rate of tooth wear was only a fraction of that 
preduced on any other type of solid gear ; that the 
freedom from pitch errors was greater ; that torque 
fluctuations and vitration were less; and that the 
gears ran more quietly and with higher efficiency. 
Water-quenched gears and pre-hardened gears 
had also been employed successfully. Resilient 
gear wheels had been used for many years, especially 
on alternating-current motors, where immediate 
movement of the armature on the application of the 
current was essential. They were, however, more 
expensive than solid gears and required more 
maintenance. For this reason their use with 
direct-current motors had been the exception 
rather than the rule. 


RunnNiInG ATTENTION TO ROLuLINnG STOCK. 


A paper on “Running Attention to Electric 
Rolling Stock,” by Mr. D. McKenna, followed. In 
this the author described the methcds adopted 
on the London Transport system where some 3,800 
cars, including 2,200 motor cars, were in use. The 
total annual car mileage was 229 million and the 
average car stopped and started once every 0-8 
mile. Of the total route mileage of 248 operated 
by London Transport, 90 miles, or 36 per cent. 
was in tunnel. For purposes of rolling-stock main- 
tenance, the normal arrangement was for each 
“line ” into which the system was divided to have 
a parent depot, consisting of a lifting shop, an 
inspection shed with fitted roads, stabling sidings, 
and possibly a separate cleaning shed. There 
were also one or more subsidiary depots with fitted 
inspection roads and stabling sidings, as well as, in 
some cases, a lifting shop. 

The foundation of running attention lay in the 








main shed inspection. Whereas it was possible 
to leave most items of equipment without attention 
between these inspections, particularly on the elec- 
trical side, it was necessary to inspect certain items, 
such as brake blocks, more frequently. There were 
other items, which could be safely left for longer 
intervals, although in most cases it was economical 
and convenient to deal with them in the course of 
the norma] shed inspections. In applying this 
general pattern of running attention to a particular 
system, perhaps the most important consideration 
was the interval between the main shed inspections, 
The longer the interval the better, but it must not 
be so long that reliability suffered. On the London 
Transport system the interval was now four weeks, 
experience having shown that it could be increased 
from three weeks without loss of reliability. On 
the Southern Region electric system, it was one 
month ard on the Lordn Mdland Region it 
varied from 36 to 50 days, the latter pericd also 
being in use on the Liverpool Street-Shenfield 
system. On Tyneside, the interval was three weeks. 
These variations were due to the different conditions 
present, such as absence of air-workcd doors and 
pneumatic brakes, the frequency of stops and of the 
operation of the control equipment. Efforts were 
continually being made to increase the interval 
and advances in design might have a considerable 
effect, although not always in the direction of making 
running attention easier and cheaper. Much 
could, however, be done by careful design to ease 
or speed up the processes of maintenance. In fact, 
there could be no doubt of the value of close co- 
operation between those responsible for running 
attention and design. 


MAINTENANCE OF ELEcTRIC ROLLING STOCK. 


The third paper to be read at the evening meeting 
on Thursday, March 23, was by Mr. H. H. C. 
Barton on “The Maintenance of Electric Rolling 
Stock.” He recommerded that the responsibility 
for maintenance shou'd not be div:d«d between, the 
mechanical and electrical] departments, as this kd 
to a waste of time and intrcduced other d fficulties. 
Experience hed shown that routine maintenance 
work on electric locomotives ard multiple-unit 
stock could be divided into pericdic overhaul, 
pericdic inspection, pericdic examination and lubri- 
cation, and locomotive or coach cleaning. As far 
as practicable, overhaul programmes should be 
drawn up in advance to facilitate workshop plan- 
ning. Some of the greatest savings in maintenance 
costs could, however, be made in development 
offices by the use of alloy steels, roller bearings, 
better insulating materials and other improvements. 
As regards the electrical equipment, control voltages 
should be as low as possible, consistent with gocd 
regulation under load, and the temperature margins 
on the motors should, as far as possible, allow for 
the increases in loading which resulted from traffic 
growth. As all the equipment was subjected to high 
acceleration and high rates of braking, operated 
under stress of vibration ard temperature change, 
ard was largely surroundkd by an atmosphere 
polluted by brake dust, more attention was neces- 
sary to bearing surfaces than was the case under 
cleaner or static conditions; or even on road 
vehicles where vibration was largely eliminated by 
rubber tyres. The author described in detail the 
essential work at overhaul depots and running 
depots, listed the fundamentals of workshop provi- 
sion and layout, and gave details of the equipment 
necessary in the various shops. Notes on cost, 
lubrication, and essential forms and records, were 
included, and the paper concluded with some 
remarks on management, staff training and safety 
precautions. 


MAINTENANCE OF DrgEsEL-ELECTRIC LOCOMOTIVES. 


“The Maintenance of Diesel-Electric Locomo- 
tives’ was dealt with in a paper by Mr. F. A. 
Harper, who approached the question from the 
point of view of trying to determine the basic 
principles which should govern methcds and stan- 
dards. If sufficient care had been given to design, 
only those parts which were subjected to fairly 
heavy stresses should require examination. Most 
of the main wearing parts could be changed or 
reconditioned at the running sheds, and it should 





be possible to maintain the locomotive efficiency 
without major works overhauls, except at long 
intervals. The need to bring the locomotive into 
the works should be determined by the necessity to 
give -attention to those parts which could not be 
dealt with at the sheds, such as crankshaft grinding, 
which should only occur at ten-yearly intervals. 
Maintenance could not be considered as an isolated 
problem, for it was closely associated with design 
and operating conditions. There should, therefore, 
be an organisation whereby al) these aspects were 
co-ordinated, in order that development might 
proceed along the right lines. 

Experience with main-line locomotives extended 
only from the beginning of 1948, but it was generally 
recognised that, as in the case of shunting engines, 
the running sheds were able to maintain the equip- 
ment for long pericds without extensive workshop 
overhauls. In the United States, it had been found 
economical to install special equipment in the 
running sheds, with the result that an availability 
of over 97 per cent. was claimed and mileages of 
over 1,000,000 were run without workshop atten- 
tion. To secure this performance, the authorities 
were prepared to face heavy expenditure in pro- 
viding the necessary facilities. It was also the 
practice for a fitter to travel on the locomotive 
and carry out quite extensive repairs on one loco- 
motive, while the remainder were still in use. 


Dreset-E.Lecrric Motor Trarns. 

In a paper on “Operating Experience with 
Diesel-Electric Motor-Coach Trains,” which con- 
cluded the Convention, Mr. L. C. Wocdhouse 
dealt with the 450-h.p., 150-h.p. and 140-h.p. 
Diesel-electric railcars, which hed been in use on 
the. Buenos Aires Western Railway since 1934. 
Criticism was levelled at the original design of the 
450-h.p. car, on the grounds that the power/weight 
ratio was high—about 6 h.p. per ton. After a time, 
however, the reliability of the unit convinced many 
péople of the wisdom of having ample engine power 
available, insteed of subsequently spending large 
sums on maintenance and replacement. It was 
decided that the necessary maintenance should be 
carried out in the existing workshops, the intervals 
between pericdical inspections, which necessitated 
withdrawing the cars from service, being determined 
by the condition of the engine. For the 450-h.p. 
unit, a distance of 37,000 miles or about 1,000 engine- 
hours, was considered adequate at first, but was 
increased later. After 125,000 miles had been run, 
a more genera] overhaul was undertaken and the 
engine-generator set was removed from the unit. 
The electrical equipment required very little atten- 
tion beyond cleaning. The gears and pinions also 
showed no sign of wear after many years of service. 
The most serious troubles were due to axlebox 
failures. Dust, and fairly high speeds, also caused 
the breakdown of bearings of the paddle-lubricated 
type. Dust exclusion was, in fact, a question of 
great importance in Argentina. 

Similar results had been obtained with 360-h.p. 
articulated four-coach trains and 200-h.p. rail- 
cars in Ceylon, and with 450-h.p. articulated train 
sets on the Santos-Jundiahy Railway in Brazil. 
In fact, within the author’s experience, wherever 
Diesel-electric railcars or train sets had been used 
they had given a good account of themselves and 
it was to be hoped the future would see many further 
examples of this equipment in successful operation 
throughout the world. 





THE INSTITUTION OF SANITARY ENGINEERS.—The 
next examination for associate-mem bership of the Insti- 
tution of Sanitary Engineers will be held in London and 
elsewhere on May 18, 19 and 20. The closing date for 
entry is April 17. Further particulars are obtainable 
from the secretary, 118, Victoria-street, London, S.W.1. 





GENERATING PLANT EXTENSIONS.—The British Elec- 
tricity Authority have received the consent of the 
Minister of Fuel and Power to build a new generating 
station at Crimpsall, near Doncaster, the first section 
of which will contain two 30-MW sets and four 180,000-Ib. 
boilers. The ultimate capacity will be 120 MW. Consent 
has also been obtained to extend Portobello station, 
Edinburgh, by the addition of one 60-MW set and one 
540,000-lb, boiler, thus bringing the installed capacity 
up to 192-5 MW, 
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HEAVY TRACTORS AND 
TRAILERS FOR THE IRAQ 
PETROLEUM COMPANY. 
(Continued from page 343.) 

In last week’s article on the Mighty Antar 
tractor, which has been designed and manufactured 
by Messrs. Transport Equipment (Thornycroft), 
Limited, Thornycroft House, Smith-square, London, 
S.W.1, it was pointed out that it is fitted with a 
Rover Meteorite eight-cylinder Diesel engine. 
Although, in general, the engine is in the standard 
form, some modifications have been incorporated. 
The exhaust manifolds, for example, are of Messrs. 
Thornycroft’s own design and manufacture, while 
other modifications include the installation of a 
lighter flywheel and the transfer of the starter 
motor to the forward housing of the gearbox, which 
is mounted separately in the chassis frame. A 
notable feature of the engine installation is the 
method by which it is fitted into the chassis. The 
engine bearers are bolted firmly to a separate 
sub-frame, which, in turn, is supported at the front 
and rear by the chassis cross-members through 
flexible mountings. Each mounting assembly com- 
prises a bracket integral with the sub-frame, and 
two bolts complete with rubber washers, inserts, 
etc., which are arranged one at each side of, and 
close to, the centre line of the engine; one of the 
mounting assemblies, together with the forward 
end of the sub-frame, can be seen in Fig. 7, on this 
page. The two assemblies are located so that the 
vertical plane joining them passes through the centre 
of gravity of the engine in accordance with modern 
practice. Engine torque is counteracted by two 
arms bolted one to each side of the sub-frame, the 
free ends of which are flexibly connected to brackets 
fitted inside the chassis frame. 

As previously mentioned, the tractors will be 
expected to operate in temperatures up to 120 deg. 
in the shade. Considerable care has been taken, 
therefore, over the design of the cooling system, 
which has a total capacity of 26 gallons, and employs 
two interchangeable tubular-type radiators ; these 
are arranged side by side at the forward end of the 
vehicle, as shown in Fig. 6, on this page. Each 
radiator is provided with its own fan, belt-driven 
from the forward end of the crankshaft, the drive, 
in each case, incorporating a manually-adjusted 
tensioning pulley. Each fan runs in, and is sup- 
ported by, a cast aluminium shroud, which, in turn, 
is bolted to the forward end of the engine sub-frame. 
It will be appreciated that, with this arrangement, 
the fan and its shroud form an integral assembly 
and make it possible to operate the fan with an 
exceptionally small tip clearance with consequent 
gain in efficiency. A photograph of the two fans 
and their associated shrouds is reproduced in Fig. 7, 
on this page, where they are shown installed on, the 
sub-frame. The radiators, which are flexibly 
mounted on the forward end of the chassis, are also 
provided with shrouds, and to allow for relative 
movement between the engine sub-frame and the 


chassis, the radiator and fan shrouds are joined 


together by a flexible duct. A condensation tank 
having a capacity of 4 gallons is installed below 
the two radiators and is connected by pipes to the 
two header tanks in such a way that any condensate 
is automatically returned to the radiators as the 
engine cools down. The off-side radiator incorporates 
the lubricating-oil cooling elements; these are 
arranged in front of the main-tube assembly and 
are shown on the left in Fig. 6. It should, perhaps, 
be pointed out that the two radiators do not cool 
banks of cylinders separately, but are designed to 
work together. 

Unlike other vehicles of this class, the clutch and 
flywheel assembly is not fitted to the rear of the 
engine, but is incorporated in the front end of the 
gearbox; this unit, as previously indicated, is 
installed separately in the chassis. Although 
unusual, this design has certain definite advantages 
as it relieves the engine of the weight of the clutch 
and flywheel assembly, simplifies the clutch cooling 
arrangements and gives easy access to the clutch 
and its operating mechanism. The flywheel is 
overhung from a forward-extending shaft installed 
in an extension of the clutch bell housing and fitted 
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with ball and roller bearings. The flywheel shaft 
is fitted at its forward end with a cast-aluminium 
axial-flow fan arranged to deliver air into two 
ducts, which distribute it over the exterior of the 
gearbox. This arrangement assists materially in 
cooling the gearbox and it is understood that, 
during protracted tests, the rise in temperature was 
negligible. The flywheel shaft also drives the 
dynamo; this is mounted above the clutch bell- 
housing extension and is driven by V-belts from a 
grooved pulley bolted to the face of the fan impeller. 
The fan and its delivery ducts, together with the 
dynamo and V-belt drive, can be seen in the photo- 
graph reproduced in Fig. 14, opposite, which 
shows the clutch and gearbox assembly removed 
from the chassis. 

As previously indicated, the clutch is embodied 
in the flywheel; it is of the twin dry-plate type 
and has a diameter of 18 in., the withdrawal 
mechanism being assisted by a pneumatic piston 











AND SHROUD ASSEMBLY. 


and cylinder unit which operates on the main 
lever. The rim of the flywheel incorporates the 
starter ring in the usual manner and, in view of 
the heavy starting loads, two starter motors are 
provided. These are of the 24-volt axial type and 
are installed on the underside of the extension of 
the clutch bell housing (Fig. 14). The engine is not 
fitted with a starting handle, and in order to 
permit the engine to be rotated by hand when making 
adjustments, a separate manually-operated pinion 
is provided. This is fitted inside the clutch housing 
and, when used, slides back to engage with the 
starter ring. The pinion shaft is extended through 
the clutch housing and is provided with a hexagon 
end for use with a spanner; when not in use, 
it is held out of engagement by a coiled spring 
fitted between the hexagonal end of the shaft and 
the outside of the clutch housing. 

The gearbox is designed to give four forward 
speeds and a reverse speed, the ratios of the various 
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HEAVY TRACTORS FOR THE IRAQ PETROLEUM COMPANY. | 
MESSRS. TRANSPORT EQUIPMENT (THORNYCROFT), LIMITED, LONDON. 
(For Description, see Page 392.) 
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gears being 6-0: 1 in first speed, 3-14: 1 in second, 
1-68: 1 in third, and 1:1 in top speed. It works 
in conjunction with an auxiliary gearbox which is 
bolted to the rear of the main gearbox casing and 
provides direct drive, an overdrive of 0-735 to 1 
and an underdrive of 1-728 to 1. A drawing 
showing a longitudinal section through both the 
main and auxiliary boxes is reproduced in Fig. 8, 
on Plate XII. Both gearboxes are of the constant- 
mesh type, the various ratios being engaged by 
sliding dogs in the usual manner. The main, shaft 
of the main gearboxis fitted with a ball bearing at the 
input end and a combined ball-and-roller bearing 
at the rear, the latter bearing also serving to support 
the front end of the main shaft for the auxiliary 
gearbox. The main gearbox layshaft is provided 
with a ball bearing at the front and a roller bearing 
at the rear, and both the main shaft and layshaft are 
supported by centre, or steady, bearings which are 
fitted into a diaphragm member arranged across 
the gearbox casing. The gearwheels fitted to the 
main shaft of the main gearbox rotate on double-row 
roiler bearings in which the rows are set wide apart 





and the shaft acts as the inner race, the same type 
of bearing being installed in the over- and under- 
drive gearwheels of the auxiliary gearbox. The 
front of the auxiliary layshaft is supported by a 
roller bearing and the rear. of this shaft, and the 
main shaft, by combined ball and roller bearings. 
The drive from the gearbox is transmitted to the 
rear bogie by a two-piece tubular-type propeller 
shaft provided with a centre bearing. The two 
rear axles work in tandem and are connected together 
by a short propeller shaft fitted with universal 
joints; the design has been arranged, however, 
so that a third differential can be installed. They 
were manufactured by the Kirkstall Forge Limited, 
Leeds, under their patent, to the specification of 
Messrs. Thornycroit, and, in general, the two 
units are the same, the only major difference being 
the provision of a straight-through drive on the 
leading axle. Double-reduction gearing comprising 
a worm gear and an epicyclic train is employed in 
both axles, the epicyclic gearing being designed 
so that it acts as a differential. The arrangement 
of the worm and epicyclic gearing can be seen in 


the.drawing reproduced in Fig. 9, on Plate XIII, 
which shows a vertical section through one of the 
final-drive assemblies. The action of the d‘fferential 
can best be. understood by assuming that the 
right-hand half-shaft lettered a in Fig. 9, is held 
stationary. This locks the ring gear b, the planet 
pinions c and the sun wheels d and e, which are 
fitted to the common shaft f. The planet wheels g 
for the left-hand half-shaft, in consequence, 
react against the stationary sun wheel e, and auto- 
matically increase the speed of the. planet carrier 
and, therefore, the left-hand half-shaft. 

The two rear axles are connected to the chassis 
through a system of swinging arms, which, in 
addition to locating the axle both longitudinally 
and laterally, take the full torque reaction. The 
springs are of the centre-pivoted semi-elliptical 
laminated type, and as no torque reaction is trans- 
mitted through them, the ends are not connected 
directly to the axles but rest on pads formed on 
top of the axle casings. This arrangement can be 
seen in the drawing reproduced in Fig. 10, on Plate 
XIII, which shows a side elevation of the rear bogie 
assembly. The springs are of the two-rate type, 
the top leaves being set at a greater radius of 
curvature than the lower leaves, so that they do 
not come into action until the spring has been 
deflected a predetermined amount; in Fig. 10, 
however, the spring is shown under full load and 
the two different curvatures, therefore, cannot be 
seen. Each axle is located longitudinally by three 
radius rods, two of which are connected to the 
underside of the axle casing and the other to the 
top of the casing. Each rod is secured to the chassis 
cross-member and the axle through ball and socket 
joints, which are sealed by bellows arranged to 
permit relative movement between the ball and 
socket, but positively clamped to both components. 
Lateral location is provided by smaller radius arms, 
one for each axle; which extend from the side- 
members to the centre of the axle casings. These, 
of course, are also fitted with ball and socket joints 
at each end, which are sealed in the same way as 
those for the longitudinal rods. 

The front axle is a rectangular section steel 
forging connected to the chassis through semi- 
elliptical springs in the usual manner. This 
section was adopted as it was discovered during 
cross-country tests that, when the front wheels 
entered a pot hole at any appreciable speed, there 
was a tendency for the axle beam to be bent in the 
horizontal plane, the usual H-section forging not 
having a sufficient section modulus in this direction. 
Obviously, with a vehicle of this size, ordinary 
manually-operated steering, particularly on heavy 
cross-country work, is out of the question ; Messrs. 
Thornycroft, therefore, developed a power-assisted 
steering system which has the advantage of not 
requiring a special steering column. Actually, the 
system comprises two separate linkages, one of 
which is connected directly to a steering arm 
integral with the near-side stub axle and the other, 
which is operated by hydraulic cylinder and piston 
assemblies, to a steering arm fitted to the off-side 
stub axle. The operation of the steering system 
can, best be understood by reference to the drawings 
reproduced in Figs. 11, 12 and 13, on Plate XIII, 
Fig. 13 showing the manual system and the controls 
for the hydraulic system, and Figs. 11 and 12 the 
power-operated system. It will be seen from 
Fig. 13 that a drop arm a fitted to the steering box 
is connected through the short pull-and-push rod 
b to a further drop arm c. The latter drop arm, 
however, is divided into two parts, a short section d, 
which swings about the pin e fitted directly to the 
chassis frame, and a longer section f free to swing 
about the fulcrum g. A bush fitted to the top of 
this longer arm, however, embraces the pin e, there 
being a slight clearance between the bush and pin, 
which permits a limited degree of relative movement 
between the two sections of the drop arm. When 
the steering wheel is turned, therefore, the top of 
the drop arm f first takes up the clearance between 
it and the pin, and, in doing so, operates the hydrau- 
lic directional valve h, which, as will be seen from 
Fig. 13, is connected to the top of the drop arm f 
by the short rod j. This causes oil under pressure 
to be directed into either of the two power cylinders 





illustrated in Fig. 12, which, as previously indicated, 
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are connected to the off-side drop arm k. The oil 
for operating the power system is supplied by an 
engine-driven pump, suitable filters being  incor- 
porated to protect the parts from damage. It will 
be appreciated that, in the unlikely event of a 
failure in the hydraulic system, the vehicle can be 
steered by the linkage which connects the steering 
column to the near-side steering arm. 

The chassis is of exceptionally strong construc- 
tion, the side members being made from 3} in. 
wide by 11} in. deep channel sections, each reinforced 
by a further } in. thick channel, which is a snug fit 
inside, and is welded to the main channel, additional 
reinforcement being provided at the rear bogie. 
Substantial gusset plates have been built into 
the frame where the cross-members and side- 
members are joined together, and at several points 
on the chassis the cross-members have been rein- 
forced further by additional members arranged to 
form a triangulated structure. This form of con- 
struction can be seen in the photograph reproduced 
in Fig. 15, on page 393, which shows the rear part 
of the chassis and the bogie assembly. As previously 
mentioned, semi-elliptical springs are fitted at the 
front and rear; the front springs have a width of 
4 in. and a length of 4 ft., and the rear springs a 
width of 5 in. and a length of 5 ft. 2 in. 

The brakes operate on all six wheels and are 
applied by compressed air which is stored in 
three cylindrical reservoirs fitted to the chassis 
frame ; two of the reservoirs can be seen in the 
foreground in Fig. 15. They are charged by a 
twin-cylinder air compressor, which is fitted to the 
near-side of the main gearbox and driven from the 
gearbox layshaft, the compressor having a rating 
of 15 cub. ft. per minute. Provision is made in the 
compressed-air system for inflating the tyres, a 
hose for this purpose being provided with the tool 
kit. The hand-brake operates mechanically on the 
rear wheels only, the motion being transferred to the 
brake drums by a system of tension rods and bell- 
crank levers. Hand-brake application also operates 
the brakes on all wheels through the air pressure 
system, a reaction valve being incorporated in the 
linkage. It should be emphasised, however, that 
there is a direct mechanical connection between 
the hand-brake Jever and the rear shoes. Standard- 
tread 20-ply 14-00-in. 24-in. tyres are fitted to all 
wheels, twin wheels being installed on the rear axles. 
These, we understand, are the largest tyres to have 
been made in this country, and to avoid wheels 
with excessive offsets, a double flanged hub is used. 

(To be continued.) 





TECHNICAL MANPOWER IN INDIA. 


Some idea of the size and difficulty of the task of 
providing technical manpower for the industrialisation 
of India was conveyed in a radio talk given recently by 
Mr. C. E. Preston, M.B.E., M.Eng., M.I.Mech.E., from 
Hyderabad ; the text of the talk is given in the Journal 
of the Institution of Engineers (India) for December, 
1949. Economic necessity for greater self-sufficiency, 
he said, and the requirements of defence, had long 
demanded a rapid expansion of industry in India, and 
with the adoption of modern methods in agriculture, 
industrial expansion would be necessary to absorb the 
excess of rural population. With a more liberal indus- 
trial policy, there was no shortage of capital. New 
steel plants now being erected would provide steel for 
factory construction and for manufacture. The seller’s 
market in capital goods was already waning, and in a 
year or two India would be able to obtain all the 
industrial equipment required. The bottleneck, how- 
ever, would be the shortage of technical manpower. 

A reliable authority had stated that the number 
employed in “ organised” industries had risen from 
1,750,000 to 2,250,000 since 1938. Even after allowing 
for various additions, the total was 3,000,000, which 
represented only one in every 100 of the population. 
As the expectation of life was low, existing industries 
had to recruit annually 20,000 technical executives 
and 100,000 skilled and semi-skilled craftsmen, even 
to maintain the present level. Two higher technological 
institutions, at Calcutta and Bombay, were being 
established, and others were proposed. Exist.ng tech- 
nical institutions were beng “ up-g-aded”’ and ex- 
panded, and it was recommended that even’ng classes 
should be extended. With regard to skilled and semi- 
skilled worker:, the preportion of apprentices in indus- 
try was not high enough, and the total number turned 
out annually, including those from Government Techni- 
cal Training Courses and other sources, was only half 
the number required to maintain existing employment. 


LABOUR NOTES. 


THE unofficial port workers’ committee for the 
Port of London decided at a private meeting in Poplar, 
on April 2, that its ban on the working of overtime at 
the London docks should be withdrawn immediately. 
The ban was imposed at a meeting on March 26, sum- 
moned by the same committee and attended by 300 
out of the 27,000 dockers and stevedores employed 
at the Port. It was then announced that the prohibi- 
tion of overtime would continue until April 14 at the 
earliest, mainly as a protest inst the decision of 
the Transport and General Workers’ Union to expel 
three of its members and to discipline five others for 
the part they played in the unofficial dock strike during 
June and July, last year. The ban has thus collapsed 
at least a fortnight earlier than originally intended. 





Insufficient response from the dockers was probably 
the primary cause of the early withdrawal of the ban, 
as at no time during the week that it was supposed 
to be in force were more than twelve ships delayed. 
Estimates of the actual number of men who obeyed the 
call to refuse overtime have varied. The ban was 
instituted during a slack period and, moreover, dockers, 
like employees in other industries, like to increase 
their ings during the weeks immediately preceding 
a holiday. The committee, which has received no 
kind of union recognition, explained its change o' 
view by stating that the ban had “ served its purpose,” 
and that the cancellation had been decided upon “ in 
view of the holiday period intervening and in order 
not to retard the turn round of ships in the interests 
of the general public.” The appeal of the three 
dockers against their expulsion by the rt and 
General Workers’ Union will come before the Union’s 
appeals committee on April 14 and the port workers’ 
committee has announced its intention to sponsor 
throughout the Port a petition against the expulsion. 








Although the difficulties regarding overtime have 
been solved, at any rate for the present, the possibility 
remains that serious man-power problems may arise 
at the docks when the decision of the appeals committee 
of the Union becomes known, soon after April 14. 
The present rather slack period at the docks is expected 
to end about that time and employers’ demands for 
overtime will increase in consequence. Another 
potential source of trouble is the opposition, in some 
quarters, to the efforts of one of the larger firms to 
introduce permanent employment for a proportion 
of their dock employees. The unofficial port com- 
mittee alleges that a new agreement is being forced on 
some men and that, in return for concessions, steve- 
dores at the London docks will be required to work 
anywhere in the Port area. A small meeting of dockers 
and stevedores decided on March 28 to demand the 
early implementation of the dockers’ charter, which 
provides, among other concessions, for the increase of 
their daily minimum wage from 19s. to 25s., and for 
extra holidays with pay. 





Handicaps imposed upon new shipping by economic 
conditions were referred to by Admiral of the Fleet 
Lord Cunningham at the annual dinner of the Institu- 
tion of Naval Architects on March 29. He declared 
that, in spite of the international conflict for scientific 
pre-eminence, no one seriously challenged Great 
Britain’s claim to lead the world in the art and science 
of shipbuilding. Partly due to the rising costs of labour 
and materials, and ge | to the improvements which 
were constantly taking place, new ships inevitably cost 
more to build. Often the improvements were in a ship’s 
engines and it was disappointing that such benefits 
to a vessel’s performance were so frequently cancelled 
out by labour conditions at many ports. These had 
the effect of slowing down the rate of loading and 
unloading, and so delayed the turn-round of the ships. 





Lord Cunningham declared that some types of ships 
could be constructed at a lower first cost, with a 
higher standard of safety and a greater earning capacity 
if designers were not handicapped by the effects of the 
laws relating to the tonnage measurement of machinery 
spaces. Owing to the operation of these laws, the 
industry was tending to miss an opportunity for further 
improvements in shipbuilding. Lord Cunningham 
considered that the Government should pay greater 
regard to the advice tendered by msible and 
experienced leaders in the shipbuilding and shipowning 
industries. 





The earnings of some 6,500,000 manual employees 
working in a large number of industries reached new 
high levels in October last, according to a survey con- 
ducted by the Ministry of Labour, the results of which 
are published in the Ministry of Labour Gazette for 
March. The survey, one of a regular series under- 





not include the coal-mining, agricultural, dock-labour, 
distributive, catering or entertainment industries, the 
banking, shipping or railway services, commerce, or 
domestic service, but did include all manufacturi 
industries and some non-manufacturing trades. It 
records that the weekly earnings for all employees, 
men, women and juveniles, ave 6l. 1s. 9d. for 
the last pay-week in October, 1949, against an average 
of only 2/. 138. 3d. in October, 1938. In other words, 
the average weekly earnings of about 6,500,000 manual 
— had increased by 129 per cent. during the 
period. 





The average weekly earnings for men was 71. 2s. 84. 
in October, 1949, compared with 61. 19s. 11d. in April, 
1949, 51. 14s. 1d.in January, 1946, and 31. 9s. in October, 
1938. For women, the average was 3/. 18s. 9d. in 
October, 1949, against 3/. 17s. 2d. in April, 1949, 
21. 19s, 10d. in January, 1946, and Il. 12s. 6d. in October, 
1938. The average for youths increased from ll. 6s. 1d, 
in Ovtober, 1938, to 2/. 188. 6d. in April, 1949, and to 
31. Os. 1d. six months later, when the survey was taken. 
The improvement in the average earnings of girls was 
even more spectacular. Their earnings increased from 
18s. 6d. a week in October, 1938, to Il. 148. 3d. in 
January, 1946, to 2/. 10s. 3d. in April, 1949, and to 
2l. lls. 8d. six months later. They represented an 
increase of 179 per cent. between October, 1938, and 
October, 1949. During the same period the percentage 
increase for men was 107, for women 142, and for 
youths 130. It may be noted that the average weekly 
earnings for all four classes of employees, which stood 
at a level of 5/. 14s. in April, 1948, shortly after the 
announcement of the Government’s policy of wage 
restraint, had risen to 61. ls. 9d. in October, 1949. 
This represents a weekly average increase of 7s. 9d. 
during eighteen months of the operation of that policy, 





For the first time, ave earnings are compared 
with increases in the cost of living and rises in the level 
of production. The average weekly earnings for all 
employees, expressed as an index number on the basis 
of 100 at April, 1947, increased to 105 at October, 1947, 
113 at October, 1948, and 118 at October, 1949. The 
interim index of production compiled by the Central 
Statistical Office, calculated on the basis of 100 at 
April, 1947, increased to 114 at October, 1947, 120 at 
October, 1948, and 128 at October, 1949. Similarly, 
the interim-index-of-retail-prices figures, based on 100 
at June, 1947, advanced to 101 in October, 1947, 108 
at October, 1948, and 112 at October, 1949. It is 
pointed out in the report that the gap between the 
earnings index, as above, and that for production was 
largely accounted for by the fact that the index of 
production figures for April, 1947, was affected by the 
fuel crisis of that year, and the seasonal decline in 
output at Easter, 1947. 





The Minister of Labour intervened last Friday on 
the question of the proposed ballot of the 2,750,000 
engineers affiliated to the Confederation of Shipbuilding 
and Engineering Unions, as to whether their claim for 
an all-round wage increase of 20s. a week should be 
supported by strike action or submitted to arbitration. 
A letter sent by Sir Robert Gould, chief industrial 
commissioner to the Ministry, to Mr. Gavin Martin, 
general secretary of the Confederation, is understood 
to have pointed out that a vote in favour of strike 
action would be a contravention of the Conditions of 
Employment and National Arbitration Orders. The 
alternative proposed by the ballot, submission to 
arbitration, was held to usurp the prerogative of the 
Minister to decide upon arbitration or other means of 
settlement. There were signs that the challenge to the 
legality of the ballot, the form of which had been 
approved by the national council of the Confederation 
on March 9, was not entirely acceptable to the Con- 
federation and, at the time of going to press, no indica- 
tion had been given that that body had agreed to 
refrain from dispatching the ballot forms. 





Sir Robert met the executive committee of the 
Confederation in London on April 3, when the position 
of the wage claims generally, including the desire of 
some engineering unions for a revision of the industry’s 
complicated wage structure, are understood to have 
been discussed. An official statement issued subse- 
quently declared that the meeting had been adjourned. 
It was announced on Tuesday night that representatives 
of the Engineering and Allied Employers’ National 
Federation would meet Ministry officials yesterday 
morning to review the whole position, and that the 
adjourned meeting between Sir Robert and the com- 
mittee of the Confederation would be resumed yesterday 
afternoon. It was expected in some quarters that the 
Ministry’s discussions with the officials of the employers’ 
Federation and the Confederation would lead to a 





taken by the Ministry at six-monthly intervals, did 


resumption of direct talks between the two bodies 
on the claims. 
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DUNLOP FLEXIBLE Piprs.—A new type of end coupling 
is being used in the high-pressure flexible pipes designed 
by the Dunlop Rubber Company, Limited, Aviation 
Division, Foleshill, Coventry. The Dunlop high-pressure 
flexible pipe is reinforced by one or more layers of high- 
tensile steel wire, closely woven together. The tensile 
load is transmitted from the flexible pipe to the coupling 
by exposing the wire braid at the ends of the pipe and 
clamping it between the two parts of the swivelling end 
fitting during swaging. The pressure seal is obtained by 
means of a knife-edged insert on the inner part of the 
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end fitting, which is inserted in a circumferential slit in 
the inner lining of the hose ; when pressure rises in the 
pipe, the rubber lip is pressed on to the surface of the 
insert, forming a leak-proof seal. A thin inner sleeve 
retains the rubber lip in position. The new coupling has 
proved to be effective under vibratory conditions. 
Particulars of Dunlop flexible pipes, including high- 
pressure piping designed for taking pressures up to 
6,000 lb. per square inch, and flame-proof hose with 
asbestos protection, are given in an illustrated brochure 
recently published by the company. 
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ELECTRICAL HEAD FOR THE N.P.L. 
LEVEL COMPARATOR.* 


By D. V. Buiaxe, B.Sc., and D. C. Barnzs, 
A.M.I.Mech.E. 


Tue level comparator which was designed in the 
Metrology Division of the National Physical Laboratory 
in 1919 has proved invaluable for the comparison of 
standard end bars and the larger sizes of slip or block 
gauges; both at the Laboratory and elsewhere, it 
has remained the standard instrument for this class of 
work. Recently, consideration was given to the 
possibility of extending the range of the instrument, 
and, at the same time, increasing its sensitivity, by 
replacing the sensitive bubble tube of the level com- 
parator by an electromagnetic head which can be used 
with the standard Taylor-Hobson “ Electro-limit ” 
power unit and indicator. 

The working principle of the level comparator may 
be visualised by reference to Figs. 1 and 2, herewith. 
The two end gauges to be compared are mounted verti- 
cally on the hardened and lapped steel plate a, to 
which they are wrung. The upper and lower flat 
faces of this plate are truly parallel, the lower face 
resting on another horizontal flat surface. When the 
plate is rotated, therefore, its upper surface turns 
within its own plane. The gauges are arranged in 
front of the column b, with their axes about 1 in. apart. 
The level c, which is mounted in the frame d and rests 
on a carriage e, is lowered, so that the level rests on 
the upper ends of the two gauges, contact being made 





* Communication from the National Physical Labora- 
tory. Abridged. 
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through two hardened and polished steel balls fitted 
into the under-face of d. The bubble takes up a 
position dependent on the difference in length of the 
gauges. The carriage e is then raised, the plate is 
rotated through 180 deg. about a vertical axis, and the 
carriage is lowered so that it again rests on the gauges. 
The displacement of the bubble caused by the rotation 
of the plate from its first to its second position is a 
measure of twice the difference in length of the two 
gauges. Using this doubling effect, the magnification 
of the level comparator is 20,000: 1. The bubble scale 
may be calibrated by means of standard slip gauges, 
the lengths of which have been determined by an 
independent method, e.g., by interferometry, and the 
comparator then serves to determine the lengths of 
unknown gauges by comparing them directly with 
standards of the same nominal length. 

A photograph of the electromagnetic head with the 
front cover removed is reproduced in Fig. 3, and 
Figs. 4 and 5 show the construction diagrammatically. 
A soft-iron armature a forms part of two electromag- 
netic circuits, each comprising a coil b, mounted on the 
centre limb of a stack of annealed E-section Mumetal 
stampings. Each coil consists of 800 turns of 36-s.w.g. 
enamelled wire, wound on a Tufnol former. Lateral- 
displacement of the armature decreases the reluctance 
of one of the magnetic circuits and so increases its 
electrical impedance ; at the same time, the reluctance 
of the other circuit is increased and its impedance is 
decreased. The coils are supplied with a constant 
alternating current and the resulting difference of 
voltage developed across them, after rectification, 
operates the indicator, which is a moving-coil meter. 
To obtain the desired sensitivity, it is necessary to 
make the working air-gap between the armature and 
either set of stampings very small—approximately 
0-002 in. (0-005 cm.). 

As shown in Figs. 4 and 5, the armature a is supported 
by the lever arm of a saddle c, carrying the two steel 
balls which make contact with the gauges as in the level 
shown in Fig. 1. The saddle tilts about a strip-hinge 
assembly fixed to frame d. This frame is capable 
of vertical movement relative to the base by virtue 
of two horizontal spring-steel strips f, so that the balls 
may be lifted clear of the end gauges. The coil 
assemblies b are mounted on a platform g, supported by 
two vertical spring-steel strips which permit lateral 
adjustment of the coil assemblies relative to the arma- 
ture for setting the zero of the instrument. This 
adjustment is controlled by a cantilever h, making 
contact with an anvil fitted to the platform. The 
upper end of the cantilever is deflected by a fine screw. 

Before assembly, the faces of each block of “E” 
stampings are ground and lapped, and their opposed 
faces set parallel and at the required diane cinta 
by the temporary insertion of a suitable slip gauge. 
Screws j form a guide for the coil assembly and permit 
the faces of the coil units to be set parallel with the 
armature faces. Screw k provides a rough lateral 
adjustment of the coils on the platform. 

Since any relative movement between the armature 
and the main body of the measuring head causes a 
change in the meter reading, it is essential that the head 
should be rigidly mounted on the stand carrying the 
plate and that its position should not be altered during a 


of the saddle c is effected by remote control. 


a slip gauge of a nominal size of 0-1 in. (0-254 cm.) 
was placed under one ball contact and a series of 
eight slip gauges varying in nominal size from 0- 100000 
to 0-100250 in. (0-2540 to 0-2546 cm.), were placed, 
in turn, under the other ball contact, thus covering 
the full- range of the meter scale. Readings of the 
meter, which has a centre zero, are plotted against 
the known difference in size of each of the eight slip 
gauges from the fixed 0-1 in. (0-254 cm.) gauge, 
each point being the mean of 12 comparisons. The 
sensitivity increases with decrease of temperature as 
a result of changes in the nominal air gaps between the 
armature and the stampings, due to differential 
expansion of the Mumetal stampings, soft-iron armature 
and the phosphor-bronze coil clamps. The temperature 
sensitivity coefficient over the range from 17 to 20 deg. 
C. was found to be — }$ per cent. per deg. C. ; so that, 
if the comparator is used at a temperature differing 
by 1 deg. C. from the temperature of calibration, an 
error of about } millionth of an inch (1-5 x 10-* cm.) 
would be made when comparing two end bars differing 
in size by 100 millionths of an inch (2-5 x 10-‘ cm.). 
This is negligible for most purposes and could be further 
reduced if desired. 

The authors are indebted to Mr. F. H. Rolt for 
suggesting the design of the measuring head and to 
other members of the Metrology Division—in particular, 
to Dr. J. C. Evans and Mr. M. J. Puttock—for sugges- 
tions and criticisms, and to Mr. J. Wilson, who made 
the instrument. The work was carried out as part of 
the research programme of the National Physical 
Laboratory and is published by permission of the 
Director of the Laboratory. 





ANNUALS AND REFERENCE BOOKS. 

The Directory of Shipowners, Shipbuilders and Marine 
Engineers.—The 1950 edition of this useful reference 
book, which is published by the Tothill Press, Limited, 
33, Tothill-street, Westminster, S.W.1, at the price of 
30s. net, follows generally on the lines of previous 
editions, but has been extensively revised, especially 
in relation to the German, Italian and Japanese entries. 
The main sections are those listing shipowners and 
giving details of the vessels in their respective fleets, 
and shipbuilding and repairers and marine-engineering 
firms. Lists are also given of consulting naval archi- 
tects and marine engineers, and of societies and asso- 
ciations connected with the shipbuilding, owning and 
repairing industries. An “official appendix ”’—now 
more than twice the size of the corresponding section in 
1948, when it was introduced—gives the various 
Government departments, and the governing bodies 
associated with the nationalisation or direction of 
transport. There are separate indexes to the names 
of ships; companies, arranged in order of countries 
and towns; telegraphic addresses; officials, etc., 
named in connection with shipowning, shipbuilding 
and other firms and organisations ; and a general index 
to all entries. Separate sections are devoted to the 
various classification societies and departments, with 
lists of their respective surveyors and other officers. 
The Directory has been compiled, as in previous years, 
under the supervision of the editor of our contemporary, 


Tho’s Who of Consulting Engineers.—The Association 
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saddle, normally resting under its own weight on 
gauges, can be lifted clear by an eccentrically-mounted 
ball-race 1, driven by a clock-type motor mounted on the 
head and controlled by a button switch on the meter 
unit. The supply to the motor and the current to the 
coils b is through a flexible multi-core cable, which is the 
only external connection to the measuring head. 

The magnification of the electromagnetic head is 
20,000: 1, of which 3:1 is mechanical. When the 
instrument is used as a level comparator, and account 
is taken of the doubling effect produced by rotating the 
plate carrying the gauges, the magnification is 40,000 : 1 
and the range is 125 millionths of an inch (3 x 10—‘cn.). 
The increased range means that, with few exceptions, 
block and end gauges of the same nominal size can be 
compared directly without the use of compensating 
slip gauges. The range can be further increased, but 
at the expense of reduced sensitivity, by a switch on the 
Taylor-Hobson meter. This halves the electrical 
magnification, and, for the same scale length, the 
instrument, used as a level comparator, has a range 
of 250 millionths of an inch (6 x 10-* cm.). 

Tests on the prototype instrument have shown that 
the accuracy of repetition is, in general, within 
+ 0-5 millionths of an inch (1-3 x 10-* cm.); that 
the difference in length between two end gauges can 
be determined to an accuracy within + 1 millionth of 
an inch (2-5 x 10-* cm.)—it is necessary, of course, as 
with the level comparator, to ensure satisfactory 
temperature conditions; and that the instrument 
has a linear characteristic over its working range, as 
shown by the calibration curve, Fig. 6, on page 395. The 
calibration was carried out at the maximum sensitivity 
without rotation of the plate, i.e., no doubling effect ; 


of Consulting Engineers originated in 1908, was estab- 
lished in 1912, and incorporated in 1913 ; but hitherto, 
although they have published a number of professional 
rules, forms of agreement, etc., which have proved of 
great service as guides to practice, they have taken no 
steps to make available for public reference any list of 
practising consultants, indicating their respective 
special fields. This book, as its title shows, provides 
this information, and should prove of value to many 
more than the membership of the Association, as it is 
intended to do. In addition to a reference list of 
firms and individual consultants, and biographical 
notes about the constituent members, it contains 
sections describing the aims and objects of the Associa- 
tion, the functions and duties of consulting engineers, 
and (extracted from the articles of association) a 
definition of ‘‘ consulting engineer ’’ which is clear and 
categorical. Copies are obtainable from the offices of 
the Association, 36, Victoria-street, Westminster, S.W.1, 
at the price of 10s. 6d. to members and 21s. to non- 
members. 





BRITISH SCIENTIFIC INSTRUMENT RESEARCH ASSOCIA- 
TIon.—The British Scientific Instrument Research 
Association, 17, Princes Gate, London, S.W.7, have issued 
a well-illustrated booklet recounting the origins of the 
body and the facilities provided, and giving a detailed 
description of the laboratories, which are situated at 
Elmstead Woods, Kent. These laboratories are divided 
into six departments, three of which deal with electrical, 
electronic and optical instruments, while mechanics, 
physics and chemistry are covered in the others. Facilities 
at the London headquarters enable numerous services to 
be rendered to member-firms. 








THE 3,000-VOLT MERCURY-ARC 
RECTIFIER TRACTION SUB- 
STATIONS OF THE SOUTH 

AFRICAN RAILWAYS.* 
By A. J. G. Gostine. 


In Natal, 426 route miles (or 726 track miles} of 
main line are now operated electrically, power being 
obtained from the Electricity Supply Commisyion’s 
stations at Colenso and Congella on the three-phase 
system at 88 kV and 50 cycles. Conversion to 3,000 
volt direct-current for supply to the track overhead. 
contact system takes place in 18 mercury-are rectifier 
and 14 motor-generator substations. In the Cape 
area, 44} route miles (or 94 track miles) of suburban 
line are at present operated at 1,500 volts direct- 
current. Extensions amounting to 224 route miles 
(or 350 track miles) are, however, now taking place, 
the power for which will be obtained from a station 
at Worcester through 17 mercury-arc rectifier sub. 
stations. In the Transvaal, the total mileage electrified 
at present amounts to 150 route miles (or 470 track 
miles). With the completion of the work under con- 
struction, however, the mileage will be 203 route miles 
(or 528 track miles), which will be supplied from 
22 substations and 13 switching stations. 

Although the motor-generator plant originally in. 
stalled has proved very satisfactory, it soon became 
apparent that future electrification could only be 
justified if the capital costs were kept as low as possible 
and maximum economy of working could be secured. 
Accordingly, as the development of grid contro! for 
rectifiers offered a solution to the regeneration pro- 
blem, the application of the mercury-are rectifier, with 
its lower initial cost and higher overall efficiency, 
received consideration. The use of a single reversible 
rectifier unit in each substation to cater for both 
rectification and inversion was not considered prac- 
ticable for a large electrification system on which the 
substation load conditions are continually changing. 
It was considered essential that there should be no 
delay in effecting a reversal of the rectifier conditions, 
since experience has shown that surplus power due to 
regeneration must be absorbed immediately it becomes 
available, otherwise excessive voltage rises occur on 
the direct-current system. There is always a risk 
under these conditions of the over-voltage trips on the 
locomotive operating with the result that the train 
will gather speed, owing to the sudden removal of the 
braking effort, if the vacuum brakes are not promptly 
applied. 

On the Natal system the majority of the substations 
contain two mercury-are rectifier equipments, one unit 
operating as a rectifier and the other as an inverter. 
The rectifiers are of the steel-tank water-cooled pumped 
type and are provided with six anodes. They are of 
normal construction, one that two control grids are 
used for direct-current voltage-compounding, inverted 
operation, and arc suppression. The rectifier tank and 
the high-vacuum pumps are provided with independent 
water-cooling systems of the closed-circuit type. The 
corrosion that occurs in the water s has been 
retarded, but not altogether eliminated, by the addition 
of an inhibitor (such a sodium bichromate) to the 
water. Air-cooled anodes are used on one make of 
plant, while on the other water-cooled anodes are 
fitted. A programme for the replacement of the latter 
by the air-cooled type has on account of the 
corrosion to which the water-cooled t is subject. 
Table I shows the ratings of the two different makes 


A. B. 
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The rectifier and inverter in each substation are con- 
nected to the high-voltage three-phase supply through 
a common transformer having two secondary windings. 
The winding for forward operation is double-star 
connected, with both neutral points brought out of 
the tank, and is connected to an interphase trans- 
former in a separate tank. The inverter winding is of 
the six-phase fork-connected type. For the operation 
of the substation auxiliary equipment, a 380/220-volt 
three-phase supply is provided. This supply is obtained 
from a tertiary winding on the main transformer, 0 





* Paper read before the Convention on Electric Railway 
Traction, held at the Institution of Electrical Engineers, 
on Wednesday, March 22,1950. Abridged. 
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the case of one make of plant. The present practice, 
however, is to provide a separate 100-kVA trans- 
former, connected to the six-phase rectifier winding. 
The primary windings of the first transformers supplied 
are star-connected, but several transformers ordered at 
a later date have delta-connected windings. The aim 
is to distribute the transformers throughout the system 
in such a way as to reduce the fifth harmonic on the 
transmission system as a whole. 

A large number of main transformer failures has 
occurred during the years the plant has been in service. 
The rectifier windings have collapsed in the majority | 
of cases, and in a few cases the primary windings have 
failed, but generally there has been no serious disrup- 
tion of the inverter windings. The severity of the 
mechanical forces to which the rectifier windings have 
been subjected, due to repeated rectifier back-fires, 
has resulted in increasing movement of the windings 
taking place, until the end coils have ultimately 
collapsed. What is surprising is that transformers 
have continued to remain in service for long periods 
with the windings in a badly damaged condition. 
Some of the transformers installed are equipped with 
spring-loaded clamping devices heavily damped by 
hydraulic means to provide virtually solid clamping 
when severe disruptive forces are suddenly sup 
The clamping arrangements are such that the am 
are distributed over the whole of the periphery of each 
coil stack, and permit of the pressure on each winding 
being adjusted independently. During the 14 years 
the transformers fitted with this clamping arrangement 
have been in service, no failures caused by mechanical 
stresses have occurred. Automatic clamping devices 
are now being fitted to all rebuilt transformers. 

In the case of one make of transformer, the impe- 
dance voltage of the rectifier winding is approximately 
8-3 per cent., and that of the inverter winding 7-7 per 
cent. The other make of transformer has corresponding 
impedance voltages of 5-29 per cent. and 6-05 per cent. 
of the nominal] voltage. 

On the Reef, the three types of rectifier in the 
existing substations are designed for normal recti- 
fication without voltage compounding or provision 
being made for inversion. The plant installed com- 
prises one, two or three mercury-are rectifiers depending 
on the demands of the train service. The first sub- 
stations erected are equipped with rectifiers having 
a continuous rating of 1,500 kW. The rapid growth 
of the traction load, however, led to larger units of 
2,500 kW being installed in the substations built later. 
The 1,500-kW units are of the normal six-anode type, 
while the large 2,500 kW rectifiers are of the 12-anode 
type, but are designed for six-phase operation. All 
the rectifiers are of the water-cooled pumped type, 
with two independent closed-circuit water-cooling 
systems. One make is fitted with water-cooled anodes, 





station, each having a continuous rating of 3,000 kW, 
and the same overload ratings as those of the original 
water-cooled rectifiers. Each rectifier is connected 
to the high-voltage primary supply through a separate 
transformer, one of which has a star-connected primary 
winding, the other being delta-connected. The 
windings are suitable for connection in either series or 
parallel to the 40-kV and 20-kV high-voltage supplies. | load unbalance is possible with the transformer con- 
The secondary windings of each transformer are six- | nections selected in this case. The existence of fifth 
phase fork-connected, and the neutrals are connected | and seventh harmonics in the supply is likely to give 
together through a separate interphase transformer, | rise to unequal load-sharing between the two six-phase 
which is provided mainly to ensure that the rectifiers | groups, the amounts of unbalance being dependent on 
share the load equally when operating in parallel.|the magnitude and relative phase position of the 
| Normally, the rectifiers operate as a 12-phase unit,| harmonic voltages with respect to the fundamental 
| but in the event of the failure of one unit, the other | voltage. Particular care, however, is being taken in 
| can continue to operate as a normal six-phase rectifier. | the design of the power-station plant and transmission 
Air-cooled pumpless rectifiers were considered when | system. Moreover, the use of an interphase transformer 
the new rectifier plants were to be ordered, but despite | should ensure load sharing within close limits, and 
makers’ claims it has been found necessary in practice | therefore keep down the amplitudes of the fifth- and 
|to open rectifier tanks, at least those for 3,000-volt | seventh-harmonic currents in the alternating-current 
direct-current operation, for various reasons, such as | supply to values which are not likely to cause serious 

| disturbance to neighbouring communication circuits. 
The motor-generator sets installed in the substations 
'on the Pietermaritzburg-Glencoe section have a level 
| compound characteristic, and it was thought that the 
rectifiers for the extensions undertaken later should 
have a similar characteristic. The first plants ordered 
were designed to give a level compound characteristic 
between 500 amperes inverting and 500 amperes recti- 
fying. The theoretical characteristic curves and 
those actually obtained after the plant had been 
installed are shown in Fig. 1, where a is the direct- 
|current voltage characteristic of an uncompounded 
| rectifier, b that of a compounded rectifier with an 
| angle of delay of 20 deg at no load, and c shows the 
| variation of the ignition point as a function of the 
| current in the rotary contact-maker synchronous-motor 


provided at selected substations along the route. The 
regenerated power will be comparatively small, and in 
this case inverters will not be justified. Moreover, it 
is considered more important to simplify the design of 
the equipment and to secure 12-phase operation as 
far as possible. 

It has not been overlooked that a certain amount of 
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| curves. These curves are modified by the transmission- 
| line conditions, but it should be mentioned that when 
| the tests were carried out, the line regulation based on 
the full load of the rectifier was not worse than 1-5 per 
| cent. The anode-to-neutral voltage of the rectifier 
| winding is 2,890 volts in this case and the angle of 
| delay at no load is normally set at 20 deg. When 
| uncompounded and with an angle of delay of zero, 
| the rectifier has a drooping characteristic as shown by 
| curve a in Fig. 1. The transformers supplied with the 
rectifiers ordered for the Volksrust-Glencoe and Cato 
| Ridge-Durban sections are provided with secondary 
| windings having an anode-to-neutral voltage of 2,930 
| volts. The angle of delay at no load is 27 deg. The 
| plant is designed to maintain the direct-current voltage 
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while the others = — with air-cooled anodes. In| z | constant between 1,000 amperes inverting and 1,333 
one case, no cooling fins are provided on the anode § amperes rectifying. 
— but oe Se age cover is mounted over each | 3 0 as v | Fig. 2 shows the theoretical and actual characteristic 
. s wry os . 4 - om ; 
a eo ai ale ae, ae ee ee ee 
The earlier transformers have star-connected pri- a ——— | direct-current voltage characteristic of an uncom- 
mary windings, which can be ccnnected either in series | | pounded rectifier with constant supply voltage in 
or in parallel to enable the transformers to be used on Fig. 3. |eurve b, and that of a compounded rectifier with 
either the 40-kV or the 20-kV systems. The trans-| 3400 constant supply voltage in curve c. Curves d and e 
— installed later have delta-connected primary | are the direct-current voltage characteristics of a com- 
windings. The secondary windings in all cases are| 3? pounded rectifier on site and f the position of the 
six-phase fork-connected, and are designed for a| £ . torque-motor with increasing and decreasing 
no-load voltage of 3,150 volts direct-current. For the | ;$ Curves d and e can be varied slightly by adjusting the 
-schgpatg to = tips ee aes maker has provided | 52800 = | torque-motor. The inverter characteristic at — 
ite “cae tare aoe secondary windings, | < | nating-current line voltage is shown in curve g, the 
— another has provided one winding with anode- _ “s pA | theoretical direct-current curve for an uncompounded 
i Solan meostess. Double tece.ghese windings with | g inverter at h and the actual curve at i. The theoretical 
nverphase transformers are not favoured, particularly | = 0% |and actual direct-current curves for a compounded 
ee See ee eee rise in the direct-current | ro 5 & inverter are shown at j and k, the actual circulating 
= at no load and the possibility of three-anode > current at 1 and the low voltage alternating-current 
t red occurring. The reactance voltage of the| a 1 ' : | supply voltage at m. The regulation of the transmission 
Tansiormers in most cases is 5 to 6 per cent., but one o 1000 2000 3000 4000 | line causes the voltage curve to droop as shown by 
make has a reactance as low as 3 per cent. of the| (sees) Current D.C,Amp. came: | curve ¢ in Fig. 2. It will be observed that after the 


nominal voltage. All the transformers initially installed 
have suffered damage in varying degrees. The trans- 
formers with a low reactance are being replaced, but 
meanwhile reactors have been connected in the 
anode leads. A 380/220-volt three-phase tertiary 
winding is provided on each main transformer for the 
operation of the substation auxiliary plant. The later 
units installed have a separate transformer fed from 
the six-phase rectifier winding. 

The mercury-are rectifiers in the new substations on 
the Reef are of the steel-tank pumped six-anode type. 
The tank and anodes are air-cooled by means ofa 
blower which runs continuously, the temperature bei 
maintained within the required limits by means o 
movable shutters, which regulate the amount of 
cooling air. The shutters are thermostatically con- 
trolled. The high-vacuum pump is also air-cooled by 
means of a separate fan which runs continuously. The 
.oW-vacuum pump is of normal design. No provision 
1s made for direct-current voltage regulation or inverted 





Operation, but polarised grids are fitted for arc sup- 
Pression. Two rectifiers are installed in each oab- 





rectifier has carried a heavy load, the voltage rises as 


the replacement of damaged insulators, grids and grid the load decreases. This is shown by curve d and is 
leads, the purification of the mercury and the cleaning | due to the hysteresis effect in the torque motor, which 


of the internal surfaces of anode insulators. The latter | 


process is necessary owing to the formation of a con- 
ducting deposit after varying periods in service. More- 
over, the least trouble of all has been experienced with 
the vacuum-pumping equipment, the omission of which 
would not result in any appreciable reduction in first 
cost. Coil-spring clamping devices, which have proved 
to be highly successful under arduous service conditions, 
are fitted to the main rectifier transformers. The 
380/220-volt supply is obtained from two 100-kVA 
transformers having primary windings suitable for the 
20-kV and 40-kV supplies. In the one case where the 
primary supply is at 80 kV, the auxiliary transformers 
are fed from the six-phase rectifier winding. 

The rectifiers for new substations on the Cape System 
are of the same design as those for the new Reef sub- 
stations. Regenerative braking will be employed on 
the locomotives, and for the purpose of absorbing 
surplus regenerated power loading resistances wi 





will be | 


is used to advance and retard the phase of the grid 
voltage as the load increases and decreases respectively. 
Curve f in Fig. 2 shows the variation of the angle of 
delay as the load increases then decreases, and repre- 
sents a typical hysteresis loop. On account of the 
time-lag, it has been found in practice that the circu- 
lating current between the inverter and rectifier 
increases to some extent immediately after the rectifier 
has been carrying a heavy load. This increased circu- 
lating current persists for a few minutes until the 
torque-motor returns to its normal light-load position. 
Occasionally, when the track circuit-breakers trip on 
fault current, the inverter circuit-breaker trips also, 
owing to the fact that when the rectifier output is 
high the torque motor advances the phase of the grid 
impulse to the firing point of a normal uncontrolled 
rectifier. Consequently, when the load is suddenly 
removed, the rectifier voltage tends to rise to a value 
almost equal to the no-load figure for an uncompounded 
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rectifier. As there is a delay involved before the torque 
motor can retard the firing point to the normal no-load 
setting, the resulting heavy current flowing into the 
inverter trips its circuit-breaker. 

The characteristic curves of the rectifiers installed 
in the original Reef substations and in the new sub- 
stations for the Western Reef and the Cape System 
are shown in Fig. 3. In this illustration, curve a relates 
to two 3,000-KW rectifiers with interphase transformers, 
and b to one 3,000-kW rectifier without an interphase 
transformer. Curve c applies to a 1,500-kW rectifier 
in the existing Reef substations, while d is a fault 
current curve based on curve b. The transmission 
line regulation is 4 per cent. based on a rectifier output 
of 1,000 amperes. These rectifiers are operated uncom- 
pounded. Owing to the poor regulation of the high- 
vol supply at some of the original substations, the 
o direct-current regulation at the substation 
*busbar is very poor, as is indicated by curve d@ in 
Fig. 3. The voltage at the trains in section is further 
reduced on account of the drop in the overhead copper 
and in the rails. The effect of this is to slow down 
the train service, and, in some cases, to cause the train 
brakes to drag owing to the fact that the speed of the 
exhauster on the locomotive is reduced and conse- 
quently the vacuum cannot be maintained. Another 
aspect of the matter is that the track circuit-breaker 
= settings must be reduced, very often to a value 
only slightly higher than the peak-load currents, in 
order to ensure that the circuit-breaker will clear the 
minimum fault currents likely to occur. 

Rectifier plant of comparatively low rating provided 
with grid control for voltage regulation would not 
improve matters to any extent. It is preferable to 
use large-capacity plants in order to obtain a flatter 
shunt characteristic. The disadvantages of compound- 
ing far outweigh its advantages, and compounded 
rectifiers are not generally favoured at present, as the 
grid-control gear adds to the complexity of the equip- 
ment, and excessive harmonics are generated in both 
the alternating and direct-current systems. 

The larger rectifier units being installed in the new 
substations give a flatter shunt characteristic, as is 
shown by curves a and 6 in Fig. 3, and provide the 
necessary degree of improvement in the voltage condi- 
tions and track circuit-breaker settings without sacri- 
ficing the simplicity of the normal rectifier. It is, 
of course, desirable to ensure that the regulation of the 
supply voltage is good. 

The anode-to-neutral voltage of the fork-connected 
inverter windi on the Natal system is 3,650 volts in 
the case of one make of equipment, and 3,700 volts in 
the case of the other. These high values were selected 
in order to ensure reliable and stable operation of the 

lant under difficult traction service conditions, where 

uctuations of the high-voltage alternating-current and 
direct-current regenerated voltage have to be accom- 
modated. The relationship between the firing point, 
the angle of advance, the alternating- and direct-current 
voltages is illustrated in Fig. 4. The figures vary 
slightly with the different makes of equipment. The 
angle of advance is normally about 53 deg., but the 
figure is varied slightly to suit service conditions. 
Provision is made for compounding the inverter by 
advancing the firing point of the anode as the load 
increases. A shift of only 10 deg. is necessary to main- 
tain the voltage constant from no load to 1,000 amperes. 
account of the are drop, the resistance of the cir- 
cuit and the effect of overlapping, the direct-current 
voltage rises as the regenerated load increases. In 
order to obtain a level compound characteristic, there- 
fore, the firing point of the anode is advanced progres- 
sively as the regenerated current increases, so as to 
reduce the average value of the anode voltage during 
the period it carries current, since this constitutes the 
back-electromotive force of the system. The load 
which the inverter can carry is limited by the fact that 
commutation must be completed and the grid de-ionised, 
while the anode to which the arc is being transferred is 
substantially more positive than the anode carrying the 
decreasing current, otherwise a severe short-circuit 
occurs. 

The inverter characteristics are also shown in Figs. 
1 and 2, for the two makes of plant in service. It will 
be observed in the case of Fig. 1, curve f, that the 
substation direct-current "busbar voltage rises to a 
high value when the inverter is operated uncompounded. 
The voltage at the locomotives regenerating in the 
section rises to higher values, the maximum in some 
cases being 4,000 volts, which is obviously unsatis- 
factory. When the inverter is operated compounded, 
the voltage conditions are much more satisfactory, as 
is indicated by curve fA in Fig. 2, which was obtained 
when the voltage of the rectifier was set at 3,000 volts 
with about 50 amperes circulating between the inverter 
and the'rectifier. The inverter characteristics shown 
in Fig. 2, curve k, indicate that unstable conditions are 
likely to occur when operating the inverter compounded 
with the regenerated current exceeding 400 amperes, 
since the direct-current voltage tends to droop at this 
point. The alternating-current line voltage which was 





measured at the same time is shown by curve g in 
Fig. 2, and remained fairly constant. Curve / in Fig. 2 
shows the direct-current. voltage when the rectifier 
torque-motor is operated manually to increase the 
circulating current and the inverter torque-motor 
remains statio Under service conditions, this 
particular make of inverter operates satisfactorily with 
the compounding torque-motor disconnected. The 
voltage conditions at the substation direct-current 
*busbar are illustrated by curve i in Fig. 2. The 
difference between curve i and the theoretical curve h 
clearly indicates that, in practice, the firing point of 
the anodes actually advances with increasing load. 

For the purpose of obtaining an impulse voltage 
with a peaked waveform, small highly-saturated 
transformers are used. It is known that the effect of 
lowering the voltage of the low-voltage supply to 
these peaking transformers is to lower the peak o 
the impulse, and at the same time, to increase the 
duration of the voltage wave. The low-voltage supply 
decreases as the inverter load increases, as is shown 
by curve m in Fig. 2. The effect of broadening the 
voltage wave of the peaking transformer is to advance 
the firing point. In addition, the waveform of the 
low-voltage supply is badly distorted when the inverter 
is operating, and it would appear that this also affects 
the induction regulator and the peaking transformer in 
such a manner as to advance the firing point. More- 
over, it has been observed that increasing the burden 
on the peaking transformer affects its phase angle. 
As already mentioned, a small change in the firing point 
results in an appreciable change in the inverter load. 
oe indicates that static grid-control equipment 
with purely electrical means for phase shifting is very 
desirable. Furthermore, it is better to dispense with 
voltage regulation on the rectifier and to provide means 
for the regulation of the transmission-line voltage. 

Inverters were first put into commission on the 
Ladysmith-Harrismith section, and, initially, con- 
siderable difficulty was experienced in switching them 
on to the direct-current ’busbars. Ultimately, it was 
found that by connecting 0-04 F condensers between 
the grids and the cathode, the inverters could be 
switched on to the *busbars without difficulty, and 
varying regenerated loads could be handled. It is the 
practice now to connect 0-06 F condensers between 
the grids and the tank, and 0-24, F condensers between 
the tank and the cathode. In a few cases, the grid 
condensers have been increased to 0-184 F. These 
condensers provide a means of stabilising the grid 
potentials, relative to the cathode, and of damping out 
transient voltages. 

The amount of surplus regenerated energy which 
cannot be consumed by other trains motoring in 
adjacent sections will not be excessive on the Cape 
main line, but provision must be made to absorb the 
power in order to prevent the direct-current voltage 
rising to abnormally high values. The cost of pro- 
viding inverters would not be justified. Moreover, it 
was considered preferable to standardise on a simple 
layout and control scheme for all rectifiers, particularly 
as there are a large number of substations where no 
regenerated energy has to be handled. Fig. 5 illus- 
trates the characteristic curve for a 10-step loading 
resistance, in which a shows the direct-current ’busbar 
voltage, 6 the total current in the loading resistance, 
c, the current fed into the loading resistance at each 
step by the associated rectifier, and d the regenerated 
current. The majority of equipments, however, will 
have four to six ste The first two to four steps are 
cut-in by means of ignitrons controlled by electronic 
apparatus, and the remainder are cut-in by high-speed 
contactors. The rise in the direct-current ‘busbar 
voltage, which occurs when regeneration commences, 
is detected by a differential voltage-relay, the action 
of which depends on the difference between this voltage 
and the alternating-current supply voltage. 

The resistances must be switched on to the direct- 
current ’busbars very rapidly before the voltage rises 
to an excessively high value. To ensure transient 
stability, however, a delay of one millisecond between 
the rise of the direct-current voltage and the firing of 
the first ignitron is provided, and a further delay of 
5 milliseconds between the operation of the successive 
ignitron steps provides discrimination. A definite 
delay is provided before the main contactors open, in 
order to take care of any sudden fluctuations of re- 
generated energy owing to the varying demands of 
other trains in the neighbourhood. Each resistance 
step has a value of 42 ohms and is continuously rated 
at 83 amperes. The object of splitting up the resistance 
into a number of steps is to reduce the losses. The 
current fed into each resistance step by the associated 
rectifier plant in the substation decreases as the re- 
genera energy increases. This is illustrated in 
Fig. 5, in which a shows the direct-current *busbar 
voltage, 6 the total current in the loading resistance, 
c the current fed into the loading resistance at each step 
by the associated rectifier, and d the regenerated 
current. A current relay is provided between the 
output side of the substation direct-current ’busbars 
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and the main circuit-breaker controlling the feed to 
the loading resistances, and it is arranged to cut ont 
one resistance step each time the rectifier output 
exceeds the current rating of one resistance. In the 
event of the associated rectifiers shutting down, or the 
alternating current supply failing, the loading resistanoe 
will be automatically disconnected from the *bushars, 4 
contactor is provided to shunt each ignitron as coon as 
it has fired. 

On the Ladysmith-Harrismith section, it was foung 
necessary to provide additional substations owing to 
the unsatisfactory direct-current voltage conditions on 
the track. The plant in the existing substatio.s wag 
therefore redistributed and modified, so that one 
rectifier can be connected either for rectifying or for 
inverting, while the other can be connected for recti. 
fying only. The main object is to ensure continuity 


f|of the 3,000-volt direct-current supply. The unit 


normally used as an inverter provides the nece 
standby for forward operation. The plant, as supplied 
originally, had one circuit-breaker in the cathode lead 
arranged to trip on forward and reverse current, but 
a second circuit-breaker was later added in the positive 
lead to the inverter winding neutral. A 24-millihenry 
air-core series reactor is connected in the inverter 
positive lead in order to prevent violent fluctuations of 
current and to stabilise the operation of the plant. In 
the rectifier positive lead, a 10-millihenry air-core 
reactor is connected for the purpose of smoothing the 
rectifier output and limiting the current in the resonant 
shunts. 

For the purpose of impulsing the grids, a synchro. 
nous motor drives two contact-making devices on a 
common shaft, each consisting of a rotating arm 
carrying two carbon brushes, which make contact with 
the inner periphery of a commutator built up in 
annular form. Only one rotary selector is used at a 
time for impulsing the grids. When a change-over 
from rectifier to inverter operation is made, the direct- 
current positive grid potential is simply changed from 
one brush to the other, in order to displace, by the 
required amount, the phase of the grid positive impulse 
relative to the anode voltage. The rotor of the syn- 
chronous motor is provided with two windings, one of 
which is connected to the grid-bias generator to give 
constant direct-current excitation and the other to a 
shunt in the cathode lead, so that the excitation current 
in the winding varies directly as the load current. This 
shifts the effective flux of the direct-current field, and 
in this way the firing point is advanced or retarded as 
the load increases or decreases. In the event of a back- 
fire, the circuit to the rotary contact-maker is inter- 
rupted by the high-speed grid relay, thereby removing 
the positive impulses applied to the grids which are 
normally held at a negative potential relative to the 
cathode. The —— relay is operated by two 
special current transformers, each having two primary 
windings connected in two anode leads 180 deg. apart. 

On the Volksrust-Glencoe and Cato Ridge-Durban 
sections, normally one unit operates as a rectifier and 
the other as an inverter, but by means of change-over 
links the function of the units can be interchanged to 
meet service requirements. In this case, two high- 
speed circuit-breakers are connected in series. The 
current-balange relay provided in the inverter circuit 
shuts down the whole substation in the event of an 
earth fault. The grid-control equipment for com- 
pounding the rectifiers and inverters comprises a 
torque-motor which rotates against the action of a 
spring and is geared to an induction-regulator type 
of phase shifter. The latter supplies the primary 
winding of the peaking transformers. The movement 
of the torque motor is a function of the direct-current 
load current; which through its main field 
windings connected in the negative lead. The requisite 
characteristic for rectification is obtained by cutting 
out resistance in the torque-motor armature circuit as 
the torque-motor rotates. This variable resistance is 
replaced by a fixed resistance when a change-over to 
inverted operation is made, as a constant rate of move- 
ment is required. ; 

The connection of the torque-motor in the negative 
side enables adjustments to be made to the equipment 
while the plant is energised. The current circulating 
between the inverter and rectifier does not pass through 
the compounding equipment. This is done in order to 
avoid the possible occurrence of instability which may 
arise with a level compound characteristic, since an 
increase in the circulating current would tend to lower 
the inverter voltage and raise the rectifier voltage. A 
stop is provided on the torque motor to prevent the 
firing point being retarded too far, i.e., to a point 
which would cause a short-circuit during operation as 
an inverter. When a change-over is made to forward 
operation, the stop prevents the firing point being 
advanced beyond the normal firing point of an uncon- 
trolled rectifier. 

The initial change in phase displacement of the 
ignition point, which is necessary when changing over 
from rectifier to inverter operation, is partly obtained 
by changing the connections to the different tappings 
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on the ring winding of the induction-regulator stator. 
Tappings are also provided on the rotor winding as the 
voltage supplied to the peaking transformers is lower 
when rectifying than when inverting. The effect of 
lowering the voltage to the peaking transformers is to 
increase the duration of the positive impulse applied 
to the grids, thus a broader peak is applied when 
rectifying than when inverting. The high-speed grid 
relay for arc suppression was originally operated by 
auxiliary contacts on the unit high-speed circuit- 
breaker. This method of actuating the relay has been 
found in practice to be too slow. Arc suppression relays 
are now being manufactured locally to replace the 
original equipment. Generally, the static type of grid- 
control equipment has proved more satisfactory in 
service since the firing of the anodes is not affected by 
worn and dirty commutators. 

All auxiliary contro] equipment which is at a potential 
of 3,000 volts direct-current relative to earth, is supplied 
through insulating transformers. The circuits are 
split up generally according to their function, and are 
kept separate from one another. Relays at high 
voltage, which must be operated from the low-voltage 
relays, are mechanically connected by means of insu- 
lating rods, and are adequately separated. For the 
operation of the 110-volt direct-current control equip- 
ment, and for the closing of the oil circuit-breakers and 
high-speed circuit-breakers, a 202-ampere-hour lead- 
acid battery is provided in each substation, and it is 
normally kept charged by means of a dry-plate rectifier- 
type trickle charger. In addition, one or more motor- 
generator sets are installed for providing a constant 
110-volt direct-current supply for energising the 
holding coils of the high-speed track circuit-breakers 
and the torque-motor shunt field. A series-field short- 
circuiting switch is provided to enable a shunt charac- 
teristic to be obtained from the generator for boosting 
the batteries when necessary. 

The electrical connections of the original Reef sub- 
stations are fairly straightforward, since the plant is 
designed for six-phase rectification without com- 
pounding. On the various makes of equipment, 
different systems of arc suppression and firing of the 
anodes are employed. On one make of equipment the 
grids normally “ floated ”’; i.e., their potential relative 
to that of the cathode was not fixed, and only in the 
event of a back-fire was a negative bias applied to the 
grids. This system gave rise to erratic firing of the 
rectifier anodes, resulting in unequal load sharing of 
rectifiers operating in el. In addition, third- 

ionic resonance under certain fault and loading 
conditions occurred, causing a number of direct- 
current track circuit-breaker failures. The control-grid 
system was subsequently modified, so that the grids 
are now normally given a slight positive charge, and 
the negative bias is applied ole in the event of a back- 
fire. On another make of rectifier, the grids are 





normally maintained at a negative potential relative 
to that of the cathode, and firing of the anodes is 
controlled by superimposing successive sine-wave 
voltages upon each grid at the required moment. The 
high-speed relay reduces, and then interrupts, the 
positive potential applied to the grids when a back-fire 
occurs. 

In the case of the plant being installed in the new 
substations for the Reef extensions and the Cape 
System the two six-phase rectifiers normally operate in 
— as a 12-phase unit. In the event of one rectifier 
ailing, however, the other continues to operate as a 
six-phase unit. The interphase transformer connected 
between the neutral points of the two transformer 
secondary windings is magnetised by the sixth-harmonic 
current. It is provided mainly to ensure equal load 
sharing of the two rectifiers so as to maintain as nearly 
as possible the characteristics of 12-phase operation. 
The existence of a fifth-harmonic in the direct-current 
supply voltage may lead to a certain amount of 
unbalance, and in order to cater for this possibility, 
and the fact that six-phase operation is resorted to 
under emergency conditions, the direct-current wave- 
filter equipment includes the sixth- and 18th-harmonic 
resonant shunts. The grids will normally be main- 
tained at a positive potential with respect to the 
cathode ; the negative bias will be applied by means 
of a high-speed relay only when arc suppression is 
necessary. The equipment will be fully automatic and 
each substation will be remotely controlled from the 
nearby signal cabin. A selector telephone circuit will 
be provided between all the signal cabins concerned 
and a central control office. 

In all substations, mechanical and electrical inter- 
locking gear is provided to prevent access to energised 
3,000-volt direct-current equipment and to ensure that 
switching and earthing operations are carried out in 
correct sequence. On the new substations, the inter- 
locking system has been simplified considerably. 
Each rectifier and its auxiliary equipment at 3,000 volts 
being in a screened enclosure, the gate of which is 
interlocked. 

The high-voltage oil circuit-breakers are equipped 
with bushing-type current transformers for operating 
the overload relays and earth-leakage relay. The 
latter is omitted on the Reef in some cases where the 
system is unearthed. Definite time-delay relays are 
now provided in all cases. The overload relays are set 
at values between 350 and 450 per cent. overload, 
and the earth leakage at 80 to 120 percent. The time- 
delay relays are generally set at 0-1 second, although 
in some cases they have been set in 0-12 second. The 
arc-suppression relays are also set to operate at 350 to 
450 per cent. overload, depending on the circumstances. 
These relays are now usually arranged for three succes- 
sive operations at intervals of 2 seconds, after which 
they lock-out and shut-down the substation. It has 
been found in practice that in the case of a severe 
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track fault the track circuit-breaker operates almost 
simultaneously with the arc-suppression relay. A few 
cases, however, have occurred where one substation 
has shut down and the adjacent substation has fed 
into a distant fault continuously, resulting in serious 
damage to the overhead equipment. This condition 
is now obviated by automatically opening sonie of the 
track circuit-breakers in the event of the substation 
shutting down. 

A number of tests have been made to establish the 
total clearance times obtainable with different schemes 
of arc suppression. Earlier systems were too slow, 
taking up to 0-08 second, but with the latest equipment, 
including relays designed and constructed by the 
South African Railways, the total clearance time for an 
anode-to-anode arc-back, varies between 0-02 and 
0-032 second. The clearance of the direct-current 
feed-back is dependent on the speed of operation of the 
unit high-speed circuit-breaker and is generally of the 
order of 0-040 second. In the majority of cases, the 
are-suppression equipment clears a back-fire, but 
occasionally the oil circuit-breaker trips and shuts 
down the substation. From tests carried out it has 
been found that the inrush of current to the primary 
windings contains a large direct-current component, 
which persists, in some cases, for a period greater than 
the time-delay relay setting. Fig. 6 illustrates the 
conditions. Curves a, b and c showing the 88-kV 
line current in phases 3, 2 and 1, respectively, d the 
direct-current cathode current of 1,920 amperes per 
square centimetre, e the relay contact potential, f the 
50-cycle timing wave, and g the time taken for the 
relay to operate. 

The tripping mechanism of the oil circuit-breakers is 
actuated by a 110-volt direct-current solenoid fed 
from the battery. Cases have occurred where the 
battery supply has failed and there has been no means 
of tripping the circuit-breaker. To overcome this 
difficulty, an under-voltage tripping device has been 
provided locally, consisting of a weight, or in some cases 
a spring-loaded trigger, held by a coil continuously 
energised by the battery supply. A failure of the 
battery allows the trigger to operate the tripping 
mechanism. 

(To be continued.) 





**RaItway BREAKDOWN AND RE-RAILING EQUvUIP- 
MENT ”: ERRATUM.—We regret that, on page 281, ante, 
the crane shown in Fig. 1 was described incorrectly. The 
legend should have read : “ 75-ton Crane; Messrs. Ran- 
somes and Rapier, Limited,’’ and the reference in the 
text on the same page should have been to the same 
effect. 

THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians—former students of the City and 
Guilds Engineering College—will be held at the restaurant 
“ Chez Auguste,” 47, Frith-street, Soho, London, W.1, on 
Friday, April 14, at 12.45 for 12.55 p.m. The speaker 
will be Sir Harold Saunders, formerly Comptroller- 
General of the Patent Office, who will give an address 
on the work of that department. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ Janus.”—Single-screw tanker for the carriage 
of oil in bulk, built by the Furness Shipbuilding Company, 
Limited, Haverton Hill, County Durham, for A/S 
Anders Jahre & Co., Sandefjord, Norway. Fourth of a 
series of ten similar vessels on order. Main dimensions : 
589 ft. (overall) by 80 ft. by 42 ft. 3 in.; deadweight 
capacity, 24,850 tons on a summer draught of 32 ft. 3 in. 
N.E.M.-Doxford six-cylinder opposed-piston single- 
acting two-stroke reversible oil engine, to develop 6,800 
b.h.p. at 116 r.p.m. in service, constructed by The 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Speed, 14 knots. Trial 
trip, March 16. 


M.S. “ BLOEMFONTEIN CASTLE.”—Twin-screw vessel, 
to carry 739 passengers in one class, together with refri- 
gerated and general cargoes, built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
Union-Castle Mail Steamship Company, Limited, London, 
E.C.3. Main dimensions: 595 ft. (overall) by 76 ft. by 
37 ft.; gross tonnage, 18,400 ; refrigerated cargo space, 
186,000 cub. ft. Two Harland-B. and W. eight-cylinder 
double-acting two-stroke Diesel engines. Trial trip, 
March 16, 17 and 18. 


M. S. “‘ MINSTER.”—Single-screw collier, built. by the 
Burntisland Shipbuilding Company, Limited, Burntis- 
land, Fife, for Messrs. Stephenson Clarke, Limited, 
London, E.C.3. Main dimensions: 322 ft. (between 
perpendiculars) by 46 ft. by 22 ft. 4 in.; deadweight 
capacity, 4,600 tons on a draught of 19 ft. 11 in. Kincaid- 
Hérland-B. and W. five-cylinder trunk-piston single- 
acting two-stroke directly-reversible Diesel engine, to 
develop 1,600 b.h.p., constructed by Messrs. John G. 
Kincaid and Company, Limited, Greenock. Launch, 
March 20. 


M.S. “ BRITISH EXPLORER.”—Single-screw tanker, 
for the carriage of oil in bulk, built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
British Tanker Company Limited, London, E.C.2. 
First vessel of a series of three. Main dimensions: 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons on a summer 
draught of 27 ft. 7in. Harland-B. and W. six-cylinder 
single-acting four-stroke Diesel engine, to develop a 
speed of approximately 12 knots in service. Launch, 
March 21. 

M.S. “ H. M. WRANGELL.”—Single-screw tanker for 
carrying oil in bulk, built by the Furness Shipbuilding 
Company, Limited, Haverton Hill, County Durham, for 
H. M. Wrangell & Co. A/S, Oslo, Norway. Main dimen- 
sions: 589 ft. (overall) by 80 ft. by 42 ft. 3 in.; dead- 
weight, approximately 24,850 tons on a summer draught 
of 32 ft. 3 in. N.E.M.-Doxford six-cylinder opposed- 
piston single-acting two-stroke reversible oil engine, to 
develop 6,800 b.hp. at 116 r.p.m. in service, constructed 
by the North-Eastern Marine Engineering Company 
(1938), Limited, Wallsend-on-Tyne. Speed, 14 knots. 
Launch, March 21. 


S.s. “‘ Runic.”—Twin-screw refrigerated-cargo liner, 
built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for the Shaw Savill and Albion 
Company, Limited, London, E.C.3. Fourth vessel of a 
series of five. Main dimensions: 561 ft. (overall) by 
72 ft. by 43 ft. 44 in. to shelter deck; gross tonnage, 
about 13,900. Two-shaft arrangement of Parsons triple- 
expansion single-reduction geared turbines developing 
a total of 14,000 s.h.p. at 120 r.p.m. in service, and two 
Foster-Wheeler oil-fired water-tube boilers. Service 
speed, 17 knots. Trial trip, March 23 and 24. 


8.8. ‘“ LANARKBROOK.”—Single-screw coaster, built 
and engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for Messrs. Comben Longstaff and Company, 
Limited, London, E.C.3. Fifth vessel built for these 
owners since the war. Main dimensions: 200 ft. 
(between perpendiculars) by 31 ft. 6 in. by 14 ft. 3 in.; 
deadweight capacity, 1,200 tons on a draught of 
13 ft. 11 in. Triple-expansion engines of 800 i.h.p. at 
105 r.p.m., and one oil-fired Scotch boiler, to develop a 
speed of 11 knots. Trial trip, March 28. 





AUSTRALIAN RESCUE DEVICE FOR CRASHED AIRCRAFT. 
—A device, known as the “ mobile can-opener,” for 
extricating trapped passengers from a crashed aircraft, 
has been tested recently in Melbourne by Australian 
Government engineers. It consists of a blade of spear- 
head form, with hardened steel edges, mounted on a 
steel framework carried forward of an armoured car. 
During the test, the armoured car rammed a Liberator 
aircraft with the spearhead near the tail, and sliced 
cleanly through the fuselage. The blade has been 
designed primarily for cutting off completely the tail 
end of a Douglas D.C.3 aeroplane just aft of the passen- 
gers’ seats, these aircraft being most widely used on 
Australian airlines. It is intended to mount the blade 
on a fire-proofed tender which will carry a rescue crew 
who, wearing asbestos suits, could open up the aircraft 
even if a fire had broken out. 





NOTES ON NEW BOOKS. 


The Development of Wire Rod Production. By LESLIE 
Tuomas. Guest Keen and Nettlefolds (South Wales), 
Limited, Castle Works and Rolling Mills, Cardiff. 
[Published for private circulation. ] 


Tuts description of a highly specialised section of the 
steel industry is stated to have been “ written pri- 
marily for readers connected with the wire and wire rod 
trade,” the main objects being ‘“‘ to review the develop- 
ment of wire rod production, to assess the trend of 
demand, and to examine plans for increased rolling 
capacity.” While being largely an economic study, 
however, it is also a valuable contribution to a section 
of industrial history which hitherto has not been very 
fully documented, and it has the additional merit that, 
in reviewing the growth of the industry, it takes into 
consideration the developments in other countries as 
well as in the United Kingdom. Detailed statistics, 
from 1912 to 1947, are given for the United Kingdom, 
Germany and the United States, covering the pro- 
duction in these countries, and further information is 
given in a series of appendices regarding the produc- 
tion, over periods varying up to 75 years or more, of 
steel ingots and castings, the national income of the 
United Kingdom, steel demand and consumption, 
wire rod demand and consumption, exports, etc. There 
is a useful bibliography of sources ; and some general 
conclusions are drawn, regarding future trends, which 
should be of interest to economists and others concerned 
with the future of the steel industry of Britain. It is 
estimated that the average United Kingdom demand 
for wire rods will be between 775,000 and 875,000 tons 
by 1960. 


Conveyors and Related Equipment. By Wi.sur G. 
Hupson, M.E., A.S.M.E. Second edition. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 7 dols.] ; and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 56s. net.] 

TuE author of this book, who is a consultant specialising 
in conveying equipment, states in the preface to this 
edition that, since it was first published in 1944, 
“there have been some striking developments in 
materials-handling methods and machines,” and that 
“certain sections of the book have been extended to 
analyse typical applications and misapplications of the 
machines under Seeeien,” He does not particularise 
them, however, and it is difficult to find where new 
matter has beenincorporated. Dates are cited sparingly 
and most of them are pre-1944; and even where 
references are given to publications, such as the reports 
of the United States Bureau of Mines, these are not 
dated. Examination of the book suggests, however, 
that the revision has not involved much alteration in 
the text and this impression is strengthened by certain 
omissions from the index; for example, it does not 
refer to fork-lift trucks, although the subject is covered 
in the text. Nevertheless, the book does give a compre- 
hensive general picture of conveying and handling 
methods; and, in some respects, such as synthetic- 
rubber belts, it is fairly well in keeping with the latest 
practice. 


The Computation of Heat Requirements for Buildings. 
1950 edition. The Institution of Heating and 
Ventilating Engineers, 75, Eaton-place, London, 
8.W.1. [Price 3s. net.] 

Tuts thorough work of codification, which is described 
as “an extract from the Guide to Current Practice 
issued to its members by the Institution of Heating and 
Ventilating Engineers,” was first published in 1942, 
and six additional impressions were subsequently 
printed. In the present, second, edition, the informa- 
tion has been brought up to date. Additional data on 
the thermal conductivity and resistivity of building 
materials has been included, and the thermal con- 
ductivity of concrete is now given as 10-0 instead 
of 7-0 B.Th.U. per sq. ft., per hour, per deg. F. 
difference, per inch thickness. In the first part of the 
booklet, the rates of air change on which heat-loss 
calculations should be based, where the number of 
occupants cannot be ascertained, are given for many 
different types of public buildings, offices, laboratories, 
flats, houses, etc. The last column of these tables gives 
the temperature difference for each case, applicable 
throughout the whole of Great Britain, and assuming 
an outdoor temperature of 30 deg. to 32 deg. F. for 
design purposes. The second part provides values for 
the heat-loss coefficients of walls, floors and roofs of 
various materials, with allowances for orientation and 
for the degree to which walls and roofs are exposed to 
wind. A worked example of a heat-loss calculation, 
and advice on allowances for the height of heated spaces, 
for intermittent heating and for unventilated air spaces, 
are also given. In the third part, values are indicated 
for the thermal conductivity and resistivity of a wide 
range of building materials, including a number of 
proprietary materials. 


— 


CATALOGUES. 


Power Press.—Messrs, F. J. Edwards, Limited, 359-36) 
Euston-road, London, N.W.1., have issued an iliustrateq 
leaflet giving particulars of their new inclinab)» Power 
press Model M18 for light general-purpose work. 


Electric Actuators.—We have received an illustrateg 
brochure from the Plessey Company, Limited, Liforg 
Essex, giving details of their range of linear and rotary 
“* Breeze ” electric actuators for the remote coutrol of 
equipment in aircraft. 


Electric Furnaces.—The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, haye 
sent us an illustrated booklet showing industria) a Pplica- 
tions of some of their electric furnace equipment, Photo. 
graphs are included of furnaces for the continuous heat 
treatment of bell-type units with controlled gas atmo. 
spheres, and of furnaces for the heat treatment of optica} 
glass, and for use in the pottery industry. 


Control Switch for Belt Conveyors.—A pamphlet 
received from Messrs. E. N. Mackley and Company, 
Limited, Hawks-road, Gateshead-on-Tyne, describes 
the *“‘Acomb” switch, which has been designed to 
provide automatic control of belt conveyors. It can 
be used in conjunction with existing gate-end boxes, and 
pilot cables between the conveyors controlled are 
unnecessary. 


Acid- and Alkali-Resisting Lininys.—We have received 
from Messrs. Nordac Limited, Dukes-road, Western. 
avenue, London, W.3, some illustrated catalogues and 
pemphlets describing applications of the Vulcoferran 
process, by which ebonite linings may be firmly attached 
to cast-iron and steel surfaces to resist chemical! attack ; 
the process is used for plant such as storage and pickling 
tanks, pumps dealing with corrosive fluids, or for lining 
steel pipes. 


Transformer and Rectifying Equipment.—Messrs. Part- 
ridge, Wilson and Company, Limited, Leicester, haye 
issued an illustrated brochure describing some of their 
“Davinset ’’ transforming and rectifying equipment. The 
transformers include oil-cooled types, made in capacities 
up to 500 kVA, as well as pole-hanging units for rural 
areas. Mercury-arc and selenium rectifiers are also 
described, as well as battery-charging sets for garages 
and small workshops. 


Portable Amplifier.—We have received an illustrated 
leaflet from the General Eleccric Company, Limited, 
Magnet House, Kingsway, Londoa, W.C.2, describing a 
3-watt mobile amplifier designed primarily for public- 
address equipment. The unit weighs 14 Ib. and is de- 
signed to operate from a 6-volt battery, the high-tension 
supply being obtained from a 6-volt non-synchronous 
vibrator in conjunction with a valve rectifier. 


Electrical Thermometers.— Messrs. Negretti and Zambra, 
Limited, 122, Regent-street, London, W.1, have issued 
a 60-page illustrated and priced catalogue, numbered 
E 30, dealing with thermocouple pyrometers, electrical- 
resistance thermometers, and the associated indicating 
and and recording equipments. The principles of both 
types of thermometer are briefly described, and lists are 
given of thermocouple components and of temperature- 
millivolt equivalents. Some details of the accessory and 
spare equipment are also included. 


Television Tubes.—The electronic section of Messrs. 
Ferranti Limited, Moston, Manchester, 10, have issued an 
illustrated pamphlet describing the design features and 
general operating characteristics of their television 
cathode-ray tubes. These are of the 12-in. type and give 
optimum performance for anode voltages of 7 kV. They 
can be supplied with or without an external coating of 
graphite, and the screens are coated with a fluorescent 
material to produce a nearly white picture having a 
faint suggestion of blue. 


Locomotive Roller-Bearing Axzleboxes.—A well-produced 
service manual (No. 1007), issued by British Timken, 
Limited, Cheston-road, Aston, Birmingham, 7, deals 
with the fitting, lubrication and maintenance of Timken- 
equipped split-type cannon axleboxes for the leading- 
bogie, driving and coupled axles, and trailing trucks 
having inside journals, of locomotives. Every stage in 
the fitting, lubrication, maintenance and withdrawal is 
described and illustrated, and notes are included on the 
inspection of axles and the oil tempering of bearings 
after 1,000,000 miles of service. 


Power Presses.—Messrs. Wilkins and Mitchell, Limited, 
Darlaston, South Staffordshire, have issued a 60-page 
illustrated brocbure which describes the general design 
and construction of some of their representative power 
presses, and gives complete specifications covering the 
range being produced by the company. The presses 
are of all-steel “‘ ring-frame ” welded construction with 
direct eccentric drives to the slides, which are arranged 
for single- or multi-point suspension for capacities up to 
2,000 tons. Direct-acting air clutches and brakes are 
fitted, as well as safety guards interlocking with the 





control mechanisms. 
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THE PHYSICAL SOCIETY’S 
EXHIBITION. 


(Concladed from page 380.) 


Fic. 9, on this page, illustrates the photo-electric 
ozone spectrophotometer exhibited at the Physical 
Society's Exhibition by Messrs. R. and J. Beck, 
Limited, 69, Mortimer-street, London, W.1. The 
purpose of this instrument is to determine the 
amount of ozone in the upper atmosphere by 
measuring the absorption of the ultra-violet radia- 
tion transmitted through it from the sun. The 
principle is not new ; in fact before 1939 a number 
of spectrophotometers of this type were made, in 
which sodium photo-electric cells and a high-gain 
yalve amplifier were used. While these instruments 
gave good results they could not be employed when 





lengths used is very small, compared with other 
parts of the spectrum, a second monochromator, 
exactly similar to the first, is arranged on the 
opposite side of the central focal plane. This dis- 
perses any scattered light which may have passed 
through the slits and brings both rays of the re- 
quired wavelength to a focus on to another slit 
behind which the photo-multiplier is placed. A 
rotating shutter allows the two wavelengths to 
fall on the multiplier alternately. The variations of 
current in this multiplier are amplified by a three- 
stage alternating-current amplifier and the final 
amplified current is rectified by a commutator, 
which is carried on the same shaft as the rotating 
shutter. As, generally speaking, the current corres- 
ponding to the two wavelengths will not be equal, 
the galvanometer in the rectified circuit will be 
deflected. If, however, the two rays produce 
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the light was very weak, since the inherent fluctua- 
tions of current or “‘ noise ” in the amplifier became 
comparable with the current to be measured. 
Recently, photo-multipliers have become available 
on a commercial scale and it is possible to obtain a 
better signal/noise ratio from them than from a 
photo-electric cell and valve amplifier. In the new 
instruments photo-multipliers have therefore been 
used, with the result that much weaker light intensi- 
ties can now be measured accurately. For this 
Treason wavelengths which are more strongly ab- 
sorbed by ozone can be used and the uncertainties 
due to varying haze and other minor troubles thus 
reduced. The present instruments, of which the one 
illustrated is typical, are adjustable so that the 
wavelengths employed can be varied over a range 
of about 150 A. 

As a result of experience, it has also been possible 
to improve the setting of the optical system. In 
the present instrument the light enters through a 
window at the top and, after reflection in a right- 
angled quartz prism, passes through a lens on to the 
slit of a monochromator. The required wave- 
lengths are isolated by means of slits in the focal 
plane and the ratios of the intensities passing through 
them are measured. As the intensity at the wave- 
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exactly the same current in the photo-multiplier 
no current will flow in the rectified circuit. 

To use the instrument, one of the wavelengths 
is reduced in intensity by a known amount with the 
aid of adjustable optical wedges, the positions of 
which are recorded when the galvanometer indicates 
no current. It is possible to use the instrument in 
very weak light. In fact, observations have been 
made using light from the zenith sky long after 
sunset and before sunrise. Measurements can also 
be taken when the sky is cloudy, for which purpose 
a third wavelength in the blue part of the spectrum 
is employed. 

The radioactive thickness gauge exhibited by 
Messrs. E. K. Cole, Limited, Malmesbury, Wiltshire, 
and illustrated in Fig. 10, is designed to utilise the 
absorption of radioactive particles and rays to 
measure the thickness of strip materials ranging 
from thin paper to sheet steel. It is particularly 
adaptable to continuously-moving material. In 
Operation, two methods of measurement can be 
employed. In the first, a single source of radiation 
and a single ionisation chamber are used, the ma- 
terial of which the thickness is required being placed 
between them. An electrometer connected to 
the chamber then indicates a current, the value of 





which depends on the density of the material. By 
the use of suitable charts, or calibrated samples, this 
reading can be translated into thicknesses. In the 
second method, two identical sources of radiation 
and two ionisation chambers are employed, the latter 
being connected in a bridge circuit, so that the elec- 
trometer indicates out-of-balance current. This 
method is more accurate and gives greater stability. 

Whichever method is used it is necessary to 
employ a sensitive current detector, and this gener- 
ally incorporates a direct-current amplifier. The 
drift of such amplifiers, however, is very high 
relative to the minute currents that have to be 
measured, although this drawback can be overcome 
by employing vibrating-reed electrometers, the 
daily drift of which does not exceed 0-5 per cent. 
of the measured thickness. The instrument shown 
at the exhibition employed the second of the two 
methods mentioned above. The equipment was 
mounted on a rack and the radioactive source and 
ionisation chamber could be placed at a distance 
from the material being tested which, as has been 
stated, may be in motion. A probable develop- 
ment of the instrument will be the addition of a 
recorder by means of which a continuous record of 
variations in thickness wi!l be obtainable. A device 
for automatically controlling the thickness or giving 
warning of deviations exceeding set limits will also 
be available. 

The same firm were showing the radiation monitor, 
which is illustrated in Fig. 11. This instrument 
is a self-contained portable ionisation chamber with 
a volume of about 450 cub. cm., and is suitable for 
the measurement of gamma dosage and for the 
qualitative detection of beta radiation. For the 
latter purpose, a thin window in the end wall of the 
chamber is exposed by rotating an external metal 
flap. The dosage is indicated directly on a meter 
with ranges of from 0 to 0-125and 0 to 1-25 rontgen 
per hour for gamma radiation. The instrument is 
provided with an on/off switch, which is fitted with 
a third position so that the filament cell can be 
tested. The circuit comprises an electrometer tube 
with a meter for reading the changes in the anode 
current and a zero-setting potentiometer and vari- 
able shunt for controlling the calibration. 

Among the numerous apparatus shown by the 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, mention may be 
made of an electrostatic clutch, which is a self- 
contained unit consisting of members of a semi- 
conductor and of steel, which are mounted on sepa- 
rate shafts and contained in a tubular housing. Its 
action depends on the attractive force between the 
optically-polished surfaces of the high resistance 
semi-conductor and the steel disc, with which it is in 
contact, when a potentiai is applied between them. 
The semi-conductor is about 2 cm. in diameter and 
is backed by a film of metal, which is soldered to a 
metal holder mounted on the shaft. The steel 
disc is mounted on a self-aligning mechanism on the 
second shaft. The two surfaces of the clutch are 
flat within about 10-4 cm. and are held lightly in 
contact by a spring. When one member is station- 
ary and the other is running at 1,000 r.p.m. the 
clutch will pick up against a torque within the range 
of 2,000 to 3,000 gm.-cm., when a direct-current 
voltage of 500 is applied between the semi-conductor 
and the steel. A torque of 4,000 to 6,000 gm.-cm. 
is required to produce slipping when the clutch is 
energised at the same voltage. The current con- 
sumed is normally only a small fraction of a milli- 
ampere, but this can be varied within fairly wide 
limits without any appreciable effect on the mech- 
anical behaviour. Since the current required is so 
small the clutch can be fed from a number of 
cells, such as those used for energising the high- 
tension, circuits of battery-operated radio sets. 

The same firm were showing a continuously- 
evacuated cathode-ray oscillograph, which has been 
designed for observing and recording the wave 
shape and duration of the surges produced by an 
impulse generator. It is of the electrostatically- 
deflected continuously-evacuated demountable type, 
and is constructed so that the electron beam falls 
directly on the photographic emulsion. The tube 
is equipped with a hot-cathode gun, which is sup- 
plied with direct-current at 100 kV from an oil- 
immersed set in a separate cubicle. After accelera- 
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Fie. 12. Automatic PoTENTIOMETER RECORDER ; 
Messrs. Ex.tiott Broruers (Lonpon), LiwiTEp. 














Fie. 13. Gauss Meter; Mzssrs. BririsH 
THomson-Hovuston Company, LIMITED. 


tion to the anode the beam is focused magnetically 
by a solenoid and passes through the deflection 
chamber. Each of the two pairs of plates has a 
sensitivity of about 1 kV at full scale. The impulse 
voltage is taken from the generator through a 
potential divider and the time-sweep voltage from 
an electronic circuit. The recording chamber 
enables the trace to be viewed on a fluorescent 
screen. This has sufficient after-glow to make the 
trace visible for a few seconds after the beam has 
passed. For photographic recording, the screen, is 
lifted to allow the beam to fall directly on to the 
photographic film. To reload the camera, the 
vacuum in the whole tube is released and is restored 
after the new film has been inserted. The vacuum 
is generated by an oil-diffusion pump backed by a 
rotary pump. Damage to the electron gun is pre- 
vented by interlocking the high-tension supply with 
an air-leak valve on the tube and a Purani vacuum 
gauge. 

Among the exhibits of Messrs. Elliott Brothers 
(London), Limited, Century Works, Lewisham, 
London, 8.E.13, mention may be made of the new 
automatic “‘ Elliottronic ’’ potentiometer recorder, 
which is illustrated in Fig. 12. This is a self- 
balancing instrument, which incorporates bridge 
circuits ; that is the null principle is used to give 
continuous indications, or recordings on a 10-in. 
chart. The out-of-balance electromotive forces are 
amplified to drive a small motor, which adjusts a 
slide-wire contact to restore the electrical balance. 
The instrument is available as a single-point, or as 




















Fria. 14. 3-Cu. Wave-Guipr Test Bencn ; Messrs. Brirish THomson-Hovustron Company, Liurrep, 














Fie. 15. Sinate-Coannet Srramn RECORDER ; 


a six-point recorder, and may, for example, be used 
as direct-current potentiometer for measuring 
the electromotive forces of thermocouples, or as a 
direct- or alternating-current bridge, in association 
with resistance thermometers. It has duplex hori- 
zontal 10-in. scales, the lower of which is finely 
divided and is read in conjunction with a hair-line 
pointer and anti-parallax mirror. The upper scale 
is boldly marked and is intended for reading from a 
distance. The pen can travel] across the chart in 
34 seconds without overshoot or creep, and chart 
speeds of | in., 2 in., 4 in. and 8 in. per hour can be 
selected by interchanging the gear wheels on the 
synchronous-motor drive. The chart is backed by a 
metal plate to facilitate the writing of notes, and a 
10-in. length remains visible through a glass cover 
in the hinged front cover. 

Six pens on a cylindrical carrier are provided, 
when the instrument is used as.a six-point recorder, 
and are successively brought into action by a 
ratchet and rocker bar. The appropriate pens are 
selected by a switch, which is electrically interlocked 
with the pen-operating gear, so that each of the 
variables that are being measured is recorded for 
five seconds at half-minute intervals. When the 
instrument is used as a potentiometer or direct- 
current bridge, the out-of-balance currents are 
passed through the control winding of a magnetic 
inverter and generate alternating-current signals, 
which are amplified by a push-pull amplifier. They 
are then fed to a phase-discriminating motor, which 
moves the slide wire in the correct direction until 





Mezssrs. Henry HuGuHes anp Son, Limrrep. 


balance is restored. When used as a potentiometer, 
a standardising circuit is automatically switched in 
for a few seconds every half-hour, though a press- 
button control enables standardisation to be 
effected at any instant. If the instrument is 
employed as an alternating-current bridge, the 
magnetic inverter is omitted, and the out-of-balance 
signal currents are taken directly to the amplifier. 
The main components, such as the inverter and the 
selector switch, are self-contained and are plugged 
into position. The recording gear and standardising 
unit are carried on a chassis, which can be swung 
open for inspection while the instrument is in use. 
The standard instrument is designed for 200 to 
250 volts single-phase 50-cycle supplies, and is 
housed in an aluminium-alloy case. 

Among the recently developed instruments ex- 
hibited by the British Thomson-Houston Company, 
Limited, Rugby, Warwickshire, mention may be 
made of the portable gauss meter for measuring 
steady magnetic-field strengths up to 25,000 gauss. 
This instrument, which is illustrated in Fig. 13, 
is said to be particularly suitable for determining 
the flux density in narrow air gaps, such as those 
of direct-current machines or in loud speakers, 
since it enables the fields to be explored by 4 
thin nou-magnetic probe of any convenient length 
carried at the end of a wander lead. The deter- 
mined field strengths are indicated in the scale 
of one of three ranges of a microammeter, which 
is directly calibrated in gauss. Two other ranges 
can be brought in by a selector switch, the 
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Fie. 16. Dynamic Batancinc Macutnge ; DAwE INSTRUMENTS, LIMITED. 

















Fie. 17. Tank Contents GauaE; MEssrs. 
EVERSHED AND VIGNOLES, LIMITED. 


readings then being utilised in conjunction with 
calibration charts. The operation of the instru- 
ment depends on the Hall effect ; that is, the produc- 
tion across a strip of metal, or semi-conductor, of a 
steady voltage in a direction at right angles to the 
external field and to the direction of an applied 
current. The maximum effects are obtained when 
the directions of the current and field are mutually 
perpendicular. The detecting element producing 
the voltage is a flake of germanium, which is located 
at the end of a thin non-magnetic sheath with ex- 
ternal dimensions of 0-140 in. by 0-035in. Current 
18 supplied to the germanium from a 4-5-volt 
battery, which is housed in, the instrument case. 
The same firm also demonstrated the principles 
of Pulsactor circuits, and showed how rectangular 























Fie. 18. InsvuLaTion AND ContTrinuiry TESTER ; 
Messrs. EVERSHED AND VIGNOLES, LIMITED. 


pulses of about 150-kW peak power and } micro- 
second duration can be produced from a supply 
with a frequency of 1,500 cycles per second. ‘These 
Pulsactors consist of windings on magnetic cores, 
designed so that the resulting B-H curves have 
sharp “knees.” Rapid changes can therefore be 
produced in the permeability of the cores and in the 
impedance of the windings. In the course of 
demonstration at the exhibition, these changes 
were used to produce a succession of switching 
actions between a number of capacitors in cascade, 
the discharge of the successive capacitors being 
carried out at an increasingly faster rate. The 
rapid pulses finally produced were applied through 
a pulse transformer to a magnetron valve. Such 
circuits are claimed to have high stability and have 
the advantage of dispensing with electronic valves. 

Mention may also be made of the wave-guide 
testing apparatus illustrated in Fig. 14, opposite. 








This is intended for precision measurements, whichin- 
volvestanding wave ratio, and insertion loss in wave- 
guide components, using standard 0-90 in. by 0-40 
in, and 2-84 in. by 1-34 in. guides at wavelengths of 
3 cm. and 10 cm., respectively. The equipment 
comprises an oscillator and the usual micrometer- 
adjusted cylinder and piston-type wavemeter, 
followed by a carbon-coated dielectric-attenuator, 
a standing-wave detector and a matched termina- 
tion. A probe is located in the detector and the 
output is indicated on a directly calibrated meter. 

The exhibits of the Kelvin-Hughes group of 
companies were displayed on a common stand, and 
included the single-channel strain-recorder equip- 
ment which is illustrated in Fig. 15, opposite. This 
apparatus, which was exhibited by Messrs. Henry 
Hughes and Son, Limited, New North-road, Barking- 
side, Essex, is intended for measuring and recording 
varying mechanical strains, and has been designed 
for use with the Mark V single-pen recorder produced 
by the associated firm of Messrs. Kelvin and Hughes 
(Industrial), Limited, 2, Caxton-street, London, 
8.W.10. The equipment comprises an impedance 
bridge, which is housed with its supply oscillator, 
carrier amplifier, power pack and other auxiliary 
circuits in a case approximately 10 in. high by 
11 in. wide and 18 in. deep. This bridge is suitable 
for either resistitive, inductive, or capacity-type 
pick-ups, and has two fixed arms, fine and coarse 
balance controls, quadrature balancing function 
selector switches, as well as a valve-voltmeter for 
indicating balance. The supply frequency is 
2 kilocycles per second. Using maximum amplifi- 
cation, sensitivities are obtained giving full-scale 
deflections for a 0-005 per cent. change in the 
resistance of a 2,000-ohm pick-up, for a differential 
of 0-005 millihenry in a 100-millihenry inductance 
unit, or for a 1 picofarad change in a capacity-type 
pick-up. Capacity pick-ups ranging from 100 to 
700 microfarads (including cable capacity) may be 
used. 


The recorder is housed in a separate case 14 in. 
long by 7 in. high and 6 in. wide. The chart has a 
central zero and is driven by a synchronous motor 
operating through a two-speed gearbox, which, in 
conjunction with an auxiliary gearbox, enables a 
total of six different speeds to be obtained—from a 
minimum of 0-25 cm. to a maximum of 10 cm. per 
second. The maximum deflection of the pen on 
either side of the zero is 2 cm., the sensitivity of the 
zero is 2 cm. and the sensitivity of the 5,000-ohm 
moving coil is0-2 mm. per volt. Both the recording 
and the bridge equipment are designed for 100-volt 
to 250-volt single-phase 50- to 60-cycle supplies. 

Messrs. Kelvin, Bottomley and Baird, Limited, 
Basingstoke, Hants., exhibited a Transflux magnetic 
detector element for use with an aircraft gyro- 
magnetic compass. This was developed by Messrs. 
Henry Hughes and Son, Limited, and operates by 
measuring the angle between the aircraft’s heading 
and the direction of the earth’s magnetic field. 
The element produces output voltages which are 
directly proportional to the strength of the magnetic 
field along its axis. It consists of a magnetic 
cylinder, which is excited to saturation by alter- 
nating current in such a way that the resulting 
changes in permeability produce variations in the 
flux induced by a unidirectional axial] field. These 
flux changes give rise to voltages in a signal coil 
wound around the element. The magnetising cur- 
rent is supplied to a toroidal winding, and the two 
magnetic circuits, being at right angles to each 
other, cause little or no mutual interference. 

Among the electronically-operated equipment 
exhibited by Messrs. Dawe Instruments, Limited, 
130, Uxbridge-road, Hanwell, London, W.7, was 
the dynamic-balancing machine illustrated in 
Fig. 16. This apparatus is designed to show the 
amount and the angular position of the weight that 
must be added or removed in order to balance a 
rotating body, such as a small armature or rotor. 
The unit to be balanced is supported horizontally 
in two half bearings and is rotated by a motor. 
Out-of-balance forces cause the bearings to vibrate ; 
and these vibrations are converted into proportional 
alternating-current voltages, which are amplified 
and filtered to actuate a meter, which may be 
directly calibrated in drilling depth or in terms of 
the weight to be added or removed. A stroboscopic 
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lamp, which is carried on an adjustable arm, is 
triggered by the bearing vibrations so that the 
engular correction is caused to appear stationary 
in front of a pointer. The driving motor may be 
controlled by a foot switch to leave both hands 
free; unbalance forces of 5 milligrams per centi- 
metre radius can be detected. 

The tank-contents gauge, exhibited by Messrs. 
Evershed and Vignoles, Limited, Acton Lane 
Works, Chiswick, London, W.4, has been designed 
to record at a distance the contents of tanks con- 
taining foodstuffs, paper pulp, slurries, soap or 
other viscous liquids, where no moving mechanism 
can be allowed to come in contact with the liquid. 
Its employment, it is claimed, enables trouble from 
contamination, heat, corrosion or viscosity to be 
avoided. It comprises a transmitter, illustrated in 
Fig. 17, on page 403, containing a diaphragm 
of neoprene or other suitable substance. This dia- 
phragm is fitted flush with the wall of the tank and 
the pressure upon it, due to the liquid, is transmitted, 
by metallic bellows filled with glycerine, to a 
system of compound levers, an arrangement which 
ensures that the electrical system is not affected by 
the tank temperature. The force on the lever 
system is opposed by an electromagnet, the current 
through the coil of which is varied automatically so 
that balance is maintained. This current, which is 
therefore a measure of the tank contents, operates 
contacts, which vary the grid-cathode voltage 
of a thermionic valve. The anode circuit of this 
valve is connected to the receiver of a series of 
indicators or recorders. 

The same firm were showing a new pattern of 
Megger insulation tester, an illustration of which 
appears in Fig. 18, page 403. This instrument has a 
range of 0 to 50 megohms with a voltage of 500 for 
testing insulation and from 0 to 10,000 ohms for test- 
ing contmuity: The generator is of the constant- 
pressure type, so that steady readings are obtainable 
when testing cables with electrostatic capacity or 
circuits fitted with suppressors. The instrument 
can, if desired, include a live-line detector to protect 
it when the continuity of conduit is being tested 
while the circuit is alive. 

The exhibits on the stand of Messrs. W. G. Pye 
and Company, Limited, Newmarket-road, Cam- 
bridge, included a range of potentiometer and bridge 
equipment, as well as amplifiers and power packs ; 
and a self-contained galvanometer suitable for 
research or general purposes. The latter instru- 
ment comprises a taut suspension unit, a translucent 
scale with end and centre zeros, and a lamp and 
transformer enabling it to be connected directly to 
the normal alternating-current mains. It is also 
provided with a damping shunt and six-position 
switch, on one position of which the moving coil is 
short-circuited. The 14-cm. scale is mounted at 
the top of the instrument case at the front, the 
selector switch and galvanometer terminals being 
located below. The working distance between the 
galvanometer mirror and the inch scale is 20 cm. 
The case is of moulded Bakelite and measures 
approximately 7} in. by 11} in. by 64 in. Among 
the bridge equipment exhibited by the same firm 
was a high-resistance apparatus designed for the 
measurement of high resistances by direct-current, 
the maximum operating voltage when measuring 
resistors above 10,000 ohms being 150 volts. The 
bridge incorporates a decade-type Wheatstone 
circuit with two ratio dials, each of which has four 
steps of 10, 100, 1,000, and 10,000 ohms, though 
additional decades can be connected to extend the 
range. The direct-reading range extends from 
10 ohms to 1-1 megohms, but with the ratio dials 
a range from 0-01 ohm to 1,000 megohms can be 
covered. 

Messrs. de Havilland Propellers, Limited, Hat- 
field, Hertfordshire, exhibited equipment for fatigue- 
testing. This included a moving-coil vibrator, 
which, in association with a suitable oscillator and 
amplifier, is designed to generate vibrations up to 
1,000 cycles per second electromagnetically, so as 
to produce resonant frequencies and nodal patterns 
in complex systems or in structures weighing up to 
150 tons. These vibrators, which are made in 
different sizes, each comprise an electromagnetic 
transducer which operates in a manner similar to a 
moving-coil loudspeaker. The field magnet is elec- 





trically excited through a power amplifier by a 
polarised direct-current, which is obtained from an 
external rectifier or from a 24-volt battery. The 
unit demonstrated was cylindrical in shape, and 
about 13 in. diameter and 9 in. high, and weighed 
250 Ib. Its coil is capable of exerting a pull of 
30 Ib. per ampere of exciting current, so that at 
full load, an alternating thrust of about 250 Ib. can 
be obtained at frequencies up to 1,000 cycles per 
second. The former of the moving-coil assembly 
is provided with a light-alloy skirt, and is supported 
at each end of the vibrator on a cloth-bonded syn- 
thetic resin spider, which ensures great flexibility 
in the axial direction only. The polarising coil 
induces up to 0-2 megaline per square inch in the 
air gap. For exciting vertical vibrations, the 
vibrator is mounted on a circular baseplate, the 
moving-coil assembly being mechanically linked to 
the component under test. A cradle of non- 
magnetic material is provided when horizontal 
vibrations are required. 

The same firm were also exhibiting a twelve- 
channel equation computor. This consisted of a 
central panel with left- and right-hand wing panels, 
on which were mounted rows of potentiometers for 
setting the various coefficients and values concerned. 
The computator was energised from a 50-cycle per 
second supply. 





LITERATURE. 

Technology of Light Metals. By PROFESSOR A. VON 
ZEERLEDER. Elsevier Publishing Company, Incor- 
porated, and Cleayer-Hume Press, Limited, 42a, 
South Audley-street, London, W.1. Translated from 
the first Swiss edition by A. J. Field, B.Sc., F.I.M. 
[Price 45s.] 

PROFESSOR VON ZEERLEDER’S books need no intro- 
duction to those who are in any way connected with 
the light-metals industry. His experience is well 
known and highly valued, and his books have 
always been regarded as authoritative. The 
present translation is therefore welcome, as it 
provides a first-class survey of the whole field of the 
technology of aluminium and magnesium. The 
treatment is notably clear and covers a wide range 
of subjects, no aspect being neglected. The author 
points out in his preface that, though heavy metals 
have been worked for many years, light metals have 
only been introduced during the present century. 
This means that changes in technique are continually 
necessary as the application of light metals is 
extended to new fields, with the result that it is 
difficult for the practical man to keep abreast of 
progress. The present book is an attempt to 
draw together as much as possible of the available 
information. 

The book is in two main parts. The first covers 
general topics such as production, alloys, testing 
and analysis, principles of design and construction, 
and melting furnaces ; and the second deals with 
fabricating processes, including casting, rolling, 
extrusion, forging, drawing, machining, joining, and 
surface treatments. Since the book is essentially 
one for the practical man, the treatment is direct 
and there is little detailed theory. In most cases, 
however, underlying principles are clearly indicated. 
Throughout the book, Professor von Zeerleder 
draws attention to the essential differences in the. 
methods of handling light as compared with heavy 
metals. Anexample of this may be cited in connec- 
tion with riveting. In steel riveting, the rivets are 
driven hot and contract on cooling, so that the steel 
rivet head becomes pressed tightly on to the plates 
and clamps them firmly together. Light-metal 
rivets, on the other hand, are driven cold, so that 
there is no contraction. Thus a light-metal riveted 
joint does not allow of transfer of load from one 
member to another by friction, so that shear and 
bearing stresses alone take care of such transfer. 
A further difficulty in riveting light metals is that 
the rivets are age-hardened in order to obtain 
maximum strength, which means they have to be 
driven soon after treatment or stored in a refrigera- 
tor, otherwise cracking of the rivet may occur 
during heading. Furthermore, the composition of 
the rivet has to be matched with that of the metal 
being riveted, so that electrochemical corrosion 








effects are reduced to a minimum. An example 
such as this illustrates the difference in design and 
technique which is necessary when dealing with 
light-alloy structures as compared with those of 
steel. In the concluding chapter, dealing with 
economics, application and storage, the important 
point is made that the best results can only be 
achieved on changing from heavy to light metals 
by an intelligent redesign of the structure involved, 
so that the properties of the light alloys are utilised 
to their full extent. 

The bibliography relating to each chapter is up 
to date, and should prove to be of considerable 
value. Attention is drawn in the preface to the 
fact that this present English edition contains 
some references to recent developments which were 
not present in the German edition. A word of 
congratulation must be accorded to the translator, 
who has carried out excellently a difficult task. 





The History of Engineering in Ipswich. Prepared by 
A. E. Newby, M.B.E., M.I.Mech.E., for the Ipswich 
Engineering Society. W.S. Cowell, Limited, Butter 
Market, Ipswich. [Price 10s. 6d.) 

In 1949, the Ipswich Engineering Society completed 

50 years of active existence and, to mark the occa- 

tion, arranged with Mr. A. E. Newby, the President 

in their 50th year, to record the rise and progress 
of engineering in the town. The result is a volume 
which, might well be taken as a model by similar 
societies elsewhere, which makes it doubly re- 
grettable that the author did not live to see it pub. 
lished. Though the Ipswich Engineering Society is no 
more than 50 years old, engineering in Ipswich has 

a much longer history, dating back to the time of 

Charles II. At that time, however, and for more 

than a century afterwards, the only engineering 

activity, by modern standards, was that of bell- 
founding ; but shipbuilding had been a local trade 
of some note in the Sixteenth Century, so that it 
must be assumed that a nucleus of smiths as well as 

founders existed in the district long before 1789, 

when Robert Ransome established at St. Margaret’s 

the iron foundry which has now developed into the 
well-known works of Messrs. Ransomes Sims and 

Jefferies, Limited. While they have always been 

prominent as agricultural engineers—Robert Ran- 

some’s patent for chill-cast ploughshares was taken 
out in 1803—the firm have engaged in many other 
branches of engineering, including bridge-building, 
the construction of gasworks plant, and aircraft. 
The firm of E. R. and F. Turner, founded in 1837, 
were also agricultural engineers, but for the past 

60 years they have been more widely known as 

makers of roller flour-milling plant. In 1924, 

under the egis of that ill-starred “* rationalisation,” 

Agricultural and General Engineers, Limited, the 

manufacturer of ‘‘ Bull” electric motors by the East 

Anglian Engineering Company was transferred to 

Messrs. Turner’s works and, since 1932, the two 

undertakings have been united. Ransomes and 

Rapier, Limited, date from 1869, when (with 

a staff of four) they began to make railway points 

and crossings. Now, their ®hief railway connection 

is in the construction of breakdown cranes, but they 
are equally well established in other fields, notably 
the manufacture of large sluice gates, concrete 
mixers, and excavating plant. In 1879, Cocksedge 
and Company were established (also with a staff of 
four), first as founders but eventually to become 
mainly structural engineers. Reavell and Company 
began in 1898, originally as builders of the Scott 
high-speed steam engine, though the manufacture of 
air compressors soon became their main occupation, 
as it still is. The Manganese Bronze and Brass 

Company are comparative newcomers to Ipswich, the 

works there having been started in 1916 to supple- 

ment their older establishment on the Thames at 

Millwall. A number of other firms, now active 

contributors to Ipswich’s engineering output, are 

recorded in the book and add to the variety of 
products now made there; and it may well be 

that other forms of engineering will follow. Not a 

great deal of London engineering has migrated to 

Ipswich—the biggest undertakings originated locally; 

but it may be remarked that the marine-engine 

works of Maudslay, Sons and Field was in process of 
transfer there from Lambeth when circumstances 
obliged the firm to close down. 
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Sincr the particles of many mineral powders are 
approximately spherical and have considerable 
transparency, useful information is gained by con- 
sideration of the behaviour of a spherical lens under 
conditions similar to those of the powder. In 
Fig. 7, on this page, is shown aspherical lens in a 
parallel incident beam of light, case (a) being for a 
large difference between the value of the refractive 
index for the lens and the fluid, and case (6) for a 
corresponding small difference. Elementary optical 
theory shows that 


1 1 1 
po wale —Z) 


where 7, and r, are the radii of curvature of the 
two surfaces of the lens and yp, and sp, the refractive 
indices of the lens and fluid, respectively. (This 
formula is not strictly true for a spherical lens, 
but is sufficiently accurate for the present purpose.) 
Then, for a spherical particle r, = —r,, so 
r 
2 (Hp — Hf) 


(12) 


from which 
y = 2tan*2 (wp — py). (13) 

approximately, where y is the cone angle of the rays 
leaving a spherical particle. Thus it may be 
deduced that all energy transmitted through the 
particle falls within the cone having a vertex angle y, 
where y = 2 tan-! 2 (4»— yy) although, owing to 
absorption within the particle, not all the energy 
incident upon the particle will be transmitted 
through it. 

Consider now the effects of variation of the refrac- 
tive index of the fluid, the refractive index of the 
particle and the cone angle subtended by the photo- 
cell being fixed. For values of (1, — yy) such that 


y is less than 8, the curve of log = will beindependent 


2 

of yy (since all the energy transmitted through the 
particle will fall upon the receiver) and so will be a 
horizontal line on Fig. 8. The position of this 
line will obviously depend upon the transparency 
of the particle, since the amount of light energy 
transmitted through the particle will alter the 
value of I,. 

With greater values of (4, — yy), the angle y 
will be greater than 8, so a portion of the trans- 
mitted energy will fall outside the photo-sensitive 


surface—this lost fraction, and so log =, increasing 


with increasing numerical value of (tp — By) 
Thus a series of curves as shown will be obtained. 
If the solid angle subtended by the photo-cell is 
increased, similar reasoning will show that the 
value of log : will ultimately reach that for an 
opaque particle, but only for much larger values of 
(up — py); this leads to the second series of curves 
of the diagram. It is also obvious that the curves 
of Fig. 8 are symmetrical about the axis (up, — py) = 
0, for, if (up — py) is negative, the rays still diverge 
after leaving the particle, but from a point to the 
right (instead of to the left) of the centre of the 
particle and so the physical reasoning is unaltered. 
The corresponding experimentally determined points, 
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after correction for the different fineness of powder 
used, are plotted in Fig. 9, and the general agree- 
ment with the theoretically determined form of 
curve is good. 

These results lead at once to the important con- 
clusion that, even though the photo-cell subtends 
a small solid angle at the centre of the suspension, 
it is a necessary condition for accuracy that there 
should be a considerable difference between the 
refractive index of the powder and that of the 
suspension fluid, unless, of course, the powder is 
very opaque. 

Consider again the case in which the value of 
(up — wy), and so the value of the cone angle y, is 
fixed. If now the photo-cell subtends a very small 
angle, practically the whole of-the transmitted 
energy falls outside the sensitive surface and so 


the value of log F is nearly the same as for a com- 


e 
pletely opaque powder. On increasing the value 
of the angle £8, more energy reaches the receiver, 


with a consequent reduction in the value of log s : 
2 


until, when £ = y, the whole of the energy trans- 
mitted through the particles reaches the receiver. 
Further increase in the angle £ then brings about 
the collection of no more light and so the value of 


log Fe remains fixed. These considerations lead to 


2 
the graph Fig. 10; and in Fig. 11, on page 406, 
are the corresponding experimentally determined 
curves. In Fig. 12, on page 406, the curves of Fig. 
11 have been reduced to a consistent basis and upon 
its consideration the following interesting points 
emerge. 

If it be assumed that y = 2-0, 1-5 and 1-33 for 
zirconium, silica and water, respectively, then, from 
equation (13), the. corresponding: vertex angles, y, 
for zircon and silica are 106 deg. and 38 deg. respec- 
tively. Also, it is known that pulverised coal has a 
flaky form and so would produce but little deviation 
of the light beam. Considering, in the light of these 
statements, the curves of Fig. 12, in which curve a 
relates to slack, curve 6 to zircon, and curve c to 
silica, it is seen that the curve for slack becomes 
substantially horizontal after a vertex angle of about 
10 deg. is reached, and for silica the curve apparently 
becomes horizontal after a cone angle of about 30 deg. 
or 40 deg. is reached ; both of these results being 
roughly in accordance with theory. Also, the curve 
for zircon does not apparently become flat within 
the range covered—for vertex angles up to about 
60 deg.—which again is in accordance with theory. 

It is interesting to notice that the fraction of the 
light energy falling upon the particles, which after- 





ing. Now, for any point on the curves in Fig. 12, 
the ratio : (= Z, say) is given; but, from the 
2 


arbitrary scale chosen, * = 10, when there is no 


scattered light (that is, when the cone angle is zero), 


so then = 10, or I, =9 to the same 
(Ig = I,) 
10 


Thus Z = rs ey from which I, is deter- 


mined ; and so this ratio (light scattered to the 

photo-cell by the particle /light falling on the particle) 
Ig Ig 

= I, — 9° - 

The values of this ratio so calculated are plotted 
in Fig. 13, on page 406. These curves confirm the 
conclusions drawn from the curves of Fig. 12 and, 
in addition, show that the effective opacity of slack, 
zircon and silica are approximately 80 per cent., 
60 per cent. and 50 per cent., respectively, and that, 
if the scattered light falling on to the photo-cell 
is to be kept less than, say, 10 per cent. of that 
incident upon the particles, then the cone angle 
subtended by the receiver must not exceed about 
7 deg. to 10 deg. Thus it may be concluded that, 
for accurate analysis, it is essential that the receiver 
shall subtend a very small angle at the centre of the 
suspension. 

The final, and probably the most difficult, problem 
requiring investigation is that relating to the break- 
down of the “square law” of geometrical optics— 
that is, the deviation from unity of the value of K, 
in the expression 





scale. 





I I ds 
loge— — loge * =kCl >) Kzgnd3. 
I; 1 dy 


The fundamental problem, which is that of the 
behaviour of a dielectric sphere in an electromag- 
netic field, has been studied by Stratton* while 
the vector equations have been evaluated, over 
a limited range, by Stratton and Houghton,} 
Jobstt and Lowan.§ One form of the general prob- 
lem, the scattering of light by a liquid droplet, has 
been investigated experimentally by Lowan|| and 
by Bailey]; while the problem of relationship to 
suspension of powders has been investigated experi- 
mentally by Traxler and Baum,** Klein,t{ Lowry 
and Marsht{,, Schweyer,§§ and by the present 
writer, with Mr. H. B. Lloyd.|||| In spite of the 





* J. A. Stratton, Electro-Magnetic Theory. 

+ J. A. Stratton and H. G. Houghton, Physical 
Review, vol. 38, page 159 (1931). 

t G. Jobst, Ann. der Physik, vol. 76, page 863 (1925). 

§ A. Lowan (Unpublished; as quoted by Barnes,’ 
Kenyon, Zaiser and LaMer, Jour. Coll. Sci., vol. 2, page 
349, 1947). 

|| -A. Lowan, loc. cit. 

q E. D. Bailey, Ind. and Eng. Chem. (An. Ed.), page 
365 (1946). tsa 

** R. M. Traxler and L. A. H. Baum, loc. cit. 

tt A. Klein, Proc. A.S.T.M., vol. 34, Pt. 2 (1934). 

tt T. M. Lowry and M. C. Marsh, Trans. Faraday Soc., 
vol. 24, page 195 (1928). 

§§ H. E. Schweyer, Ind. and Eng. Chem. (An. Ed.), 
page 622 (1942) 

ll | H. E. Rose and H, B. Lloyd, oe. ci. 
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amount of investigation which has been carried out 
however, there appears to be but little agreement on 
the final results, and much more experimental work 
is required. 

In a recent paper, the present writer, in collabora- 
tion with Mr. C. C. J. French,* considered the results 
of investigations by many workers and combined 
these findings with the results of their own ex- 
perimental investigation to produce the tentative 
curve of K, plotted against particle size, given in 
Fig. 14, this curve being derived for the case in 
which the photo-cell subtends a small solid angle. 
The calculation of the form of the curve from 
theoretical considerations involves vector algebra 
of extreme difficulty, but it may be stated that, 
from the theoretical etandpoint, it appears that a 
series of curves, similar to that of Fig. 14, is required, 
the curve applicable to any particular test depending 
upon the refractive index and absorptivity of the 
powder and the suspension fluid. It is probable, 
however, that the differences between the various 
curves are not very large ; also, for most industrial 


powders, the absorptivity and refractive indices | 


are not accurately known, so it is believed that the 
curve of Fig. 14 may be used in most practical 
problems with reasonable accuracy. 

In connection with the design of,an apparatus, 
it is desirable that the minimum allowable value of 


the ratio >, where H is the depth of the centre of 


the beam below the fluid surface and h is the thick- 
ness of the beam, consistent with the obtaining of 
reasonable accuracy should be known. For the 
purpose- of obtaining the desired information the 
following simple approximate analysis will suffice. 

From Stokes’s Law, d= B Vv where d is the 
diameter corresponding to the rate of fall v, and B 
is a constant depending on the physical properties 
of the fluid and the particle. If d, and d, are the 
diameters of the particles which will have fallen 
from the fluid surface to the top and bottom of the 
slit, respectively, in time t, then 


B H \t H 
7;(# - an) 


_ 4-7 (8 +) 





* Jl. Soc. Chem. Ind. 
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If it be assumed that, in the size interval d, — d,, 

there occur equal weights, per unit size interval, of 

each size present (= f, say) then it is easily shown 
that : 


projected area in the size interval 
os (8a 
~ 4p | a, % 
4 


Sf, 
4p 4, 





6f 
= —.4$lh 
ip $ log, 


= Y (say). 


Projected area in the beam based on the mean 
diameter 


4p d 
1\t 1 \t 
o/{(1 tan) ~ (1-95) } 
4p i? 
= Z (say) 
Then the error in projected area as calculated, 
expressed as a fractionof the true value, = 1 — : 





The graph of error plotted against =A so obtained, 


is given in Fig. 15, from which it is seen that errors 
from this source are small in apparatus of normal 
proportions. 

The form taken by the majority of photo-extine- 
tion sedimentometers is as shown in Fig. 16, oppo- 
site, this being a diagram of the writer’s apparatus 
upon which the experiments mentioned here were 





carried out. This apparatus consists of a light- 





proof box a, about 30 in. long, 9 in. wide and 12 in. 
deep, constructed of plywood # in. thick; it is 
divided into four compartments by three internal 
partitions b, each partition having a circular aperture 
through which a beam of light may be projected 
from one chamber to the other. In the end division 
is a 24-watt automobile headlamp bulb c, placed at 
the focus of a lens d, fitted in the aperture in the first 
partition, the lens being stopped-down as necessary 
by a diaphragm e at b. 

In the next compartment is fitted a holder which 
will support any number, up to twelve, of 2 in. square 
optical filters f. The third compartment contains 
the suspension and standardising cells g and h; 
vessels of optical glass, one holding the suspension 
under test and the other a sample of the dispersion 
fluid, for the purpose of comparison, these cells being 
carried op a slide by means of which one or the other 
may be inserted in the light beam. Housed in the 
fourth compartment of the box is the photo-cell j, of 
barrier layer type, by means of which the direct light 
is metered. This cell is masked by a diaphragm f, 
while between this diaphragm and the photo-sensi- 
tive’ surface is placed a negative lens 1, by means 
of which the light intensity on the sensitive surface 


TABLE II. 





Dimensions of the Apparatus. 








Diameter of stop & . 
Diameter ofstope_ .. - ee da 0-33 
Distance of stop & from centre of suspension 19-0 
Distance of stop e from centre of suspension 15-0 ,, 





is reduced and a general increase in the reproduci- 
bility of the galvanometer readings is obtained. 

The galvanometer used with the apparatus is 4 
d’Arsonval mirror instrument, having a resistance 
of approximately 480 ohms and a sensitivity of 
1,400 mm. per microampere with a scale distance of 
1 metre. The photo-cell used is a barrier layer type 
manufactured by the Salford Electrical Instrument 
Company, and the galvanometer.is shunted by 4 
resistance of 1,600 ohms. Under these conditions, 
a full-scale deflection of about 40 cm. is obtained 
with stop diameters and other dimensions as given 
in Table IT. 

Consideration of the factors discussed earlier 
enables the proportions of the optical system to be 





decided fairly easily ; for it is evident that, if the 
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apparatus is not to be too cumbersome, the distance 
from stop k to the centre of the suspension is limited 
to about 20 to 30 cm. and so, if the stop is not to 
subtend an angle at the centre of the suspension 
exceeding the previously recommended value of 
7 deg., the stop diameter is limited to about 1 cm. 


However, in order that the ratio ; shall be not less 


than, say, 10, the depth of suspension then tends 
to be excessive, unduly prolonging the time for an 
analysis ; so it appears desirable to reduce the stop 
diameter to about 5 mm. 

At first, it might be objected that, by using a 
beam of diameter larger than that stated, a less 
sensitive galvanometer would be required; but 
consideration of the facts stated shows that, if the 
diameter of the beam were increased to 1-0 cm., 
the total output from the photo-cell would be of the 
order of 3 micro-amperes. So far as the writer is 
aware, there is no pointer galvanometer capable of 
giving a reasonable (say, 10 cm. minimum) deflection 
for this current, so the use of a D’Arsonval instru- 
ment is still unavoidable. Therefore, it seems 
reasonable to take advantage of the sensitivity of 
the D’Arsonval galvanometer and to adopt a beam 
of small diameter, thus reducing errors due to light- 
scattering to a minimum. 

The power of the bulb used might appear to be 
low and capable of increase with advantage, but 
this is doubtful. To transfer the metering from 
the mirror-galvanometer to the pointer-galvano- 
meter class, the photo-cell output would require 
about 50-fold increase and, assuming a ten-fold 
increase in beam area, the bulb would need to be of 
about 100 watts dissipation. 

The generation of such heat within the apparatus 
would probably introduce difficulties due to thermal 
currents and photo-phoresis effects—the latter 
possibly being unimportant. In addition, the high 
energy density in the beam would probably cause 
“fatigue” of the photo-cell. In this connection, 
the writer has found that the introduction of a 
negative lens before the photo-cell, to reduce the 
energy density on the photo-sensitive surface, 
gives more reproducible results, even when a 
24-watt lamp is used, and is to be recommended. 
Further, a lamp of 100 watts would almost certainly 
require mains operation, with fairly complicated 
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‘ballast’ gear for control, whereas a bulb of 
24 watts may be operated satisfactorily from a 
pair of car-starting accumulators. Thus, on balance, 
there appear to be several disadvantages, without 
real gain, in attempting to use a bulb of increased 
power. 

The adoption of an apparatus in which stop k 
subtends a small angle also requires that the incident 
beam shall be of small diameter, for“a large incident 
angle produces the same effects as a large receiver 
angle. This is easily seen from Figs. 17 and 18, 
for, in the case of a large incident beam, each of a 
great number of particles contributes a small quota 
of energy to the cell, the sum total being of the 
same order as in the case of a small beam with a 
large receiver. Hence, the stop e should be of the 
same order of diameter as stop k. 

It would appear that the form of the stops— 
whether an elongated slit or a circular hole—is 
unimportant, but that elongated slits suffer, in 
part, the light-gathering errors encountered in a 
circular stop of large diameter, although to a less 
extent. The benefits gained by the use of a slit, 
however, appear to be small and, in view of the 
above objection, it seems that the circular stop is 
more easily manufactured and is satisfactory. 

The length of the cell containing the suspension, 
measured in the direction of the light beam (that is, 
lin equations (2), (8) and (9)) appears to be unimpor- 
tant, but increasing this length reduces the con- 
centration of the suspension necessary to produce 
reasonable differences in light intensity, thus reduc- 
ing flocculation effects. However, an excessive value 
involves an unnecessarily great volume of suspension 
fluid, which is wasteful, and, on balance, probably 
3 to 5 cm. is a reasonable value for this dimension. 

The apparatus in the form shown in Fig. 16 is 
open to the objection that, for standardising the 
light intensity, the suspension cell is moved hori- 
zontally out of the light beam, and a “ blank ” cell 
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moved in, by means of a carriage running on guide 
rails. This horizontal acceleration of the suspen- 
sion, although possibly small, is clearly undesirable, 
since it must set up currents in the fluid and so 
hinder the settling of the finer materials. This 
difficulty may be overcome by the use of an addi- 
tional photo-cell, connected to a suitable meter, 
housed in the side of the lamp chamber. A rheostat 
connected in series with the bulb enables the light 
intensity to be adjusted until the meter connected 
to the photo-cell in the lamp chamber indicates a 
predetermined value under which condition the 
light intensity is at its normal value. 

The meter connected to this photo-cell need not 
be unduly sensitive since, in this case, the whole 
of the surface of the cell may be exposed to the 
light and so a considerable output obtained. Need- 
less to say, however, the cell should be protected by 
a filter to avoid “ fatigue.” 

The question of the provision of means whereby 
the level at which the beam passes through the 
suspension may be varied during the course of a 
test may be considered. It is questionable whether 
such elaboration is desirable, but, if it be adopted, 


arrangement should be made that the ratio 7 is 


never less than about 5 to 10; and the suspension 
cell should be fixed in space while the optical system 
is moved on suitable guide rails, to eliminate the 
effects of acceleration on the suspension. 

re appears to be no case for the use of “‘ cor- 
rected ” lenses in the construction of the optical 
system, for, provided that the converging lens is of 
fairly long focal length (say, 10 to 15 cm.) and the 
beam diameter is small, a very small central area 
of the lens is transmitting a sensibly parallel beam 
and so dispersion effects are negligible. Similarly, 
the function of the “negative ” lens is to disperse 
the light energy over a large area of the cell surface, 
so colour effects here are of no importance. 

As a final point, the importance of calibration of 
the photo-cell galvanometer combination cannot be 
too greatly stressed. The curves in Fig. 19 show 
the photo-cell output plotted against incident 
light energy for a standard type of barrier-layer: 
cell. It is evident that, except when, the external 
circuit resistance is very low, the curves are far 
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from straight. Thus it is essential that the appara- 
tus be calibrated, and furthermore, since the 
characteristics of the cells vary somewhat with age, 
exposure to vapours, etc., it should be recalibrated 
at reasonable intervals. 

A simple method of calibration, requiring no 
special equipment, has been described in detail 
elsewhere,* but is of sufficient interest to justify 
recapitulation here. The full-scale deflection with 
the light beam unobstructed is noted and a filter, 
cut from photographic plate with the emulsion 
removed, is then placed in the beam, the new 
deflection beingrecorded. An adjustable diaphragm 
in the beam is now closed until the deflection, 
with the filter removed, is the same as the previous 
deflection with the filter in position. The filter is 
now re-inserted and the procedure repeated, all 
deflections being recorded. It is known, from the 
researches of many electrical engineers, that the 
curve relating the galvanometer reading, G, to the 
light intensity, I, for a photo-cell galvanometer 
combination has the form given by the curve, 
Fig. 20, on page 407, so it is evident that the apparent 
filter coefficients will be = ‘ Smt for different 

0 m 
values of initial light intensity. 

Since the line through the points G, and G,4, 
cut the vertical axis nearer the origin the higher 
Gm +1 
G 


the value of x, the value is nearer to the true 





m 
filter coefficient than any other pair of values ; 
so it follows that, if the ratio a is ‘At against 


G, = —* against G,, and so on, o4 —“*? against G, 


to give the curve Fig. 21, page 407, this curve, when 
extrapolated to cut the vertical axis, will do so at 





the value of the ratio Smt corresponding to the 


™m 
true value of the transmission factor for the filter. 
(This is seen to be 0-907.) It now follows that G, 
corresponds to I,, G, to 0-907 I,, G, to 0-907? I, 
tc., to G,,+, to 0-907 I,; from which the cali- 
bration curve may be deduced. 

The calibration curve of the present apparatus, 
obtained in this way, is given in Fig. 22, the 
light intensity being plotted against galvancmeter 
reading for ease of conversion of the experimental 
results. The curve is markedly non-linear, which 
emphasises the need for calibration of these 
apparatus. It is agreed that this method of cali- 
bration is open to the objection that extrapolation 
of the curve Fig. 21 gives a value of the trans- 
mission coefficient which is subject to an error of, 
say, + 4 per cent.; and, when this value of trans- 
mission coefficient is raised to a high power, the error 
involved might be considerable, this giving an 
accumulating error in the low ranges of the calibra- 
tion curves. 





* H. E. Rose and H. B. Lloyd, Jl. Soc. Chem. Ind. 











* AnTAR” TRACTOR AND MACHINERY TRAILER ON TEST. 


In practice, however, any error from this source 
proves to be negligible, for it is found that the 
transmission coefficient of any filter (or suspension), 
taken at random and measured on various parts of 
the light range, have the same value within the 
limits of experimental error. It should bé empha- 
sised that, during calibration, in no circumstances 
should the output from the bulb be altered, because 
this would vary the spectral distribution of the light 
and, since the sensitivity of the photo-cell depends 
on the wavelength of the light, this would adversely 
affect the accuracy of the calibration. 

While there remains much scope for investigation 
in connection with the photo-extinction method 
of powder-size analysis and the basic laws are still 
but imperfectly understood, it is hoped that the 
considerations discussed in the present article will 
contribute to the understanding of the problem 
and, especially, that it will stimulate further funda- 
mental research into the factors involved. 

The author’s thanks are due to the Delagacy of 
King’s College for facilitating this research. 





HEAVY TRACTORS AND 
TRAILERS FOR THE IRAQ 
PETROLEUM COMPANY. 
(Concluded from page 394.) 

In the first article on the Mighty Antar tractor, 
which appeared on page 341, ante, it was pointed 
out that the tractor has been designed for an im- 
posed Joad of 32 tons and a gross train weight up to 
100 tons. In all, some 35 tractors are being built 
by Messrs. Transport Equipment (Thornycroft), 
Limited, and, as previously mentioned, they will 
be employed on the construction of a pipeline from 
Kirkuk to the port of Banias. They will operate 
with semi-trailers designed by Messrs. Cranes (Dere- 
ham), Limited, for transporting pipes having a 
diameter of 30 in., a length of 93 ft. and a weight 
of 63 tons each. Messrs. Cranes are also supplying 
a single low-loading machinery trailer with a carry- 
ing capacity of 50 tons, which will be employed on 
the transport of oil-producing and earth-moving 
equipment, principally excavators. 

The machinery trailer is illustrated in Fig. 16, 
at the top of this page, where it is shown fitted to 
the tractor and carrying a full test load, and in the 
drawing reproduced in Fig. 20, on Plate XIV. The 
overall length, excluding the spare-wheel carrier, is 
38 ft. 5 in., the length of loading space within the 
well approx'mately 16 ft. 10 in. and the height from 
the ground to the floor plates, 2ft. 6Zin. The 
double-cranked frame is of all-welded construction, 
each side member of the load-carrying portion being 
built up from four 15 in. by 4 in. rolled-steel channel 
sections joined together by a 4 in. thick mild-steel 
p'ate to form a rigid box section. In addition to 
the main side members, there are three 10 in. 





by 34 in. channel-section longitudinals arranged 





between the side members. The cross members 
consist of 12 in. by 5 in. rolled-steel H-section joists 
and 12 in. by 3} in. channel sections which are 
welded to the side members and channel-section 
longitudinals. The construction of the rear swan 
neck and raised portion of the frame is, in general, 
similar to the load-carrying portion, each of the 
two main longitudinals comprising two 15 in. by 
4 in. channels, the bottom flanges of which are 
welded to a 1-in. thick mild-steel plate. In addition, 
there are four 8 in. by 3} in. channel-section longi- 
tudinals, two of which are arranged outside, and 
two inside, the main longitudinals. Suitable cross- 
members are provided, notably that which carries 
the cast-steel brackets for securing the axle-beam 
cross shaft. This member is arranged below the 
frame and consists of two 15 in. by 4 in. channel 
sections, the bottom flanges of which are welded to 
the back of a 12 in. by 3} in. channel. 

The rear of the trailer is supported by eight wheels 
arranged in two rows of four. They are fitted to 
two longitudinal beams which are free to rock about 
the cross-shaft already mentioned. The rocking 
beams are of welded construction, each consisting 
of a main tube to which triangular plates are welded 
to form the housing for the cross-shaft bearing. 
Each beam carries four wheels ; these are arranged 
in pairs at the ends of the beams and are fitted to 
shafts coaxial with the main tube, there being a 
separate shaft for each axle or pair of wheels. The 
outer end of each shaft is supported by a large- 
diameter self-aligning roller bearing fitted in a 
housing integral with the end of the tube, and the 
inner end by a similar bearing installed within the 
bore of the tube. This arrangement can be seen 
in Fig. 18 on Plate XIV, which shows a part-sec- 
tional drawing of one of the beams. It will be 
appreciated that with this design, the wheels are 
free to oscillate both longitudinally and trans- 
versely, thereby permitting the trailer to traverse 
exceptionally uneven ground. 

The forward end of the trailer is, of course, 
supported by the chassis of the tractor through a 
turntable. The bottom half of the turntable con- 
sists of a steel casting attached to the tractor by a 
sub-frame and connected to the top half of the turn- 
table by pins which permit relative movement 
between the tractor and trailer. The top half of 
the turntable is attached to the trailer frame by a 
king pin; this is held in position by a manually- 
operated locking fork, which, when withdrawn, 
allows the trailer to be removed from the tractor, 
but leaves the turntable in position. The locking 
fork can be seen in the drawing of the turntable 
assembly reproduced in Fig. 19, on Plate XIV. The 
trailer is arranged for front loading as well as side 
loading, the forward swan-neck being designed so 
that it can be detached at its base from the main 
frame of the trailer, the frame subsequently being 
lowered to the ground. During this operation, the 
swan-neck is supported from the frame of the tractor 
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Fig. 21. 








Fig. 22. 


by two screw jacks which bear on the underside of 
the bolster. One of these jacks can be seen in Fig. 20, 
on Plate XIV, where it is shown in both the working 
and stowed positions. When loading is completed, 
the front of the frame is raised so that, when the 
tractor is reversed on to the trailer, two round-nosed 
pins on the trailer enter corresponding sockets on 
the swan-neck; the two parts are then brought 
together by turnbuckles and locked in position by 
two screwed pins situated at the base of the swan- 
neck. The round-nosed pins and the turnbuckles 
can be seen in Fig. 22, on this page, which shows 
part of the forward swan-neck. The frame of the 
trailer is raised and lowered by two 20-ton hydraulic 
jacks built into the front end of the structure. Two 
light ramps which fit on to the round-nosed pins are 
provided for end loading, while two further ramps 
are provided for side loading. For ease of hand- 
ling, the latter ramps are made exceptionally light 
and are used in conjunction with the end-loading 
ramps, which fit underneath and give added support. 

For pipe carrying, two bolsters are used, the 
front bolster being fitted to the upper half of the 
turntable and the rear bolster to a separate bogie. 
This arrangement is illustrated in Fig. 17, on 
Plate XIV, which shows the two components 
without the pipes in position. Both front and rear 
bolsters are fitted with cradles designed to accom- 
modate four pipes, while three further pipes rest 
on the top of these ; the pipes, of course, form the 
connecting link between the tractor and rear bogie. 





REAR PreE-CARRYING BOGIE. 





Forwarkp Swan NeEcK oF MACHINERY TRAILER. 


A safety connecting cable. { in. diameter, of plough 
steel connects the front and rear bolsters ; the cable 
is easily detached and, when not in use, is carried 
in a tray provided on the rear bogie. A flexible- 
rubber hose is also provided to convey the brake 
pipe lines and electric-light cable to the rear bogie. 
The rear bogie is illustrated in Fig. 21, on this 
page. Like the machinery trailer, it is of all-welded 
construction and consists, mainly, of channel section 
members of various sizes. The wheel arrangement 
and the fitting of the wheels to the chassis frame 
are the same as for the machinery trailer. The 
wheels are of the divided type and are fitted with 
Dunlop 20-ply 14-00-in. by 24-in. tyres. Two 
spare-wheel carriers are provided, one for the trailer 
and the other for the tractor. Both are constructed 
in the same way, and consist of an arm provided 
with a plate and wheel studs, which is lowered by 
a screw mechanism. When returning without a 
load, the rear bogie is loaded by a crane on to the 
back of the tractor and the towing bar hooked to 
the safety rack behind the driver ; when no lifting 
facilities are available, the rear bogie is’ towed 
behind the tractor. The safety rack is provided to 
prevent the pipes sliding forward into the cab in 
the event of their breaking away from their lashings. 
Both the machinery trailer and the pipe-carrying 
bogies are fitted with Clayton Dewandre air brakes ; 
these operate on all wheels, which are fitted with 
Girling brake shoes having a diameter of 16} in. 
and a width of 5 in. Hand-operated parking 


brakes are also provided but these operate on the 
rear two pairs of axles only. The two-line air- 
braking system is used, suitable air reservoirs being 
installed on the trailed equipments. As previously 
mentioned, the air lines for the pipe-carrying bogies 
are protected by a flexible-rubber hose; this is 
secured to the load by 2 in. webbing straps to pre- 
vent undue sagging. It is readily detached from 
the front bolster and rear bogie and, when not in 
use, is stored in trays fitted to the rear bogie 
assembly. The trailer and bogies are well equipped 
and there is little doubt that they will adequately 
carry out the duties for which they were designed as 


_|this class of work is by no means new to the 


manufacturers. 





ANNUALS AND REFERENCE BOOKS. 


Britannica Book of the Year 1949.—All encyclopedias 
necessarily suffer from the fact that, while they are 
essentially intended to be books of reference, they 
begin to fall out of date from the moment of publication. 
This does not mean that they become useless, as much 
of the material they contain may well be valid for a 
generation or longer. Statistical data, however, and 
developments in the sciences, alter so rapidly that the 
latest information can be found only in current publica- 
tions. New editions of im 7 encyclopedias run- 
ning to many volumes, which the Encyclopedia 
Britannica is a prominent example, are published from 
time to time, but it would clearly be iavendloahie to 
issue a new version every year. The proprietors of 
that publication have dealt with the matter by pre- 
paring what is, in essence, a current supplement to the 
main work. It is described as “an annual survey “ 
world events.” A corresponding volume ap 
1939, but, since that time, it has not before been seasiie 
to prepare a volume directed to the particular interests 
of this country, although the series has been maintained 
in an American edition. The contents of the new 
volume are in no way a mere reproduction of American 
material; the long list of contributors of the more 
important articles contains many names of well-known 
British workers and writers, in addition to the American. 
The greater part of the contents of this volume is 
naturally concerned with matters lying outside the 
professional interests of engineers, but articles dealing 
with the year’s developments in various branches of 
civil, mechanical and electrical engineering, ship- 
building, manufacturing industry, physics and some 
other subjects furnish brief surveys of both interest 
and value. The book is published by Encyclopedia 
Britannica, Limited, 90, Dean-street, Soho-square, 
London, W.1, and the price is 2/. 10s. net. 

Annuaire pour Van 1950, publié par le Bureau des 
Longitudes, avec un supplément pour l’'an 1951.—The 
main features of this authoritative annual, which is 
published on behalf of the Bureau des Longitudes by 
Messrs. Gauthier-Villars, 55, Quai des Grands-Augus- 
tins, Paris, Vle, remain unchanged. The first part, 
appearing each year, consists of four chapters. The 
first contains information relating to calendars and 
gives the times of the rising and setting of the sun, moon, 
and planets at Paris, a list of eclipses and other astro- 
nomical predictions, and tidal and other data. The 
article on meteors has been deleted. In the second 
chapter, the article on meteorology has been rewritten 
and contains a note on weather forecasting, with tables 
summarising climatic conditions at ten stations in 
France. Also included are sections on geodesy, astro- 
nomical refraction, atmospheric electricity, solar radia- 
tion and te magnetism. The article on inter- 
national time signals, in Chapter III, has again been 
brought up to date by M. Stoyko. In view of the list 
of comets from the earliest records down to 1948, 
by M. Baldet, which appears later in the volume, the 
section on comets has been confined to a list of the 
comets observed during 1948. Moreover, the account 
of stellar spectra, revised by Mr. P. Conderc, replaces 
articles on solar physics, stellar parallaxes, galactic 
nove and supernove, and cosmic radiation that 

peared in the previous issue. The only additions to 
Chapter IV relate to the units of measurement em- 
ployed in nautical and aeronautical charts. As 1950 
is an even year, the final chapter is devoted to tables 
of chemical and physical constants. These are well 
arranged and contain a useful selection of the most 
recent and reliable values. Many of the tables are 
preceded by clear and concise descriptive sections. In 
defining surface tension in terms of the work done in 
enlarging the surface area by 1 sq. cm. (page 459), it 
should have been pointed out, however, that this work 
is done under isothermal conditions. The concluding 
section, on radioactivity, has been revised by Mr. 
R. Grégoire. Accompanying the list of comets, already 
mentioned, there is a very readable article on quartz- 





crystal clocks by Mr. R. Jouaust. 
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MERCURY-STEAM POWER STATION 
IN THE UNITED STATES. 


On January 18, a 40,000-kW mercury-unit power 
station was put into service at Portsmouth, New 
Hampshire, U.S.A., and a description of the new Schiller 
station, as it is called, appears in the March issue of 
Mechanical Engineering. The plant comprises two 
7,500-kW mercury turbo-generators of standard design, 
two mercury boilers, two heat-exchange units known as 
condenser boilers, and a 25,000-kW steam turbo- 
generator. The mercury-steam cycle is admittedly 
more expensive to construct, but for the same electrical 
output it requires only about three-quarters of the fuel 
needed in a conventional steam plant. 

The cycle operates as follows: heat from the com- 
bustion of the fuel produces mercury vapour in the 
tubes of the mercury boiler, and this vapour passes 
to the mercury turbine where part of its energy is 
converted to electrical power. The vapour from 
the mercury turbine is exhausted to the vacuum shell 
of the mercury-condenser boiler. Here the mercury 
vapour condenses and gives up its heat of vaporisation 
to the water in the tubes. The liquid mercury is 
returned from the sump of the condenser-boiler to the 
boiler by a mercury feed pump. The water in the con- 
denser boiler is converted into steam at any desired 

ressure ; this steam, after being superheated by circu- 
fation through tubes located in the gas passages of 
the mercury boiler, drives the 25,000-kW steam turbo- 
generator; it is exhausted to a steam condenser, 
and the water is pumped back by a water feed pump 
to the water tubes of the condenser boiler. 

When the plant is operated on base load, the two 
mercury turbines operate with their control and stop- 
valves fully open; the electrical output from the 
mercury turbo-generators is, therefore, directly related 
to the rate at which vapour is generated by the fuel 
supplied to mercury-boiler burners. Similarly, the 
electrical output from the steam turbine, utilising the 
rejected heat from the mercury-turbine exhaust, is a 
direct function of the rate at which fuel is burnt in the 
mercury boilers. Increases in the electrical load on 
the station, therefore, must be met by increasing the 
quantity of fuel burnt. The Schiller station can 
operate on either Bunker “ C ” fuel oil or on pulverised 
bituminous coal. The gross power output of the 
station is expected to be the same with either coal or 
oil, although the final net hourly output will be slightly 
less with coal firing, due to the power required for the 
preparation of the coal fuel, and certain other auxiliary 
equipment. When operating at the designed rating, 
the plant net heat rate when burning oil is expected to 
be 9,200 B.Th.U. per kilowatt-hour, and when burning 
coal 9,420 B.Th.U. per kilowatt-hour. The lower heat 
rate wnen burning oil is due to the lower auxiliary 
power requirements and the higher boiler efficiency. 





Fig. 1. 





Extrusion SHop. 


SCHOLARSHIPS AT MANCHESTER 
COLLEGE OF TECHNOLOGY. 


THE governing’ body of the Manchester Municipal 
College of Technology offers, to part-time students and 
others, six scholarships and six exhibitions, varying in 
value up to a maximum of 65/., plus approved fees if 
the candidate is resident at. home, and 140/., plus 
approved fees if he is resident in a hostel or in lodgings, 
according to the financial circumstances of the student’s 
family. The scholarships and exhibitions are tenable 
in any one of the full-time day courses of the College 
for three academic years, on condition that the holders 
have satisfied the requirements of the Joint Matricu- 
lation Board and prepare themselves for the degree of 
Bachelor of Technical Science (B.Sc. Tech.). Candi- 
dates must be British subjects and resident ratepayers, 
or the children or wards of resident ratepayers of 
Manchester. The awards will be made for one year, 
in the first instance and, subject to satisfactory reports, 
will be renewed for the further period of two years. 
Before the agreement is signed, candidates will be 
required to pass satisfactorily a medical examinati 
Due notice of the date and time of this will be given ; 
it will be held at the Education Offices, Deansgate, 
Manchester, 3. Forms of application for the scholar- 
ships or exhibitions may be obtained from the Registrar, 
College of Technology, Manchester, 1, and completed 
forms should be returned to the Registrar so as to 
reach him not later than June 20. 

Another scholarship, the Lewis Atkinson Entrance 
Scholarship in Electrical Engineering, is offered to 
persons of British nationality who must be qualified 
to enter upon a higher course in electrical engineerin, 
in the College, leading to the degree of B.Sc. Tech. 
with honours. The scholarship, which has a value of 
301. per annum, is awarded triennially and is held by 
the candidate for three years. In selecting the holder 
attention will be paid to personality and character, 
with the object of ensuring that, after graduation, he 
will be fit, apart from his academic qualifications, to 
make a successful engineer. Candidates must be 
nominated by their headmaster and, if they have left 
school, by their employer also. Nominations will be 
considered, and recommendations made, by the Dean 
of the Faculty of Technology and the Professors of 
Engineering in the Faculty. Forms of application for 
the Lewis Atkinson Scholarship are obtainable from 
the Registrar of the College of Technology, Manchester, 
1. These, duly completed, must be received by him 
on or before June 1. 





CENSUS OF PRODUCTION FOR 1950.—The Board of 
Trade announce that the scope of the Census of Produc- 
tion for 1950 and the information to be obtained have 
now been settled. Details will shortly be sent to trade 
associations. 


NON-FERROUS METAL SHOPS, ELSWICK WORKS. 








NON-FERROUS METAL SHOPS AT 
ELSWICK WORKS OF VICKERS- 
ARMSTRONGS LIMITED. 


Aw extensive scheme of reconstruction and moderni- 
sation has recently been completed in the non-ferrous 
metal section of the cast and wrought metals depart- 
ment at the Elswick Works, Newcastle-upon-Tyne, of 
Messrs. Vickers-Armstrongs Limited. Casting, rolling 
and extrusion have been carried on in these works for 
upwards of 40 years, and the present scheme has 
involved the installation of much new plant in modern 
buildings, specially designed for the purpose. The 
area now occupied by the non-ferrous metal department 
is approximately 6} acres, of which about 5 acres are 
covered by buildings. Access is by road and rail and 
there is ample room for the largest road motor 
vehicles. The buildings are of steel-frame and brick 
construction and are of the semi-insulated type. The 
ventilation, heating and lighting of the shops are of a 
uniformly high standard and provide excellent working 
conditions for the personnel. A metal store has been 


@ | placed in a fairly central position and this has enabled a 


considerable degree of straight-line production to be 
achieved for both cast and wrought products. To the 
west of the metal store lies a brass foundry, while to 
the east of the store is arranged an electric melting 
shop, leading into an extrusion shop and a rolling-mill 
shop. The former shop occupies the north bay and 
the rolling-mill shop the south bay of the building. 
These north and south bays are separated by a central 
bay 30 ft. wide, which is occupied by offices, cloak- 
rooms, tool room, pickling tanks and other services. 


€| The dispatch bay for the extrusion and rolling-mill 


shops is at the extreme east end of the building, and 
is transverse to and occupies the full width of the 
three main bays. All incoming metals are delivered 
to the metal store, where samples are taken for chemical 
analysis. 

The brass foundry has a floor area of 46,000 sq. ft. and 
is divided into four bays. Three bays are devoted to 
green- and dry-sand moulding and core making and the 
fourth to the dressing and finishing of castings. Mould- 
ing sand is delivered by rail to bunkers at the north 
extremity of the foundry, and is prepared under 
controlled conditions in a modern sand-handling plant. 
A battery of tilting crucible furnaces, placed centrally 
and ro ag with efficient fume-extraction apparatus 
supplies the molten metal. The fuel used is creosote 
pitch and this is stored in thermostatically-controlled 
and insulated tanks served by road tank wagons 
from a roadway outside the foundry. Castings of 
* to 2 tons finished weight in manganese-bronze, 
phosphor-bronze or gunmetal, and up to 10 cwt. in 
aluminium alloys can be made. Moulds and cores 
are dried in gas-fired stoves supplied by Messrs. John 
Mathison, Limited, Guisborough. A Birlec rocking 
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NON-FERROUS METAL 


SHOPS, ELSWICK WORKS. 








Fie. 3. Davy-Unrrep Hot-Rotimwe Miu. 


arc furnace of }-ton capacity is employed for the 
melting of copper and copper-rich alloys, silicon bronze 
and similar materials. A section of the foundry is 
devoted to the manufacture of chill-cast solid and 
centrifugally-spun hollow gunmetal and phosphor- 
bronze bars. 

The electric melting shop has a floor area of nearly 
9,000 sq. ft., and houses three 150-kVA and nine 
75-kVA Ajax-Wyatt low-frequency induction furnaces. 
the furnaces are mounted on two platforms, projecting 
into the metal store, on which prepared charges 
are placed in skips. One series of furnaces is mainly 
used for the manufacture of extrusion billets, while 
the other produces ingots and slabs for the rolling- 
mill plant. All the furnaces are furnished with copper- 
faced water-cooled moulds of appropriate size and 
shape, but all moulds are interchangeable. Every 
heat is analysed, and every billet and slab is given an 
identification mark of the furnace and cast number. 
When cool, the billets intended for extrusion are 
sawn to the required lengths in high-speed saws situated 
between the melting shop and a billet store. Similarly, 
stock for the rolling mills is allowed to cool and is then 
taken to the slab store where the discard is removed by 
means of a high-speed circular saw. 

The extrusion shop, which constitutes the north 
bay of the eastern building, is 600 ft. in length by 
61 ft. 6 in. in width. A general view of the west end 
of the shop is shown in Fig. 1, opposite. Billets to 
supply the extrusion presses are weighed and then 
rolled by gravity down chutes to the gas-fired billet- 
heating furnaces adjacent to each of the two presses. 
Here they are raised by a hoist to the level of the 
charging door. The hearths of the furnaces are inclined 
from. the charging to the discharging end and the 
length has been made such that, with. the extruding 





presses working at maximum capacity, the heating 
time is sufficient to ensure that the billets are soaked 
through uniformly to the correct temperatures. Of the 
two extrusion presses, one of 1,000-tons capacity, 
shown on the left in the far background in Fig. 1, 
takes billets of 8-in., 6-in. and 5-in. diameter. The 
other machine is of 1,500 tons capacity and is seen on 
the right in Fig. 1. It was built at the Elswick Works 
and takes billets of 94 in., 8 in. and 6 in. diameter. It 
can produce solid bars of 6 in. diameter or hollow bars 
having an outside diameter of 6 in. and an internal 
diameter of 4? in Both presses are equipped with 
independently-controlled mandrel rams, for the piercing 
of billets and the production of hollow rods. Water 
is supplied at 3,000 lb. per square inch pressure from a 
pneumatic-hydraulic accumulator consisting of five 
air bottles and one water bottle, each of 62 cub. ft. 
capacity. Power is provided by two sets of three- 
throw pumps, the operation of which is controlled by 
a mercury pot with dip rods, alongside the water 
bottle. The pre-filling of the main cylinder and the 
idle strokes are by water at 100 lb. per square inch 
pressure, from air vessels at the rear of each press. 
Run-out tables and inclined cooling platforms at the 
exit end of the extrusion presses are 60 ft. in length. 
They can be discerned in Fig. 1. 

A portable coiler can be set up, as required, at either 
press for coiling long lengths, when single-hole dies of 
%-in. diameter and below are in use. The coils are 
further dealt with in one of two machines in which the 
extruded stock is drawn, straightened, cut to length 
and polished. Extruded solid and hollow rounds and 
hexagon-section bars of free-machining brass are 
usually token to drawbenches for a sizing draw through 
tungsten-carbide dies. Other drawbenches have been 
installed for various purposes. Round bars are finally 





passed through a reeling machine, while hexagon, 
square and bars are passed through 
multi-roll straightening machines after a stress-relief 
anneal in electric furnaces. Some ial sections are 
straightened on hydraulic stretching machines, while 
others have to be straightened by hand. 

The rolling-mill shop, constituting the south bay of 
the eastern building, is of the same dimensions as the 
extrusion shop, namely, 600 ft. long by 61 ft. 6 in. 
wide. general view of the west end of the shop is 
shown in Fig. 2, herewith. All material processed 
in this shop passes first through a two-high reversing 
hot-rolling mill ‘supplied by the Davy and United 
Engineering Company, Limited. This may be dis- 
cerned at the far end of the shop in Fig. 2, while a 
closer view is shown in Fig. 3. The mill is fitted 
with rolls 30 in. in diameter and 62 in. in face 
length. The slabs are heated in a Mathison gas-fired 
furnace and are cha in two rows on cast-iron 
slippers on guide rails. As will be clear from Fig. 3, 
twin hydraulic pushers discharge the slabs down 
inclined roller paths on to rising tables, which are 
lowered between the live rolls of the mill roller tables. 
The movements of the doors, pushers and rising tables 
are interlocked to ensure a correct sequence of opera- 
tions. The s and direction of rotation of the work 
rolls, roller tables and screw-down motors are con- 
trolled at a desk by one man seen on the extreme left 
in Fig. 3. The standard slab is 3} in. thick and weighs 
850 lb., but larger pieces, up to 1 ton in weight, can be 
cast and rolled. The product of the hot-rolling mill, 
when required for sheet rolling, is } in. thick, but when 
intended for coiling for subsequent strip rolling it is 
reduced to } in. in thickness. 

A two-stand, two-high mill, with rolls 20 in. in dia- 
meter by 60-in. face length, produces hot-finished sheets. 
The bulk of the output from the hot mill, however, 
passes, after annealing and pickling, to a four-high 
electrically-driven cold-rolling mill supplied by Messrs. 
W. H. A. Robertson and Company, Limited. This is 
shown in Fig. 4, on page 414. The diameters of the 
rolls are, respectively, 15 in. and 37 in., and their length 
of face 62 in. As may be seen in Fig. 4, the mill is 
equipped with a combined tension reel and coiler. For 
the rolling of strip, the material, after annealing and 
pickling, is passed to an electrically-driven Davy-United 
four-high cold-rolling mill, shown in Fig. 5, on page 414. 
This has rolls of 7} in. and 18 in. in diameter by 18 in. 
face length, and is also fitted with a tension reel and 
coiler. Both the Robertson and the Davy-United 
four-high mills are equipped with variable-speed gear 
units built at the Elswick Works. These ensure 
flexible control and constant tension on the strip 
during the accumulation of material on the reel, over 
the whole range of speeds. The smaller of the two mills 
has also variable-speed gear control for the screw-down 
mechanism giving very rapid and sensitive adjustment. 
For the finished temper rolling of sheets up to 1 metre 
in width, a two-stand two-high rolling mill is used, 
while a two-high mill serves the same purpose for strip. 

For the annealing of sheet and strip in coils, two 
Mathison gas-fired furnaces, served by an electric 
charging machine, are installed, while a combined 
annealing and pickling unit, supplied by Messrs. 
Curran Brothers, Limited, Cardiff, deals with sheet 
and strip. The finishing section is adequately equipped 
with slitting and'shearing machines, and a number of 
roller levellers. The largest of the latter is capable of 
levelling plates up to 1 in. thick and has been installed 
to level condenser plates and to work in conjunction 
with a Robertson scalping machine for special require- 
ments. The grinding of the rolling-mill rolls is carried 
out in a roll-grinding machine supplied by Messrs. 
Craven Brothers (Manchester), Limited. It is fitted 
with a cambering device and is capable of handling the 
largest rolls used in the rolling-mill shop. All the shops 
in the department are well equipped with cranes and 
handling facilities, and the floors are of reinforced con- 
crete specially surfaced to prevent dust. Non-skid cast- 
iron paving is laid round the machines and rolling mills. 





NEW REINFORCED-CONCRETE CONSTRUCTION TECH- 
NIQUE.—A new method for casting and erecting floor 
and roof-slabs, known as the Youtz-Slick method, has 
been developed by the Institute of Inventive Research, 
San Antonio, Texas, it is reported in the March issue of 
Mechanical Engineering. Foundations are poured in 
place, followed ‘by the pouring of a base slab. Columns 
of pipe, structural steel, or concrete are then placed, 
anchored and grouted. The roof slab, or the first floor 
slab, is laid on the base slab, which is used as a bottom 
form and only requires edge forms. Concrete is poured 
on the base slab over a separating medium, and allowed 
to cure for at least seven days. Specially designed lifting 
equipment, carried on the columns, is attached to the 
slab, which is then raised to its permanent position and 
welded to the column by means of a collar which was 
incorporated in the slab during pouring. The new process, 
it is claimed, reduces construction costs by eliminating 
the forms and shoring for upper floors and roofs. 
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BRITISH STANDARD 
SPECIFICATIONS. 

The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of each paragraph. 


Hand Hammers—A revision of specification B.S. 
No. 876, covering hand hammers, has now been issued. 
Two amendments, published since the first edition 
of October, 1939, have been incorporated in the new 
text. The maximum phosphorus and sulphur contents 
of the steel from which the hammer heads are to be 
made have been raised from 0-05 to 0-06 per cent. 
The clause relating to the manufacture and hardness 
of the hammer heads has also been amended. The 
drawing of the standard oval hammer eye now includes 
pre as. gg ve of the central waist, previously 

Minor amendments have been made, 
moreover, to certain other clauses, figures and dimen- 
sions. [Price 3s. 6d., postage included.] 

Suspended Concrete Floors and Roofs.—The Council 
for Codes of Practice for Buildings, Construction and 

ineering Services, operating under the zgis of the 
Ministry of Works, has now issued, in final form and 
under one and the same cover, Code of Practice C.P. 
No. 114.100 and sub-codes Nos. 114.101 to 114.105. 
Code No. 114.100 is concerned with the general 
of concrete floors and roofs, including stairs, while the 
remaining sub-codes deal with particular forms of 
floor and roof construction, namely, 114.101 solid-slab 
construction ; 114.102 flat-slab construction ; 114.103 
ribbed construction; 114.104 precast construction ; 
and 114.106 filler joist construction. Points of i 
interest include recommended methods of calculating 
the effect of concentrated loads and of calculating the 
bending moments in floor panels, and recommendations 
relating “to the loading and effective span of stairs. 
The Code also contains recommendations concerning 
aggregates for concrete and deals in detail with form 
work, including the selection of materials, construction, 
erection and stripping. [Price 6s., postage included.] 

Condensing Units for Refrigeration—The minimum 
requirements for the manufacture of electrically-driven, 
open-type condensing units for refrigeration, up to and 
including 5-b.h.p. driving-motor capacity, are to be 
found in a new specification on the subject, B.S. No. 
1608, Its provisions do not apply to the hermetic 
or sealed type of machine, but cover rating, test 
requirements, minimum equipment and motor loading 
of air or water-cooled condensing units; air-cooled 
up to and including 3 b.h.p., water-cooled up to and 
including 5 b.h.p., using dichlorodifluoromethane 
(CCI,F,), methyl chloride (CH,Cl) or sulphur dioxide 
(SO,) as refrigerating media. Another new specifica- 
tion, B.S. No. 1586, is complementary to B.S. No. 1608, 
as it covers the methods of rating and testing of open- 
type condensing units for refrigeration. As the testing 
plant available may vary, six different methods of 
testing are described. [Price of B.S. No. 1608—2s., 
and of B.S. No. 1586—3s., both postage included.] 





CONTRACTS. 


Messrs. F. PERKINS LIMITED, Queen-street, Peter- 
borough, have received an order worth 185,0001. from 
the Van Doorne Company, of Holland, for a number of 
P6V Diesel engines for fitting into vehicles known as the 
D.A.F. Another order, the value of which is 110,0001., 
is from the A.R.P.I.C., S.A., Antwerp, Belgium, for the 
firm’s S86 industrial engines. 


The British Electricity Authority, Great Portland- 
street, London, W.1, announce that, during the past 
month, contracts have been placed for power-station, 
switching- and transforming-station and transmission 
equipment, amounting in the aggregate to 1,894,5671. 
The principal orders include a circulating-water system 
for Plymouth “ B ” station, with Jonun Laine AnD Son, 
LIMITED ; reclamation works at Connah’s Quay Station, 
Chester, with the WESTMINSTER DREDGING COMPANY, 
LIMITED; 132-kV overhead-line extensions at Usk 
Mouth Station, Newport, Monmouthshire, with BALFoUR 
BEATTY AND COMPANY, LIMITED; 132-kV and auxiliary 
cables at Barking “‘C ” station, with PrRELLI-GENERAL 
CaBLE Works LiMiTED; 60-MVA 132/33-kV trans- 
formers and earthing transformers for Ilford substation, 
with the ENGLISH ELECTRIC COMPANY, LIMITED ; 132-kV 
2,500-MV.A switchgear for Dumfries substation, with the 
British THOMSON-HoUsTON COMPANY, LIMITED; 45- 
MVA 132/33-kV transformers and earthing transformers 
for Oldbury substation with the GeNERAL ELECTRIC 
Company, Limirep; 60-MVA 132/66-kV. transformers, 
for Deptford substation, 60-MVA 132/33-kV transformers 
and earthing transformers for Smethwick substation 


and 45-MVA 132/11-kV transformers and earthing 
transformers for Capenhurst substation, with FERRANTI 


LIMITED; and 132-kV overhead lines for Carrington- 
Altrincham-Sale, Cheshire, with WaTsHamMs LIMITED. 





BOOKS RECEIVED. 


Resistance Welding in Mass Production. By A. J, 
HiIPPERSON and T. WaTson. [Iliffe and Sons, Limited. 
Dorset House, Stamford-street, London, S.E.1. [Price 
21s. net.] 

Alternating-Current Motor Windings. By H. Hopwoop. 
George Newnes, Limited, Tower House, Southampton- 
street, Strand, London, W.C.2. [Price 25s. net.] 

Engineers’ Dictionary. Spanish-English and English- 
Spanish. By Louis A. Ross. Second edition. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 12-50 dols.] Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 100s. net.] 

Alternating Current Machinery. By Proressor L. V. 
BEWLEY. The Macmillan Company, 60-62, Fifth- 
avenue, New York 11, U.S.A. [Price 5-25 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 40s. net.] 

Engineering Science. By H. B. BRowN and A. J. BRYANT. 
Volume III. Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 10s. net.] 

Contribution @ la Théorie Générale des Abaques & Plans 
Superposes. By Dr. GEorRGES R. BOULANGER. 
Librairie Gauthier-Villars, 55, Quai des Grands- 
Augustins, Paris (6e), France. [Price 1,200 francs 
net.) 

Higher Control in Management. By T. G. Rose. Fifth 
edition. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 25s. net.] 

Der Kunststrassenbau. Eine technisch-geschichiliche Studie 
von der Urzeit bis heute. By Dr.-ING. ARTUR SPECK. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 8-50 D.M., 
Lamge, Maxwell and Springer, Limited, 41-45, Neal- 
street, London, W.C.2. [Price 14s. 104d.]} 

Effective Teaching. A Manual for Engineering Instruc- 
tors. By FRED C. Morris. Prepared under the 
Sponsorship of Committee on Teaching Manual, 
American Society for Engineering Education. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 65 cents.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 5s. 6d.] 

Stabilitatsprobleme der Elastostatik. By PROFESSOR ALF 
PFLOGER. Springer-Verlag, Reichpietschufer 20, 
Berlin W. 35, Germany. [Price 34-50 D.M.] 

Flood Estimation and Control. By B. D. RICHARDS. 
Second revised edition. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 2l1s. 
net.) 

Progressive Mathematics. By P. CLYNE. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 15s. net.] 

The Institution of Naval Architects. Transactions. Volume 
91. 1949. Edited by Caprarn(s) A. D. Duckworts, 
R.N. (Ret.). Offices of the Institution, 10, Upper 
Belgrave-street, London, 8.W.1; and Henry Sotheran, 
Limited, 2, Sackville-street, London, W.1. [Price 
51. 58.] 

The British Electrical and Allied Industries Research 
Association.’ Technical Report No. L/T 219. Time 
Dependence of Electronic Processes in Dielectrics. By 
H. FrRO#LIcH and J. O’DwyeEr. [Price 4s. 6d.) No. 
N/T 45. The Effect of the Addition of Niobium on the 
Magnetic Properties of Anisotropic Alcomaz II Per- 
manent Magnet Alloy. By D. A. OLIVER and D. Hap- 
FIELD. [Price 4s. 6d.] No. N/T 48. The Effect of 
the Addition of Niobium on the Magnetic Properties of 
Anisotropic Hycomax I Permanent Magnet Alloy. By 
D. A. OLIVER and D. Haprretp. [Price 3s.] No. 
N/T 49. The Effect of the Addition of Niobium on the 
Magnetic Properties of Anisotropic Alcomax II with 
Varying Carbon Content. By D. A. OLIVER and D. 
HapFIELp. [Price 3s.] No. U/T 107. Physical 
Problems in Electrical Contacts. Critical Resume. 
By Dr.-Inc. K. R. ScnapE. [Price 21s.] Offices of 
the Association, Thorncroft Manor, Dorking-road, 
Leatherhead, Surrey. 

Refrigeration and Air Conditioning. By PROFESSOR 
RICHARD C. JORDAN and GAYLE B. PRIESTER. Con- 
stable and Company, Limited, 10, Orange-street, 
London, W.C.2. [Price 30s. net.] 

Application of the Electronic Valve in Radio Receivers 
and Amplifiers. By Dr. B. G. DAMMERS, J. HAANTJES, 
J. Orre and H. van SUCHTELEN. N.V. Philips’ 
Gloeilampenfabrieken. Technical and _ Scientific 
Literature Department, Eindhoven, Holland. Cleaver- 
Hume Press Limited, 42a, South Audley-street, Lon- 
don, W.1. [Price 35s.] 

The College of Aeronautics, Cranfield. Report No. 33. 
The Diffusion of Loads in Non-Rigid Circular Frames. 
By S. R. Lewis. The Librarian, The College of 
Aeronantics, Cranfield, Bletchley, Buckinghamshire. 
{Strictly limited issue ; copies free to approved firms, 
Institutions, and official bodies.] 





Water Engineer’s Handbook, 1950. The Colliery Guar- 


dian Company, Limited, 30 and 31, Furnival-street, 
Holborn, London, E.C.4. [Price 158.] ; 





PERSONAL. 


Mr. HENRY Ross, JR., deputy managing director of 
Henry Robb Limited, shipbuilders, Leith, has been 
appointed joint managing director. Two directors, \fr, 
8. R. Tarr and Mr. W. H. Prowsg, have retired after long 
service with the company. Mr. J. B. PATERSON, for- 
merly chief accountant, has been appointed secret ry 
and a director, and Mr. W. JENKINS, the shipy:rd 
manager, has also been appointed to the board. 

Mr. J. H. Groocockg, B.Sc. (Lond.), has been appointed 
chief electrical engineer of the Abbey, Margam and Port 
Talbot Works of the Steel Company of Wales Limite: 

Mr. JOHN INNES, C.B., formerly managing director 
of Cable and Wireless Limited, has been appointed to ‘he 
board of the Telegraph Construction and Maintenaice 
Company, Limited. 

LIEUT.-COLONEL W. P. ANDREWS, M.C., B.E., of the 
Roads Division of the Cement and Concrete Association, 
52, Grosvenor-gardens, London, S.W.1, has been awarded 
the Derby Gold Medal of the Liverpool Engineering 
Society for his paper, ‘‘ Modern Concrete Roads.” 

The President of the Board of Trade has appointed 
Mr. G. Dunn, Mr. W. Haiou, J.P., MR. W. JOHNSTONE, 
Sm WILLIAM PALMER, K.B.E., C.B., and Mr. A. Wuira- 
KER, to be members of the Council of Industrial Design. 
He has also re-appointed Str LEIGH ASHTON, MR. Nor. 
CaRRINGTON, Mr. G. W. Lacey, C.B.E., Masor F. J. 
Srratron, C.B.E., Sm CHARLEs B. L. TENNYSON, 
C.M.G., and Dr. W. J. Worsoys to be members of 
Council on the termination of their existing appointment. 

Mr. J. E. Evan Cook, joint managing director of 
Evan Cook’s Packers Limited, and other companies, 
Queen’s-road, Peckham, London, S.E.15, has been 
elected chairman of the Institute of Packaging, 30, 
Lancaster-avenue, London, S8.E.27, for the year 1950-51. 

CouncrLLor F. LLoyp, M.Eng., J.P., has succeeded 
the Hon. R. A. BALFouR as President of the Sheffield 
Chamber of Commerce, Cutlers’ Hall, Sheffield, 1. 
Mr. W. H. HIGGINBOTHAM and Mr. W. G, IBBERSON, 
A.M.I.Mech.E., have been installed as vice-presidents 
for the ensuing year. 

Mr. J. B. DEAKIN, works manager of the East Moors 
Works, Cardiff, of Messrs. Guest Keen Baldwins Iron and 
Steel Company Limited, has retired after nearly 40 years 
of service. Mr. W. C. Smiru, who became assistant 
works manager in 1947, has been appointed to succeed 
Mr. Deakin. 

Mr. P. W. Cooper, secretary, Mr. C. A. MINNS, 
works manager, and Mr. J. M. Morris, general sales 
manager, have been elected to the board of Covertry 
Climax Engines Limited, Widdrington Road Works 
Coventry. Mr. Cooper remains secretary, Mr. Minns 
has been appointed works director and Mr, Morris 
sales director. Mr. Minns is succeeded as works manager 
by Mr. FRANK COTTON. 

Mr. H. WalLKER, O.B.E., A.M.I.E.E., has been 
appointed engineer-in-charge of the London television 
station, at Alexandra Palace, in succession to Mr. H. W. 
BakER, who was recently appointed assistant superinten- 
dent engineer, television, British Broadcasting Corpora- 
tion, London, W.1. Dr. A. R. A. RENDALL, M.I.E.E., 
has been appointed head of the Corporation’s design 
department following Mr. H. B. RANTZEN’S resignation. 

Mr. W. V. Go.pina, formesily chief traffic controller, 
Darlington district, L.N.E.R., has been appointed traffic 
superintendent of Dorman, Long and Company, Limited, 
Middlesbrough, in succession to Mr. A. C W. Impey, 
who retired on March 31. 

Mr. W. O. GascoiGNneE, 28, Priory-road, Kenilworth, 
Warwickshire. (Telephone: Kenilworth 710) has been 

ppointed resident engineer, in the Midland Area, for 
Renfrew Foundries Limited, Hillington, Glasgow, 
S.W.2. 

Mr. J. V. TANNER, London office manager of Richard C. 
Gibbins and Company, Limited, Berkley-street, Birming- 
ham, 1, has been appointed a director and sales manager 
of the firm. Mr. E. CHADWICK has been appointed 
London office manager in succession to Mr. Tanner. 

Mr. G. CARDWELL, chairman of the Road Passenger 
Executive, has relinquished the chairmanship of Bristol 
Tramways and Carriage Company, Limited, Bath 
Electric Tramways, Limited, Bath Tramways Motor 
Company, Limited, and the Bristol Joint Transport 
Committee. He is succeeded as chairman by Mr. F. J. 
CHAPPLE, D.S.O., O.B.E., formerly a director and general 
manager of the companies and a member of the Com- 
mittee. 

The London office of Messrs. WILLIAM JESSOP AND 
Sons Luwirep, and J. J. SAVILLE AND COMPANY, 
Lmatrep, steelmakers, Sheffield, is now at Kingsway 
Chambers, 44-46, Kingsway, London, W.C.2. (Telephone 
HOLborn 7145/6.) 

Messrs. C. A. PARSONS AND COMPANY LIMITED, 
Heaton Works, Newcastle-upon-Tyne, 6, have opened 
an office at 3, Royal Chambers, Park Place, Cardiff. 
(Telephone : Cardiff 7679.) ; 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—A threat of curtailed production at 
rolling mills and smelting shops has been removed by 
the settlement of a protracted strike of maintenance 
engineers at a number of works here. Makers had 
contrived to maintain ingot outputs at a high level during 
the stoppage, but this could not have continued much 
longer. The arrears of finishing work which accumu- 
lated, however, will take some time to overtake. The 
volume of shipping under construction in the shipyards 
remains impressive, and builders are specifying both hull 
and boiler qualities of steel in large quantities, so that 
the position of the plate mills seems assured until the 
Glasgow-Fair holidays in July, at least. The demand for 
heavy shipbuilding sections reflects the changed tech- 
nique in construction since the introduction of welding 
on a@ large scale. Light sheets remain in strong demand 
for consumption in both home and overseas markets, and 
the full production of the mills is regularly balanced by 
a steady flow of new orders. Canadian business gives 
promise of still larger bookings in the near future, particu- 
larly for absorption in areas near to the western seaboard, 
the favourable sea freights giving makers an opportunity 
of competing on more level terms with United States 
producers. Slabs and sheet bars move steadily into 
consumption. The paucity of bookings for bars and light 
sections gives rise to some concern. 


Scottish Coal.—Largely on account of favourable 
weather during the quarter, a reasonably satisfactory 
distribution of coal was maintained to consumers during 
the first three months of the year, in face of the inherent 
difficulty of reduced production at the pits. During the 
quarter the provisional output from the division totalled 
5,890,500 tons, as compared with 6,089,400 tons in 1949. 
Allowing for one day fewer during the opening week 
of the year the output represented a weekly average of 
475,700 tons as against 484,800 tons a year ago. The 
best performance over an 11-day fortnight was attained 
from March 11 to 25, the weekly output averaging 481,200 
tons, in contrast with 491,000 tons in 1949, when the 
seasonal peak occurred during the same month. Distri- 
butors have also had to contend with the absence of 
extra tonnages of domestic and gas coal available from 
England last year. To meet the situation they had, 
perforce, to curtail exports, while industrial stocks, 
in particular, declined sharply in many cases. The 
higher outside temperatures are giving a brief respite, 
but while the position is eased from that of a week or 
two back, the small operating margins give little cause for 
optimism regarding rapid progress in replenishing stocks. 





NOTES FROM THE SOUTH-WEST. 
CaRpDIFF, Wednesday. 

The Welsh Coal Trade.—Fears that the French trade 
might be hit severely later this year have been enter- 
tained on the Welsh steam coal market during the past 
week. Earlier this year Franch buyers placed orders 
with British operators for about 900,000 tons of coal 
for delivery in the first six months. Of this quantity 
South Wales’s share was 765,000 tons. In addition, France 
secured an option for the supply of a similar quantity 
during the second half of the year. As a result of her 
well-stocked position, generally, and the prospects of 
continued good supplies from the Saar and French coal- 
fields it is announced that France will have to cut down 
her purchases and it is doubted whether she will exercise 
the option for the second six months. The Powell 
Daffryn Company, Limited, has entered into an arrange- 
ment’ with the Wankie Colliery Company, Limited, of 
Southern Rhodesia under which Powell Duffryn will 
take over the operation of the Wankie Colliery for a 
minimum period of ten years. The two companies will 
join forces in the expansion of what is claimed to be one 
of the finest and most extensive coal-mining prospects 
in the world. In the first quarter of this year exports 
of South Wales coal amounted to 1,267,000 tons, which 
was about 30 per cent. more than during the correspond- 
ing period last year. Business on the steam-coal market 
however has again been held in check latterly by the 
scarcity of supplies. The home demand has remained 
brisk and outputs over some weeks to come are earmarked 
to a considerable extent for this trade. The railways, 
public-utility and iron and steel undertakings in par- 
ticular are again making heavy calls. On export account 
a moderate trade has been arranged with Italy and a 
few cargoes made available for delivery at Adriatic ports. 
Business with Spain and Portugal is quiet, and operations 
with the Argentine slow and uncertain. 

Swansea Steel-sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, an appreciable volume of business was 
transacted by home and overseas buyers. It is com- 
puted that the industry will be employed to capacity for 
some weeks ahead. The demand for steel sheets does 
not relax and new business for early delivery remains 
difficult to negotiate. The demand for iron and steel 
scrap continues insistent. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Easter holidays extended from Friday 
evening to this (Wednesday) morning. A good deal of 
maintenance work was carried out during the break. 
Work is proceeding apace on the extensions and re- 
equipment of the works of the Park Gate Iron and Steel 
Company at an estimated cost of 2,000,0001. It is 
hgped that a second of the new blast furnaces will be 
ready to be blown in during the Summer. The new 
11-in. continuous bar rolling mill, to be erected on a 
site which will permit of extensions, is to be the product 
of experience and practice in America and in Continental 
steelworks, and it is hoped to have the mill in production 
at the beginning of 1953. The chairman of the com- 
pany has said that the conversion of the open-hearth 
steel furnaces from producer gas to fuel oil has led to a 
marked increase in production. Outputs of 7,000 tons a 
week are not infrequent, and, in February, the record 
total of 7,510 tons was reached in one week. Alterations 
have been made at the cogging mills and further revisions 
are now in hand. At the Doncaster works of the Inter- 
national Harvester Company a new grey-iron foundry 
with an estimated output of 30 tens of castings a day 
has been brought into production with an initial team 
of 100 men. Much of the potential output is destined 
for export. A high degree of mechanisation has been 
incorporated into the design and lay-out of the foundry. 
Rotherham-district business men, on being requested to 
give instances of increases in trade, have reported 
increases without exception, some of them very high 
indeed. Taking the 1938 figure as 100, the figure for 
1949 was 153 for steel, 177 for steel forgings, 150 for 
tyres and axles, 161 for constructional steelwork, 159 for 
fabricated steelwork, 300 for water meters, 272 for glass 
bottles and 230 for railway wheel and axles. 


South Yorkshire Coal Trade.—Easter holidays have 
interfered with production. Consumption has been 
heavy in railway locomotive departments, but provision 
was made for this before the holidays. Sufficient coking 
coal has been available to maintain the coke works in 
production, and there has been an adequate supply of 
hard coke and coke-oven gas. The demand for house 
coal is rather quieter, but supplies are short. Patent 
fuel is active and firm. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The iron and steel market con- 
tinues firm with a good deal of business passing. Recent 
shipbuilding orders have assisted materially to maintain 
confidence in the trade outlook. Uncompleted contracts 
at the expiration of the first quarter of the year were, of 
course, automatically cancelled but were considerably 
below anticipation and new authorisations, necessary 
for the current tonnage-allocation period, were readily 
obtained. Producers of nearly all commodities have 
good order books and are operating plants at as high 
pressures as circumstances warrant, but the heavy 
total tonnage output has not overtaken the continued 
huge demand. This applies especially to the situation 
in regard to sheets, the shortage of which is particularly 
felt in the motor-car industry. Distributable tonnages 
of most other North-East Coast products have increased 
to an extent that enables fairly satisfactory attention to 
be given to the delivery claims of client Adequat 
supplies of raw material from home sources continue to 
reach consuming works and ‘imports of foreign iron ore 
promise to be maintained on a substantial scale. Distri- 
butable quantities of iron and steel scrap remain at a 
welcome high level. 


Foundry and Basic Iron.—Ordinary foundry pig iron 
is not quite so scarce as it has been, but the usual buyers 
in North-East Yorkshire and in County Durham still 
complain of difficulty in securing parcels sufficient for 
their actual needs and express the hope of some increase 
of delivery from the Midland producing area. There is 
no Tees-side basic iron available for use except at makers’ 
own steel plants adjoining the blast furnaces. 


Hematite, Low Phosphorus and Refined Iron.—Some 
expansion in the distributable tonnage of East Coast 
hematite is considered not unlikely. The usual customers 
would much appreciate increased deliveries. Available 
parcels of low and medium phosphorus grades of iron 
are eagerly taken up and plants providing refined iron 
are meeting the actual needs of regular users. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers have fairly good contracts 
to complete and expect present inquiries to lead to good 
sales. Steel-producing plants are very actively engaged 
with the exception of the re-rolling mills, where slackness 
has eased the demand for certain classes of semi-finished 
steel. There is persistent pressure for maximum parcels 
of black and galvanised sheets, but the continued large 
demand for plates for a variety of trades is receiving 
tairly satisfactory attention. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
April 17, 5.30 p.m., Victoria-embankment, W.C.2. Dis- 
cussion on “‘ Private Generation and the Public Supply,” 
opened by Mr. A. N. Irens. North-Eastern Centre: 
Monday, April 17, 6.15 p.m., Royal Station Hotel, 
Newcastle-upon-Tyne. Annual Meeting and Conver- 
sazione. Measurements Section: Tuesday, April 18, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion on 
‘Temperature Measurement,” opened by Mr. J. A. Hall 
and Mr. C. R. Barber. North Midland Centre: Tuesday, 
April 18, 6.30 p.m., 1, Whitehall-road, Leeds. “‘ Detec- 
tion by Oscillographic Methods of Winding Failures 
During Impulse Tests on Transformers,” by Mr. E. C. 
Rippon and Mr. G. H. Hickling. Scottish Centre: Tues- 
day, April 18, 7 p.m., Royal Technical College, Glasgow. 
Faraday Lecture on “ Radar,” by Dr. R. A. Smith. 
Institution: Thursday, April 20, 5.30 p.m., Victoria- 
embankment, W.C.2. 41st Kelvin Lecture. ‘‘ Phase- 
Boundary Potentials and Their Significance in Chemis- 
try,” by Professor E. K. Rideal. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, April 17, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Joint Consultation in Indus- 
try,” by Mr. F. E. Maer and Mr. C. Dee. Birmingham 
Section: Wednesday, April 19, 7 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Planning for Pro- 
duction Incorporating Cost Control,” by Mr. C. W. 
Higgins. London Section: Thursday, April 20, 7 p.m., 
Royal Empire Society, Northumberland-avenue, W.C.2. 
** Mass Production of a British Alarm Clock,” by Mr. E. 
Desmond. 

INSTITUTE OF FUEL.—North-Eastern Section : Monday, 
April 17, 6.30 p.m., Mining Institute, Newcastle-upon- 
Tyne. ‘‘ Organisation of Research for National Coal 
Board,” by Dr. W. Idris Jones. Yorkshire Section: 
Friday, April 21, 5.45 p.m., Royal Victoria Station 
Hotel, Sheffield. Annual Meeting. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre: Monday, April 17, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. Annual Meeting. Institute: Thurs- 
day, April 20, 6.30 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. ‘‘ Modern Developments of the 
Oil Engine,” by Mr. S. Wightman. 

INSTITUTION OF CIVIL ENGINEERS.— Maritime Division: 
Tuesday, April 18, 5.30 p.m., Great George-street, S.W.1. 
“* Design ‘and Construction of the Waterloo River En- 
trance,” by Mr. R. A. Stephenson. 

INSTITUTE OF REFRIGERATION.—Tuesday, April 18, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s 
gate, St. James’s Park, S.W.1. ‘‘ Cool Storage, Handling 
and Conditioning of Fruit and Vegetables During Market- 
ing,” by Dr. John C. Fidler. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, April 18, 6.30 p.m., 2, Savoy-bill, W.C.2. 
“ Electricity in Agriculture,” by Mr. C. A. C. Brown. 

WOMEN’S ENGINEERING SocreTy.—Tuesday, April 18, 
7 p.m., 35, Grosvenor-place, S.W.1. Discussion on 
““ Women and Agriculture.” 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, April 19, 5.30 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, St. James’s Park, S.W.1. “‘ Stan- 
dardisation and Design of Goods and Mineral Wagons as 
Applied to British Railways,” by Mr. C. A. Gammon. 

NEWCOMEN Socrety.—Wednesday, April 19, 5.30 p.m., 
Science Museum, 8.W.7. ‘‘ The Windmills of Cambridge- 
shire,” by Mr. Rex Wailes. 


INSTITUTIONS OF CIVIL, ELECTRICAL, AND MECHANICAL 
ENGINEERS.—Students’ and Graduates’ Sections: Wed- 
nesday, April 19, 7 p.m., Institution of Electrical Engi- 
neers, Victoria-embankment, W.C.2. ‘“‘ Civil-Engineering 
Aspects of Power-Station Construction,” by Mr. D. H. 
Gladwin ; “‘ Power-Station Auxiliary :” by Mr. 
F. R. Bishop; and “ Power-Station Boiler Plant,” by 
Mr. N. E. T. Pitcher. 


JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section: 
Wednesday, April 19, 7.30 p.m., 198, West-street, Shef- 
field. ‘‘ Design and Construction of High-Speed Water 
Craft,” by Mr. G. Selman. Institution: Friday, April 21, 
6.30 p.m., 39, Victoria-street, S,.W.1. ‘“‘ Structures,” by 
Mr. S. J. Crispin and film on “‘ Welded Structures.” 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
April 20, 5 p.m., Geological Society, Burlington House, 
Piccadilly, W:1. ‘‘ An Investigation into the: Action of 
Air in Froth Flotation,” by Mr. Jan Dzienisiewicz and 
Mr. E, J. Pryor. 


INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
April 21, Storey’s-gate, St. James’s Park, S.W.1. 5 p.m., 
Armnual Meeting of the Benevolent Fund. 5.30 p.m., 
*“* Effect of Tapered Threads on the Motion of Overhead 
‘Travelling Cranes,” by Mr. E. L. Diamond and Mr. A. M. 
Frankau, 
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NON-FERROUS METAL SHOPS, ELSWICK WORKS, NEWCASTLE-UPON-TYNE. 
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DEVELOPMENTS IN BRITISH 
HYDRAULICS RESEARCH. 


RESEARCH, in post-war Britain, has become a 
topic of discussion almost as general as the weather, 
and seems to present almost as many varieties. 
In spite of sundry strictures that have been passed, 
pre-war Britain was not entirely negligible in the 
research field, either pure or applied, though 
financial limitations usually prevented any such 
large-scale indulgence as had become commonplace 
in the United States. The research work that was 
done embodied a great deal that was origina] and 
fundamental ; its deficiencies were in quantity rather 
than quality, and might have been less pronounced 
if industry in general had been better equipped, in 
mind as well as material, to take full advantage of 
it. Scientists in this country, however, were well 
abreast of the progress made elsewhere and fully 
cognisant of its possibilities ; of this, the published 
Transactions of the learned societies, and the lecture 
programmes of such bodies as the Royal Institution 
and the British Association for the Advancement of 
Science provide ample evidence. Post-war econo- 
mics, while introducing a new measure of financial 
stringency in some respects, have served a useful 
purpose in others by emphasising the paramount 
importance of efficiency in the design and operation 
of every kind of construction, to ensure the best 
use of the initia] outlay and the greatest economy in 
service. In no direction have these tendencies been 
more noticeable than in the field of hydraulics, with 
which may be included the kindred study of hydro- 
mechanics. Before the war, both branches of 
science were being explored, but in a somewhat 
desultory and ad hoc fashion; as examples may 
be cited the models of the Severn and Mersey 
estuaries constructed by Professor A. H. Gibson at 


‘Manchester, and the model of the port of Rangoon, 


by the aid of which the consulting engineers to the 
port authority, Sir Alexander Gibb and Partners, 








were able to show that Nature, in time, would do 
all that was necessary to maintain the channels.° 
There was, however, no organisation even remotely 
comparable with the Vicksburg experimental station, 
in the United States or the Waterbouwkundig 
Laboratorium at Delft. 

Post-war conditions, however, have brought in 
their train a new attitude of mind towards these, as 
to many other, research questions: thus it has 
come about that, not only has the British Hydro- 
mechanics Research Association been formed, 
primarily by the firms concerned in the design and 
production of pumps, water turbines and ancillary 
appliances, but the Department of Scientific and 
Industrial Research, in 1947, set up a Hydraulics 
Research Organisation for the purpose of studying 
the larger problems encountered in the design of 
harbours and hydro-electric plants, the control of 
rivers, the action of currents in estuaries, etc. The 


3 | Board responsible for initiating and co-ordinating 


the research programme was duly appointed, under 
the chairmanship of Sir William Halcrow, and the 
work was placed under the direction of Sir Claude 
Inglis, C.I.E., formerly the Director of the Indian 
Waterways Experiment Station at Poona. This 
much was common knowledge, but comparatively 
little was generally known of the progress made, 
except that inquiries were in hand for a suitable 
site on which to establish the headquarters of the 
Organisation—which, meanwhile, was proceeding 
with a certain amount of research at the National 
Physical Laboratory and at some of the universities. 


7 | No comprehensive reports had been issued. 


Now, however, what may be regarded as an 
interim report has appeared in the form of an 
announcement by the Department of Scientific and 
Industrial Research, a reason being provided by 
the fact that a site for the new research station has 
been acquired near Wallingford, Berkshire. Several 
Thames-side and other sites were inspected before 
Howbery Park was chosen. It consists of an estate 
of some 90 acres on the Oxford side of the river. above 
Wallingford bridge, and is situated about 13 miles 
from Oxford and 16 miles from Reading. The pro- 
perty includes a large manor house, which will be 
used for offices, library, etc.; and the Ministry of 
Works are now engaged on the layout of the other 
buildings that will be required. Constructional work 
is to begin in the very near future, and the present 
intention is that the staff will move in during the 
spring of 1951. Before they do so, however, a wave 
tank is to be constructed in the open, measuring 
250 ft. in length, 160ft. in width and 2 ft. 6 in. deep, 
in which problems of wave action and coast erosion 
can be studied. Other equipment to be provided 
includes a 5-ft. flume and a 12-ft. channel, each 
350 ft. long, for the investigation of the effect of 
the change, grade, specific gravity and shape of 
particles on the slope and form of deposits. The 
provision of this equipment is a prior consideration. 
It will be followed by the construction of several 
demonstration models, workshops, laboratories, 
etc., and part of the main building; and the 
planting of trees to act as wind-breaks to protect 
the open-air models and the laboratory buildings. 

The statement issued by the D.S.I-R. also gives 
some particulars of research work at present in 
hand. At the hydraulics laboratory at Teddington, 
a model of the estuary of the Forth has been con- 
structed, with which to investigate a number of 
more or less related questions. It is desired, for 
instance, to ascertain the effect on the regime of the 
estuary of constructing embankments to form 
lagoons, into which dredged material can be de- 
posited for reclamation ; the effect of the piers of 
the proposed road bridge across the Forth; the 
effect of dredging round, or of removing entirely, 
the Beamer Rock, a pinnacle in the middle of the 
river, between the Forth Bridge and Rosyth; and 
the relative advantages of extending the south arm 
of Rosyth Dockyard in open construction at the 
shore end and solid construction at the outer end, 
or in solid construction throughout its length. — It 
is remarked that the reproduction of silting has 
proved to be very difficult in this model because 
of the low value of the Reynolds number. 

Another model on which research work is in 
progress is that of the Wyre estuary, in Morecambe 
Bay. The flow here is from north to south, with a 
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narrow throat at Fleetwood. An echo-sounding 
survey was carried out in 1948, since when it has 
been observed that the deep channel has moved 
to the east, while a ridge extending from the left 
bank into and down the middle of the estuary has 
become more pronounced. Another echo-sounding 
survey was made in 1949, to find out what changes 
had occurred during the year and whether the 
deep channel appeared to be returning towards the 
left bank. Here again, however, it was found 
that the model did not reproduce accurately the 
changes known to be occurring in the actual estuary, 
the bed movement being insufficient ; the use of a 
lighter bed material, therefore, is under considera- 
tion. Other work in hand includes a research into 
the movement of solid particles in water, which is 
being carried out in part at Teddington and partly, 
under Brigadier R. A. Bagnold, F.R.S., at Imperial 
College ; a study of the relation between storms 
and coast erosion at Workington and Bridport ; 
and the construction of three tidal models of the 
Thames. Preliminary work on the problems of the 
Severn estuary will be undertaken at Howbery Park 
as soon as the experimental] channels there are ready, 
and a full-scale model will be constructed when the 
main laboratory building is sufficiently advanced. 

One other investigation which should be men- 
tioned is the construction of a pneumatic apparatus 
for generating tides, for use in connection with the 
models of the Thames and Severn. A model of 
the apparatus has been made at Teddington, and 
work is in hand on an improved design. The 
principle appears to be novel in using an optical 
system and photo-electric cells to regulate the 
actual tidal level in accordance with the desired 
tide-input curve. The tide chamber at the seaward 
end of the model consists of an inverted box, the 
back and the two ends extending down to the floor 
of the model. The front, however, is only about 
2 in.below the level of the lowest low-water mark, 
leaving a gap between its edge and the floor of the 
model. Variation of the air pressure in the box 
causes water to be drawn into the chamber and, 
therefore, affects the level in the model, immediately 
outside of it. A fan exhausts the air from the 
chamber, the air pressure being varied as required 
by means of a valve, which allows air to leak in from 
the atmosphere. This valve is actuated by the 
reaction of the optical system and photocells to 
the difference between the actual and the desired 
tidal level. 

This method of automatic control is certainly 
an interesting development, but we may be excused, 
perhaps, for wondering whether such a refinement 
is really necessary. Real tides do not repeat 
endlessly with quite such precision and it would 
seem that, as a basis for prediction, a model or 
apparatus that is too accurate is not much more 
useful than one that is not accurate enough. If the 
model to which this apparatus is applied is inside 
a building, it will not be exposed to wind effects, 
as a real tide would be (the report of the Liverpool 
Observatory and Tidal Institute, quoted on the 
opposite page, is informative on this point); and 
if the model is in the open, wind effects are liable 
to be exaggerated. Most of the models at the 
Neyrpic laboratory at Grenoble are under cover ; 
those at Toulouse are entirely in the open air; 
at Delft, some are under cover and some are not. 
Presumably, approximate corrections can be made 
for the ‘“‘real” weather conditions to which a 
model] is exposed, but it is improbable that the 
weather at Howbery Park will approach in con- 
sistency the conditions enjoyed at Grenoble or 
Toulouse. It may be supposed, therefore, that the 
greater part of the tidal work at the new British 
station will be done under cover. In Sir Claude 
Inglis the Hydraulics Research Organisation has a 
Director of long experience, many of whose reports 
from India we have reviewed. He was present at, 
and took part in, the meeting of the International 
Association for Hydraulic Structures Research, held 
in France last year and possibly may have heard 
comments, as we did, from some e i 
researchers there, that, in some directions, this 
relatively new science was tending to become too 
refined. Whether or: not. this criticism is justified, 
however, . the made at. Howbery Park will 


be watched with unusual interest. 





HYDRO-ELECTRIC 
PROGRESS IN CANADA. 


HypDR0-ELECTRIC development work was actively 
carried on in Canada during the year 1949, a total 
of 479,000 h.p. being added to the generating 
capacity of the country. Including the new pro- 
vince of Newfoundland, the total developed hydrau- 
lic capacity is now 11,622,668 h.p. The additions 
made during the year mainly consisted of extensions 
to existing plants and no new large installation was 
brought into initial operation. There are, however, 
a number of developments in an adVanced stage of 
construction and others on which preliminary work 
is being done, and various further projects are 
under investigation. Commitments entered into 
amount to a total of more than 2,000,000 h.p., and 
sites subject to survey and investigation represent 
a figure in excess of this. The development in 
generating capacity is necessitated by the growing 
demand ; consumption during the year was 3 per 
cent. higher than in 1948. As the load increased in 
practically all parts of the country, power-station 
development was necessarily accompanied by much 
activity in the construction of main and secondary 
transmission, lines and in the building and equipping 
of sub-stations. 

For the first time, the annual report of the 
Dominion Water and Power Bureau, of the Depart- 
ment of Mines and Resources, contains a section 
dealing with Newfoundland, which has now become 
a Province of the Dominion. The report covering 
the year 1949, from which the figures given above 
are quoted, states that there are now 18 plants on 
the island, with a total capacity of 272,050 h.p. 
Fishing, and pulp and paper production, are the 
main industrial activities of Newfoundland. The 
former, once the mainstay of the population, has 
now declined in importance, and will not make great 
demands on power supplies. The main hydro- 
electric stations have been built by pump and paper 
companies and are situated in the northern and 
western parts of the country, well away from the 
more developed area round St. John’s. There are a 
number of stations of smaller capacity on the 
peninsula on which St. John’s is situated, and the 
Newfoundland Light and Power Company are just 
completing a new 13,000-h.p. plant which is expected 
to be in operation this year. An incidental] demand 
on power supplies is made by the tourist traffic 
which is being encouraged, mainly from America. 

Newfoundland measures some 300 by 250 miles, 
as far as it is possible to take average figures for an 
island of such irregular outline ; the area is about 
40,000 square miles. The rivers are relatively short, 
but the topography and run-off conditions are 
favourable for power development. Only tentative 
determinations have been made of potential power 
capacity. The largest existing installation is the 
150,000-h.p. plant of Bowaters, Limited, at Deer 
Lake, on the Humber River, near the west coast. 
The Anglo-Newfoundland Development Company 
has a 54,000-h.p. plant at Grand Falls and one of 
15,900 h.p. at Bishop’s Falls. Labrador, which was 
ceded to Newfoundland in 1927, and now becomes 
part of the Dominion of Canada, is stated to have 
high potential power capacity, particularly on the 
Hamilton River, which runs across the full width 
of the lower part of the country. Development 
in that rather remote area must naturally depend 
on, the existence of a market for any supplies which 
could be furnished. Union with Canada may help 
in this matter. The Grand Falls on the Hamilton 
River are about 550 miles from Quebec and 200 
miles from the Moisie River, which runs into the 
St. Lawrence, and the power possibilities of which 
have already been studied by the Quebec Streams 
Commission. 

Among the various provinces, the largest addition 
to installed plant was made during the year by 
British Columbia, which has shown great activity 
in this matter in recent years. The additions to 
installed capacity amounted to 228,300 h.p. The 
potential capacity of British Columbia is greater 
than that of any of the other provinces, with the 
exception of Quebec, and the same thing applies 





to the installed horse-power per head of population, 


Territory must be added. The total installed apa. 
cities of these relatively undeveloped area. are 
small, however, and the high level of power per head 
is due to power supplies to mining properties. The 
largest individual] addition made during the y ar in 
British Columbia was the starting up o: two 
62,000-h.p. sets in the Bridge River plant «{ the 
British Columbia Electric Railway Company. This, 
a new station, first went into operation in October, 
1948. It is designed for an ultimate capac'ty of 
ten units. Much of the development in |:ritish 
Columbia has been carried out by commercia com. 
panies, but the British Columbia Power Comr: ‘ssion 
is now active and put two 28,000-h.p. sts in 
the Campbell River plant into operation ‘uring 
1949. 

A major part of the hydro-electric power plant 
of Canada is situated in Ontario and Quebe:. As 
already indicated, no new stations were started up 
during the year in either of these provinces, but 
in Quebec 190,900 h.p. of plant was added, mainly 
due to extension of the St. Maurice River plant 
of the Shewinigan Water and Power Company; 
no new sets were started up in Ontario. In both 
provinces, however, much new work is going forward 
and the Hydro-Electric Power Commission of 
Ontario, in particular, has a very heavy programme. 
At Des Joachims, on the Ottawa River, a station 
which will ultimately contain eight 60,000-h.p. units 
is in ar advanced stage of construction; it is 
hoped to start up the first sets this year. The 
Chenaux development also on the Ottawa River, is 
well advanced and the first two 20,000-h.p. sets may 
be ready for running by next winter. There are 
a number of other important installations at a less 
advanced stage. 

In spite of the abundant water power in Ontario, 
the Hydro-Electric Commission find it necessary 
to supplement this by steam power in some areas, 
A station to have an initial installation of two 
60,000-kW steam-turbine sets is being built at 
Windsor and is expected to go into operation in 
1951; the ultimate capacity is to be 240,000 kW. 
Work has also begun on a steam station at the 
Toronto Eastern Harbour, which will contain two 
100,000-kW units. These stations are presumably 
intended for continuous operation but, in addition, 
five emergency steam stations are being built to 
furnish stand-by service in case of shortage of 
water power. With the continuing construction 
of new hydro-electric plants it may be expected, 
or hoped, that water shortage in one area will be 
compensated for by adequate supply in another; 
none the less, widespread drought, or semi-drought, 
is always possible. It is reported for Canada as 
a whole that “‘ stream flow conditions were generally 
unfavourable for a considerable part of the year.” 

In Alberta and Saskatchewan, which are not so 
well provided with natural water-power as some 
other parts of the country, no new hydro-electric 
plant was completed during 1949, but Caigary 
Power, Limited, made considerable progress with 
their Spray Lake development. The scheme in- 
cludes 62,000-h.p. and 23,000-h.p. stations. The 
main addition to the steam plant of Alberta was 
a 30,000-kW unit in the Edmonton Corporation 
station. In Saskatchewan, the only hydro-electric 
supply is furnished to mining properties. Else- 
where, supply is from steam and Diesel stations. 
In both provinces much attention is being given to 
the extension, of rural networks and the same thing 
applies to Manitoba, which, however, is much more 
favoured with water power, the estimated possible 
development exceeding 3,000,000 h.p. at minimum 
flow. Installed hydro-electric plant in Manitoba 
was increased during the year by 54,000 h.p. This 
addition was made to the Seven Sisters Falls plant 
of the Winnipeg Electric Company. This 8 
situated on the Winnipeg River and the Manitoba 
Government has an important development © 
hand at the Pine Falls on the same river. This will 
ultimately have a capacity of 114,000 h.p.; it 8 
hoped to have two 19,000-h.p. units in operation 
in 1951. In the Maritime Provinces of Nova 
Scotia, New Brunswick and Prince Edward Island, 
hydro-electric possibilities are on a relatively small 
seale. The largest new plant under construction 
is one of 12,000 h.p. on the Mersey River, by the 





except that in this case Yukon and the Northwest 


Nova Scotia Power Commission. 
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NOTES. 


CONFERENCE OF EUROPEAN AND AMERICAN 
ENGINEERING SOCIETIES. 


Tye April issue of the Journal of the Institution 
of Mechanical Engineers contains a report of the 
“resumed meeting,” held in London last September, 
of the Conference of Representatives from the 
Engineering Societies of Western Europe and the 
United States of America. Although members of 
the three major engineering institutions in this 
country have, on previous occasions, been notified 
of the existence of this Conference, the report now 
published is the first reasonably full statement of 
its purposes and activities. The September meet- 
ing—the first meeting was held in London in 
October, 1948—was convened by the Institutions 
of Civil, Mechanical and Electrical Engineers, and 
was attended by delegates from engineering societies 
in Belgium, Denmark, France, Holland, Norway, 
Sweden, Switzerland, and the United States. Of 
the six recommendations of the Conference, thé 
first defines the method of presenting information 
concerning the participating societies, for the use 
of the Conference, and suggests that proposals for 
the admission of further member societies should 
be accompanied by a note on “the relationship 
subsisting between the society in question and the 
Government of its country.” The second recom- 
mendation records that a working party of five 
members has been appointed to study and report 
on the difference between the designations “ pro- 
fessional engineer” and “technician,” so as to 
facilitate future discussions. Advice from partici- 
pating societies on arrangements concerning visits 
in their territories of parties of students or junior 
members, sponsored or arranged by other societies, 
is the subject of the third recommendation. The 
fourth is concerned with a memorandum governing 
the future actions of the Conference, which states, 
inter alia, that the aims and objects are : to develop 
direct relationships among the societies on a basis 
of mutual understanding and thus to aid in the 
advancement of engineering science and practice, 
to advance the societies’ common aims and objects, 
to give all proper support to each society within its 
own country, to act as a focus of the professional 
engineering opinion of the societies, and to co- 
operate with international organisations. The 
memorandum also lays down the rules governing 
the membership of the Conference, which include a 
note that each society shall comprise and be com- 
petent to speak for a substantial body of profes- 
sional engineers of the country concerned, and that 
the prevailing conditions in the country shall be 
such as to permit the society freely to support the 
aim and objects of the Conference. A society 
which can no longer fulfil these requirements may be 
expelled, on a two-thirds vote. The working ex- 
penses of the Conference secretariat (which is not 
permanent) will be shared among the societies in 
proportion to the numbers of their members of all 
grades. The fifth recommendation deals with 
relations with U.N.E.S.C.O., and the sixth records 
a decision to set up a working party on the co- 
ordination of abstracting services in the engineering 
field. The report states that the Joint Council of 
Finnish Engineering Societies has joined the Con- 
ference ; that, in general, the recommendations have 
since been approved by the governing bodies of the 
societies ; and that the next meeting will be held in 
Holland in the autumn of 1951. 


LIVERPOOL OBSERVATORY AND TIDAL INSTITUTE. 


The annual report for 1949 of the Liverpool 
Observatory and Tidal Institute records some 
important items of research which were in hand 
during the year. The Director, Dr. A. T. Doodson, 
F.R.S., has been engaged in revising the methods of 
analysis of high-water and low-water data. Before 
the war, no methods existed which were suitable for 
computers, but it became necessary, during the war, 
to analyse a large amount of data for Malaya and 
® method was then evolved for use where there were 
not very large diurnal or large shallow-water tides. 
A different method was developed subsequently for 
more: complex ‘tides, arid a third for dealing with 
tides which were mainly diurnal. These methods 


are now being improved and developed. The 
Director has also been engaged on the problem of 
deducing tides out in the oceans, extending his 
previous work, on the tides-in oceans, bounded by 
meridians, to the case of oceans partly bounded by 
meridians but open to the north and south; the 
object is to enable accurate investigations of the 
tides in such oceans to be made from a known 
distribution of tides on the land boundaries. During 
the year, the Deputy Director (Mr. R. H. Corkan, 
M.Sc.), completed an investigation of the mechan- 
ism of the motion in the sea as a whole, describing 
the oscillations of the North Sea, under the influence 
of changing winds, with the aid of observations of 
the results of a storm which lasted from January 6 
to 10, 1949. Tida] observations round the North 
Sea were used to deduce the coastal disturbances of 
sea level, maps of co-disturbance lines being drawn 
at frequent intervals and compared with the simul- 
taneous meteorological conditions. The progression 
of the coastal] disturbance, counter-clockwise round 
the North Sea, was found to resemble that of the 
diurnal] tide, and large local changes in level were 
shown to be associated with important changes in 
the average level of the whole North Sea and with 
large-scale transports of water, mainly down the 
western side and up the eastern side. It appeared 
also that storm surges of external origin might be a 
direct result of an earlier outflow of water, produced 
by a surge when the level had been lowered ; and 
that the excessive damping normally observed at 
Southend might be due to a reflection, from the 
German bight, which arrives at Southend near the 
time when the lowest levels are expected. A similar 
investigation for the Irish Sea is in progress. In 
association with the Department of Oceanography 
at Liverpool University, work continued with the 
use of Doodson current-meters, suspended from a 
framework set up on the sea bottom. Short-period 
fluctuations of only a few seconds, and long-period 
fluctuations ranging from 30 seconds to several 
minutes, were observed, and it was concluded that 
those of short period were due to turbulence asso- 
ciated with tbe friction of the sea bottom, which 
affected the movement of the water. By using two 
meters side by side, and two meters arranged one 
above the other, horizontal and vertical variatiors 
of the turbulence near the sea bed could be examined 
and the spatial scale of turbulence could be deduced. 
For observations at greater heights above the 
bottom, a bar was made to carry the two meters 
side by side, and at varying distances apart, and 
this was slung over the stern of the vessel. 

ANGLO-BELGIAN CO-OPERATION IN CORROSION 

RESEARCH. 

During the past week a party of six Belgian 
scientists, who are representatives of Commission 
No. 4 of L’Association Belge pour l’Etude, I’Essai 
et l’Emploi des Matériaux (A.B.E.M.), has been 
touring this country to visit corrosion-research 
laboratories, exposure sites and other installations. 
The visit was an official one, sponsored by the 
British Iron and Steel Research Association and 
the A.B.E.M., the general intention being that the 
Belgian representatives, who, as members of their 
Association’s Commission No. 4, are concerned with 
protective measures against corrosion, should become 
acquainted with the members of the British Corro- 
sion Committee and see something of the work 
proceeding in this country, with a view to the 
exchange of reports and other data in the future. 
The Belgian representatives comprised Professor 
Paul Erculisse, of the Free University of Brussels, 
chairman of the A.B.E.M. Commission No. 4; 
Professor E. Campus, of the University of Liége ; 
Dr. M. Van Rysselberge, director of the Société 
Financiére de Transports et d’Enterprises Indus- 
trielles (Sofina) ; Mr. J. Lagae, director of the S.A. 
Gustave Debbaudt et Cie., Brussels ; Mr. E. Oostens, 
of the Société Belge des Peintures Astral-Celluco ; 
and Mr. D. Bermane, technical secretary of the 
Belgian Commission. The tour, which came to an 
end this (Friday) morning, included visits to the 
Chemical Research Laboratory of the Department 
of Scientific and Industrial Research, Teddington, 
and to the exposure sites at Brixham, Devon, and 
at Derby. It is of interest to note that the Belgian 
Association’s Commission No. 4 was founded in 





1936 and has 63 members, 15 of whom are university 





men and scientists, 18 are producers of paipts and 
other protective coatings, and 30 are metal-produc- 
ing firms which are users of these coatings. The 
Commission possesses a laboratory situated on the 
premises of the Sofina company in Brussels and 
several exposure sites for painted specimens. 
Three sites, erected before the late war in the 
Belgian Congo, and one at Ostend which was 
destroyed during the hostilities, are, it is hoped, 
shortly to be placed in service once again. 

Commission has a total annual income of 319,000 
francs, which is devoted entirely to the carrying 
out of tests and technica] investigations. These 
include research on priming and finishing-coat 
paints, the preparation of surfaces for painting, the 
study of metallic coatings and paints for under- 
water service, and various laboratory investigations. 


Tue InstrroTe OF MaRINnE ENGINEERS. 

The annual report for 1949 of the Institute of 
Marine Engineers, which was presented and adopted 
at the annual general meeting held in London on 
March 28, shows that the total membership was 
6,183 at December 31, 1949, as compared with 
5,946 a year earlier. In the body of the report, 
the item which is possibly of the widest interest is 
the scheme produced by the Council of the Institute, 
in collaboration with the Council of the Institution 
of Naval Architects, for broadening the curriculum 
of apprentices in the shipbui'ding and ship-repairing 
industries. It is considered that, as part-time day 
release of such apprentices, for purposes of study, is 
now general, the time has come when marine 
engineers should have a fundamental knowledge of 
naval architecture ard naval architects should have 
the subject of heat engines included in their syllabus. 
Accordingly, the Institution of Mechanical Engi- 
peers have been requested to accept Naval Archi- 
tacture as a subject for supplementary endorsement 
on the Ordinary National Certificate in Mechanical 
Engineering, such endorsement to be granted to 
the holder of this certificate if he has taken a course 
approved by the Worshipful Company of Ship- 
wrights and has an examination approved 
by them, at the level of the Ordinary National 
Certificate. Similarly, the Shipwrights’ Company 
have been asked to accept an endorsement covering 
the subject of Heat Engines. : 


Tae Fan Manvuracturers’ ASSOCIATION. 

The annual luncheon and general meeting of the 
Fan Manufacturers’ Association, Limited, were 
held at the Connaught Rooms, London, W.C.2, 
on Thursday, March 30, when the chair was 
taken by the retiring President, Mr. C. Hall, who 
said that the current year had seen the completion 
and publication of the Association’s handbook, 
copies of which were distributed to the guests. 
The handbook had been compiled to describe the 
variety and scope of the fan-manufacturing industry, 
and the Board of Trade had promised to distribute 
copies throughout the world, to promote sales at 
home and abroad. Over 1,500 copies of the Associa- 
tion’s first publication, Fan Terms, Definitions 
and Standards, had already been sent out, and 
work was continuing on the preparation of test 
codes for both performance and sound. Other 
matters also being considered included the publica- 
tion of data concerning the physical properties of air 
and other gases at different altitudes, the removal 
and collection of dust, and pneumatic transport. 
It was hoped that fans would be included as a specific 
item in Customs and Excise, and Board of Trade 
lists. Replying to the toast, Mr. R. Duncan Wallace, 
president of the Institution of Heating and Ventilat- 
ing Engineers, urged that the codes now being 
drawn up should not be made too rigid. Mr. H. A. 
Secretan, chairman of the Board of Governors 
of the National College for Heating, V«ntilating, 
Refrigeration and Fan Engineering, said that the 
College was now firmly established, with diploma 
courses, and he hoped that hostel facilities would 
be provided later. Mr. A. E. Lawrie, who also spoke, 
thought that some form of preliminary course would 
help promising juniors to reach the educational 
standard required by the College authorities. At 
the annval meeting following the luncheon, Mr. 
H. D. Mains was elected President of the Associa- 
tion, the address’ of which is 23, Queen-square, 
London, W.C.1. 
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MR. G. H. NASH, C.B.E. 

WE regret to record the death of Mr. G. H. Nash, 
which occurred ir London on Friday, April 7, at the 
age of 69. During the 1914-18 war he invented the 
Nash fish hydroplane and was also responsible for 
the design of much communication apparatus. 

George Howard Nash was born in London on 
October 17, 1881, and was educated at the Grocers’ 
School, Hackney, the Northampton Polytechnic, 
and London University. He subsequently served 
an apprenticeship with the National Telephone 
Company and joined the staff of the Western 
Electric Company, Limited, in 1905, as installation 
engineer. The business of the company in this 
country was taken over by Standard Telephones 
and Cables, Limited, who appointed Nash as 
chief engineer in 1911. He held this position 
for the next 17 years, and, in addition, became 
assistant European chief engineer of the Inter- 
national Standard Electric Corporation in 1920. 
In 1927, he joined the board of Standard Telephones 
and Cables and a year later became European chief 
engineer of the International Standard Electric 
Corporation. In 1929 he was elected executive 
vice-president of International Telephone and Tele- 
graph Laboratories, Incorporated, a position he held 
until 1933. During the last three years of this 
period he was also vice-president of the Inter- 
national Standard Electric Corporation, while 
among other positions he was a vice-president of 
the Mexican Telephone and Telegraph Company 
and a member of the Board of Directors of the 
International Telegraph and Telephone Company, 
Limited. From 1930 to 1934, he was chairman of 
the International Marine Radio Corporation and 
from 1933 to 1938, technical consultant to the 
International Standard Electric Corporation. He 
received the C.B.E. in 1918 for his war services. 

Nash retired from active work in 1932 owing to 
ill health, but in 1942 he had so far recovered that 
he was able to accept the appointment of deputy 
director in the Ministry of Aircraft Production. 
After the war, too, he served for a time in the 
Ministry of Supply. He was a member of the 
Institution of Electrical Engineers and a Fellow of 
the American Institute of Electrical Engineers. 





MR, F. HOPE-JONES. 

Mr. F. Horz-Jongs, who died at Richmond on 
April 3, at the age of 83, was well known as the 
inventor of an electrical system of clocks and 
as a persistent advocate of the use of this method 
of time-keeping. He was born at Hooton Grange, 
Cheshire, in 1867, and was educated at Birkenhead 
School. At the age of 23, he joined his elder brother 
in business and assisted in developing inventions 
for the application of electricity to the control 
of organs. His interest in electric clocks began 
shortly afterwards, and in 1897 the Synchronome 
Syndicate was formed to exploit his ideas. He 
remained with the Synchronome Company until his 
retirement some years ago. 

Hope-Jones was responsible for a number of 
patents dealing with electric clocks and made 
several contributions to the literature of the subject, 
in which he was a pioneer. He read a paper on 
“‘ Electric Clocks”’ before the British Horological 
Institute as long ago as 1875, and another, on 
“* Electric Time Service,” before the Institution of 
Electrical Engineers four years later. He contn- 
buted a book on the subject to The Electrician series 
of primers, and many papers to scientific and other 
journals. He was elected an associate of the Insti- 
tution of Electrical Engineers in 1900 and trans- 
ferred to the class of member in 1906. He was also 
a Fellow of the Royal Astronomical Society and a 
past-chairman of the British Horological Institute. 
For a time he acted as time consultant to the 
British Broadcasting Corporation, and is credited 
with having devised the “pips” signal. He 
was awarded gold medals for his work by the 
Royal Society of Arts and the Franklin Institute. 
One, of his early clocks, embodying the original 
mechanism, is in the entrance hall of the Institution 
of Mechanica! Engineers. 








SIR JAMES B. HENDERSON. 


A pmect link with Lord Kelvin has been broken 
by the death, on April 7, at his home on Blackheath, 
London, of Sir James Henderson, formerly Professor 
of Applied Mechanics at the Royal Naval College, 
Greenwich ; for Professor Henderson received his 
1851 Exhibition scholarship on Kelvin’s recommen- 
dation and subsequently worked under him for four 
years at Glasgow University as lecturer. 

James Blacklock Henderson, was 79 years of age, 
having been born in Glasgow on March 5, 1871. 
He received his early education from his father, 
who was a schoolmaster, and continued his studies 
at Allan Glen’s School, at Glasgow University under 
Kelvin, and at the University of Berlin, under 
Helmholtz and Planck. His first appointment, on 
returning from Berlin, was at the Yorkshire College, 
Leeds (now Leeds University) where he .remained 
from 1894 to 1898 as a lecturer with Professor 
William Stroud, who, with Professor Archibald 
Barr, then of Leeds and later of Glasgow, invented 
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the Barr and Stroud rangefinder—being inspired 
thereto by a note in the pages of ENGINEERING, 
announcing a War Office competition for range 
finders. When they established the firm of Barr and 
Stroud, Henderson went with them as head of their 
scientific department, a post which he held until 
1901. He then joined the teaching staff of Glasgow 
University, as stated above, continuing there as 
lecturer and assistant to Kelvin until, in 1905, he 
was appointed Professor of Applied Mechanics at 
Greenwich. He held the chair for 15 years, relin- 
quishing it in 1920 to go to the Admiralty as adviser 
on gyroscopic equipment. He was knighted in the 
same year. He retired in 1925. 

Professor Henderson was a member of the Institu- 
tion of Electrical Engineers, an associate of the 
Institution of Naval Architects and a Fellow of the 
Institute of Physics. He served for some years 
on the Council of the British Association for the 
Advancement of Science and was President of 
Section G (Engineering) at the Leeds meeting, in 
1927. His address, on ‘Invention as a Link in 
Scientific and Economic Progress,” was printed in 
our 124th volume (1927), and was notable chiefly 
for its condemnation of the handicaps suffered by 
inventors under the British patent laws. His own 
inventions, which were numerous, were mainly 
in connection with naval gunnery and other 
branches of weapon design and instrumentation. 
For many years, Sir James was a frequent contribu- 
tor to the various scientific societies and to the 
technical Press, a number of his articles having 
appeared in cur columns. 








THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 389.) 


WE continue below our report of the Spr’ 
Meeting of the Institution of Naval Architects, }« 
in London on March 29-31, resuming with a summ: 
of the second paper presented at the morn’ 
session on Thursday, March 30, namely, that 
Professor A. F. Lindblad, recording ‘ Furt\c 
Experiments with Models of High-Speed Shins.’ 
In the absence of the author, the paper was tai- 
as read. The chair was occupied by the Preside it, 
Lord Cunningham. 


EXPERIMENTS WITH MopELs oF HicH-SPEED SHI". 


Professor Lindblad’s paper was a continuation of 
one which he presented to the Institution in 1/48 
and which was printed in Vol. 91 of the Transactions 
(1949). The models referred to in that paper were 
tested at a beam draught ratio of 2-4, had block 
coefficients ranging from 0-555 to 0-625, and were 
run at speed /length ratios from 0-80 to 1-0. Mention 
was made that some further tests had been made 
at a beam/draught ratio of 2-75, and it was these 
which formed the subject of the paper presented on 
March 30. The same models were used, the block 
coefficients varying from 0-535 to 0-605, and the 
speed/length ratios ranged from 0-60 to 1-0. ‘The 
main objects of the research were to ascertain how 
the position of the longitudinal centre of buoyancy 
affected the resistance, which was the most econo- 
mical block coefficient, and how the displacement 
should be divided between the forebody and the 
afterbody. Six forebodies and seven afterbodies 
were combined (as in the tests described in the 
previous paper) and ten series of models were thus 
constructed. In each of the first six series, there 
were four models of equal block coefficients, but with 
different positions of the longitudinal centre of 
buoyancy. Their length between perpendiculars 
was 20 ft., equally divided between forebody and 
afterbody. No trip wire was used. 

Mr. R. W. L. Gawn, O.B.E., who opened the 
discussion, found the paper of more direct interest 
than the author's previous contribution, since the 
length-displacement proportions and the prismatic 
coefficients of some of the models were suitable for 
some classes of medium-speed warship. Therefore, 
he had made some detailed comparisons between, the 
present results and those of the 1948 paper. The 
length constant which the author quoted was, for 
many classes of ship, and particularly for those of 
higher speed, a more important parameter for the 
assessment of resistance than the block or prismatic 
coefficient ; he suggested, therefore, that the value 
of the paper would be enhanced if particulars of 
that important constant were included in the tabu- 
lated results. The optimum position of centre of 
buoyancy was again shown to be about 2 per cent. 
of the length abaft the centre of the length between 
perpendiculars. That was a little farther forward 
than in the fuller models previously dealt with, and 
the author had shown that a more forward position 
was still best for higher speeds. Those trends were 
consistent with general experience of miscellaneous 
models. The paper, he concluded, was full of useful 
information, and he thanked the author for having 
presented such valuable data to the Institution. 

Dr. G. Hughes said that the only difference in 
the bases of the work described, compared with 
that covered by the author’s earlier paper, was that 
the draught had been changed by some 3 ft. The 
tests had been carried out over the same series of 
models, numbering 28; in the original paper, the 
results were given for a draught of about 23 ft., 
and the results now presented were for a draught 
of just over 20 ft, The general conclusions closely 
resembled those from the earlier work. Considering 
the effect of change of draught, a comparison of 
figures led to one or two rather surprising results, 
particularly at the lower speeds. While the bulk 
of the work described, and the conclusions, related 
to the speed region of 16 knots and upwards, he 
would deal majnly with the range from 12 to 16 
knots, so that probably his remarks would not 
affect the author’s main conclusions. Taking the 
speed of 12 knots, and comparing results. in the 
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orivinal paper with those in the present paper to 
fin. the effect of the change of draught, there was 
a uifferential change in © value, as between two 
individual models, of the order of 0-07 due to 
reduction of draught ; whereas the total difference 
in © value for the whole of the 28 models was of 
the order of only 0-05. Making a similar com- 
parison at 14 knots, he found a similar effect, though 
of rather reduced magnitude. That, he suggested, 
had some significance with regard to the question 
whether there was or was not laminar flow on the 
models. He felt that the difference due to change 
of draught were much greater than could really be 
expected. The minimum © value obtained for the 
deep draught was of the order of 0-57, which sug- 
gested that, at 12 knots, there was certainly very 
little wave-making resistance. Yet, despite the 
fact that, therefore, the resistance was practically 
all frictional at 12 knots, there was a rather extra- 
ordinary change-over due to change of draught. 
Was it not possible that this could be due to a 
certain amount of laminar flow, and possibly to 
small differences in the surface condition, which 
could have very important effects at those low 
speeds ? Professor Lindblad’s models were pre- 
pared with very highly polished paint surfaces ; if 
they were kept for a long period and there was 
continual renovation of the surfaces, there might be 
different degrees of smoothness, particularly at the 
forward end. He could not think of any explanation 
for the extraordinary change-over other than the 
existence of different degrees of laminar and turbu- 
lent flow at the forward end of the models. He did 
not think the main conclusions from the tests at the 
higher speeds were likely to be affected to a large 
extent; but he would like to know more about the 
results at lower speeds, and it would be interesting 
to conduct tests with turbulence stimulation. 

Sir Amos Ayre commented that most of the 
models discussed in the paper, because of the 
reduction, in the block coefficient, were suitable for 
much higher speeds; he hoped that Professor 
Lindblad, if he had the information available, would 
extend the © values in a supplementary table for 
higher speeds. The statement in the paper, in 
connection with some models with large block | 
coefficients, that the optimum L.C.B. location was 
farther aft than on the series with smaller block 
coefficients, was rather opposed to what had been 
generally understood, and he suggested that this 
feature should be examined more closely. 

Professor L. C. Burrill, endorsing the appreciation 
expressed of Professor Lindblad’s systematic experi- 
ments, assured him that designers would make very 
good use of his results. His guidance with regard 
to the position of the longitudinal centre of buoyancy 
was very welcome, but, in view of the attention 
focused on laminar flow, and of previous authorita- 
tive assurances that there had not been laminar 
flow on certain models, it was to be hoped that 
Professor Lindblad would use a trip wire on some 
of his models and report what happened. 

This concluded the business at the Thursday 
morning session. After the luncheon interval, the 
meeting was resumed for the consideration of papers 
by Mr. R. A. Beattie, B.Sc., on “ Shifting Boards 
for Ballasted Cargo Vessels,” and Mr. H. J. Adams, 
B.Sc., who presented some “ Notes on Stresses in 
Tanker Members.” 

Snirtmne Boarps FoR BALLAST. 

Mr. R. A. Beattie’s paper, on “ Shifting Boards 
for Ballasted Cargo Vessels,” was inspired by an 
experience of his firm (the Federal Steam Navigation 
Company) with the S.S. Leicester. On the night of 
September 14-15, 1948, while on a ballast voyage 
from Tilbury to New York, this vessel encountered 
a hurricane which caused the solid ballast in the 
*tween-deck spaces to shift, although it was confined 
by shifting boards. The vessel took a port list of 
35 to 40 deg. and had to be abandoned. She 
remained afloat, however, and eventually was picked 
up by salvage tugs and towed to Bermuda. The 
author was sent to Bermuda to investigate the 
state of the ship. The shifting boards, of 9 in. by 
3 in. Douglas fir, were fitted between 4 in. by 34 in. 
vertical angles, secured to the deck and, at their 
upper ends, to. the hatch side girders, by bolting 
them to welded lugs. These attachments had 


held, but the weight of the ballast, as the ship 





rolled, had bowed the uprights so that the ends of 
the boards had slipped out, allowing the ballast to 
spill across the deck. The boards themselves were 
not broken except in a few cases where they had come 
into contact with obstructions. The greater part 
of the ballast was ‘‘ Thames ballast,” i.e., spoil 
dredged from the bed of the Thames estuary and 
consisting of gritty sand, clay, and flinty pebbles, 
which, being salt, was hygroscopic and tended to 
coagulate. Apparently, in the case of the Leicester, 
it slipped in a mass over the deck. On the evidence, 
the author calculated approximately the forces 
involved, and drew up a list of what appeared to be 
essential requirements to prevent a repetition of the 
Leicester’s experience. In the first place, he 
submitted, the boards must confine the ballast so 
that any shifting that occurred would be negligible. 
If the boards were fitted along the centre line of the 
ship, a shift of ballast so as to form, in section, a 
triangle against the boards would produce a heeling 
moment of 11,400 ft.-tons; but with two lines of 
boards, arranged along the hatch sides, a correspond- 
ing shift would give a heeling moment of 7,100 ft.- 
tons only. The conditions assumed were that the 
coefficient of friction between ballast and deck was 
0-60, and that the maximum roll to one side would 
be 60 deg. It was considered that a stronger design 
of upright was essential, and that the lugs, for 
attachment of the uprights to the deck and to the 
deckhead above, should be welded all round. 
Allowance should be made for deflection of the deck 
under the weight of the ballast. These arrange- 
ments applied to ballast in ’tween decks ; in lower 
holds, shifting boards would be necessary only in 
forward holds of vessels with machinery amidships, 
as the sides of the shaft tunnel would perform the 
same function in the after holds. 

The discussion was opened by Mr. H. S..Pengelly, 
R.C.N.C., who said that the paper had particular 
interest in that it gave information concerning the 
events leading up to the very near total loss of a 
ship at sea; usually, in the case of a total loss, 
the information was lost with the ship. The author’s 
anticipation of criticism of the shifting boards on 
the ground of their lack of continuity was well 
justified ; indeed, the ship might have got into a 
very serious condition, even without the total 
failure of the shifting boards in No. 2 hold, merely 
by reason of the lack of continuity. The paper 
showed that, even if the shifting boards had been 
fully effective, a heel of between 15 and 21 deg. 
might have occurred due to the piling up of ballast. 
In the Leicester, considerable spilling of ballast 
could have occurred round the ends of the boards 
along the sides of the hatch from the high side to 
the low side. That had happened in Nos. 3, 4 and 5 
*tween-deck spaces, and a permanent list of some- 
thing like 30 deg. might very well have arisen in 
consequence ; in the event, the total failure of the 
boards in No. 2 ’tween-deck space and the partial 
failure in Nos. 3, 4 and 5, had resulted in a permanent 
list of 36 deg. It was surprising that the ship had 
survived in heavy weather. The conclusions to be 
drawn were that, where shifting boards were 
necessary, they should be continuous and they should 
be amply strong. He did not think it needed much 
calculation to show that 4 in. by 33 in. angle bars, 
fitted about 10 ft. apart, were not enough for the 
job in the Leicester. 

Mr. G. Daniel, C.B.E., who followed, dealt prim- 
arily with the disposition of the ballast as between 
the ’tween decks and the holds, and the resulting 
metacentric height. He agreed with’Mr. Pengelly 
that the angle bars used were not strong enough 
for the job, in the light of the Ministry of Transport’s 
experience ; it was fortunate indeed that the ship 
was ultimately saved. The authorities in this 
country, and in most others so far as he knew, had 
always placed the full responsibility for the loading 
of the ship on the master; no definite rules could 
be made as to exactly how cargo should be distri- 
buted, and it must be left to the master to decide 
whether he put the ballast or cargo in the ’tween 
decks or in the holds. Of course, he should be 
given all possible information to enable him to make 
his calculations. The reason why dry ballast was 
necessary was that ships generally, and particularly 
the type of ship discussed in the paper, were deficient 
in water-ballast capacity ; there was not sufficient 








capacity for water ballast, particularly in oil-burning 
ships of the Liberty type, to enable the master to 
obtain enough draught to secure the immersion of 
the propeller and the general seaworthiness and 
maneeuvrability of the ship, so that the master 
might have to take as much as 1,500 tons of dry 
ballast. It was essential, however, that he should 
realise the possibility that the ballast might move, 
and take proper precautions to ensure the safety of 
the ship. The normal procedure was to fit shifting 
boards ; but the author had assumed, in his calcu- 
lations, that the boards were in perfect condition 
and would not give. Bearing in mind the forces 
exerted on a ship rolling heavily at sea, and the 
frailties of human nature in the fitting of the 
shifting boards, it seemed wise not to rely entirely 
on the boards, but to see that the ship had a margin 
of stability. 

On the day before the trouble occurred in the 
Leicester, there was a margin of stability, and at 
first glance it looked a fair margin ; but when it was 
considered that, for instance, the ship might get 
out of control through engine trouble or losing her 
rudder, that reserve of stability, with ballast moving 
about between decks, was not too large. That 
condition was’ associated with a G.M. of about 
3ft. He believed that any master, and many naval 
architects, would consider a 3-ft. G.M. in a ballasted 
ship, with its high freeboard, as very good ; even a 
2-ft. G.M. would be satisfactory. But there was 

o reserve. The diagram showed that, at 50 deg., 
there was a maximum righting moment of about 
23,000 ft.-tons ; if the G.M. were 2 ft., that righting 
moment was reduced by about 5,000 ft.-tons, and 
the reserve of righting moment would not come 
above the upsetting moment. If the Leicester 
had had a G.M. of 2 ft., unquestionably she would 
have been lost. If dry ballast were carried, which 
conceivably might shift, it was essential to ensure 
that the metacentric height in the ballasted condition 
was ample to meet the contingency. It was proper 
that a move should be made to advise masters of 
what could happen, and he advocated that, in the 
type of vessel described in the paper, the ballast 
should be stowed so as to provide a G.M. between 
5 ft. and 6 ft.—certainly, not less than 5 ft. It was 
estimated that, had the ballast been stowed half 
in the hold and half in the ’tween decks, the G.M. of 
the Leicester would have been 6-1 ft.; with one- 
third in the hold and two thirds in the ’tween decks, 
the G.M. would have been about 5 ft. In the light 
of events, evidently, it would have been better to 
make such provision. Advice to masters on the 
precautions to be taken in ships carrying dry 
ballast had been under consideration in the Ministry 
of Transport for some time, and it was hoped that 
simple instructions would be issued shortly. 

Mr. W. J. G. Hawkins said that, at the Ministry 
of Transport, he had examined reports on the 
various types of material used as solid ballast in 
the United Kingdom. The materials most commonly 
used were sand, @ mixture of sand and stones (such 
as Thames ballast), colliery refuse of various kinds, 
and slag from steel works. Less commonly used 
materials were rubble from quarries and excava- 
tions, clay, ashes from furnaces, shale, oil refuse, 
granite-quarry sweepings and Elvin stone. The 
stowage rates for the materials most commonly 
used were in the region of 20 cub. ft. per ton, except 
that some kinds of colliery refuse were lighter. 
The figures for angle of repose varied considerably 
with the degree of wetness of the ballast, from 
about 30 deg. in the dry condition to a much higher 
figure when wet. From reports received, it would be 
unsafe to assume that any of the materials, except 
perhaps clay, was unlikely to shift. He su 
that it was dangerous to ascribe to shale ballast, 
either from rivers or from pits, the characteristic of 
tending to coagulate into a solid mass. Having 
seen the ballast in the Leicester at Bermuda, while 
he agreed that some of it might contain sufficient 
clay, or might be loaded in such a‘ condition of 
wetness that it tended to settle down, he did not 
agree that this could be regarded as a characteristic 
of the material. The ballast in the Leicester had 
moved across the deck, up the ship’s side, and had 
finished up with the surface of all sections more or 
less level, i.e., parallel with the mean water plane. 

(To be continued.) =e 


420 


ENGINEERING. 


APRIL 14, 1950. 








SIDNEY GILCHRIST THOMAS. 


By Sir Cartes Goopeve, F.R.S. 


On April 16, 1850—one hundred years ago this 
week-end—was born Sidney Gilchrist Thomas, who, 
with his great contemporaries, Bessemer and 
Siemens, acted as Prometheus to the age of steel. 
Bessemer showed a waiting world how to make 
steel in bulk from molten iron. Siemens developed 
a process which could also transform hitherto waste 
scrap into steel, and he showed, too, how a slower 
process could be used to improve quality while still 
producing in great quantities ; but it was Thomas 
who, a deus ex machina in the nick of time, quad- 


rupled the value of even these tremendous develop- | power. 


ments by extending their 
application to the huge 
phosphoric ore deposits 
scattered throughout the 
world’s crust. Both the 
Bessemer and Siemens pro- 


repeatedly struck by his heart-warming gift for 
arousing affection as well as admiration wherever 
he went. One of the most penetrating as well as 
the most resolute of men, he might have been 
expected to become a narrow prig, and something 
of a bore; but this was far from the case, and his 
brother-in-law described him at the age of 21 as 
“habitually most cheerful, most fascinating, even 
the most humorous and lightsome of mortals.” 
This, it may be remarked, was written after a month’s 
walking holiday in France, alone with him; a 
severe test for any friendship. Another tribute 
from the same source is worth quoting. ‘No 
one with the slightest faculty of observation 
could ever have come into . . . contact with him 





and have failed to recognise a mind of exceptional 
He had the spare frame of a man eager, 





chief magistrate described him “as indefatigal,|c, 
as clear headed, as patient in dealing with stuniq 
or ignorant witnesses, as accurate and concise in 
putting evidence into the form of a deposition, as 
any clerk could possibly be . . . bright and elastic 
from the beginning of a long day to the end.” 
Nevertheless, he found the time and money to 
carry out scientific studies in evening classes at the 
Birkbeck Institution. Here George Chaloner, the 
lecturer in chemistry, made a remark that was to 
have important consequences: ‘The man ho 
eliminates phosphorus in the Bessemer converter,” 
he said, “ will one day make his fortune.” This 
remark caught Thomas’s fancy, and caused him to 
resolve there and then to solve the problem. It 
will be well at this point, therefore, to examine the 
situation in the steel-making world as it was at that 


period, about 1869-70. 

By this time the Besse- 
mer process had become 
well established, and, in 
1870, 215,000 tons of stce] 
were made in the United 





cesses were confined to the 
use of phosphorus-free irons 
until Thomas, resolutely 
aided by his cousin, Percy 
Gilchrist, hugely extended 
their scope. 

An extraordinary spec- 
tacle he presents in doing 
so, when contrasted with 
his contemporary Titans. 
Bessemer and Siemens were 
professionals ; copious in- 
ventors, skilled and success- 
ful business men, robustly 
married and prosperous in 
the comforting Nineteenth- 
Century manner. Consider 
Bessemer, with his 117 
patents from velvet em- 
bossing to a non-rolling 
steamship; with a fortune 
early won from the manu- 
facture of bronze powder. 
Consider Siemens, with his 
record of discoveries in 
mechanics and electricity 
which gained him member- 
ship of the Royal Society 
before ever his steel pro- 
jects were known—Fara- 
day, Wheatstone and Joule 
were among the supporters 
of his ‘“ qualifications.” 
Then consider Thomas, a 








Kingdom by this means, 
Immediately after its intro- 
duction in 1856, the pro- 
cess had received a severe 
set-back, when nearly al] 
the works that had eagerly 
taken licences to operate 
it found that they could 
only produce steel “as 
brittle as a biscuit” and 
commercially quite useless. 
Bessemer was reviled as a 
charlatan after this fiasco. 
It took him over a year 
to work out the cause, 
which was the presence of 
phosphorus in the iron 


generally used as raw 
material. By the merest 
good fortune, Bessemer 


himself had used phos- 
phorus-free Swedish pig 
iron in his experimental 
work. In 1858, therefore, 
he had retrieved his reputa- 
tion and repaired his large 
fortune by building a works 
in Sheffield, where he 
undersold the local steel 
makers by 50 per cent. and 
a handsome profit, using 
only iron made from phos- 
phorus-free Cumberland ore 
in his converters. His 








police court clerk n Lon- 
don’s East End at 90/. per 
year, degreeless, but ab- 
sorbed in a passion for 
applied chemistry, matched 
only by a fiery zeal for 
social justice. His only 
major scientific achieve- 
ment was this in the making 
of steel, which so absorbed 
his energies that he ex- 
hausted himself and died 
unmarried at the age of 34, in the glory of his first 
success. 

Thomas was born of Welsh parents in Islington, 
London, and received his early education at Dulwich 
College. He showed an early bent for science, and, 
at the age of 17, was preparing to go to London 
University to study medicine, when his father died. 
After a short interval as a classics master at a 
schocl in Braintree, Essex, he was appointed clerk 
in the Marlborough-street police court in the 
West End of London. He was soon transferred, 
at his own request, to Slumland’s busiest court, the 
Thames police court in Stepney. There he mastered 
so rapidly the intricacies of criminal law that 
friends were moved to offer to finance him in 
studying for a eareer at the Bar. Just as he had 
refused to continue his medical studies at the 
family’s expense, however, so he would not accept 
help in a legal career. 





In reading of his life and character, one is 


Srpyey Givcurist THomas. 


From an unfinished sketch in the 


not merely for intellectual research, but for intel- 
lectual conflict and conquest, of a man perhaps 
somewhat too disdainful of the things of the flesh ; 
yet I think most people would have found his clear 
cut features and speaking eyes . . . handsome. 
He spoke in a clear and pleasant voice, which, in 
moments of excitement, became metallic. His 
reading was wonderful for a youth of his age— 
fiction, history, travel, theology, on all these 
subjects he seemed equally at home .. . In the 
semi-humorous, self-depreciatory way which became 
him well he used to say that he had no care for 
verse, and that in the coming time everything worth 
reading would be-written in prose; but I never 
believed either assertion. Social subjects had a 
wonderful fascination for him.” He was reported 
at the police court as carrying out his duties “ not 
only with the exact mechanism of a trained intellect, 
brt with the thorongh-going industry of a conscien- 
tious and passionate lover of strict justice.” The 





rivals, of course, were still 
using the slow and arduous 
crucible and cementation 
methods of steel-making. 
Similarly, by 1870, steel 
was being converted by 
the Bessemer process in 
the United States (40,000 
tons annually), Germany 
(130,000 tons) and France 
(80,000 tons). 

A few years before this 
time, William Siemens had come on the scene with 
his regenerative furnace, which the enterprise of the 
Martin brothers in France was enabling him to de- 
velop into a more controllable, and, in some ways, 4 
more economic steel-producing tool. By 1870, he 
was making about 100 tons a week of open-hearth 
steel at Landore Works. But Siemens, like Bessemer 
and those using his process, was confined to the use 
of phosphorus-free ores. This restriction meant 
that the United Kingdom was dependent for home 
supplies on a relatively small ore bed in remote 
Cumberland, which was hard put to it to produce 
2,000,000 tons per year. France and Germany had 
no home ores at all, and had to import all their 
supplies from Spain, Elba, Algeria and other 
countries. It is a measure of the importance of 
Thomas’s achievement that the expected maximum 
annual European production of steel at that time 
was computed to be 10,000,000 tons, while this 
figure was exceeded by three and a half million tons 
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in 1900, only 15 years after Thomas’s death. To-day, 
European production of steel is about 40,000,000 
tons annually. 

The problem of phosphorus elimination, therefore, 
was not a new one when Thomas began to work on 
it. The most eminent brains in the metallurgical 
industries had been engaged on, it for some years, 
and some eminent authorities (notably Dr. John 
Percy, F.R.S., who was President of the Iron and 
Steel Institute in 1885-87) had adjudged it insoluble. 
The most prominent investigator was Sir Isaac 
lowthian Bell, the “high priest of metallurgy,” 
as he was openly styled at the meetings of the 
Institute. A chemist as well as an iron master, 
and principal proprietor of a Jarge Cleveland works, 
he was well placed to experiment on a large scale. 
Bessemer and Siemens had both been working on 
the problem, too. 

Undeterred by these prominent, if hitherto unsuc- 
cessful, rivals, Thomas settled down to the problem 
for seven slogging, heartbreaking years. At first, 
he worked alone, studying and experimenting in 
his own improvised laboratory and in that of the 
Birkbeck Institution. Holidays were spent in visit- 
ing mines and works. Finance came from the 
fiercest economies (a midday meal and transport for 
seven miles between home and work were early 
casualties) and from contributions to the technical 








during the week by Gilchrist alone and mostly at 
night, and at week-ends by the two young men 
together. In the meantime, Thomas was optimistic 
enough to turn his amazing brain on to the intric- 
acies of patent law, British and foreign, on which 
subjects his patent agent was later able to say that 
he had himself learned much from his client. In 
November, 1877, the first patent was taken out, 
though the complete specification was not filed until 
the following May. Magnesian limestone (dolomite) 
was beginning to emerge as the probable solution 
to the problem, but funds were running low when, 
in December, 1877, Edward Martin, manager of the 
Blaenavon Works, providentially came forward 
and offered his help, as he “‘ had noticed they had 
something secret in hand.” 

Thus began yet another of Thomas’s many lifelong 
friendships. He seems never to have had a business 
associate who did not become a friend, and never 
a friend who did not remain so until his death. 
Martin’s generous offer was eagerly accepted, and 
experiments on a Jarger scale were begun, both at 
Blaenavon and Dowlais. The Dowlais trials failed. 
The lining ‘“‘ washed out,” being made of limestdéne 
and silicate of soda, instead of the highly burnt basic 
bricks intended ; these were badly underburnt in 
manufacture. At Blaenavon, however, results were 
satisfactory and Thomas’s letters show that they 





still of great interest and value. At last, on April 4, 
1879, as Windsor Richards afterwards described it : 
“after much labour, many failures, disappoint- 
ments and encouragements, we were able to show 
the leading gentlemen of Middlesbrough two success- 
ful operations.” 

The world at once tramped a broad path to 
Middlesbrough. On April 21, the first foreign 
licence was granted, to the Metz Cie. of Luxembourg, 
and, five days later, the first German licences. On 
May 10, Thomas resigned from the police court, 
just after delivering his and Gilchrist’s paper at the 
spring meeting of the Iron and Steel Institute in 
London. 

Success, so long deferred, now came in full 
measure. Rather than fight a battle of patents, 
Thomas and Gilchrist admitted two other workers 
in the field, G. J. Snelus and Edward Riley, to share 
the United Kingdom and American rights. The 
Continental rights they kept for themselves, and 
very soon steelmakers from Germany, France, 
Belgium and America were clamouring for agree- 
ments. Carnegie himself came over to investigate, 
and, in 1879, took an option to buy the patent rights 
for America, which he persuaded the holding com- 
pany for Bessemer patents in the United States to 
exercise for 250,000 dols. in that December. 

There were the inevitable patents disputes, 
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| Britain. United States. Germany. | Belgium. France, 

Year. Converter. ‘pears Converter. | Open-Hearth. | Converter. | Open-Hearth. | Converter. | Open-Hearth., Converter. | Open-Hearth 
Total. Total. Total. | — Total. Total.' 
Acid. Basic. | Acid. | Basic, Acid. | Basic.) Acid. | Basic. | Acid. | Basic. Aci Baste, | sci. | Basic.| Acid. | Basic, | Acid, | Basic.) Acid. | Basic, 

170 | 220| 25| — | — | s7| —| —| —|- wo —|—|—|—-] 2} —-]|] —-|] —|—]| wi) -—-|-|]-]- 
1380 | 1,290 | 1,044 = 251 -—- 1,250 1,047 — 100 _ 690 679 18 36 _— 130 _ — — — 380 _— — _ — 
1890 | 3,580 | 1,612 402 | 1,463 101 4,280 | 3,688 “= 513 — 2,100 350 | 1,493 388 _— 220 _ — — — 670 — — a 251 
1900 | 4,900 | 1,253 | 491 | 2,876 280 | 10,190 6,684 — 853 | 2,545) 6,360 222 | 4,142 148 1,998; 630 _ 40 — 105 | 1,540 — — — 646 
1910 | 6,370 | 1,138 | 641 | 3,106 | 1,578 | 26,090 9,412 — 1,212 | 15,292) 12,890 170 | 8,031 140 | 4,974) 1,910 — 1,755 — 137 | 3,360 105 | 2,136 — 1,137 
1920 | 9,070 552 268 | 3,302 | 4,682 | 42,130 | 8,883 — 1,296 | 31,375} 8,400 44 | 3,220 74 | 5,541) 1,230 —_ 973 -- 219 | 3,000 60 | 1,656 —, 1,207 
1930 | 7,330 255 | nil | 1,761 | 5,091 | 40,700 | 5,035 _— 780 | 34,2 11,360 —_ 5,136 106 | 5,936) 3,420 _ 3,500 _— 400 | 9,300 116 | 6,569 — 2,596 
1937 | 12,084 255 | 418 | 2,215 | 9,660 | 50,569 3,450 a 500 | 45,772) 19,849 150 | 7,959 229 | 10,811| 6,287 _ 5,790 _ 457 | 7,920 48 | 5,250 21 2,270 
1946 | 12,695 209 | 724 | 1,186 | 9,890 | 59,456 | 2,971 _— 700 | 53,474] 3,011 — 1,603 — 1,294) 3,451 _ 3,148 _— 362 | 4,408 55 | 2,295 — 1,618 

| | | j | 
Press, notably to a journal called Iron. ll this|had now come to realise the importance of the | notably a short but sharp engagement with a group 


time he kept up his own proud standard of work at 
the police court, and he actually refused (in 1873) 
what must have been a very attractive offer to gc 
as analytical chemist to a Burton brewery. Thomas 
had seen the bad effects of drink at his police court, 
and could not bring himself to accept a position in 
what he regarded as a pernicious trade. It is a 
remarkable tribute that, just prior to his success, 
at the time of scientific and physical labours that 
seem almost incredible, the magistrates of the 
Thames police court went to the Home Office in a 
body to try (fruitlessly) to get him promoted to the 
vacant chief clerk’s post, despite his lack of 
seniority. 

After about six years of this remorseless regimen, 
he felt able to evolve a theoretical answer. He 
felt that he had hit upon a fact missed by most 
other investigators. The phosphorus in the iron 
joined up with the oxygen blown through it to make 
phosphoric oxide, which could not be taken up by 
the silicious slag, acid in character, of the silica-lined 
converters then solely in ise. Therefore, it remained 
in the iron while it was refined into steel. So much 
had been established by Lowthian Bell, but Thomas 
saw farther: that the way to fix the phosphorus 
was not by playing about initially with temperature 
control or the sequence of the process, but by provid- 
ing a basic slag (by lime additions) which would 
attract and hold the acid compound in which the 
phosphorus was contained. The problem could 
now he seen as the development of a basic lining 
for the Bessemer converter, which a basic slag 
would not attack and destroy. 

Thomas’s first practical attempts were carried out 
on a miniature converter which he built in the 
firegrate of an attic at home. This failed, and he 
enlisted the help of his cousin, Percy Gilchrist, then 
analytical chemist at the Cwmavon works in South 
Wales, and shortly afterwards analytical chemist 
at the Blaenavon Works. Thus, from 1876 to 1878, 
despite Gilchrist’s early scepticism, a very large 
number of trials were carried out on tiny improvised 
converters in a rough shed on the Welsh hillside— 


*‘overblow,” as they called it, which is the con- 
tinuation of the blow after the flame drops. It is 
during this period that the phosphorus is finally 
oxydised. Results were encouraging enough for 
Thomas to intervene in a discussion at the Iron and 
Steel Institute in March, 1878, on a paper by Low- 
thian Bell. Here is the report from ENGINEERING 
of April 5, 1878: “Mr. Sydney Thompson [sic] 
said that he had discovered a method by which 
phosphorus could be completely extracted from pig 
iron in a Bessemer converter, and amid some 
laughter and other signs of incredulity, he stated 
that he could remove by his process as much as 
99-9 per cent. of phosphorus.” 

There had been, of course, many such claims, 
proved false; and it did seem unlikely that this 
unknown young man of 28, not even in the steel 
industry, could have pulled it off. Discovery of the 
philosophers’ stone must have appeared as probable. 
Undaunted by their coo] reception, Thomas and 
Gilchrist wrote a paper, fully describing their 
process, for the summer meeting of the Institute, 
which was held that year in Paris; but, though 
originally placed high in the list for discussion, it 
was crowded out of the agenda. ENGINEERING, 
again, was the only journal to give it any publicity, 
by publishing half of it before receiving notification 
of its fate. ‘‘(Z'o be continued)” was the only 
editorial comment, and a very true one, too. 

At this Paris meeting, however, Thomas met and 
impressed E. Windsor Richards, manager of Bolekow 
and Vaughan’s great works in Middlesbrough, which 
later became part of Dorman, Long and Company. 
A courageous and far-sighted man, Richards decided 
to “have a go,” in spite of discouraging reports of 
what had happened at Dowlais. Two 30-cwt. con- 
verters were specially built for the trials, but the 
difficulties of brick-making on a production scale 
proved a serious obstacle. Much of the credit for 
overcoming it must go to Dr. J. E. Stead, F.R.S., 
then consultant to Bolekow and Vavghan, whose 
description of the strvggle. in his presidential 





address to the Iron and Steel Institute in 1920, is 


of North East Germany steelmakers, which ended 
in Thomas’s favour. Thomas dealt with almost 
all these affairs himself, and his life became a whirl 
of work and travel. His visit in 1881 to the United 
States became something of a triumphal progress, 
and drew forth this fine tribute from the Iron Age : 
“He received honours and awards modestly. His 
boyish face, careless dress, and exaggerated fore- 
head, strongly suggested struggling genius rather 
than world renowned success. He was always 
companionable, bright and entertaining. Those who 
knew him felt for him a strong attachment.” Evi- 
dently, he had not altered from the man who so 
had captivated his brother-in-law on that impecuni- 
ous walking holiday in France, just ten years before. 
Soon after he returned to England, however, lung 
trouble became evident. For the remaining three 
years of his life, he had to travel away from the 
English winter towards the sun, in a dogged 
attempt to retain life for as long as possible, 
while not relinquishing those intellectual pursuits 
that for him made life worth living. His charming 
and lively letters to his family give no hint of the 
grim struggle, but reflect his all-embracing interest. 
During this period, he was much concerned with 
a subject of which he had always recognised the 
importance, namely, the problem of making avail- 
able for agricultural purposes the huge stores of 
phosphates locked in the phosphorus-rich slag 
which resulted from the basic process. Convinced 
of ultimate success in this quest, as in the other, he 
bought cheap options on hundreds of thousands of 
tons of apparently waste slag, and threatened to 
sell his major holding in the North Eastern Steel- 
works when they considered selling an option to a 
German company. It was, however, a German 
development that solved this particular problem, 
and that was simply to grind the slag to an impalp- 
able powder, in which form it became soluble in 
the soil. This method is used to-day, and Thomas 
had at least the happiness of seeing it put into 
effect. The benefit to agriculture has been immense : 





in the United Kingdom, during the 12 months ended 
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June, 1949, 108,000 tons of root-forming and growth- 
promoting P,O, were applied to the soil in perhaps 
two million tons of slag. 

Thomas, however, was himself burnt out. The 
human frame is not made for the intense and pro- 
longed activity to which he subjected it. In 1884, 
he moved to Paris and there died in his sleep on 
February 1, 1885, aged 34. 

In the very year of his death, about 146,000 tons 
of basic steel was made in the United Kingdom, and 
about 800,000 tons on the Continent of Europe. 
The table on page 421 gives details of further pro- 
gress. The method was most quickly taken up in 
Germany, where steelmakers had much to gain both 
in the exploitation of the newly acquired Lorraine 
ores, and of imported high-iron, high-phosphorus ores 
from Sweden. They were followed by the Belgians, 
the French and the United Kingdom, who were all 
producing about the same amounts of basic steel by 
the turn of the century. 

American adoption, when related to their rate of 
increase at that time, was perhaps not initially as 
great as might have been expected. Although, 
between 1880 and 1900, output increased nine times, 
only a quarter of the increase is attributable to basic 
production. The reason was that, though half the 
huge deposits of the Great Lakes areas are high in 
phosphorus, quicker increases in output could be 
obtained by improvements in transporting and 
handling phosphorus-free ores. By 1900, however, 
the basic process was enabling the United States to 
begin to exploit these deposits fully, and also to 
open up the mineral resources of other areas, such 
as Alabama and Tennessee, where steel could then 
be made and marketed to the railways. 

In Great Britain, the adoption of the process was 
not as rapid, relatively, as in German, Belgium and 
France. In these countries, the basic-Jined Besse- 
mer converter was widely installed, and steel made 
by this method is still known there as ‘“‘ Thomas ” 
steel. This method declined in Great Britain, 
however, until, in 1934, Stewarts and Lloyds’ 
great plant at Corby went into production, and 
Richard Thomas and Company’s Ebbw Vale plant 
at about the same time. Soon after 1880, however, 
basic linings were applied, as Thomas had fore- 
seen, to open-hearth furnaces, and that is now 
the predominant method of steel manufacture in the 
United States and Great Britain alike. 

Altogether, about nine-tenths of the steel manu- 
factured throvghout the world is now made in 
basic-lined converters or furnaces ; but the problems 
inherent in Thomas’s solution are still many and 
difficult. It is still usual for basic open-hearth 
furnaces to have roofs of silica bricks, because of 
their greater mechanical strength at high tempera- 
tures, even though the actual melting point of these 
bricks is lower than that of the basic bricks. Much 
work is going on with the object of designing bricks 
and roofs to enable all-basic furnaces to be economic- 
ally installed. Then again, though basic Bessemer 
steel is particularly suitable for some purposes, such 
as tube-making, work is in progress with the object 
of lowering the nitrogen content and improving its 
suitability for other purposes, in which encouraging 
progress has been made. But projects such as 
these, important as they are, do not affect the 
overriding fact that, but for the insight and astound- 
ing energy of this man and his cousin, the Steel Age 
could not have developed when and as it did. 

It would be incomplete to leave any note on 
Thomas without mentioning the provisions of his 
Will. Always a passionate advocate of social 
justice, he entrusted his sister with the disposal] of 
his great fortune, ‘“‘to spend in doing good dis- 
criminatingly.” This task she carried out nobly, 
and a long list of good works stands to her and his 
credit. Edith Hogg and her fight against ‘‘phossy 
jaw ” and on behalf of shop assistants; Margaret 
Bondfield and her courageous investigations into 
conditions in the wool trade ; Claire James and her 
work for East End factory girls ; many fine housing 
and open spaces projects—all these resulted from 
the activities of Lilian Gilchrist Thompson, Sidney 
Thomas’s sister. In these corners of the social] weal, 
as in every building, every liner and every one of the 
myriad objects that Thomas’s discovery has made 
it possible for steel to place at our disposal: Si 
monumentum quaeris, circumspice. 


LABOUR NOTES. 


THE peace-making efforts of the Ministry of Labour 
last week in connection with the engineers’ wage 
claims failed to secure the resumption of joint discus- 
sions between re mtatives of the Confederation of 
Shipbuilding an ineering Unions and of the 
Engineering and Allied Employers’ National Federa- 
tion, which had been confidently expected in some 
quarters. A meeting between Sir Robert Gould, chief 
industrial commissioner to the Ministry, and members 
of the board of the employers’ Federation took place 
in the morning of April 6. The Federation had 
accepted the Ministry’s invitation to attend “‘ without 
prel udice ” and, apparently, its representatives informed 

ir Robert at the meeting that the Federation was 
unable to change its attitude to the wage claims for an 
all-round increase of 20s. a week, or to enter into direct 
negotiations with the Confederation’s representatives 
while strike action was threatened. The Federation is 
understood to have referred to the lengthy and detailed 
reply it made to the Confederation when rejecting 
that claim, the cost of which the Confederation had 
stipulated should be met out of profits. 





In that reply, the Federation indicated that the real 
profits of the industry were not ing at the level 
alleged. Although the Federation rejected the 20s. a 
week wage claim, it left the door open for a resumption 
of negotiations on the earlier claim of the Confederation 
for a new wage structure in the engineering industry. 
It is understood that the Federation representatives 
expressed to Sir Robert, at the meeting on April 6, 
their willingness to meet Confederation officials to 
discuss any new pro which the latter might wish 
to put forward in relation to the wage-structure claim, 

rovided that the proposed ballot was withdrawn. 
Tt may be recalled that the ballot was decided upon 
at a meeting of the executive council of the Confedera- 
tion at York on March 9, after the 20s. claim had been 
rejected by both the engineering employers’ Federation 
and the. Shipbuilding Employers’ Federation. The 
ballot will ask affiliated members of the 37 unions 
comprising the Confederation to state whether they 
are in favour of strike action on the claim, or whether 
they desire it to be submitted to the National Arbitra- 
tion Tribunal. 





A meeting between Sir Robert and the executive 
council of the Confederation had taken place on 
April 3, when the legal position of the proposed ballot, in 
view of the provisions of the Conditions of Employment 
and National Arbitration Order, is believed to have been 
discussed. The meeting was adjourned to enable Sir 
Robert to see representatives of the Federation. It 
was resumed in the afternoon of April 6, when, presum- 
ably, Sir Robert reported the views of the employers, 
which the Federation had communicated to him earlier 
in the day. The executive of the Confederation took 
the view that no new factor, so far as they were con- 
cerned, had emerged, and that, therefore, steps to 
take the ballot would have to be continued. 





Discussing the situation, at the close of the resumed 
meeting with Sir Robert, Mr. Gavin Martin, general 
secretary of the Confederation, stated that his executive 
council was of the opinion that it could take the views 
of the members at any time and on any question. It 
was unable, therefore, to see any legal difficulty arising. 
A two-thirds majority of those voting is necessary, 
under the constitution of the Confederation, to secure 
action, and, if that proportion of votes is cast in 
favour of a strike, it would be for the executive, Mr. 
Martin declared, to determine when the strike should 
commence and what notice should be given. A million 
and a quarter ballot papers were due to be distributed 
last Wednesday to the 37 unions which constitute the 
Confederation. Each union will receive papers equal 
to the number of its members affiliated to the Con- 
federation and will then conduct the ballot in accord- 
ance with its own rules. The papers will have to be 
returned by June 30, and the result is due to be an- 
nounced on July 13. Although no further meetings 
between Ministry of Labour officials and the parties 
to the dispute are in sight at present, it seems unlikely 
that the Ministry will allow the time between now and 
July 13 to without making further efforts to end 
the ee. 





One of a number of unions which held conferences 
during the Easter holiday was the Union of Shop, 
Distributive and Allied Workers. This union, the 
sixth — in the country and by far the most 
influential of those which cater in the main for em- 
ployees in the distributive trades, commenced its 
annual delegate conference at Bridlington on April 9. 
In his presidential address to the conference, Mr. 
Walter Padley, M.P., stated that it was not 





— 
to plan for employment without bringing the wage 
section of the country’s economy into line. He 


declared that many figures on profits were quite 





mis- 
leading as a guide for a policy on wages, owing to their 
failure to take the existing heavy taxation into ac: unt, 
Another misleading feature was their omissio:, jp 
many cases, to recognise that, in the private section of 
industry, profit was the source of industrial re-: uip- 
ment. Mr. Padley considered that the alternati-« to 
restraint would result in “ bitter rear- ard 
actions to defend living standards, in conditio». of 
slump and insecurity.” 

There was still room for a progressive re-distrib: tion 
of incomes and property, but it had to be res 'ised, 
Mr. Padley stated, that, during the last ten cars, 
wages, as a part of the national income, had risen by 
nine per cent., while rents, interest, and profits, after 


the deduction of taxation, had fallen by about six per 
cent. No one should deceive himself by thinking that 
a return to indiscriminate sectional bargaining, backed 
by industrial warfare, was a better method of raising 
the real living standards of the Union’s membership 
than the policy pursued during the past five years by 
the trade unions. 





At the same conference, on the following day, a 
motion was carried by a show of hands condemning 
the executive committee of the U.S.D.A.W. for giving 
their support to the wage-restraining policy of the 
Trades Union Congress General Council. Earlier, Mr. 
J. A. Birch, the Union’s general secretary, had moved, 
on behalf of the executive committee, an emergency 
resolution which would have authorised the committee 
to continue to co-operate with other unions and the 
Government in their endeavours to secure a co- 
ordinated wage policy. The resolution had stipulated 
that negotiations for n wage increases, in 
accordance with the machinery to which the Union was 
a party, could not be defe Those who advocated 
an unrestricted wage policy were under an obligation, 
Mr. Birch stated, to indicate how they would be able 
to prevent prices from rising still further, if their policy 
was put into force. After discussion, the emergency 
resolution was defeated on a card vote by 138,547 votes 
to 107,497. 





Wage restraint received the approval of the Clerical 
and Administrative Workers’ Union at its annual con- 
ference at Harrogate. A statement re-affirming the 
Union’s support for the T.U.C. policy was introduced 
by Miss Anne Godwin, the Union’s assistant general 
secretary, on behalf of the executive council. She 
submitted that two fundamental needs had emerged 
from the devaluation of sterling: the continuation of 
full employment for the country’s workpeople and the 
maintenance of the real value of wage earnings. The 
securing of these fundamental principles had governed 
the decisions taken by the trade-union movement on 
wage restraint. The council statement was adopted, 
after discussion, by 17,130 card votes to 14,400. 





Subsequently, the Clerical Workers’ conference 

a resolution asking for the immediate implemen- 

tation of the Government’s declared poliey of stabilising 

the cost of living by reducing prices and profits. By 

this means, the resolution stated, the wages and living 

standards of the country would be safeguarded. The 

Union also approved, by a substantial majority a 

resolution which expressed the opinion that the work 

of the National Arbitration Tribunal was no longer 
necessary. 





The annual conference of the Association of Engineer- 
ing and Shipbuilding Draughtsmen was held at Bourne- 
mouth. A resolution was carried pledging support for 
any Government policy which would reduce the com- 
pensation to former owners of nationalised industries 
and increase the taxation on profits, bonus shares and 
Stock Exchange transactions. The Association also 
sought a reduction in the national expenditure on 
armaments, asked that the possibilities of raising the 
school-leaving age to 16 should be investigated, and 
advocated increased trade ‘‘ between East and West” 
as a means of solving the dollar gap. A resolution 
which expressed disapproval at the lack of control in 
industry by the rank and file was defeated by a sub- 
stantial majority. 





An announcement by the Board of Trade on April 11 
stated that the scope of the forthcoming census of 
— and the nature of the information desired, 

ve now been approved. In the output section of 
the census, firms will be required to show separately 
the total value of sales of their own manufactures and 
the total sums received by them for work done. One 
last-minute change of some consequence is that firms 
will be required to state the total value of sales and of 
their stocks of merchantable goods. The Board of 
Trade and other Departments are to conduct a volun- 








tary inquiry into the capital expenditure of a sample 
number of industrial establishments. 
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ELECTRIC AND DIESEL-ELECTRIC LOCOMOTIVES. 
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MECHANICAL DESIGN OF ELECTRIC 
AND DIESEL-ELECTRIC 
LOCOMOTIVES.* 

By E. 8. Cox, M.I.Mech.E. 


THE mounting of electrical equipment of suitable 
characteristics in a chassis, or in a vehicle adequate for 
running on rails at given speeds and for transmitting 
tractive force to the train, is at first sight a straight- 
forward matter; but the apparent simplicity is 
deceptive. This is proved by the large number of 
different designs, of which many leave a good deal to 
be desired in riding qualities. The requirements for 
mechanical design can be stated as follows: individual 
axle weights to give widest route availability for given 

wer requirements; conformity to civil engineer’s 
oading gauge and restrictions of throw-over on curves ; 
sufficient adhesive weight to meet all tractive require- 
ments without slipping; minimum vertical forces as 
affecting rail joints; minimum lateral forces within 
the locomotive chassis and against the rails; and 
riding qualities comparable with that of a well-designed 
railway coach. With these must go greatest simplicity, 
least weight, minimum number of moving parts, and 
lowest cost compatible with the performance expected. 

There is no special difficulty in designing the bodies 
and chassis laterally within the engineers’ loading gauge, 
although in this connection the modern trend to amplify 
and extend the control range involves resistance and 
contactor cabinets which leave little spare room in the 
body, more especially at the lower voltages. There 
are, however, two other directions in which desi 
meets real difficulties. First in regard to the overhead 
equipment of electric locomotives. Many main lines 
in this country, and most secondary lines, will not 
allow of a height of more than 13 ft from rail to top 
of chimney on the existing steam locomotives, and 
this is associated with heights as low as 13 ft. 3 in. 
from rail to the underside of bridges. With electrifica- 
tion, a minimum of 4 in. clearance is essential between 
chimney top and contact line ; 9 in. more are required 
a$ @ minimum between the contact wire and the fixed 
structure, making a total of 14 ft. 1 in. above the rail 
on such lines. To meet this condition fixed structures 
between 13 ft. 3 in. and 14 ft. 1 in. above rail have to 
be altered, or alternatively the track level lowered. 
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It is not sufficient to make the locomotive roof so 
much lower that the whole overhead equipment will 
come below 13 ft. 3 in. In this country as in many 
others, steam operation over electrified lines will have 
to be provided for, however, infrequent it may be. 
The second point concerns clearance between the rails 
and below the lowest of the locomotive. For 
universal running this must not be less than 5 in. above 
the rail, with all parts fully worn. Electric motor and 
gear-case design associated with motor bogies may 
demand clearances of 3 in. if design is not to be unduly 
cramped ; and here, again, clearance of fixed obstacles 
in the permanent way may be a further charge in the 
cost of electrification. Fig. 1, herewith, shows these 
loading-gauge restrictions. The dimensions given are 
the minima after full drop due to wear has taken place. 
Additional under-clearance may be required for traction 
motors. 

So far as the actual provision of weight on the 
driving wheels is concerned, there are no proven rules 
to work to, although much investigation has been 
carried out.* It is the general opinion that individually- 
driven axles require a higher factor of adhesion than 
do coupled axles; and a ratio of adhesive weight to 
tractive effort of 5 to 1 can be considered as the mini- 
mum. It is well known that the reaction between the 
wheel and rail at starting produces in motor bogies a 
moment which unloads the leading end and imposes 
an additional load on the trailing end. The use of the 
axle-hung motor complicates force analysis, since it is 
supported partly on the unsprung axle and partly on 
the sprung frame. This is only of importance in the 
case of individually-driven axles and can be compen- 
sated for in three ways: electrically, by means of field 
weakening on the motor of the unloaded axle; pneu- 
matically, by means of air cylinders between chassis 
and bogie ; or mechanically, usually by the provision 
of widely spaced bearings between bogie and under- 
frame, which makes it impossible for tilting to take 
place between these two members. 

If rail joints are continuously subjected to large 
deflections suddenly applied, maintenance costs are 
increased. Moreover, the effect of the wheel loads 
is greater if they attack the rail joint in isolation, 
rather than after a lead-in by guiding wheels. The 
civil engineer prefers, therefore, either light individual 
axle weights, or that heavy axle weights should be 





* Paper read at the Convention on Electric Railway 
Traction held at the Institution of Electrical Engineers, 
on Wednesday, March 22, 1950. Abridged. 





* J. Koffmann, “ Adhesion and Friction in Rail 
Traction, Proceedings of the Institution of Locomotive 
Engineers, 1948, Paper No. 479. 





preceded by one or more axles of lighter weight as a 
“lead-in” to-give’ minimum track upkeep costs. 
Satisfaction of these requirements is an im it factor 
in locomotive design, and what is permissible in one 
or two experimental protot may not be permissible 
when the whole of the traffic over a particular route 
has to be considered. There sometimes comes a 
point, however, where it is ni to view the 
traction machine of rail plus locomotive as a whole, 
rather than separately in its component parts; and 
in some of the larger locomotive t , too close a 
conformity to the civil engineer’s wikes would result 
in an uneconomical power unit. 

It is obvious that lateral forces should be kept to a 
minimum, not only from the point of view of track 
maintenance and flange wear, but also from the point 
of view of long life of both mechanical and electrical 
equipment on the locomotive. The main requirement 
for minimum lateral forces is that some protective 
cushioning should be provided to absorb blows likely 
to be delivered laterally to the track by the inertia of 
the mass of the locomotive acting about a vertical axis 
through its centre of gravity. Vibration and rough 
riding tend to loosen fastenings of all kinds, and is one 
cause of unnecessarily high maintenance. It is also 
fatiguing to the engine crew and, where all reciprocating 
motion is absent, riding quality comparable with that 
cf a well-designed passenger coach should not be, and 
in fact is not, an unattainable ideal. In one sense the 
problem of riding is easier to deal with than in carriages, 
since the body weight is both considerable and relatively 
constant, allowing suitable spring characteristics to be 
more easily chosen. 

The earliest electric tractive units to operate in this 
country were four-wheeled locomotives and double-bogie 
multiple-unit stock. Out of these there have grown 
three basic types of locomotive design, all of which 
have been constructed in England in recent years, 
and which are equally representative of practice abroad. 
These are based on : the steam-locomotive chassis with 
a number of driving wheels in a rigid frame, usually 
guided by bogies or pony trucks; an arrangement of 
bogies coupled back-to-back, so that tractive forces 
pass through the bogie frames and are independent of 
the vehicle underframe or body, and the multiple-unit 
coach with independent bogies, the tractive forces 
being transmitted through the vehicle underframe. 

It was logical that many of the earlier electric designs 
should follow the familiar pattern of the steam loco- 
motive, especially as with high powers (particularly 
alternating current) motor sizes were beyond what could 
be mounted in a bogie. The two most important 
mechanical factors in such desi are: to ensure 
that sufficient vertical rigidity is provided to replace 
the stiffening effect of the cylindrical boiler, and to 
provide the guiding bogies with adequate lateral 
spring control, in order to avoid lateral oscillations at 
speed. Of earlier types, the 2-C-2 locomotive designed 
by Sir Vincent Raven for the former North Eastern 
Railway, in 1922, may be mentioned. This was intended 
as a prototype for main-line work if electrification had 
proceeded at that time. Reference should also be 
made to the 2-C-1 locomotives built for the Great Indian 
Peninsula State Railway in 1928. Based largely on the 
corresponding Swiss type, these engines have given 
very satisfactory service under severe conditions of 
working. The most recent examples of British work 
are the six-wheeled, coupled, Diesel-electric shunters, 
standard on British Railways, and the 1A-D-Al type 
main-line Diesel-electric locomotives recently built 
for the Egyptian State Railways. These last two types 
indicate the applications in which this kind of loco- 
motive has a special value. The Diesel shunter, 
pioneered by certain manufacturers, was developed by 
the L.M.S. Railway under the guidance of the late 
Mr. C. E. Fairburn. The use of three axles, coupled, 
solves economically the problems of adhesion for 
heavy haulage in yards, and provides a chassis of 
extreme sturdiness and simplicity. 

In the Egyptian locomotive, the problem was to carry 
a 1,600-h.p. Diesel engine and electrical equipment 
within a limiting axle load of 16} tons. This called for 
multiplication of axles, and there is one idle and one 
motored axle on each bogie, together with four motored 
axles on the main frame. The unsprung weight of 
each motored axle is about 3 tons 15 cwt. The side 
control on each bogie is 2 tons, increasing to 4 tons at 
full side-play. The vertical weight resting on the 
bogies is carried through cast-steel members bearing on 
grease-lubricated phosphor-bronze liners. A disadvan- 
tage of this kind of locomotive is that all the weight is 
not available for adhesion. Facilities for motor inspec- 
tion and maintenance are-not so good as where motor 
bogies can be run out from under the locomotive, and 
although good riding can be obtained, viewed from 
the standard of steam locomotives, it is inferior to that 
obtained from the independent-bogie type. ee Si 

Locomotives with articulated bogies were primarily 
developed for heavy freight haulage, and date from the 
earliest days of electric traction. While most suitable 
for relatively low speeds, the desire to keep down the 
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number of types has led to their being used as mixed- 
traffic locomotives on certain railways. This t is 
also suitable for application to narrow-gauge an 
where the height of the coupler above the rail is low. 
As the bogies are coupled back-to-back through articu- 
lated coupling pins and no traction and buffing stresses 
have to pass through the body. It can therefore be of 
light construction. The mechanical parts are probably 
the cheapest of any for a given tractive effort. i 
development with this type has been mainly in the 
direction of obtaining tolerable riding as the speed 
increases, thus increasing the traffic range for which 
the type is suitable. An early example was the batch 
of locomotives built in 1914 by the former North Eastern 
Railway for the Newport-Shildon freight service for 
slow-speed working. This type was also adopted for 
the B + B locomotives designed by the former London 
and North Eastern Railway for the Manchester-Sheffield 
electrification, when it was proposed to use only one 
locomotive type for both freight and passenger traffic. 
Although completion of the scheme was delayed by the 
war, one of these locomotives (No. 6000) was turned 
out in 1940; it has beén run on the Manchester- 
Altrincham line, and later has been sent on loan to the 
Netherlands State Railways, where it is still in service. 

Figs. 2 and 3, opposite, show a bogie of this locomo- 
tive as originally built in 1940. Early trials showed that 
riding was unsatisfactory at the higher speeds, and an 
arrangement by which body weight was transmitted 
by two spherical bearings resting on the buckle of a 
laminated spring, anchored at each end to the bogie 
frame, was substituted for the four-point suspension. 
In this condition the engine was sent to Holland, where 
the body was found subject to jerky up-and-down 
motion, rendering it difficult for the driver to keep his 
foot on the dead-man’s treadle. This vertical disturb- 
ance was reduced by fitting auxiliary coil springs at 
the laminated-spring links, but a rapid transverse 
movement of the body remained. Changes were then 
made, by fitting Ferrobestos to the bearing-pad 
surfaces and using rubber side-control springs cf 
increased initial force, so that the side-play was elimi- 
nated from the articulated coupling. Finally, a four- 
point body suspension was reverted to, having the 
two outer bearings of lubricated bronze, and two inner 

i of Ferrobestos, each working on steel pads. 
Figs. 4 and 5 show the bogie as finally modified, and 
future locomotives of this t will be of this design. 

While entirely satisfactory at the lower speeds, from 
50 m.p.h. upwards, the locomotive, even as modified, 
leaves something to be desired in riding quality, and 
it has been decided to build only 57 out of the 84 loco- 
motives required for the electrification to this design, 
i.e., those which will be exclusively used on freight 
haulage. The remainder, which will be fitted with 
heating boilers, and will take turns on the passenger 
services in addition to freight duties, will be of the 
C-C type, with bolster suspension. An additional 
reason for this change is the substitution of a 17-ton 
axle load on the C-C type for the 22-ton axle load on 
the original engine. It is thought that this factor will 
have a beneficial effect on track maintenance in 
passenger operation. 

Sneak cena British-built locomotives of the 
articulated-bogie type are those constructed over a 
period of 25 years for the South African Railways, 
mainly of the B + B type, but latterly of the C + C 
type. The four-wheel bogies have plate frames and 
outside bearings. Two side steady bearers are carried, 
one on each bogie frame mid-way between wheel centres. 
These bearers are of the spring piston type with a 
rolling-quadrant contact with the body underframe. 
Spring-loaded end bearers are carried on the body 
underframe, and have bronze pads bearing on case- 
hardened steel plates placed above the headstocks at 
each end of each bogie. The main hemispherical centre 
pivot carried on the underframe is of cast steel, working 
in a bronze bearing on the bogie. Side equalisation of 
the laminated bearing springs is employed, with helical 
auxiliary springs. Originally plain axle bearings were 
fitted, but later engines have been equipped with taper- 
roller bearings. The six-wheeled bogies are generally 
similar to the four-wheeled bogies, and many of the 
components are identical. There are, however, certain 
differences in detail, for example, solid adjustable 
side and end bearers are employed, with cast-iron 
blocks mounted on the locomotive underframe, bearing 
on case-hardened steel plates, in oil baths on the 
bogie. The main centre pivot on the underframe is 
flat and of cast steel, working in a cast-iron bearing 
carried on the bogie. Roller-bearing axleboxes with 
manganese-steel liners are employed. 

Of these two bogies, the four-wheel type has now 
operated on locomotive mileages exceeding 1,750,000, 
and it is considered entirely satisfactory by British 
Railways and the builders for the services on which 
it is run. None the less, it is fundamentally unsuited 
for operation at high speed, and while this or that 
improvement in detail can be effected, as in the Man- 
chester-Sheffield example, the quality of riding leaves 
much to be desired at over 50 m.p.h. The reason for 





this indifferent riding is twofold: first, because each 

ie interferes with the free natural movement of the 
other, owing to the action of the coupling, and, second, 
because lateral blows at the flanges are transferred 
directly to the body, usually with insufficient cushion- 
ing. This does not suggest that the riding is neces- 
sarily other than adequate, but only that it deteriorates 
as the speed rises, and that it is essentially of lower 


ign | standard than the best attainable by bogie vehicles. 


The origin of locomotives with independent bogies 
is the multiple-unit motor coach, from which it was an 
easy transition to increase the motor size, shorten the 
distance between the bogie centres, and mount the 
control gear and resistors within the body. A typical 
example of a quarter of a century ago is the B-B type 
locomotive of the Metropolitan section of London 
Transport. The bogie centres in this design are placed 
rather close together in order to keep down overall 
length, and Mr. W. S. Graff- Baker, the Chief Mechanical 
Engineer (Railways), reports that there is a pronounced 
roll at high speed, coupled with a jerky lateral move- 
ment to which uncushioned bolster stops make some 
contribution. This experience, which could be paral- 
leled by other examples, indicates that more requires 
to be done than to adapt the bare bones of carriage 
design to obtain good riding. On the other hand, it 
is the experience of all who have travelled on the 
American main-line Diesel-electric types with inde- 
pendent bogies that the riding is superb; and this, 
coupled with a similar experience on recent Swiss bogie 
types, leads to the belief that in the independent-bogie 
type of locomotive lies the best promise of the highest 
quality of riding at all speeds. 

The behaviour of a locomotive as a vehicle on the 
track is unfortunately a subject on which very few 
exact data exist. Successive designs have been de- 
veloped by trial and error from their predecessors, or 
following some new idea, and certain broad principles 
have emerged as to what is good and what is bad ; but 
so ill-defined are the basic facts that the most contra- 
dictory conclusions have been reached by different 
engineers. A purely theoretical approach has not 
proved particularly helpful, because of the complex 
and elastic character of all the principal elements in 
the combined “ locomotive-track”” machine. A fresh 
study of this baffling subject will be made possible, 
because it so happens that British Railways have 
inherited a number of new designs of electric and 
Diesel-electric locomotives with independent bogies 
from the former main-line companies ; and they have 
in a few cases initiated variations in these designs, 
specifically for the purpose of obtaining the widest 
range of experimental locomotives on which exact 
data as to performance in service can be compiled. 


TABLE I.—Ezisting Designs of Electric-Drive Locomotives. 





Origin- 
ating 
Railway 
€o. 


Wheel 
Arrange- 
ment. 


Number 
of 
Locos. 


Bolster or 


Type. Non-bolster 
Bogies 





B-B 
Cc-C 


Bolster 
Bolster 


800-h.p. Diesel-elec- 
tric 

1,600-h.p. Diesel-elec- 
tric 


1,470-h.p. electric .. 

2,400-h.p. gas-turbine 
electric 

3,000-h.p. gas-turbine 
electric 

1,600-h,p. Diesel-elec- 
tric 





R. | Non-bolster 
. Bolster 


Non-bolster 
Non-bolster 














The locomotives that have been taken over, either 
in being or as completed designs, are given in Table I, 
while the following additions or substitutions have been 
put in hand since the formation of British Railways : 
one of the three last-mentioned S.R. Diesel-electric 
locomotives is being designed to the D-D wheel arrange- 
ment with bolsters and of the 85 locomotives for the 
Manchester-Sheffield electrification 27 are to be of the 
C-C type with bolsters instead of the B + B articulated- 
bogie tvpe. 

The six-wheel bolster bogie for the London Midland 
Region Diesel-electric locomotives consists of welded 
box-type side frames, riveted to fabricated cross- 
members. Twoswing bolsters are disposed in the manner 
common to six-wheel bogies, and the novel feature lies 
in the manner in which the weight of the locomotive 
main-frame and body is transferred to the bolsters. 
In the normal way this entails the use of a member 
strong enough to transfer the full weight of the super- 
structure from the centre pivot to the bolsters. The 
need to accommodate a traction motor for the eentre 
axle, coupled with limitations in vertical clearances, 
ruled this out. A modified layout was therefore evolved 
by Mr. H. G. Ivatt, in which the superstructure is 
supported directly on the ends of bolsters at four points, 
through the intermediary of an H-shaped member 
connecting these points to the centre pivot. Lubricated 
bronze sliding surfaces are provided at the four points 
of weight transfer. The H-shaped member, transfer- 





ring no vertical weight and dealing only with rotating 
forces, is of relatively light section, jos | is permitted a 
lateral movement of 1 in. each way relative to the 
bogie frame, under the control of bolster springs ard 
swing links. The wide longitudinal spacing of the 
weight transfer surfaces serves the same purpose as 
the bearing segments of the Southern-type bogie 
described below in checking the fore-and-aft tilting of 
the bogie under conditions of heavy tractive effort at 
starting. The axleboxes, of the Timken roller-bearin 
type, have a total sideplay in their guides of } in., of 
which the first 4 in. of movement is uncontrolle:, 
and the remaining 4 in. is under spring control. The 
quality of riding given by this bogie is exceedingly 
good, and preliminary indications with the flange 
force-measuring equipment are that lateral forces are 
very low. This type of bogie will be used on the 
27 modified locomotives for the Manchester-Sheffield 
electrification. 

The 800-h.p. locomotive for the London Midland 
Region, the mechanical parts of which were built by 
the North British Locomotive Company, is the first 
B-B type tractor to be designed in this country with 
bolster-type bogies since the Metropolitan locomotives 
of 1921. As a first step in the development of a 
suitable four-wheeled motor bogie for this purpose, 
a simple straightforward design has been adhered to, 
the bogies being spaced at 22 ft. 6 in. centres. These 
bogies have box-type welded side members and SKF 
roller-bearing axleboxes. 

In the six-wheel bolster bogie fitted to the electric 
locomotives recently constructed for the Saéo Paulo 
Railway, the combination of three motors and double 
bolsters within a total wheelbase of 15 ft. 9 in. has 
called for clever design. The locomotive follows con- 
ventional six-wheel bogie design in principle, but in 
execution the utilisation of bar-type frames is novel. 
The body weight rests on the centre of a large casting 
and bears at its extremities on the outer ends of the 
bolsters. Since the whole of the weight is thus trans- 
ferred, this casting is of considerable size and weight. 
Pads are provided at the top corners for steadying 
purposes, and do not normally transfer weight. 

A proposed alternative design of an eight-wheeled 
bogie for one of the Southern Region Diesel-electric 
locomotives is shown in Figs. 6 to 8. The object was 
to associate a 130-ton locomotive with 16}-ton axle 
weights for maximum route availability. Each axle is 
motor-driven, and suspension is by central bolster. 
The length of the superstructure, and the resulting 
throw-over on curves, makes it necessary to mount 
buffing- and draw-gear on the bogie frames, but the 
traction forces are transmitted through the locomotive 
main-frame. This proposal is purely experimental and, 
if it matures, should provide additional data regarding 
the riding of vehicles on the track. Such a locomotive 
disposes of the engineers’ difficulties with high indi- 
vidual wheel loads without the concomitant of non- 
driving guiding axles. 

The six-wheel bogie used on the Brown-Boveri gas 
turbine locomotive for the Western Region accommo- 
dates two motors only, and follows closely the four- 
wheeled design used on the Lotschberg and Swiss 
Federal Railway locomotives. The frame is an inge- 
nious fabrication, designed so that there are no welds 
at the corners and other points of high stress. Pressings 
are used, so that most of the welds are horizontal and 
in planes of low stress. The same form of roller- 
bearing axleboxes and coil springs is used as on other 
Swiss locomotives, which eliminates the use of horn 
guides. Both lateral and traction forces are taken on 
long vertical bolts, anchored to the frame. The 
vertical rubbing takes place between case-hardened 
steel and bronze sleeves, which are permanently kept 
under oil. A rubber sleeve is incorporated in the 
assembly for deadening shocks. No lateral or longi- 
tudinal play is provided in the axlebox-axle assembly, 
as the bolster links deal with all side movement. 
Additional pendulum links control the side movement 
of the middle axle, which is given 30 mm. (1-2 in.) 
side-play on each side of the centre line. 

The Metropolitan-Vickers gas-turbine locomotive will 
be fitted with bogies of entirely novel design developed 
by that firm. Three motors per bogie are accommo- 
dated, and plates frames and cross stretchers are used 
with a normal arrangement of horn guides. The 
departure from conventional practice is two-fold and 
affects the rotation of the bogie and its lateral control. 
The body is hung from each bogie by four external 
swing links, fitted top and bottom with rubber Silent- 
blocs of high capacity. Instead of rotating on a centre 
pivot, the bogie twists about the four links; they are 
able to accommodate themselves to this rotating 
movement by virtue of the elastic deformation per- 
mitted by the Silentblocs. This introduces the 
unusual feature that rotation of the bogie meets a 
resistance which rises proportionally to the displace- 
ment. The second point concerns the side control. 
There is no bolster spring-plank or swing-link system, 
and the deformation of the above-mentioned Silentblocs 
as the bogie swings over at the ends of the suspension 
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links meets an increasing resistance, thus inducing; The bogie for the C-C and 1-C-C-1 locomotives of 
4 centring action analogous to that given by the normal | the Southern Region has plate side-frames and cast 
arrangement. As the whole of the bogie pivot and | horn-guides, with laminated bearing springs. It there- 
side-control gear is outside the frames, exceptional | fore follows closely the design of steam-locomotive 
accommodation is obtained for the motors within a| tenders. A large segmental bearing is provided, 
minimum bogie wheelbase. arranged at each end of the longitudinal diameter of a 





9-ft. circle, its centre being at the centre of rotation 
of the bogie. These pairs of male segments are 
attached to the underframe over each bogie at 28 ft. 6 in. 
centres. Each segment rests in a trough attached to 
the bogie stretchers located between the axles of each 
bogie, and traction forces are transmitted through the 
sides of segments and troughs. Similar segments and 
troughs on the transverse centre-line of each bogie 
take the side thrust only. The bogie is thus free to 
pivot about a vertical centre-line, but is not free to 
move in relation to the body in any other way. This 
arrangement is simple and cheap, and gives great 
freedom in the location of the third motor. It also 
makes it impossible for the bogies to tilt in relation to 
the underframe at high tractive effort. On the other 
hand, both vertically and laterally the capacity to 
absorb vibration from the track is very limited, and 
the riding, while adequate, is not the best obtainable. 
The maximum axle weight on the above bogie as 
applied to an ordinary electric locomotive is 17} tons. 
In applying this basic design to a 1,600-h.p. Diesel- 
electric project, Mr. O. V. Bulleid, former Chief 
Mechanical Engineer, Southern Region, avoided the 
increase in individual axle weights to the region of 
21 tons by the addition of an un-motored pony-truck 
wheel at the outer end of each bogie. 

On bogie locomotives, the main frame is basically a 
bridge girder, which can be of plain, trussed, or box 
type, and the design of which is mainly influenced by 
the value and disposition of the weight to be carried, 
and by the extent to which it must deal with buffing 
and traction loads. It is tempting to combine body 
sides, roof and underframe into a form of box girder. 
This can save a certain amount of weight where suitable 
combined sections can be produced by welding fabri- 
cation. For small quantities, manufacturing costs by 
this method can be high, and if standard rolled sections 
only are used, little weight advantage is obtained. 
It is often cheaper, and in other ways more convenient, 
to make the underframe self-supporting, and to build 
the body as a separate light structure, contributing 
little, if anything, to the underframe strength. The 
wheel size is largely affected by underframe design, 
and, if traction and buffing loads are transmitted 
straight through the frame members, wheel sizes are 
limited to the order of 3 ft. 7 in. Where larger wheels 
are used, a heavy casting or fabrication is sometimes 
necessary to transfer the load from the drawgear to 
the higher level of the main members. 

A first-class problem in mechanical design is presented 
where it is necessary to provide for steam heating, as 
is the case on any but fully electrified systems. The 
quantity of steam required averages about 80 Ib. per 
coach per hour in normal conditions, but in severe 
weather, when adequate warming is most essential, 
the demand may increase to 120 lb. A large electric 
or Diesel-electric locomotive, operating as a single unit, 
should therefore carry a boiler of some 2,500 Ib. per 
hour capacity to meet all conditions, including that of 
not working the boiler continuously at full output, 
which is uneconomical and often unreliable. To carry 
enough water for the longest through run, the additional 
weight on the locomotive for boiler, water, fuel and 
tanks may reach as much as 12 tons. In the struggle 
between high power and low axle-loads, such an addition 
represents an intolerable burden, and in most recent 
designs boilers ranging from only 750 to a maximum 
of 1,500 lb. per hour have been provided. There is 
still a problem to be solved, therefore, under British 
conditions of limited weight and space. This problem 
is rather less severe on the ordinary electric than on 
Diesel-electric and gas-turbine types. The practice 
common on the Continent, of using a separate boiler 
vehicle, brings many unwelcome operating problems. 

To arrive at any conclusions regarding the mechanical 
design of electric and Diesel-electric locomotives it is 
advisable to set British practice against the background 
of world trends. In America, France, Switzerland and 
Italy, most recent development lies in the direction of 
the independent-bogie type locomotive, having the 
total weight available for adhesion, and British manu- 
facturers and British Railways are also thinking along 
these lines. With the tendency for speed to increase 
in freight operation, the division into two kinds of 
chassis layout for freight and passenger haulage, 
respectively, is fading, and bogies capable of giving 
good riding at any speed are coming into general use. 
The swing-bolster type bogie, based on coaching-stock 
practice, is the most general means of obtaining this 
riding quality, but some interesting variations are 
emerging, e.g., the design of the new French C-C type, 
and the Metropolitan-Vickers gas-turbine design. 

Except in a few special cases, 18 tons axle load is 
the maximum to give good route availability under 
British conditions of bridge and track loading, a 
condition which limits the range possible with the 
B-B type, otherwise so desirable on the score of sim- 
plicity and cost. The C-C or B-B-B types will, 
however, provide for horse-powers up to 3,500, beyond 
which it is not possible to see any further requirement 
under any predictable British traffic conditions. 
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PROGRESS IN MARINE PROPULSION 
(1910-1950).* 
By K. C. Barnasy, O.B.E., B.Se. 

Ar the eo of 1910, the Jubilee year of the 
Institution of Naval Architects, there were no vessels 
wi turbines and no ocean-going motorships. 
The Michell thrust had not won adoption. The Merchant 
Navy, content with Scotch Salles and coal fuel, 
looked on water-tube boilers as temperamental con- 
traptions only suitable for caiaens destroyers 


and on “liquid fuel” as an unwanted extravagance. 
The Royal Navy was as reluctant to abandon large-tube 
boilers and firing as it had once been loth to give 


up masts and sails. If oil was carried at all in large 
ships, it was only as a convenient method of increasing 
the endurance. Submarines ran on petrol. As regards 
naval warfare, for over half a century our lessons had 
been mainly academic and learnt from other people’s 
troubles. 

The machinery output figures for the previous year 
were 468,000 shaft horse-power for direct-drive steam 
turbines and just over 1,000,000 indicated horse-power 
for reciprocating steam engines. There were only 
these two alternatives before both the private ship- 
owner and the naval authorities. The fact that there 
was an alternative to the piston engine at all was 
mainly due to the work of Sir Charles Parsons. It was 
only 13 years since the world had been startled by the 

dash of the little grey Turbinia through 
the lines of the assembled warships at Spithead; a 
dash that had full Admiralty permission—despite 
many good stories to the contrary and the alleged 
annoyance of Queen Victoria herself. 

Yet, by 1910, the Parsons turbine was very firmly 
established on both land and sea. For marine use 
alone, over 4,700,000 shaft horse-power had been 
completed or were under construction. The Lusitania 
and the Mauretania had increased the speed of the 
Atlantic crossing from 23} knots to over 26 knots. 
The piston engine was virtually obsolete for naval 
use, since, i submarines and certain United 
States battleships, all fast or important units that were 
laid down after 1910 were turbine-propelled. This 
remarkably rapid had been achieved within 
25 years from the trials of the first Parsons turbine. 
This was a little non-condensing turbo-generator of 
4 kW. The blades were cut out of the solid and the 
steam consumption was the very extravagant figure 
of 200 Ib. per kilowatt-hour. By 1910, the consumption 
of a 5,000-kW Parsons turbo-generator had come down 
to only 13-2 lb. per kilowatt-hour. 

Notwithstanding this record of progress, further 
development of the steam turbine was being gravely 
hampered by two factors. The revolutions necessary 
for an efficient turbine were far too high for an efficient 
screw propeller. The steam consumption at reduced 
powers was also too high. At full power, the turbine 
could no longer be stigmatised as “a notorious steam 
eater,” but at cruising speeds its consumption exceeded 
that of the reciprocating engine. 

The Transactions of the Institution of Naval Archi- 
tects for the next few years bear witness to numerous 
methods of harnessing the high speed of the turbine 
to the low speed of the propeller. In the 1910 meeting 
itself, one author advocated full electric transmission ; 
the next paper was a description by Sir Charles Parsons 
of the mechanical gearing he had just fitted in the cargo 
ship Vespasian. In the following year, we had an 
account of the first twelve months running, which was 
shown to be highly successful. As compared with a 
triple-expansion reciprocating engine, 25 per cent. of 
the machinery weight had been saved and there was a 
16 per cent. reduction in fuel consumption. In the 
discussions of both Pm oa the merits of electric trans- 
mission and of the Féttinger transformer were strongl 
urged by various speakers. Both methods gave 
astern power and obviated the use of astern turbines. 
Electric transmission has survived, but the Féttinger 
transformer has disappeared in connection with steam 
turbines. A variant of the same principle is now being 
used under the name of a “ torque converter” for use 
with gas turbines. Other uses of the principle are the 
hydraulic coupling and the fluid flywheel. 

In the opening year of the period under review, there 
was some evidence in the Transactions of the enormous 
interest being taken in the development of the large oil 
engine. All over Europe, and to a lesser extent in the 
United States, engineers were engaged in development 
work on the large oil engine with much the same 
and energy as they are now displaying in connection 
with the gas turbine. Nearly every large engine works 
seemed at that period to have an experimental “ Diesel 
Shop” from which all visitors were barred. This 
secrecy was probably due to firms not wanting out- 
siders to know how badly their Diesels were running 





* The 14th Parsons Memorial Lecture, delivered at a 
joint meeting of the Institution of Naval Architects and 
the Institute of Marine Engineers, held in London on 
Wednesday, March 29,1950. Abridged. 





rather than how well they were doing. At any rate’ 
it is si 
1910 paper of the Internal- 
Combustion e and Commercial 
Vessels,” the author stated that “at present 100 to 
200 brake horse-power seems to be about the limit of 
power for really practical engines which can be thor- 
oughly relied on.” Before the close of the year, the 
Ttalian ship Ro: was running with Sulzer Diesels 
and the Velensus 


with Werkspoor Diesels. Little 
seems known about the first ship, but the Vulcanus 
was an outstanding success. er owners were so 
leased that Sir Marcus Samuel said in 1912 that the 
ulcanus had “demonstrated beyond any possible 
doubt that anyone who goes on building steam engines 
with the knowledge that is now afforded is only 
courting disaster.” 


on the “ Application 
ine to. Fishi 


Not everyone took such a favourable view of the 
em age of the heavy oil engine. Mr. J. Hamilton 

ibson remarked as late as 1914: ‘‘ Frankly, I do not 
like the idea of propelling large vessels by means of a 
series of explosions in a battery of oil or gas engines . .. 
In fact, it has been well said that the problems are 
more suited to the gunner than to the engineer.” 
Time supplies the —— answer to both optimists 
and pessimists. e output figures in this country 
for 1949 are given in Table I, herewith. 


TABLE I.—Vessels Completed in the United Kingdom in 
1949. 











Number Gross Type of Percentage 
of Ships. | Tonnage. Machinery. of Total. 
119 198,121 Reciprocating steam .. 14-5 
41 339,926 | Geared turbine ec 25-0 
174 23,134 | Diesel .. a 60-5 
334 1,361,181 | All types 100-0 














In ae J. Bo gn Bg chief engineer 
surveyor to Lloyd’s ister—gave an important r 
on “ Diesel Engines for Sea-Going Vessels.” - w- 
plained that “it had been determined to fit several 
vessels intended to be classed in Lloyd’s Register with 
these engines.” He had, therefore, paid a series of 
visits to the principal firms engaged in the manufacture 
of Diesel engines. The paper gave not only information 
gleaned from those visits, but technical data for shaft 
stresses, etc. Dr. Diesel himself opened the discussion, 
and argued that, owing to the reduction of stand-by 
losses, the saving in fuel should be 80 per cent. as 
compared with coal. Other speakers challenged this 
saving, and, in terms of cost, the estimates for the 
500-h.p. Vulcanus varied from a saving of 4/. per day 
to a loss of 21s. in the same period. Incidentally, the 
cost of coal in these estimates was taken at 12s. per ton. 
Diesel oil was taken at 45s. per ton. 

In the summer of 1911, the Institution held its 
Jubilee meetings, postponed from the previous year 
owing to the death of King Edward VII. Sir Charles 
Parsons read a historical paper entitled ‘“‘ The Marine 
Steam Turbine from 1894 to 1910.” He quoted a 
——— from the original prospectus of the Marine 

Turbine Company. This read: “ If successful, 
it is believed that the new system will revolutionise 
the present method of utilising steam as a motive 
power and also that it will enable much higher rates 
of speed to be attained than has hitherto been possible 
with the fastest vessels.” Would that the expectations 
a = company prospectuses were equally faithfully 

led ! 


Sir Charles gave figures which showed that, of 
5,841,000 total shaft horse-power of Parsons turbines, 
completed or under construction, 4,869,800 shaft horse- 
power were for war vessels, or nearly 84 per cent. At 
that time, the Parsons turbine was undoubtedly much 
more popular for naval work than for merchant vessels. 
In the latter, a combination system was, however, 
achieving a considerable measure of success. Triple- 
expansion engines were used on the two wing shafts 
and a low-pressure turbine on the centre s) The 
system enabled the advantage of the reciprocating 
engine at high pressures to be combined with the great 
efficiency of the turbine at low pressures. Typical 
ships so fitted included the Otaki, Orama, Laurentic, 
Megantic, Olympic, and the ill-starred Titanic. 

Professor Rateau—inventor of the turbine bearing 
his name—contributed what was mainly an argument 


zeal | for the combination type of machinery, either as just 


mentioned or the reverse arrangement of wing turbines 
and a centre-line reciprocating engine. For quadruple- 
screw battleships, the inner were to be driven 
by turbines and the outer shafts by reciprocating 
engines. It was rather odd to hear an inventor of 
steam turbines, after citing the advantages of the 
turbine, to say: “Great importance must 
have been attached to these qualities to justify the 
— of these — as they have the grave fault 
of showing a low efficiency at ordi speeds which 
reduces by one-half one of the principal factors contri- 





buting to the naval value of ships, viz., the radius of 
n. » 


significant of the period that, in Linton Hope’s| actio 


A third paper at the same meeting must be recorded. 
This was Sir Henry Oram’s description of “‘ Fifty Years’ 
Changes in British Warship Machinery.” details 
were given of weights and powers, etc. At the close o/ 
the period, the machinery of the battleship Neptune 
was developing 13-64 indicated horse-power per ton 
— only 5-67 indicated horse-power for the Warrior 
of 1860. The coal consumption per indicated horse- 

wer per hour was 1-464 Ib. in place of from 3} to 5 lb. 

In 1912 there were several papers of great interest. 
Mr. Ivar Knudsen reported the results of trials of the 
first ocean-going motorship, the Selandia. This was 
a vessel of 10,000 tons and fitted with Burmeister and 
Wain Diesels of 2,500 indicated horse-power (total). 
Mr. A. C. Holzapfel ed the case for the now defunct 
marine gas engine. Sir John Biles gave particulars 
of the geared-turbine cross-channel vessels Normannia 
and Hantonia. He compared these ships with th« 
previous class, the direct-driven Caesarea and Sarnia, 
and claimed a 40 per cent. improvement in economy. 
This was not, of course, due to the g as a separate 
entity, but was the sum of a cnaien of consequentia! 
changes. The power could be reduced on account of 
the improved screw efficiency. This meant less weight 
and a narrower and lighter ship, which again reduced 
the power. 

ese two ships were very successful and were the 
first examples of passenger vessels with geared turbines. 
The reduction-gear ratio was only 5 to 1, as it was 
necessary to have fairly small screws on account of 
the restricted draught. The Normannia was lost at 
Dunkirk, but the Hantonia is still in regular service. 
The original main wheels are still in use, but the high- 
pressure and low-pressure pinions have been renewed. 

In 1912, Sir Charles Parsons was placed in a very 
invidious position. Only seven years earlier, he had 
been the principal witness at the Admiralty committee 
called on to decide the machinery for the new battle- 
peo and armoured cruisers. Lord Fisher had been his 

ent supporter, but had now become converted to the 
superior merits of the oil engine, despite the unprece- 
dented success of the Dreadnoughts and the fast cruisers. 
Fisher’s main reason for the change was given in a 
letter to Sir Charles dated August 31, 1912: “ The 
point of the internal-combustion engine for the Navy 
is the absence of funnels.” A little later he wrote : 
“The ONE SOLE VITAL POINT for the Navy about the 
internal-combustion engine is that you get rid of a mass 
of funnels. I’ve seen a fleet 20 miles off and each ship 
spelling her name to me by her funnels! And a single 
jet of black smoke has in my experience disclosed a 
fleet 40 miles off! And you cannot with the most 
perfect appliances for steam-raising with oil avoid 
such ee It’s really a vital fighting question to 
get rid of the funnels and have a telescopic hollow mast 
to get rid of the gases and to convey the wireless.” 

Sir Charles Parsons replied that he would attend the 
Royal Commission and would bring a “ possible 
arrangement of oil engines for some 30,000 h.p., but 
before anything on this scale was attempted it would 
be prudent to try, say, some 10,000 h.p. in a small 
cruiser.” Sir Charles added: “I have > the 
conclusion that gearing between engines and screw 
shafting will be essential. I think the weight 
can be got down to that of steam propelling machinery 
by using a large number of Diesel engines, not 
big cylinder ones, which are not right at present. 
Again you are aware that a smoky exhaust is not 
unknown in oil and gas — autocars. Then 
again have makers of oil-burning apparatus under 
boilers really directed much trouble to endeavour to 
make smoke impossible? I do not think they have 
done so or only half-heartedly. Also the funnels of 
vessels are at present unnecessarily large, and with a 
very small increase in fan power one or two telescopic 
masts could be made to take their place—for the 
quantity of gases from boilers is NOT DOUBLE THE 
VOLUME of exhaust gases from the Diesel engine of the 
same power.” 

Lord Fisher’s reply was so characteristic that I 
cannot refrain from quoting it in extenso.* The address 
seems a singularly inappropriate one for a man of 
Fisher’s dynamic temperament. 

Reston Lopaz, 


? 


Surrey. 
October 14th, 1912. 
Dear Sm CHARLES, 


Your letter this moment come. I am terrified I 
may not meet you on 17th inst. at 11 a.m. but I 
I shall. I’ve been in bed 4 days with a cold. (Winston 
Churchill cajoled me to stay late last Thursday and 
I got a chill coming home here with a beastly East 
Wind.) 

This is a fact: Krupp has for some time had a 
single-cylinder 4,000 h.p., Vickers is sure of the one 
now under trial at Barrow, being 1,200 h.p. 


* From Charles Parsons, by Rollo Appleyard. 
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The German Admiralty have certainly arranged for 
a battle cruiser with I.C. engines with the Nuremburg 
firm to be commenced in the near future. We've got 
to keep ahead of the Germans. 

Vickers are absolutely confident they can produce 
a 25-knot Dreadnought equal to any building or pro- 
jected ship and capable of going round the earth 
without re-fuelling. They are prepared to go “ nap” 
on it with 68,000 h.p.! on 4 shafts. Oram and the 
Admiralty are timorous—of course they are! They 
were timorous with the water-tube boiler! They were 
timorous at the turbine going into the Dreadnought ! 
We've got to push them over the precipice! Half a 
loaf is better than no bread. 

They strain at the gnat of perfection and swallow 
the camel of the “ unready.” What breaks my heart 
is that you can’t see aed way to associate the turbine 
with the principle of internal-combustion propulsion. 
Isn’t there some metal that will stand the heat ? Dr. 
Beilby will invent it for you. Can’t you see your way 
to some experiment ? 

Yours very truly, 
Fis 


It was a very fortunate thing for the country if the 
Engineer-in-Chief was a little “‘ timorous” about the 
advisability of installing oil engines into battleships. 
The proper field for the 1912 oil engine was the sub- 
marine. Both the British and United States navies 
had lagged behind other countries in this respect and 
had held on too long to petrol-driven submarines. 

Parsons and the other witnesses seem to have con- 
vinced Fisher that steam was the better proposition. 
At any rate, Fisher wrote to Parsons in December, 
1912: “It’s quite wonderful your getting such results 
with steam and as you say truly it makes the Diesel 
with all its complications retire into the background, 
but remember there are always those funnels!” At 
heart, Fisher was clearly ee he after oil engines, 
for his letter went on: ‘‘ Krupp’s representative was 
in London yesterday and swears they had unmitigated 
success with their 2,700 h.p. cylinder, and that three 
of these cylinders have been running unceasingly for 
months without a hitch—they have three other cylin- 
ders completed and the whole six are going into a 
German battleship.” Eventually—in 1931-33—Ger- 
many did get a class of three all-Diesel pocket battle- 
ships, but they did little in the last war. Two were 
sunk by R.A.F. bombing and the third, the Admiral 
Graf Spee, did not have much success at the battle 
of the River Plate. 

All large German warships, with the exception of the 
three 54,000-brake horse-power pocket battleships, had 
geared turbines for their main propulsion. To-day, 
with the greatly increased speeds and powers that are 
required, an era of oil-engined warships seems even 
farther off than in 1912. The German ships had, 
however, in many cases auxiliary Diesels for cruising 

One British destroyer, the Hardy, was intended 
to have a similar arrangement in 1912. The oil engine 
was never fitted, and it is a curious instance of the 
nicety of some destroyer calculations that the ship had 
to be strengthened on account of this omission. The 
hogging stresses on destroyers are almost always more 
severe than the sagging stresses, and the former were 
increased by the absence of weight amidships. 

In 1913, the only paper dealing with oil engines was 
Mr. Ivar Knudsen’s description of the “‘ Performance 
on Service of the Motorship Suecia.” This ship and 
her machinery were very similar to the original Selandia. 
The rated power was stated as 2,000 indicated horse- 
power, but the speed and power curves showed a 
maximum of 2,500 indicated horse-power. The length 
of machinery space was given as 41 ft., and this was 
compared with a length of 66 ft. for the steam machi- 
nery of a very similar vessel. The installed weights 
were given as 470 tons for the Diesel ship and 570 tons 
for the steamer. 

Three papers dealt with steam turbines. The first 
was Sir Charles Parsons’s “‘ Mechanical Gearing for the 
Propulsion of Ships.”” The author described a v 
ingenious method of overcoming what might be 
termed “ hereditary defects’ in gears. This consisted 
in giving a “ creep” of about 5 per cent. to the table 
of a gear-hobbing machine. Dr. John Inglis dealt 
with the trials of the three ferry steamers Curzon, 
Elgin and Hardinge. These were shallow-draught 
geared-turbine vessels for the Ceylon service of the 
South Indian Railway Company. The building con- 
tract included the unusual condition that the ships 
were to steam 20 sea miles at the rate of 16} knots, 
starting from rest and with no allowance for getting 
under way. Their distinguished designer was Sir 
William White, and it was a sad cladiioane that the 
same volume of the Transactions also included his 
obituary notice. The third paper was Sir Harold 
Yarrow’s ‘‘ Device to Facilitate the Coupling of Cruising 
Turbines.” This was a means of indicating the relative 
speed of two dog clutches, so that they could be 
engaged while rotating. 

(To be continued.) 





LIGHT-DUTY SLOTTING 
MACHINE. 


THE accompanying illustration shows the “ Rich- 
mond ” light-duty slotting machine, which is made by 
Messrs. nw and Sutcliffe, Limited, Hillidge 
Works, Hunslet, Leeds, 10. The maximum length of 
the ram stroke is 4 in., and the distance from the tool 
centre to the column is 9 in. The machine is intended 
for slotting short keyways and similar work, and is 
made in two sizes, in which the maximum and minimum 
distances from the bottom of the tool holder to the 
table are 8 in. and 5 in., and 15 in. and 12 in., respec- 
tively. The amount of stroke adjustment, therefore, 
is 3 in. 

The base and the combined column and bottom slide 
are of close-grained cast iron. The vertical slide in 
which the ram works is of adequate length to ensure 
stability in all positions of the ram, and an adjustable 
gib strip is fitted. The ram is driven by a crank, the 

ength of stroke being adjusted by means of a sliding 
T-nut which fits in a slot formed in the flanged end of 
the crankshaft. Vertical adjustment is effected by a 
handwheel and screw, and the ram is connected to a 
counterbalance arm. A four-speed gearbox, mounted 
on a bracket at the back of the column, transmits the 
drive to the crankshaft from a 3-h.p. motor. The motor 
is coupled to the gearbox through V-belts and a multi- 














disc clutch. The two principal controls are, therefore, 
the gearbox lever and the clutch lever. The gears, of 
high-carbon steel, are mounted on splined shafts, and 
the clutch shaft and pulley run on anti-friction bearings. 
The four rates of slotting are 60, 80, 100 and 120 strokes 
per minute. 

The cross slide and table, which is 11 in. by 11 in., 


ery | are ribbed iron castings fitted to ground V-slides, with 


adjustable gib strips. Three ~-in. T-slots are cut in 
the table. The longitudinal movement of the table is 
by handwheel and screw, a maximum of 6 in., but the 
cross slide, with a maximum movement of 8 in., is 
arra for manual and automatic feed. A lever-and- 
ratchet motion, operated by a cam wheel on the 
crankshaft, provides the automatic feed, the rate of 
which is adjustable from 0-002 in. to 0-010 in. per 
stroke, in either direction. Provision is made for the 
feed to be tripped at any desired position within the 
limits of travel, and safety stops are arranged, to 
prevent damage, at the limit of travel in each direction. 
A dial graduated in 0-001 in. is fitted to the cross-slide 
screw. The machine is equipped with a push-button 
control and guards for moving parts, and can be also 
supplied with a lighting fitting, as shown in the illus- 
tration, and a motor-driven coolant pump in a tank in 
the base. The table casting is provided with a channel 
round the edge, and there is a tray between the column 
and the base, both draining into the tank. 





THE13,000-VOLT MERCURY-ARC 
RECTIFIER TRACTION SUB- 
STATIONS OF THE SOUTH 


AFRICAN RAILWAYS.* 
By A. J. G. Gostnra, 
(Concluded from page 399.) 

THE main anodes and secondary windings on the 
3,000-volt rectifiers are protected against over-voltages 
by means of surge arresters of the horn-gap type in the 
majority of substations. On the Reef, surge absorbers 
of the Thyrite type have been used with satisfactory 
results. In Natal, a certain amount of trouble has 
occurred owing to sustained arcing across the horn gaps, 
resulting in their complete destruction. It is the prac- 
tice now to add a current transformer in the lead to the 
transformer secondary neutral for operating an overload 
relay with time-delay, arranged to shut down the sub- 
station in the event of sustained arcing. Some improve- 
ment has been obtained, but the current transformers 
have been damaged in a few cases. The grids are 
protected against surge voltage by means of spark-gaps, 
set at 0-064 in., between the grid and cathode in most 
cases. A few of the rectifiers in service on the Reef 
have condensers only connected between the grids and 
cathode. 

It was found n to develop protective 
equipment to by-pass tank-to-cathode surges, particu- 
larly on the inverters. The equipment consists of 
surge gaps, set at 0-015 in., between the ignition anode, 
each excitation anode, the tank and a common resistor 
of 35 ohms, which is connected to the cathode through 
a relay arranged to trip the oil circuit-breaker if current 
flows in the circuit. Successful results have been 
obtained with this equipment. To protect the inverter 
windings and connections against earth faults, a 
current-balance relay is now provided in all cases. 
The relay is to shut down the whole sub- 
station and open the track circuit-breakers in the 
event of a flashover. In the modified substations, a 
circuit-breaker is provided in both positive and negative 
leads, in order to avoid the loss of the complete sub- 
station in the event of the one rectifier circuit-breaker 
being damaged. Other protective features such as 
thermometers, thermostats, Buchholz relays on the 
transformers, and grid-bias motor-generator failure 
relays, are also provided. 

The track equipment is protected by means of high- 
speed direct-current circuit-breakers, The main feature 
in connection with these circuit-breakers, is that the 
tripping value is lowered under fault conditions and 
depends on the rate of rise of the fault current. Origin- 
ally, the 110-volt battery supply was used for energising 
the holding coils of the circuit-breakers, but, owing to 
the wide variation in the voltage caused by the heavy 
discharges some 140 to 180 amperes) which occur 
when closing the direct-current and alternating-current 
circuit-breakers, it was found better to provide motor- 
generator sets having a level compound characteristic 
for this purpose, since a reduction of the holding-coil 
voltage lowers the tripping value of the circuit-breaker. 
This overcomes the tendency for numerous track 
circuit-breaker trips to occur, particularly on those 
sections where the margin between the load current 
and the circuit-breaker setting is not great. The 
maximum trip setting of the track circuit-breakers is 
governed to a large extent by the total resistance of 
the overhead-equipment copper and the rails forming 
the circuit to be protected, and also the overall voltage 
characteristic of the rectifier plant, since they determine 
the minimum fault-current. 

Curve d in Fig. 3, on page 397, ante, shows a typical 
curve used for the calibration of track circuit-breakers. 
For instance, if the measured or calculated track 
resistance of the section for which the track circuit- 
breakers are being set is 1 ohm, the minimum fault- 
current from the curve is 2,550 amperes. The track 
circuit-breaker is then set to operate at two-thirds of 
this value, i.e., 1,700 amperes, in order to allow a safety 
margin for high-resistance faults. It should be noted 
that, if a mid-point series tie-station is provided, the 
series circuit-breaker at the mid-point is then calibrated 
to trip in both directions at 1,700 amperes. As the 
resistance of the section to be protected by the sub- 
station circuit-breakers is now reduced to 0-5 ohm, the 
trip setting of the substation circuit-breakers can be 
raised to 2,860 amperes, which is two-thirds of the 
minimum fault-current of 4,300 amperes. In this way, 
a very valuable margin over peak traction loads can be 
obtained. ting experience has clearly demon- 
strated the desirability of raising the track circuit- 
breaker settings well above the k traction currents, 
as it invariably happens that, an interruption to 
the 3,000-volt direct-current supply, se trains 
attempt to start simultaneously when the power is 
restored. Unless there is ample margin between the 





* Paper read before the Convention on Electric Railway 
Traction, held at the Institution of Electrical Engineers 
on Wednesday, March 22,1950. Abridged. 
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circuit-breaker trip setting and the peak demand, it is 


difficult to keep the track circuit-breakers closed. On| back-fi 


occasions, serious repercussions to the train service 
result, particularly on some of the earlier electrification 
extensions undertaken. It is with the object of elimin- 
ating unsatisfactory conditions of this nature that series 
circuit-breaker switching stations are provided on all 
the new extensions. 

An overlap span is provided near each substation in 
order to split the track-equipment circuits and provide 
the necessary protection through high-speed direct- 
current circuit-breakers. Under certain conditions, 
such as when a train runs through an open overlap 
from a healthy to a faulty section, protection cannot, 
however, be provided by a substation equipment, and 
in order to overcome the difficulty a new design of 
— overlap-span has been adopted. The main 
eature is that the catenary wires in the overlap span 
are insulated from the contact wires ; the idea is that 
an are cannot be maintained in a horizontal plane 
across the contact wires for a period long enough to 
cause damage, without being extinguished by natural 
air-convection currents and magnetic effects. _Numer- 
ous tests have been and carried out to prove the efficacy 
of the design. 

Loose grid terminals or broken grid leads on a rectifier 
result in the anode affected misfiring. Tests carried 
out on several different makes of rectifier have shown 
that, under faulty grid conditions, the rectifier is liable 
to give rise to abnormal ripple currents with 50-cycle 
components of the order of 33 to 70 amperes. As these 
currents, under certain conditions, are liable to cause 
false operation of signal track-circuit relays on sections 
where colour-light signalling is in use, it has been 
deemed advisable to provide resonant shunts, tuned to 
50 cycles, across each rectifier where such conditions 
are likely to arise. Should any 50-cycle current pass 
through the filter circuit, it operates a relay which 
shuts down the offending rectifier. It has been found 
that switching transients are sometimes liable to 
operate the relays, consequently time-delay relays 
have had to be introduced. 

Various modifications of a comparatively minor 
nature have been made to the plant in service on the 
Reef, and at present the rectifiers are operating prac- 
tically without trouble. In Natal, a programme of 
modernisation is being undertaken. This includes the 
replacement of water-cooled anodes by the air-cooled 
type. The grid-bias generators are being insulated 
from the tank potential and connected to the cathode. 
In addition, the fields of the generators are being 
separately excited by means of dry-plate rectifiers 
supplied through insulating transformers. These steps 
are being taken to eliminate flashovers on the grid-bias 
generators, and polarity reversals, which have been a 
source of trouble, particularly when the unit is operat- 
ing as an inverter. 

In substations where no inverters are installed, 
trouble has been experienced occasionally owing to the 
rectifier firing on three anodes only, resulting in surg- 
ing, back-firing and serious overloading of the resonant 
shunts. This generally occurs at light load or no load, 
when there is insufficient current flowing to produce 
full magnetisation of the interphase transformer. It 
has been suggested that the distortion of the voltage 
waveform is responsible for the trouble, and for this 
reason peaking transformers having a broader peak 
have been installed. The results so far are promising. 
The arc-suppression equipment is being replaced by 
high-speed relays operated from the spare set of oil 
circuit-breaker bushing-current transformers in order 
to improve the speed of arc suppression, as well as to 
provide for three successive operations at intervals of 
two seconds before lock-out. 

Experience over a number of years with various 
makes of rectifiers in use in South Africa has shown 
that back-firing is a characteristic common to all 
rectifiers, or, at least, to those for 3,000-volt direct- 
current operation. Provided that the transformers are 
designed to withstand the mechanical stress involved, 
and suitable arc-suppression equipment is provided, 
the effects of back-fires are, however, negligible, 
and no undue interruption to the train service is 
caused. The average number of back-fires per 
rectifier during the last five and a half years on the 
different electrified sections of the railway system are 
shown in Table IT. 

There is little doubt that the service conditions have 
a large bearing on the number of back-fires occurring. 
In Natal, the supply to the substations is by means of 
long 88-kV transmission lines which traverse an area 
where severe lightning occurs. Moreover, over-volt- 
ages occur, particularly when the load on the lines is 
light and insufficient to provide the necessary damping 
effect. The conditions which set up voltage rises are 
partial fifth-harmonic resonance, switching operations 
and sudden load changes caused by faults on the direct- 
current track equipment or by rectifiers back-firing. 
The incidence of back-fires is highest on the Harrismith 
branch line, but, owing to the variable conditions, it 
has not been possible to establish the exact cause of 


the trouble up to the present. The largest number of 
-fires occurs at Walkershoek substation and the 
least at Harrismith substation, where the average is 
only about 12 per annum. 

General observations indicate that there is less ten- 
dency for a rectifier fitted with anode heaters to back- 
fire, particularly when putting a cold rectifier on load. 
The evidence, however, is not entirely conclusive, since 
records show that a number of rectifiers in service with- 
out anode heaters operate for lefigthy periods without 
back-fires. Cases occur where rectifiers suddenly start 
back-firing repeatedly, and usually the trouble can be 
traced to poor vacuum or defective auxiliary equip- 
ment. On the other hand, no apparent reason can be 
found, but after the tank has been opened up, the con- 
ducting deposit removed from the internal surfaces of 
the insulators, and the merc cleaned, the operation 
of the rectifier becomes normal. 


TABLE II.—Backfires per Rectifier on Different Railway 
Sections. 














. Glencoe- | Ladysmith- | Cato Ridge- 2 
Year. Volksrust.| Harrismith.| Durban. | Beef. 
1944 3=..| 3 45 25 He 
195 06. | (6 35 28 adi 
196 36 |.| 32 125 25 9 
1947 ||| 35 114 27 18 
1948 ||| 57 106 19 17 

1949 (half year)| 9 57 2 9 
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The operation of the inverters generally has been 
very satisfactory, and they have proved less sensitive 
than was anticipated to momentary drops in the high- 
voltage alternating-current line voltage, such as occur 
when lightning is discharged through an arrester or 
when other rectifiers back-fire. Occasionally, during a 
storm, the inverter circuit-breakers have been observed 
to trip out and clear the momentary overload without a 
break through to a short-circuit. Normally, between 
50 and 100 amperes circulate between the inverter 
and rectifier. The effect of this circulating current is 
to stabilise the operation of the plant, and to keep the 
tanks from getting too cold during certain periods when 
the traffic is not heavy. 

Interference with telephone communication circuits 
to an appreciable degree has been experienced in Natal, 
the physical circuits mainly being affected. The 
carrier circuits have been comparatively free from 
interference. Practically all the interference emanates 
from the harmonics in the 88-kV transmission lines, 
which are carried on extensions to the steel structures 
supporting the overhead direct-current equipment. 
The telephone route, which was constructed many years 
ago, and to which no transposition system has been 
applied, adjoins the railway track for the whole dis- 
tance, with the exception of a few cross-country 
sections. The separation between the electrification 
equipment and the telephone wires varies from 20 to 
50 The direct-current wave-filter equipment in the 
substations has proved efficient, there being practically 
no disturbance from harmonic currents in the direct- 
current supply. From tests which have been carried 
out, it has been established that the separation between 
the 88-kV lines and telephone route need not be much 
more than 120 ft. if a proper transposition system is 
applied and the telephone circuits are carefully 

need. It is intended to remove the 88-kV lines 
from the track structures as soon as conditions permit 
of the work being carried out. 

The large-scale application of mercury-arc rectifiers 
and inverters to the electrified sections of the South 
African Railways has been fully justified by the operat- 
ing results during the past 14 years that this type of 
plant has been in service. An indication of the high 
standard of performance of the plant will be gathered 
from the fact that the traffic now handled by electric 
traction amounts to 1,951 million ton-miles per annum 
on the Reef and 4,923 million ton-miles per annum in 
Natal. The satisfactory performance of the inverters 
since they were placed in service has established full 
confidence in their reliability. 





CATALOGUES. 


Precision Ball, Roller and Thrust Bearings.—An illus- 
trated brochure, published by Messrs. Pollard Bearings, 
Limited, Bearing Works, Tyburn-road, Erdington, Bir- 
mingham, 24, gives particulars, in inch and metric sizes, 
of their range of ball and roller bearings. Notes on the 
mounting of bearings and machining tolerances for shafts 
and housings are also given. 


Hand Shearing Machine.—A leaflet issued by the 
Consolidated Pneumatic Tool Company, Limited, 232, 
Dawes-road, London, S.W.6, gives particulars of two 
hand shearing machines of generally similar character- 
istics, except that one is a pneumatic tool and the other 
is an electric tool of the firm’s “‘ Hicycle ’ type. Both are 
suitable for sheet metal, the maximum thickness that 
they will cut being 14 s.w.g. in mild steel, and the mini- 





mum cutting radius } in. 





NOTES ON NEW BOOKS. 


Communication Circuits. By Laurence A. Warr, 
Ph.D., and Henry R. Reep, MS. Ph.D. 
Third edition. John Wiley and Sons, Incorporated. 
440, Fourth-avenue, New York 16. [Price 5 dols.] ; 
and Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 40s. net.] 

Tuts students’ text-book covers the basic principles 
of communication transmission lines and their associated 
networks. Although the first and second editions were 
published as recently as 1942 and 1944, the present 
edition has undergone a considerable revision, bringing 
the presentation into line with present-day proc 
dure. In particular, the chapter on transmission. 
line parameters has been radically revised. The 
treatment of attenuation in waveguides is based on 
Poynting’s theorem. The rationalised M.K.S. system 
of units is used in this edition. The book progresses 
in a logical manner from the elementary principles of 
transmission lines, first with “lum ” parameters 
and then with uniformly distributed parameters, to 
filters, constant-K, M-derived and composite. Then 
follow three chapters on waveguides and one on 
coaxial lines. A knowledge of the calculus and of 
elementary alternating-current theory is assumed, 
and the more advanced mathematics required is largely 
segregated from the text in appendices. The treatment 
of waveguides is particularly thorough, and, throughout 
the book, emphasis is placed on the ultra-high fre- 
quencies on the principle that, if the problem in hand 
can be solved at these frequencies, the application to 
lower frequencies is relatively simple. Practical 
examples of the problems under discussion are given 
wherever feasible, and exercises bearing on the text 
follow each chapter. Many of them, however, are 
related one to another, a feature which some students 
might find a disadvantage. 


Careers Guide : Opportunities in the Professions and in 
Business Management. H.M. Stationery Office, York 
House, Kingsway, London, W.C.2. [Price 2s. 6d. net. | 

For a number of years, H.M. Stationery Office has had 

on sale a series of pamphlets which, under the general 

heading of ‘Careers for Men and Women,” gave 
general guidance on the prospects offered by some 

46 types of occupation, the qualifications required, and 

the means of acquiring the necessary training. The 

Careers Guide summarises the contents of the pamph- 

lets, with the addition of some notes on management as 

a career, employment in the nationalised industries, 

careers suitable for university graduates, and employ- 

ment in overseas countries of the British Common- 
wealth; but the approach to the subject is affected 
to some extent by the fact that a new “Choice of 

Careers ’’ series, intended for the benefit of boys and 

girls under 18, as well as for adults, is now in prepara- 

tion and eventually will supersede the “ Careers for 

Men and Women” series. Moreover, a further series, 

covering particularly the professional field of the 

Technical and Scientific Register of the Ministry of 

Labour, is in process of publication. In some respects, 

therefore, the Careers Guide is rather a guide to other 

advisory publications than directly to careers, but it 
should serve a usefu! purpose if it does no more than that. 





The Technique of Radio Design. Second edition. By 
Dr. E. E. Zeprer, M.Brit.I.R.E. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 25s. net.] 

In this second edition of Dr. Zepler’s excellent book, 

13 of the 15 chapters have been expanded, five of 

them by at least 50 per cent. Considerable material 

has been added under the headings of shot noise, 
negative feed-back, wide band amplifiers, and the triode 
amplifier in Class Al operation. Calculations of the 

rformance of amplifiers, by means of the use of load 

ines, have now been included. The types of winding 
used for radio-frequency coils, and the wire and dust 
cores used are discussed, though, for economic reasons, 
some of the author’s suggestions are not in common 
use in present-day mass production of domestic 
receivers. The effects upon amplifier performance 
of cathode lead impedance and transit time effects are 
analysed. The figures of 10 mA/v, 11 pF, and 14 pF 
for the mutual conductance, anode to cathode capaci- 
tance, and grid to cathode capacitance of a television 
pentode are all rather high, but they do not affect 
the validity of the author’s arguments. The capaci- 
tances of 200 pF for tuning each winding of an I.F. 
filter are also rather high for modern receivers. The 
topic of microphony in superheterodyne receivers, 
however, is dismissed in a mere eleven lines. Great 
optimism is shown in the performance of a receiver with 
two tuned radio-frequency circuits preceding the fre- 
quency changer. The image ratios of this hypothetical 
receiver, at 3 and 30 Mc/s, are calculated to be 65 dB 
and 27 dB, respectively. The book can be recom- 
mended to students and engineers. 
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LAUNCH OF OIL TANKER 
‘* VELUTINA.”’ 


SEVERAL recent issues of the shipbuilding returns 
of Lloyd’s Register have drawn attention to the 
trend towards increased size in new oil-carrying 
tonnage. The first of these large tankers to be 
built in the United Kingdom, the S.S. Velutina, 
under construction for the Anglo-Saxon Petroleum 
Company, was launched on Tuesday, April 4, from 
the shipyard of Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Wallsend-on-Tyne, the nam- 
jng ceremony being performed by H.R.H. Princess 





Canal. As the designed service speed is 16 knots, 
the vessel will be able to make about eight round 
trips each year from the Persian Gulf. 

The Velutina is being built to Lloyd’s 100 Al 
classification for carrying petroleum in bulk. She 
has a raked stem and a cruiser stern, and is sub- 
divided by two longitudinal and 17 transverse 
bulkheads. There are eleven cargo tanks, with two 
pump rooms and two intervening cofferdams to 
permit the carrying of different kinds of oil. Two 
compound steam pumps will be installed in each 
pump room to handle the main cargo. Most of 
the steelwork is welded, though the shell plates 
and the side frames are riveted, as are the trans- 





The main boilers are of the single-pass type, with 
superheaters and tubular air heaters, and have an 
aggregate heating surface of over 19,000 sq. ft. 
Auxiliary turbines drive the electric generators, air 
ejectors, and turbo feed-pumps. The boilers will 
work under forced draught on the open stokehold 
system. Two Weir turbine-driven three-stage 
boiler feed-pumps will be installed ; each of these 
will be able to deal with the total feed of 150,000 
to 190,000 Ib. per hour, when supplied with super- 
heated steam at the boiler working-pressure. 

Steam for other purposes is to be passed through 
desuperheaters on each of the two forward boilers ; 
each will be able to desuperheat 40,000 Ib. of steam 











Fic. 2. VESSEL 


Margaret. Fig. 1, herewith, shows the vessel afloat, 
and Fig. 2 shows her leaving the ways. The 
Velutina is the first of four vessels of her class. A 
sister ship is on order from the same builders and 
the two others are being constructed by Messrs. 
Harland and Wolff, Limited, at Belfast, and Messrs. 
Cammell Laird and Company, Limited, at Birken- 
head. 

The overall length of the Velutina is 643 ft., and 
the length between perpendiculars, 610 ft.; the 
moulded breadth is 80 ft. 6 in., and the depth 
moulded to the upperdeck is 45 ft. The deadweight 
capacity on a draught of 34 ft. will be about 28,000 
tons, but the normal cargo will be 26,000 tons. 
The gross tonnage is about 18,600. The vessel will 
transport crude oil from the Middle East to the new 
refineries under construction at 
Rssex, and at Stanlow on the Manchester Ship 
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verse beams, and the decks at the ends of th® 
ship. 

The vessel is to be propelled by a set of impulse- 
reaction geared turbines driving a single four-bladed 
propeller, steam being supplied from three oil-fired 
Babcock and Wilcox boilers. The working pressure 
will be 500 Ib. per sq. in. and the steam tempera- 
ture 750 deg. F. The propelling machinery and 
boilers are being constructed by the Wallsend Slip- 
way and Engineering Company, Limited.. The 
main machinery comprises one high-pressure, one 
intermediate-pressure, and one low-pressure unit 
for forward propulsion, and a high-pressure and 
a low-pressure turbine for astern propulsion. The 
ahead turbines are designed to give a maximum 
shaft horse-power of 13,000 at about 106 r.p.m. of 
the propeller shaft. The double-reduction gearing 
| is of the double-helical type. 
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per hour from 750 deg. F. to 50 deg. F. above 
saturation. The main condenser will be of the 
Weir regenerative type, the condensate being 
returned to the boilers through a closed-feed system. 
Fuel-oil pumping and heating plant will include 
two electrically-driven pumps and two heaters 
designed to keep the temperature of the fuel oil at 
300 deg. F. under full service conditions. The oil 
fuel is to be carried in cross bunkers forward of the 
propelling machinery, in the double bottom below 
the machinery space, and also in a deep tank forward. 
The electrical plant will include two geared turbo- 
generators supplied by the British Thomson-Houston 
Company. They will each be rated at 400 kW, 
with a direct-current output voltage of 220 volts. 
Each of the two turbines will have its own con- 
denser, air ejector, lubricating pump and cooler, 
and will supply electrical power for the various 
motor-driven auxiliaries, steering-gear motors, as 
well as for the electric galley. Electrical power for 
lighting, Thermotank motors, gyro-compass, echo- 
sounder and radar wiil be derived from two 110-volt 
direct-current motor-generators operating from the 
main 220-volt supply. A self-contained Diesel- 
driven 135-kW 220-volt generator is also to be 
installed for supplying electrical power when the 
boilers and the main turbo-generators are not being 
used. 

A crew of near.y 60 will be carried, the officers 
being quartered on the bridge deck. The chief 
steward’s and radio officer’s rooms will be in a 
house on the upper bridge, which will also have 
four additional rooms for passengers ; the captain’s 
rooms are to be on the navigating bridge above, 
abaft the chart room, wireless office and wheelhouse. 
The men will each have separate rooms in the poop, 
the engineers and the catering staff being in a 
house on the poop. Life-saving equipment will 
include four 24-ft. lifeboats, one of which will have 
an, auxiliary motor. 

The vessel will have two masts, and a 5-ton derrick 
is to be fitted on the foremast. A forward steam 
winch will be used for working the derrick and for 
mooring ; another winch for mooring purposes will 
be installed in the after well, and two 13-in. by 10-in. 
capstans will be fitted aft. The Hele-Shaw Mar- 
tineau steering gear will be arranged for gyro-pilot 
and telemotor control. The rudder is of the Simplex 
balanced type. 
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THE REDUCTION OF 
GROUND VIBRATIONS FROM 
BLASTING OPERATIONS. 
By G. Morris. 

WHEN explosives are used in quarrying and 
similar operations, some vibration of the ground 
is inevitably caused, however carefully the operation 
is carried out, and complaints of damage to nearby 
buildings are sometimes received. In most blasting 
operations the amount of explosive to be used is 
set by the work to be done, and it is not always 
possible to reduce this to avoid such complaints. 
Any technique, therefore, which will reduce building 
vibrations, other than the simple restriction of the 
quantity of explosive used, will be welcomed by 
many users of explosives. 





shot are very nearly the same, particularly the 
maximum amplitude and the average frequency. 
The record marked “Test 11” was taken in a 
direction at right angles to the line in which the 
charges were fired, so that the ground broken by 
the charges will have no serious effect on trans- 
mission and the successive records are as nearly 
equal as could be expected considering the inevitable 
differences in burden on the various holes and the 
differences of path by which the vibration is trans- 
mitted. The record marked “Test 8” was taken 
in the line of the shots and there is a marked 
degeneration along the record. Examination of the 
records shows that the duration of vibration from 
each shot is about one second, so that the use of 
smaller delays between the shots would appear at 
first sight to be impracticable. 

Recently the practice has been introduced of 














appears to have been published, experiments have 
been made to test the effect of short-delay firing on 
ground vibrations. All the tests described in this 
article were made with a standard time interva! of 


25 milliseconds to demonstrate the validity of the 
method, but some theoretical considerations set out 
in an appendix indicate that other intervals may be 
advantageous in particular circumstances, .nd 
further trials to investigate this will be made w'ien 


opportunity permits. The short-delay times | 
been obtained in this work by two alternative 
procedures: (a) by the use of special short-delay 
detonators made by the Nobel Division of Imperial 
Chemical Industries,* which have average de!ay 
times of 25, 50, 75, 100, 150 and 200 milliseconi(s ; 
and (b) with a sequence switch specially developed 
for this work. A photograph of the switch is 


ive 





reproduced in Fig. 2, opposite. Ordinary electric 
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Test 8 
VIBROGRAMS FROM Brast Frrep at 1-SxEc. 


INTERVALS. 


COMPARATIVE TRIALS OF SIMULTANEOUS AND DELAY BLASTING. 


















































| | | | | | 
| Distance | } Vibrogram. | 
from Shot | | Weighs — 
Test to Site of } No. of Method of | } ad _ Max. Ampt. (Delay) | 
Site ; Explo- ae Notes. 
No. ‘Vibro- | Vibrograph. a | Shots. Firing. Max. | Principal | 77% |Max.Ampt. (Single-hole) otes 
=. | (Lb.) } Amplitude, | Frequency, 
|, @t) | | | | 10-Sin. | ¢.p.s. | 
| | 
1 | Ql 885 Wooden hut ; cement 3,970 | 10 Sequence switch, 21 m.secs. | 2-3 18-2 | | 0-75 
a | Shot on neighbouring 
a4 1,110 ip ~ 4,436 | 7 Short delay detonators 1-8 18-1 | 0-58 working places in a 
3 1,050 te 2 5,083 ;o— Instantaneous 10-25 18-0 147 long quarry face. 
4 1,130 on pa 4,670 j— ~ | 7°55 | 17-3 125 
5 980 pa et 6,070 12 Sequence switch, 25 m.secs, | 2-7 } 17-5 0-87 
6 Q2 1,110 Ground floor of villa 2,100 Instantaneous | 3-4 9-4 82 Three months interval 
7 1,090 oo = 1,650 5 Short delay detonators 1-0 11-9 0-74 between shots 
(max. 1,000) } | 
8 Sla 990 Byre, brick _ 280 1 1 sec. delay dets. 1-7 6-6 101 See Fig. 1. 
9 990 i 200 2 Sequence switch, 25 m.secs. 1-3 6-0 1-28 
10 990 770 11 oa - a 1-17 6-2 1-37 
ll 650 Concrete stab out- 280 1 1 sec. delay dets, 2-84 6-6 110 See Fig, 1. 
12 650 side —_ 210 3 Sequence switch, 25 m.secs. 1-92 6-1 | 1-35 
13 560 8 ie ma 1-6 | — 1-21 Timing of record uncertain. 
14 Sib 700 Concrete road 300 Instantaneous 3-9 | 5-4 158 
15 700 62 300 3 Short delay dets. 23 | 5-8 1-94 
16 700 Far building 150 = Instantaneous 6-7 7-9 383 
17 700 ae 150 3 Short delay dets. 6-3 7-9 1-63 
18 Sib 400 Two-storey cottage 150 os Instantaneous 8-6 7-5 281 
19 400 » ” 150 Short delay dets. 3-5 77 0-70 
20 Sle 730 Cement slab out- 870 — Instantaneous 8-6 6-5 227 
21 750 side farmhouse 820 7 Short delay dets. 3-1 | 5-9 0-95 
22 Sid 660 Concrete road 850 —_ Instantaneous 20 5-8 452 
23 635 850 5 Short delay dets. 8-7 5-8 0-97 
24 S2a 750 Hard rolled subsoil 645 os Instantaneous 8-2 6-0 232 Only test on overburden. 
25 750 ‘- - 645 7 Short delay dets. 5-6 6-2 1-93 
26 82b 500 Hi a 1,350 a Instantaneous 27 4-1 367 Two s a os oe 
27 500 ae pe 1,200 9 Short delay dets. 5-9 3-9 0-66 pro for this tes 
28 $3 2,380 Church, stone floor 150 _ Instantaneous 7 c. 365 
29 2,380 ” * 930 6 Short delay dets. 1-7 3-5 0-89 
0-5 5-8 
30 S84 1,000 Canteen, wooden floor 80 — Instantaneous 0-8 5-8 | 89 Frequencies probably 
0-6 | 1-7 67 corres: to ground 
31 1,000 > a 480 6 Short delay dets. 1-1 | 5°8 1-38 and hut, 
0-5 1-9 | | 0-84 





























The Q sites were quarries, both working limestone and the S sites were opencast coal workings; a, b, c, etc., denote different areas of the same site. 


It is well known that if the explosive can be 
divided up into several charges which are fired 
with long intervals between them, the effect on a 
neighbouring structure will be practically identical 
with that caused by the smaller quantity of explo- 
sive in each separate charge. This is true even 
when the time interval is as small as one second, 
as will be seen from the vibrograms reproduced in 
Fig. 1, which show the vibration produced by the 
detonation of six charges of 280 Ib. of opencast 
gelignite fired in sandstone at distances of 650 ft. 
and 990 ft. from the buildings in which the records 
were taken, one-second gasless delay detonators 
being used for initiation. The vibrations from each 





using very much shorter time intervals between 
shots in, for example, quarry working by the 
well-hole technique. The time interval usually 
adopted is 25 milliseconds, or one-fortieth of a 
second. Various advantages are claimed for this 
method: that the fragmentation of the rock is 
more uniform, that the back break is cleaner, and 
that ground vibration is reduced.* 

Since no systematic study of the last claim 





* J. Hancock and W. Taylor, Mine and Quarry Engin., 
vol, 14, page 175 (1948); R. Shepherd, Mine and Quarry 
Engin., vol. 15, page 69 (1949); W. M. Avery, Pit and 
Quarry, vol. 11, page 96 (1945). 





detonators are used to initiate the charge when the 
sequence switch is employed. 

The switch consists of a rotating contact driven 
by a special clockwork motor, so that up to 14 cir- 
cuits are closed in order at the required time 
intervals. The switch is released electrically when 
the firing current is applied to the circuit. Special 
arrangements prevent any two terminals from being 
connected to the battery at the same time, and it is 
arranged so that, although firing is started by 
pressing the push-button, the current cannot acci- 





* The author is connected with the Research Depart- 
ment of this Division at Stevenston, Ayrshire, 
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dentally be cut off from the switch until all the 
charges have fired. The switch takes current from 
VIBRATIONS FROM BLASTING OPERATIONS. Seals Nocshaieaeka ccc tots heteh eats tn ¥8-vets 
and 24-volt types. The latter is to be preferred as 
it allows of much more resistance in the connecting 
cables. When the special short-delay detonators 
are used, the delays are simply coupled in series 
with an exploder or shot-firng battery and fired in 
the usual way. Use of the sequence switch requires 
a more elaborate system of connections, since one 
lead from each electric detonator has to be coupled 
to a terminal] on, the switch and one to the common 
terminal; connecting wire may be employed, but 
for routine operations a special “loom” of leads 
may be made up from, for example, 3 x 0-036-in. 
cable as used in domestic wiring, and this both 
expedites coupling up a blast and reduces the 
possibility of mistakes in joining up the electric 
detonators. Coupling up the circuit, including 
placing the switch and testing each circuit for con- 
tinuity, takes about 40 minutes for a 14-round blast. 
Tests have been made in a wide variety of quarries 
and opencast coal sites using both methods of initia- 
tion, and in each case vibrograph records of building 
vibrations have been taken both for delay shots 
and also for simultaneous shot-firing at the same 
site. Some typical vibrograms are reproduced in 
Fig. 3. The principal parameters of a vibrogram 
from which its effect on a building can, be estimated 
are the maximum amplitude and the average fre- 
quency of the vibration. These are set out in the 
Table opposite. 

It will be seen in Fig. 3 that the shape of the 
record given by delay firing is practically indis- 
tinguishable from that which would be caused by a 
single charge of the series. Unfortunately, it is 
impossible in commercial blasting to fire two sets of 
charges in exactly the same piece of ground; the 
best that can be done is to fire comparison shots in 
rock of the same type, the two sites being as near 
together as is practicable, and to arrange for the 
burdens on the two shots to be as nearly as possible 
equal. In order to do this it has been necessary 
to fire comparison shots during tests at quarries at 

intervals of several months, in order not to interfere ’ 

with the normal working of the quarry. ' 

Despite these difficulties, it is believed that the 

Se Tas 3 a ; ma comparisons made in the Table are as accurate as it is 
Test S. Le = possible to make them in field trials: It can be 

eS =—_—— tt ae shown that the maximum amplitude of ground : 

a ee ee motion caused by firing E pounds weight of explosive j 
in a norma] commercial blast at a distance of d ft. 


~~ -_ , " : from the recording point can be represented by =. 
fe where A is a site factor, and this has been used in the 
table to interpolate the comparison when the shots 
SS SSS SS are not exactly equivalent. The average frequency 
Test 7. | of ground vibration is a characteristic of the ground 
| in which shot point and recording point are located, 
and it is to be expected that it will be the same for 
“hs instantaneous and delay firing; this is found, in 
Test 20. \ VY general, to be the case. In some field tests the prin- 
cipal frequencies were found to be different in the 
; ——- rr two records to be compared. This is thought to 
— = => have been due to a change of transmitting medium 
ee : oe in the two blasts due, for example, to the shot- 
™ points being located on either side of a local fault. 
j Such records cannot be used for a comparison 

Test 23 L__—~ ee oe and have been omitted from the table. 
— CJ Te . A column towards the right hand of the Table 
2 ee shows the ratio of the maximum amplitude measured 
' with delay blasting to the maximum amplitude from 
| the instantaneous firing of that weight of explosive 
te Sd used in each hole of the delay blast, derived from the 
: ; : ; } records of simultaneous firing at the same site, that 
oe ——$—$— $$$ SaaS =| is with the vibrograph at the same recording point, 
Test 24. | u © eg: and as nearly as possible with the same shot point. 
. It wil] be observed that this ratio is of the order of 
Der a unity, i.e., the effect on a building of firing a number 
eres a = of equal charges at 25 milli-second intervals is not 
very different from what would have been caused by 
firing one such charge. This ratio does not seem to 
depend to any serious extent on the number of 
charges fired, but it is evident that there is a pro- 
nounced site effect. For example, the results at 
site Ql range about a ratio of 0-7, while those at 
yas eS : site Sla group about a ratio of 1-3. The marked 
discrepancy between the two ratios for site S2a is 
Fie, 3. Visrocrams Uszp in Derivation oF, Data iv Tasce I. almost certainly due to the siting of the vibrograph 
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Fig. 5. 
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on the top soil. Experience shows that vibrations 
recorded on overburden show wide variations and 
differ significantly from those taken on rock or in 
buildings. 

Two mechanisms have been suggested as explain- 
ing why short-delay firing decreases the vibration 
from a given total charge of explosive. The first 
is that the different times of arrival of the vibrations 
from the various holes result in phase differences 
which, by addition of amplitudes, result in a 
decreased resultant vibration. Thoenen and Windes* 
examined the possibility of the addition of vibrations 
accounting for this phenomenon and decided that the 
differences in wave form in the vibrations recorded 
from neighbouring shotpoints were such as to make 
this explanation impracticable. According to the 
alternative explanation, the fact that part of the 
ground surrounding any of the shots has just been 
broken up and set in motion denies some of the 
natural transmitting paths of the site and so reduces 
the amount of energy which is fed into the ground. 
It also suggests that some of the vibration is actually 
generated in the rock after it has been separated 
from the main body by explosion. Leett has 
described this mechanism in some detail and has 
defined two coefficients, although means have not 
yet been suggested for evaluating them numerically. 
It has been observed by American users of short- 
delay blasting that there is a marked improvement 
in the efficiency of the method as the number of 
charges into which the explosive is split is increased, 
and Millert has advocated the use of as many as 
50 individual charges. It is difficult to understand 
how the second mechanism can explain this. 

The author has shown elsewhere that the ground 
vibration due to a single charge can be expressed 
to a first approximation by a mathematical expres- 
sion of the form a=Ce-*cospt. The effect 
of adding a large number of such vibrations in 
different phases is given in the appendix, from 
which it will be seen that the reduction of ground 
amplitude becomes more and more effective as the 





* J. R. Thoenen and S. L. Windes, “ Seismic Effects 
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number of rounds is in- 
creased. The significant 


parameter, ¢, is the ratio 
of delay time to the natural 








period of the site. When the 
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results in the Table are 
plotted against ¢,as in Fig. 4, it is seen that, if the 
results at site S2a are excluded, the data lie quite 
close to a smooth curve of the type suggested by 
the theoretical treatment given in the appendix. 
It is evident, however, that many more field trials 
will have to be made and the results examined 
before any definite conclusion as to the mechanism 
operating can be reached. 
It was at first thought that the more regular time 
intervals given by the sequence switch (+ 14 m. 
secs.) compared to those given by short-delay 
detonators (+12 m. secs.) might show some advan- 
tage in reducing the amplitude of ground vibration, 
but the available evidence shows no difference in 
performance in the two methods of delay firing. 
In the choice of a method, the greater convenience 
of delay-detonator blasting has to be compared 
with the fact that the sequence switch can fire 
up to 14 rounds against the available seven delays 
with the special detonators ; it is hoped that later 
the range of delays will be increased. Thus, where 
the risk of damage by ground vibrations is not 
acute, delay detonators are to be preferred, but 
where the conditions are such that every possible 
precaution is required, the explosive should be 
spread over as many charges as possible and a 
sequence switch used, provided that it is possible 
to arrange for the skilled labour and detailed super- 
vision necessary for safe operation. The sequence 
switch has the additional advantage that it can 
be set to give any required time interval from about 
14 m. sec. to 0-15 sec., should detailed investiga- 
tion of a site show this to be desirable. 

Consider a site in which blasting charges are 
limited to a maximum of X Ib. to keep the effect of 
ground vibrations on surrounding property to a 
reasonable level. If the factor in the ratio column 





of Quarry Blasting,” U.S. Bureau of Mines Bulletin, | 
No. 442, page 73, et seq (1942). | 
+ L. D. Leet, Bull. Seis. Soc. Amer., vol. 39, page 9 
(1949). 
t L. Miller, Excavating Engineer, vol. 43, page 14 
(1949). 


of the table is 1-4, then the weight of explosive in 
each charge of a delay series, fired with intervals 
of 25 m. sec., would be me that is to say, 4X. 
If, on the other hand, the factor is 0-7, then twice 
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out any increase of ground vibration. It may 
therefore be concluded that without any special 
tests 4 X could be fired in each hole, but that an 
increase in these charges up to four times might be 
permissible as the result of an investigation of the 
site using a vibrograph. As a general rule, where a 
vibration analysis of the site is not possible, two- 
thirds of the maximum blasting charge should be 
used. 

The author wishes to thank those who have pro- 
vided facilities for the field trials and those who have 
helped in making the vibrograms. 


APPENDIX. 


Theoretical Summation of Amplitudes.—Since the 
elastic waves in the ground, which constitute the 
vibrations due to blasting, are of small amplitude, 
it is likely that the classica] treatment of the inter- 
ference of wave motions will apply and that the 
ground motion recorded from a blast consisting of a 
number of shots fired in regular sequence will be 
the properly phased algebraic sum of the amplitudes 
due to the several explosions. In practice, this 
cannot be entirely true since the shots are fired fairly 
near together and each shot will modify the ground 
through which a part of the succeeding vibrations 
will have to be transmitted. An example of this 
effect is shown in the vibrogram marked Test 8 in 
Fig. 1, on page 430. Again it is to be expected that 
the burden of the shots will not be exactly equal 
even if the charge weights are made exactly equal, 
so that minor differences in the “shape” of the 
vibrations from the various holes wil] undoubtedly 
occur. Again, it is well known that the frequency of 
any vibrogram recording blasting-induced ground 
motion is not constant throughout the record, but 
varies in an irregular manner, as might be expected 
when the mechanism by which it has been generated 
is considered. 

It will, however, illustrate what may be expected 
to be recorded a few hundred feet from a blast in 
which a number of charges are fired at regular 





the limiting charge could be fired in each hole with- 


intervals, if the vibrations caused by each explosion 
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resolved along some convenient direction are taken 
as equal and represented by the simplest possible 
equation 
a=Ce-KHospt . . (1) 
where a is the amplitude of motion of the ground, 
t is time, C depends on the weight of explosives 
fired and the distance from shot point to recording 
point, p, is 2x times the frequency of motion, and 
is the ‘‘ pseudo-damping.” If the delay time 
between shots is A, the amplitude of ground motion 
will be the sum of as many terms r as there are 
shots in the blast. Then at any time ¢ after the 
arrival of vibration from the first shot 
a = Ce—# cos pt + Ce—k(¢—4) cos p (t— A) + Ce—k(t—24) 
cos p(t — 2A) + ete., 
to 
Ce—k(t—r — 1A) cos p(t — r — 1A) (2) 
In taking C as the same in each term, it is assumed 
that the distances between the shotholes are 
negligibly small compared with the distance to the 
recording point. 

Since only maximum values of amplitude are of 
interest in considering the possibility of damage to 
buildings, it is sufficient to evaluate the above 
expression for values of t=b6 A where 6 is an 
integer having any positive value up to r — 1. 
Then 

a= O[1 +e-F4 cos pA + e—2k4 cos 2p A + ete. 

to + e—(r—1) 4 os (r — 1)p A). (3) 

It has been shown elsewhere that k is approxi- 
mately equal to K p where K is a constant and p 
can be written as 2xnf. Then writing Af = 4, 


= = andk A= 2xK ¢=B 4, the amplitude 
equation is 
5 = 1 +¢—Bé¢ cos 2nd + e— 2B¢ cos An ¢, ete., 
to + e—(r —1)B¢ cos 2m (r — 1) ¢, (4) 


where C is the amplitude when only one shot ‘s fired, 
and the equation now contains only one variable ¢. 


has 


been evaluated for a range of values of ¢ from 0-025 
to 2-0, and the results are exhibited in Fig. 5, 
opposite. From this calculation it might be 


expected that the amplitude ratio 5 would decrease 


Using the empirical value K = 0-07, < 


as the number of holes is increased and have a 
“best value’ for ¢ in the region of 0-2 to 0-5, 
the region in which most sites fall when a delay 
period of 25 m. secs. is used. The very low values 


of © are not, in fact, realised, si = " 
rs , ’ ised, since the ‘‘ shape 


of the records is not exactly duplicated by successive 
shots and also due to the irregularity of frequency. 

It might be thought from equation (4) that if 
n holes were fired simultaneously the amplitude 
would be equal to n times that of a single shot, 
whereas it is found in practice that the amplitude is 
increased by ~/n. 

In commercial blasting practice, several charges 
would be placed so that the volumes of rock broken 
by each charge would overlap somewhat, and if the 
shots were fired simultaneously, the effect at any 
distance great compared with the separation 
between the holes would be that of a single charge, 
and therefore the mechanism discussed above does 
not apply to simultaneous firing. 





ELECTRICITY SUPPLY IN SCOTLAND.—The first 19-MW 
generating set in the Clunie station of the Tummel-Garry 
scheme of the North of Scotland Hydro-Electric Board 
was placed on load on Saturday, April 1. The two other 
19-MW sets at Clunie and the two 7-5-MW sets in the 
adjacent Pitlochry station are expected to bein operation 
before next winter. 





PETROL-DRIVEN BANDSAW.—In the building industry, 
it is often useful to have woodcutting machines in opera- 
tion before the electrical power supply is available, 
For this reason, the Startrite Engineering Company, 
Limited, Hamond Hill, New-road, Chatham, Kent. 
have adapted their 18-in. throat bandsaw for independent 
drive by incorporating a “ JAP” industrial air-cooled 
1-1-h.p. petrol engine mounted on a fabricated pedestal 
which carries the sawing machine. The machine is com- 


pletely portable, and alternative positions for the engine 
can easily be arranged, if desired. The saw speed is 
approximately 4,500 ft. per minute. The machine is 
supplied with a graduated rip fence and mitre gauge. 
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An Introduction to Heat Transfer. By M. FISHENDEN and 
PROFESSOR O. A. SAUNDERS. Geoffrey Cumberlege, 
Oxford University Press, Amen House, Warwick- 
square, London, E.C.4. [Price 15s. net.) Numerical 
Analysis of Heat Flow. By Proressor G. M. DusIN- 
BERRE. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
4.50 dols.); and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 388. 6d.] 

Ir would be wrong to assume from its title that the 

first of these books has been written specially for 

beginners. It is put forward primarily as a suitable 
text-book for university students reading for engin- 
eering degrees, though the hope is also expressed 
that it will be found useful to men engaged in prac- 
tical work. This hope is likely to be justified. The 
same two authors, as may be remembered, colla- 
borated some 18 years ago in writing a book entitled 
The Calculation of Heat Transmission, and the 
present work covers, in general, much the same 
ground. It hasthe advantage, however, of including 
more recent and extensive physical data, and it 
presents a much more concise and up-to-date review 
of knowledge concerning the transference of heat by 
radiation, conduction and convection. Before 
convection is dealt with, there is a short chapter on 
dimensional analysis, showing how the various 
dimensionless groups or ‘‘ numbers ”’ associated with 
the names of Osborne Réynolds, Nusselt, Grashof, 
and others, have been derived, and what they mean. 

There are also separate chapters on heat transfer 

from condensing vapours, and heat transfer to 

boiling liquids. The comprehensive scope of the 
work, coupled with the orderly and clear exposition 

of particular questions will make it valuable as a 

work of reference for the designers of all kinds of 

heat-transmitting apparatus. The ordinary British 
units of temperature and heat are used. 

There are many kinds of problems connected 
with the transmission of heat that do not lend 
themselves to conventional methods of calculation ; 
a simple example is that of the flow of heat through 
the parts adjacent to the corner of a thick-walled 
chamber. In this, and many other cases, a result 
correct to any desired degree of accuracy can be 
arrived at by a method of repeated approximations 
requiring nothing more difficult than ordinary 
arithmetic. There is no justification for any idea 
that such a procedure is unworthy to be ranked as 
scientific. Those who might say that they would 
prefer an “exact ” solution should remember that, 
strictly speaking, exactness in physical matter is an 
unattainable ideal. Indeed, according to the ordi- 
nary theory of heat conduction, it is impossible to 
determine the exact temperature of any substance 
by means of a thermometer until the latter has been 
immersed in the substance for an infinite period of 
time, whereas its reading after only a minute or 
two is taken as exact for all practical purposes. 

It is the object of Professor Dusinberre’s book 
to explain how difficult or otherwise intractable 
problems concerning the flow of heat in or through 
solid substances can be solved by the method of 
successive approximations. The principle of the 
solution depends on the fact that, when a steady 
state has been attained, the quantity of heat 
leaving any specified elementary region of the body 
must be exactly equal to the quantity of heat enter- 
ing that region in the same time. Provisional 
values are assumed for the unknown regional 
temperatures, and these values are then systematic- 
ally modified by the method of “relaxation,” 
developed by Sir Richard Southwell, until the net 
flow of heat from each region is brought as near to 
zero as is demanded by the required standard of 
accuracy. When the heat flow is not constant, as 
in the case of walls of furnaces or buildings exposed 
to variations of surrounding temperature, the time 
element has to be taken into consideration, and the 
problem is not quite so simple. The aim of the 
author, in his own words, has been to “develop 
a method flexible enough to handle fairly complex 
systems and boundaries, precise enough not to sacri- 
fice the accuracy of our data, simple enough not to 
require high mathematical training nor special equip- 
ment, and straightforward enough so that the worker 











at all times knows what he is doing, and why.” 
The attractiveness of the method to the practical 
man lies largely in the obvious association of his 
work with the physical realities of the particular 
problem under consideration. He is far more 
concerned to find a sufficiently good answer to his 
own question than to have a mathematically elegant 
solution to some problem that may have only a slight 
resemblance to his particular needs. Professor 
Dusinberre’s book is not one to be read hurriedly, 
and considerable practice may be required before 
the reader can become expert in the use of the tool 
he has provided, but, once mastered, it should be of - 
great value to those whose work entails calculations 
of the transmission of heat under special conditions. 





The Maritime History of Russia, 848-1948. By MatRiIn 
MrrcHELL, F.R.G.S. Sidgwick and Jackson, Ltd., 
44, Museum-street, London, W.O0.1. [Price 31s. 6d.] 

In May, 1553, three small ships, under Sir Hugh 
Willoughby and Richard Chancellor, left the Thames 
on a voyage towards Cathay by way of the North- 
east Passage ; that is, from west to east along the 
north coast of Europe and Asia. The scheme was 
too ambitious, and only Chancellor’s ship returned 
to England; but she penetrated the White Sea 
nearly to Archangel and Chancellor, travelling by 
sledge the 1,500 miles to Moscow, duly presented 
to Ivan the Terrible the letters of recommendation 
that he carried from Edward VI. As a consequence, 
the Muscovy Company was formed, to open up 
Anglo-Russian trade by sea. The voyage to 
Archangel, up the Norwegian coast and round the 
North Cape into the White Sea, was no mean feat 
in sailing ships of 100 tons or less ; but, in those 
days, the Tsar’s dominions touched open water at 
no other point. Evidently, Ivan was impressed, 
for, from that time onwards Russia displayed 
increased maritime aspirations. 

Various books have been written about Russian 
sea power, but most of them deal with the events 
and conditions of the past half-century or so; Miss 
Mairin Mitchell’s The Red Fleet and the Reyal Navy 
published in 1942, is an example. Miss Mitchell 
has now produced a vastly more comprehensive 
volume, containing in its 540 pages much informa- 
tion that is not readily accessible elsewhere, backed 
by a bibliography that is almost a book in itself. 
To the British reader, it should be of particular 
interest ; for not only did the English, to all intents 
and purposes, discover the first sea route to Russia, 
but later England was constantly having reason to 
take note of Russia’s aspirations to be a sea. Power— 
in the Baltic, the Mediterranean, and even in the 
Bering Strait, which Captain Cook penetrated in 
1778, less than six months before he lost his life 
onthe beach at Hawaii. Russian maritime develop- 
ment was aided, no doubt, by the numerous English- 
men and Scotsmen who took service under Peter 
the Great and Catherine the Great. 

The importance of Russian sea power in the 
modern world cannot be denied and Miss Mitchell, 
in telling of the past, evidently does so with an eye 
to the present. Her book is in many ways a pioneer 
work in the English language, in that it is a popular 
maritime history of Russia; but, unfortunately, 
it is not easy to read as a consecutive narrative 
because the subject has been so subdivided that 
there is really no persistent theme to carry the 
reader forward from section to section. Much solid 
achievement of the Russian genius is recorded, 
especially those of modern times ; yet, while the 
snippets into which the history has been cast result 
in occasional repetition, some quite important 
Russian naval events—for instance, those of the 
Crimean War and the Russo-Japanese War—are 
practically ignored, much more space being given 
to operations which are only doubtfully maritime. 
A promising supplementary section on the Russian 
fleet in the Second World War turns out to be a 
conglomeration of mixed naval information, much 
of it drawn from rather unimpressive sources, and 
displaying the same curious sense of relative values 
as the preceding chapters. In short, while the book 
does give many interesting details about certain 
important aspects of Russia’s growth as a sea 
Power it fails to provide the orderly and authentic 
narrative of the nation’s maritime history that its 
title encourages the reader to expect. 
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COMBUSTION IN INTERNAL 
COMBUSTION ENGINES. 
I.—_THEORY.* 


By Proressor Ir. J. J. Brorzez. 


THE materialisation of gas heat cycles by means of 
combustion processes requires control of these 
essentially chemical processes by the mechanical 
engineer responsible for engine design. Why 
_ Should not a chemical engineer be responsible ? 
The reason may be that the chemical products 
evolved are simply by-products, the purpose of the 
technological process in this case being solely the pro- 
duction of the immaterial magnitude, power. Yet, 
if the chemist is not interested because of the 
saleable products of the process, there is reason to 
draw him into the circle when some of the by- 
products are of a troublesome nature and jeopardise 
the process. It is, in fact, the joint problem, but the 
chemistry of combustion is superficially simple and 
the mechanical element prevails. It is certainly 
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easier to instill the modicum of chemistry involved 
in combustion control into the mechanical engineer 
than the other way round. Moreover, the chemical 
part is more analytical, whereas the synthesis 
here results in the machine ; the creative element 
thus is clearly on the mechanical side. But there 
is more to this than meets the eye. The discussion 
will be restricted to internal-combustion piston 
engines, which are the most difficult complexes on 
account of the intermittent character of combustion 
and of the added complication of lubrication ; 
internal-combustion piston engines will continue 
to be the greatest aggregate source of power for a 
long time, and they are still open to much improve- 
ment. 

In view of the foregoing considerations, it is essen- 
tial that the graduate engine-designer and also the 
graduate engineer responsible for engine operation 
should have at least enough knowledge of the 
chemistry involved to translate the chemists’ 
observations and conclusions into terms of design 
and of sound operating methods. 

In these lectures, only a few of the manifold 
intricacies of engine chemistry will be dealt with, 
and then purely from the standpoint of the mechani- 
cal engineer who has mastered only as much of it 
as makes sense to him. This field is certainly one 
of which it may be said that the fool engineers rush 
in where the angel chemists fear to tread, and some 





* The first of four lectures on ‘‘ Combustion in Spark- 
Igvition and Compression-Ignition Engines,” delivered 


of the drastic simplifications we need for reducing 
the complicated theories to working hypotheses for 
development may shock the pure-bred chemist. 
The latter may, by bis analytical methods, be of 
extreme usefulness in making us understand the 
pattern of the internal processes from which the 
weak points emerge that may be recognised as the 
actual bottle-necks in performance and develop- 
ment. Of course, there is also the practical way, 
the way of experience, trial and error. Whichever 
way to follow is largely a matter of upbringing and 
inclination. Design, being a deed of creation, is 
not pure logic, but has the elements of wilful 
decision and of intuition in it, and often the shortest 
cuts out of impossibly complicated situations are 
thus achieved. But never forget that masterful 
decision and keen intuition can only radiate forth 
from a background of knowledge and experience 
that have simmered like a good stew into one mass 
in which the details of the constituents have 
dissolved. Bold decision and intuition based on 
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anything less just show a man off in a false light 
against his background of ignorance. So it remains 
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for us to assist in broadening and deepening this 
background for the designers of to-morrow, just 
because they will do the bold things arbitrarily by 
intuition. 

In internal-combustion engines, the only aspect 
of the cycle of positive interest is the development 
of gas pressure ; that this pressure is obtained by 
means of heating the gas is unfortunate, and that this 
heating should be the result of chemical reaction 
even more so, for it certainly complicates the 
process. What dowe want? An efficient thermo- 
dynamical cycle; acceptable gas pressures and a 
minimum, of undesirable dynamical effects from the 
pressure changes ; acceptable heat stresses resulting 
from low heat transfer from the working medium 
to the engine ; absence of undesirable combustion 
products, either polluting the atmosphere or fouling 
the engine ; little wear. 

Thermodynamical cycles realised in different 
types of internal-combustion engine vary in efficiency 
by as much as nearly a factor 2, both by differences 
in basic principle as by differences in quality of 
execution. It must be emphasised that these 
differences are caused primarily by the necessities 








of performing the combustion processes required, 
which have to be chosen with respect to the type and 
quality of fuel to be burned and the cost of the 
apparatus involved. This latter explains why 
we are content with relatively inefficient engines to 
burn petrol and construct engines with much 
greater efficiency to burn cheaper fuels, an otherwise 
somewhat curious paradox. 

Theoretical pressure cycles like the Beau de 
Rochas or the Sabathé cycle (Fig. 1) may have 
shortcomings, the first in an unduly high peak 
pressure, both in severe dynamical effects resulting 
in audible structure vibrations (knock) and fatigue 
effects. Actual processes will have to be adapted 
to practical requirements ; in most cases, combus- 
tion may be controlled so as to avoid severe excita- 
tion of vibrations, but sometimes the actual result 
is almost as bad as the theoretical ones (Fig. 2). 

Heat stresses still form one of the main brakes 
retarding engine development, notwithstanding the 
fact that heat rejection has dropped from the 
classical “‘ one third ” of the heat energy in the fuel 
to sometimes less than 15 per cent. Here it is 
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evident that every gain brings an increase in 
allowable power. 

Completeness of combustion has reached a high 
order, but the requirements are very stringent, and 
if satisfactory results may be obtained with regard 
to exhaust gas quality this is often at a price; 
whereas fouling of the engine is in many instances 
still a criterion of performance, as it sets the time of 
maintenance schedules. It is very important to 
time these schedules to life cycles of the industries 
served, so as to obtain, for instance, a yearly 
overhaul. Even wear is influenced by products of 
combustion and, in a very general sense, by all 
changes undergone by the lubricant, whether on its 
own account or through contamination. Rates of 
wear of cylinders, for instance, may differ more 
than an order of magnitude under different condi- 
tions. In all these respects the nature and course 
of the combustion process has some influence, 
sometimes small, sometimes preponderant, and this 
has to be known or estimated by the designer and 
recognised by the maintenance engineer. 

It is my intention to discuss first the actual 
combustion processes, in general terms and as 
applied to both spark-ignition and compression- 
ignition engines, and then to indicate some of the 
long-term effects of a chemical character, such a8 
oil deterioration and engine fouling. : 

In engines we have to deal with the combustion 
of hydrocarbon vapours. Liquid hydrocarbon may 
only be brought to combustion after transfer, by 
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evaporation or cracking, into the gas phase. It is 
necessary to distinguish between three elementary 
processes Of combustion, each following different 
laws and occurring under different circumstances. 
In the actual combustion processes in the engine, 
these elementary processes occur separately or 
together. 

Combustion in pre-mixed gases—supposed to 
form perfect homogeneous mixtures—is generally 
called in chemical text-books* explosive combus- 
tion, and may take two courses, either simultaneous 
explosion (or self-ignition explosion), or progressive 
explosion (or induced explosion). As a third 
possibility, combustion may occur when fuel and 
air are mixed under conditions when their mutual 
affinity is very great (in the ideal case, infinite), so 
that combustion proceeds as a result of the mixing 
process and at the rate thereof ; this is called diffu- 
sive combustion. The name “ explosive combustion” 
is somewhat unfortunate, since explosion may be 
any outward phenomenon accompanying pressure 
development, such as even the bursting of a steam 
vessel ; but let us stick to the traditional name. 
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The simultaneous explosion is the result of a 
reaction taking place throughout an explosive 
mixture, as the result of chemical affinity between 
its components. Provided that the composition 
and temperature of the mixture are homogeneous, 
this reaction will, at any given place and time, have 
progressed equally far (Fig. 3). It may also be 
called explosion by self-ignition. 

Without reference to a chemical mechanism, the 
mathematical treatment of an exothermal simul- 
taneous explosion by Semenoff and his school* 
has been very enlightening. For an exothermal 
reaction with a rate increasing with temperature 
(for instance, exponentially), it is only of interest 
to consider what happens when there is at the 
same time a loss of heat to the surroundings. The 
cases 1, 2 and 3 of Fig. 4 show that, at a certain 
Tate of heat loss, which has been assumed to vary 


* E.g., Explosi and C n Pr in Gases, 
by W. Jost, McGraw-Hill Publishing Company, 1946 ; 
and Combustion, Flames and Explosions of Gases, by B. 


pe and G. von Elbe. Cambridge University Press, 
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linearly with temperature difference, it is possible 
to get different results. In case 3, the rate of heat 
development at all temperatures over a certain 
minimum is greater than the heat-loss rate, hence— 
explosion. In case 2, the rate of heat development 
is greater than the rate of heat loss up to a certain 
temperature T,; there the two are in equilibrium 
and, at higher temperatures, the heat loss would be 
greater than the development of reaction heat. In 
this case, the reaction would proceed at a constant 
temperature T,, at the rate given by that tempera- 
ture, but no explosion would occur. In the border- 
line case 1, there is a critical point where the reaction 
heat is just in equilibrium with heat loss, but where, 
on the slightest disturbance causing a temperature 
rise, the reaction will run away. Now for the 
reaction in question, T,, which is the determining 
temperature level for the heat-loss rate, may be 
defined as the ignition temperature. This in itself 
shows that the notion of ignition temperature is 
tied up intimately with the characteristics of the 
apparatus. However simple, the picture given 
above gives some of the most important features 
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from, self-ignition explosions, if they occur in 
engines, and they seldom fail to materialise. The 
real occurrence of a simultaneous explosion is 
caused by chemical reactions of widely different 
mechanism. Combustion equations such as 


C,H,, + 110, >7 co, + 8 H,0 


only give the result—and then only in ideal circum- 
stances—but not the mechanism. At high tempera- 
tures, partial dissociation takes place; at low 
temperatures, the reaction may not occur at all or 
incompletely ; with other compositions of the 
mixture, other components may appear in the 
combustion gas. 

Even the simplest description of these mechanisms 
leads to the notion of chain reactions. The seem- 
ingly simplest types of reaction, like 

2H, + 0, > 2H,0, 


cannot occur at once. A ‘molecule must collide 
with a part of another molecule—an atom or a 
free radical such as C,H or OH—or with a molecule 
possessing an extraordinary amount of kinetic 
energy. The total energy involved in the collision 
must be greater than a critical value for reaction 
to occur. Normally, the average energy in a gas 
is much below this critical value, and only some 
few molecules have sufficient kinetic energy, the 
radicals and atoms having electro-potential energy 
as well. At high temperatures the general level of 
energy rises, the probability of a certain number of 
molecules to possess excess energy increases, and, 
due to increased vibrational energy, the probability 
of a molecule breaking up and forming radicals 
increases, too. Moreover, the number of collisions 
increases. This number is inconceivably high, so 
that, in a millisecond, which is our time unit in 
engine combustion, one to ten million collisions of 
the average molecule occur. A man decides whom 
to marry on less choice. However, a simple collision 
is usually not decisive, since the amount of energy 
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of the simple exothermal reaction. Another feature 
has been added by Todes, of Semenoft’s school, by 
calculating, under adiabatic conditions, the tem- 
perature rise as a function of time resulting from a 
reaction with a known temperature relationship. 


If this is given as 3 =c,e RT, the time function 


proves to be a curve with a curious character, 
represented in Fig. 5; in that, for a long time 
after the start of the reaction (to be visualised, 
for instance, by mixing the gases in a relatively 
very short time) hardly anything happens, while 
the reaction then completes itself in a very short 
time. It is even possible to determine, somewhat 
arbitrarily, the end of the first period by a time 
mark. The period so marked off is called the 
induction period. It is immediately obvious that, 
in gas reactions, the sudden temperature rise will 
cause an equally sudden pressure rise with unfavour- 





able dynamic effects : these must always be expected 


released into the newly formed reaction product 
is such as to cause its immediate dissolution unless, 
practically at the same instant, a third partner 
participates in the collision, which may carry off 
the excess energy. Such triple-collisions are, of 
course, more rare, but are the only ones resulting 
in new molecules. Now the essence of chain reac- 
tions is that, starting with an active particle such 
as a radical or an atom, a reaction step leads to at 
least one new radical or atom so that this may 
continue : 
OH + H,>H,0+ H 
It may cause more 
0+ H,—>0OH +H, 
in which case the reaction will accelerate. But in 
the case of 
H+0OH+M-—H,0 + M, 
where M is the third partner, active particles are 
taken away and the reaction slows down. 

If a chain reaction has accelerating links, it will 
lead to explosion, even if it is not exothermal. 
Most reactions of the kind in which we are interested 
are slightly accelerating and also exothermal, hence 
the possibility of the simultaneous explosion. The 
vast amount of N, in air mostly acts as third partner 
and hence is a retardant, apart from its effect in 
reducing the temperatures. In engines, a pheno- 
menon much resembling the simultaneous explosion, 
notwithstanding many deviations, occurs in the 
compression-ignition engine, where the induction 
period may be seen in the pressure diagram. It 
commences with the beginning of injection and ends 
with the beginning of combustion (Fig. 6), and is 
thus well-defined. In the spark-ignition engine, it 
may occur in the end gas and produce the well- 
known phenomenon of detonation (Fig. 7). The 
notion of induction period is somewhat vaguer 
unless the beginning of the chain reactions is 
assumed in the carburettor; the ending is much 
more definite. 

In both cases, as we have been led to expect, the 
phenomenon of knock is connected with this part 
of the combustion process. In the case of Diesel 
knock, it is primarily caused by rapid deflection 
and consequent vibration of the engine structure ; 
in the case of the petrol engine also, and often 
primarily, by the gas vibrations resulting from 





sudden expansion of the burnt end-gas. 
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The progressive explosion, which may take place 
in mixtures exactly similar to those discussed above, 
is characterised by a flame front at which the re- 
action occurs rapidly and to completion, and which 
travels through the mixture at a certain rate 
(Fig. 8), once it has been induced artificially ; for 
instance, by a spark. This way of reacting is 
entirely different from the foregoing one, as may be 
judged from the fact that hydrocarbon-air mixtures 
with widely divergent self-ignition characteristics 
burn equally fast when ignited. 

A simple thermal explanation based on the heat 
conducted from the flame front into the fresh gas 
falls short of explaining the phenomenon of the 
progression. The notion of the diffusion of radicals 
from the combustion zone together with the heat 
goes much farther and may also account for the 
phenomenon mentioned above ; for although, for 
instance, normal heptane and triptane are widely 
different in reactivity at temperatures between, 
say, 250 deg. and 500 deg. C., their composition is 
the same, and thus the types and numbers of radi- 
cals their flame may send out will also be practically 
equal. So, in the fresh gas, there is imported from 
both a large quantity of active particles, much 
greater than that produced by the fresh gas itself, 
and the reaction is initiated thereby, uninfluenced 
by the molecular structure. 

H-atoms are the fastest particles for a given 
energy, and there are indications that H-atoms 
play a large part in this process of flame propaga- 
tion.* This may account for the relatively high 
rate of propagation of flame in acetylene and, to a 
lesser degree, in benzene. In very rare cases, where 
combustion temperatures are low due to very weak 
or very rich mixtures, and initial temperatures are 
relatively high, so that a certain amount of pre- 
liminary reaction may have occurred, some influence 
of the self-ignition characteristics of the mixture on 
the rate of flame propagation may be noticed. 

The progressive explosion occurs, of course, in 
the normal spark-ignition engine, but here the rate 
of propagation is very much increased by turbulence. 
Diffusive combustion in an idealised form occurs as 
and when two combustion partners are mixed, if 
only the rate of reaction between the two is infinite 
or, at least, very great in relation to the rate of 
mixing. The total rate of energy development then 
follows the rate of mixing, that is, in a simple case 
(Fig. 9), the rate of flow of the gases. If the com- 
bustion temperature is high, the supposition made 
holds well enough; so that, for instance, once 
combustion is established in a compression-ignition 
engine, it may follow the further introduction of 
fuel closely. As in the case of the progressive 
explosion, it does not matter greatly then what the 
chemical properties of the fuel are, as the reaction 
is maintained by diffusion of large quantities of 
radicals and heat. This type of combustion occurs 
to a greater or smaller part in the compression- 
ignition engine. 

Both progressive explosion and diffusive com- 
bustion rely on diffusion ; the one to sow out its 
active particles, the other to make the two reaction 
partners penetrate into each other’s areas. Mole- 
cular diffusion, such as would be the vehicle for 
particles in stagnant mixture in laminar flow 
(transverse to the flow axis, at least), is extremely 
slow in proportion to times and spaces allotted the 
engine designer. Forced movement of the gas helps 
him. Diffusion by eddies or turbulence} helps to 
distribute volume elements over relatively large 
distances with velocities derived, for instance, from 
the intake velocity ; hence it is of the order 50 m. 
per second, instead of the few centimetres per second 
given by molecular diffusion. 

The effect of eddies may be seen both in a picture 
of a progressive explosion (Fig. 10) and in one of a 
diffusion flame (Fig. 11). The former shows three 
pictures of combustion in a spark-ignition engine, as 
obtained in the General Motors laboratories. The 
latter is the prototype Olympic torch of the 1948 
Games, which was designed in the author’s labora- 
tory. 

* “Equilibrium Atom and Free Radical Concentra- 
tions in Carbon Monoxide Flames, and Correlation with 
Burning Velocities,” by C. Tanford and R. N. Pease. 
Jl. Chem. Physics, vol. 15, page 431 (1947). 

t “Turbulence and Diffusion,” by. H. L. Dryden. 
Ind. and Eng. Chem., vol. 31, page 416 (1939). 
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ConTINUING our report of the annual general 
meeting of the Institute of Metals, held in London 
on March 29, 30 and 31, we have now to deal with 
the joint discussion on three papers on the grain 
refinement of aluminium alloys, presented on the 
afternoon of March 29, and with the subsequent 
proceedings. 

Grain REFINEMENT OF ALUMINIUM ALLOYS. 


The three papers, all of which were communica- 
tions from the British Non-Ferrous Metals Research 
Association, were presented jointly by Mr. A. Cibula. 
The first was entitled ‘“‘ Grain Refinement of Alumi- 


nium and its Alloys by Small Additions of Other 


Elements.’ The author, Mrs. Myriam D. Eborall, 
stated that the effect of eight elements on the 
grain size of sand-cast pure aluminium, and also 
that of titanium and boron on the grain size of 
some aluminium alloys, had been studied. It 
had been found that titanium, zirconium, and 
vanadium were the most effective grain refiners 
of pure aluminium, but that boron, although 
having little influence on the grain size of pure 
aluminium, refined the grain of the copper-bearing 
alloys, its efficiency increasing with the copper 
content. The grain-refining action of the added 
elements had not been satisfactorily explained, but 
it had been found that (a) the presence of primary 
particles of intermetallic compounds was not neces- 
sary to initiate refinement ; (5) a peritectic reaction 
did not necessarily produce fine grains ; and (c) all 
the facts could not be explained on the theory that 
grain size was controlled by concentration gradients 
in the semi-solid casting. 

The second paper was entitied ‘‘ The Mechanism 
of Grain Refinement of Sand Castings in Aluminium 
Alloys,” and it was by Mr. A. Cibula, who stated 
that the work had been carried out to determine the 
mechanism of the grain refinement of aluminium 
casting alloys of the solid-solution type, to secure 
greater control of this, and, in particular, to find 
ways of preventing grain coarsening and of increas- 
ing the efficiency of the refinement. Measurements 
of the undercooling before solidification, in castings 
of various aluminium alloys, had been correlated 
with the grain sizes. Large additions of certain 
metals, such as copper and nickel, to pure aluminium, 
partly refined the columnar structure to a coarse 
equi-axial one. When very small additions of the 
powerful grain-refining elements, titanium, boron, 
niobium, and zirconium, were made to pure alu- 
minium, no undercooling was detected, indicating 
the presence of nuclei which facilitated the formation, 
of crystallites of solid solution. Grain coarsening, 
due to the removal of nuclei from the melt by super- 
heating, sedimentation, or the passage of gases, had 
also been studied. The experiments had shown 
that, except in melts containing boron, the nuclei 
were not crystals of the intermetallic compounds 
of the refining metals with aluminium ; theoretical 
considerations suggested that they were particles of 
the simple interstitial carbides of these transition 
metals. These conclusions were confirmed by 
further experiments with aluminium-titanium alloys, 
in which titanium carbide particles were detected by 
X-ray examination after being concentrated by 
centrifuging the molten metal. 

The third paper in the series was entitled ‘“‘ The 
Effect of Grain Size on the Tensile Properties of 
High-Strength Cast Aluminium Alloys,” and was 
by Mr. A. Cibula and Mr. R. W. Ruddle. The 
authors stated that the present work had been 
carried out to determine the cause of the deteriora- 
tion in mechanical properties of castings in certain 
high-strength aluminium alloys, when high melting 
and pouring temperatures were utilised, and to 
explain the very adverse effects of a large grain size 
in these alloys. By varying the superheating 
temperature before casting, test bars having different 
grain sizes had been produced from metal cast at the 
same temperature, thus making it possible to distin- 
guish between the effects of grain size and other 
factors depending upon the casting temperature. In 
this manner, coarse and fine-grained test bars in alu- 





minium-4-5 per cent. copper alloy (D.T.D. No. 304) 
had been poured at each of several selected cating 
temperatures in the range 680 deg. to 900 deg. ¢, 
Some results had also been obtained using alumin. 
ium-10 per cent. magnesium alloy (D.T.D. No. 300), 
The tensile properties of these alloys were found to 
increase markedly with decrease in grain size, 
owing primarily to changes in the form of the inter. 
granular shrinkage cavities. The effect was greatest 
in the heat-treated alloys which contained only smal] 
amounts of brittle intergranular constituents. The 
adverse effects of high melting temperatures were 
due to the resultant increase in grain size. (Grain 
coarsening of the aluminium-4-5 per cent. copper 
alloy could be minimised by adding to the inelt 
a suitably-prepared aluminium-titanium-carbon 
alloy or by adding boron to the melt. Of these 
remedies the first was preferable, because the 
presence of boron promoted gas absorption in the 
mould and the resulting decrease in the soundness 
of the casting partly offset the beneficial effect of 
grain refinement. 

Dr. V. Kondic, who opened the discussion, stated 
that the important result discussed was that the 
degree of undercooling—everything else remaining 
the same—increased with the percentage of solute 
in the alloy. Mr. C. S. Campbell, who spoke next, 
said that the identification of titanium carbide and 
tantalum particles by Mr. Cibula was very inter- 
esting, but it would have been even more interesting 
if the work had been extended to tungsten and 
molybdenum. The next speaker, Mr. A. W. Brace, 
said that the outcome of the researches had indi- 
cated that the grain-refining effect of the added 
element was primarily due to the carbides of the 
alloys involved. It had been shown, however, that 
the passage of gas or turbulence of any kind could 
precipitate these nuclei and therefore prevent them 
from having any effective role. In commercial 
work it was frequently necessary to treat the metal 
in some way to remove excess dissolved gas, and the 
method commonly employed involved the passage 
of either chlorine gas or the use of nitrogen with a 
flux cover. There was thus a strong possibility 
that degassing would remove the effectiveness of 
the grain refinement, and it might be asked whether 
it was possible to arrange to add the grain-refining 
element after the removal of gas. 

Mr. N. D. G. Mountford said that the vibration of a 
melt had a distinct grain-refining effect. The next 
speaker, Dr. C. E. Ransley, asked the authors 
whether they had any theory to advance as to 
where their carbide particles came from. There 
was no doubt that titanium carbide was soluble at 
high temperatures ; the point was, where did the 
nuclei nucleate ? The last speaker, Mr. R. Chad- 
wick, said that a little work had been done using low- 
frequency induced vibrations in continuous casting 
and, under these conditions, it had been found that 
coarsening, and not refining, of the grain was pro- 
duced. The work had not been continued because 
the desired effect had not been obtained. In the 
course of his reply, Mr. Cibula said that various 
people had referred to the use of vibrations in 
casting operations, and it appeared that these 
might be dangerous to use. In answer to Dr. 
Ransley’s point, the evidence suggested that the 
nuclei formed in the melt on account of the stirring 
of the super-saturated carbide solution or as a 
result of a similar cause. Mrs. M. D. Eborall also 
briefly replied, after which the President adjourned 
the meeting until 10 a.m. on the following day. 

When the members reassembled at the Institu- 
tion of Mechanical Engineers, London, on the 
morning of Thursday, March 30, for the second day 
of the annual general meeting of the Institute of 
Metals, the President, Mr. H. S. Tasker, again 
occupied the chair. 


Tur Hot Workine or Lieut ALLoys. 


The whole day was devoted to a general discussion 
of eight papers contained in a “‘ Symposium on 
Metallurgical Aspects of the Hot-Working of Non- 
Ferrous Metals and Alloys.” The four papers con- 
sidered at the morning session were concerned with 
light alloys while the four contributions discussed 
at the afternoon session dealt with copper, lead and 
zinc alloys. The papers, which were all taken as 
read, are outlined briefly below. 



































Varley, M.B.E., was a contribution from the British 
Aluminium Company, Limited, on “The Hot 
Rolling of Aluminium and its Alloys.” In addition 
to giving a general description of hot rolling, the 
authors dealt with the preheating of the rolling 
slab and stated that the general tendency was to 
adopt furnaces having outputs in the region of from 
5 to 10 tons per hour. . There was increasing pressure 
on the furnace designer to improve outputs still 
further without sacrificing close temperature control. 
The furnace could be designed for either batch or 
continuous operation, and town gas, producer gas, 
oil, and electric-resistor heating were all success- 
fully used. In discussing the mode of deformation 
in hot rolling it was suggested that the metal 
behaved as a very viscous fluid, and that while 
there was no roll-face slip there was considerable 
relative movement of the various layers of the 
metal. 

The second paper, by Mr. Christopher Smith, of 
James Booth and Company, Limited, Birmingham, 
dealt with the “ Extrusion of Aluminium Alloys.” 
In this, the author stated that the process in 
universal use for the extrusion of aluminium alloys 
was that known as the direct process. In most 
hot-working processes the material being worked 
was subjected to fairly uniform deformation, and 
it was possible, within limits, to produce a finished 
or semi-finished product of reasonably uniform 
structure. The actual temperatures and speeds of 
extrusion most commonly used in practice could be 
defined only in general terms. Thus in an ordinary 
extrusion press, at a temperature of 440 deg. C., 
B.S. No. 6L1 alloy could be extruded at speeds 
around 6 to 8 ft. per minute. In an experimental 
press, extruding by a technique involving impact 
extrusion, speeds of up to 700 ft. per minute could 
be achieved without any indication of surface crack- 
ing and with the production of excellent rod sur- 
faces. It would be appreciated, however, that this 
latter work could only be carried out on a very 
small scale. Alloys of the Mg,Si type could be 
extruded at temperatures of 480 to 500 deg. C., at 
speeds of 30 ft. per minute or higher. Greater 
difficulty was experienced with the very strong 
alloys of the aluminium-zinc-magnesium type. 
These were normally extruded at about 420 deg. C. 
at speeds of about 3 to 4 ft. per minute. 

The third paper, by Mr. F. E. Stokeld, of the 
Deritend Stamping Company, Limited, Birming- 
ham, concerned “‘ The Hot Forging and Hot Stamp- 
ing of Aluminium and its Alloys.” The author 
stated that the difficulties associated with the 
accurate estimation of the values of strength and 
ductility ruling at particular locations in forgings 
of aluminium alloys were well known, but the air- 
craft industry, especially, required assurances of 
minimum values at various points in important 
forgings. A number of factors had a bearing upon 
this, namely, the type of alloy used, the forging 
stock and its size and method of manufacture, the 
methods and temperatures employed during the 
forging and subsequent heat-treatment operations, 
and the final shape and flow lines produced in the 
various parts of the forging itself. 

Current practice in the rolling, extrusion, and 
forging of magnesium-base alloys in the United 
Kingdom was described in the fourth paper, which 
was by Mr. R. G. Wilkinson, of Magnesium Elektron 
Limited, and Dr. F. A. Fox, and was entitled “‘ The 
Hot Working of Magnesium and its Alloys.” The 
importance of the direct-chill casting process was 
emphasised and it was stated that stock so produced 
in the new zirconium-containing high-strength alloys 
could be hot-worked over a wide temperature range, 
the use of initial temperatures as high as 500 to 
520 deg. C. permitting heavy reductions to be 
effected without failure.. Development operations 
had shown that modern magnesium-basre alloys could 
be hot-worked under drastic conditions similar to 
those which were applied to mild steel. 

The discussion on the above four papers covering 
the light metals was introduced by Dr. C. J. 
Smithells, who had been appointed rapporteur. He 


said that the factor to which all the authors had 
drawn attention was the necessity for having a 
satisfactory cast structure, free from porosity and 
internal stresses and with a suitable grain size, as 
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a starting point for all hot-working operations. The 
very rapid rate of chilling obtained with continuous 
casting produced higher internal stresses and 
resulted in the metal being further removed from 
constitutional equilibrium, so that eutectics might 
be present. This would not occur with chill 
casting. These views appeared to be shared by 
the authors of all four papers. The main difficulties 
in hot-rolling aluminium and its alloys, to which 
attention had been drawn, were crocodiling, edge 
cracking, and, in the case of clad Duralumin, the 
difficulties associated with the application of a 
uniform thickness of “ cladding ’’ on both sides of a 
sheet. The temperature of hot rolling had a pro- 
nounced effect on the grain size obtained after 
annealing and also on the rate of response to anneal- 
ing. Commercially-pure metal, rolled above 
500 deg. C., was much more sluggish than metal 
rolled at lower temperature. 

The control of grain size in extruded products 
was Obviously a most important question. The 
presence of insoluble elements generally restrained 
grain growth and Mr. Smith had indicated the 
efiect of additions of manganese and chromium in 
suppressing grain growth in Duralumin and 
aluminium-zine-magnesium alloys. The danger of 
the development of large grain in heat-treated 
forgings made from extruded stock had also been 
referred to. This could be overcome by giving 
sufficient work in forging, but when this was not 
possible, material which had already recrystallised 
during the extrusion process should be chosen. The 
fact that most forgings were made from stock 
extruded from semi-continuously cast billets pro- 
vided a link between Mr. Stokeld’s paper and that 
of Mr. Smith, and the necessity for avoiding coarse 
grain in extruded stock was emphasised. In a 
discussion of the mechanical properties to be 
expected from forgings, Mr. Stokeld drew particular 
attention to the fact that the proof-stress and 
ultimate-stress values obtained did not difier much 
from those of the original stock. The property 
most difficult to achieve was elongation. 

The paper by Wilkinson and Fox showed what 
enormous progress had been made in the past ten 
years in the hot-working of magnesium alloys. 
The authors considered these developments to be due 
to three major factors. The first was the provision 
of much better cast stock, largely as the result of the 
introduction, of semi-continuous casting. The second 
factor was the availability of much more suitable 
plant. The high speeds and reductions, now 
possible in hot rolling, resulted from working at tem- 
peratures not far from the incipient fusion ranges, 
and were possible only with electric furnaces giving 
close temperature control and with powerful rolling 
mills capable of giving heavy reductions. The 
third, and perhaps most important, factor was the 
development of alloys containing zirconium, which 
combined fine grain size with high solidus tempera- 
ture, permitting heavy deformations at tempera- 
tures of up to 520 deg. C. The improved mechanical 
properties of these materials had stimulated research 
on magnesium alloys. 

Mr. R. Chadwick, who opened the discussion, said 
that it was clear that small amounts of elements 
such as iron, silicon and manganese exerted a 
disproportionately large effect upon recrystallisation. 
Mr, Smith had stressed the importance of manganese 
in controlling the incidence of coarse peripheral 
grain growth in extruded Duralumin-type alloys, 
and it was clear that the elimination of the range 
of low critical reductions, in which very large 
grain growth resulted after small reductions, was 
the important factor. Mr. Stokeld’s observations 
showed the importance of maintaining the tempera- 
ture during forging and thus preserving the extruded 
structure unchanged. In fact, the hot-forging 
operation could be said to be a continuation of the 
extrusion process. 

Mr. J. C. Swan said that, in hot rolling, his firm’s 
practice was to use a maximum slab thickness of 
5} in., and they had never had trouble with croco- 
diling on pure aluminium. It appeared that the 
trouble would be encountered if thicker slabs were 
utilised. Their principal problem was edge crack- 
ing, and, with chill-cast slabs, this was due exclu- 
sively to casting at too low a temperature or at too 





slow a speed. Mr. J: siah Jones, who spoke next 





emphasired the need to pay great attention to the 
choice of stock for forgings, and stated that if 
continuously-cast, or, possibly, centrifugally-cast, 
billets were used for forgings this would help to 
meet the present-day needs of the aircraft engineer. 
In answer to this, Mr. F. E. Stokeld said that the 
industry was indeed providing continuously-cast 
material. Either continuously-cast stock or the 
products of continuously-cast stock, namely, 
extruded or rolled material, was. provided for the 
production of forgings. 

Mr. Christopher Smith said that, in introducing 
the papers, Dr. Smithells had stated that he had 
found it difficult to find many common factors 
which ran through all the contributions. He (Mr. 
Smith) could see one, namely, the effect of friction. 
This occurred both in extrusion and in forging 
operations. Friction was important in metallurgy 
and perhaps insufficient attention had been paid to 
it. A subsequent speaker, Professor A. J. Murphy, 
said that it seemed that not enough emphasis had 
been laid on the very great advantages of effective 
grain refinement in ingots, particularly large 
ingots. Sometimes when making a large forging, a 
large enough ingot could not be obtained to give 
the desired percentage reduction of section, and, 
therefore, the product was made by a procedure 
which the manufacturer realised was not. ideal, 
since he had not been able to put so much work 
into the piece as he would have liked. In the paper 
by Wilkinson and Fox, passing reference was made 
to the magnesium-lithium alloys. With 10 per 
cent., or more, of lithium present, a body-centred 
cubic lattice was obtained which entirely changed 
the mode of deformation and the methods of working 
which could be used on magnesium alloys. Until 
now, the history of magnesium alloys had been 
one of retardation through the difficulties arising 
from the hexagonal, closely-packed, lattice which 
had had great economic consequences. It appeared 
that if the economic difficulties arising from the 
price of lithium could be overcome, the magnesium- 
lithium alloys would yield a material which could 
be shaped by methods and at speeds of working 
hitherto only applicable to aluminium among the 
light alloys. 

Dr. W. M. Doyle said that, when forgings and 
stampings forimportant applications were involved, 
a discussion between the client and the manufac- 
turer, regarding guaranteed mechanical properties 
in certain directions, took place. In the past his 
firm (Messrs. High Duty Alloys, Limited) had been 
very successful in furnishing these properties and 
great quantities of forgings and stampings in the 
high-strength aluminium alloys were being made. 
He felt that, in the paper by Wilkinson and Fox, 
some tribute might have been paid to the develop- 
ment of a technique by his firm for the manufacture 
of very large airscrew blades to specification D.T.D. 
No. 322. This alloy had been developed before 
1939 and during the first two and a half years of 
the war many thousands of these large airscrew 
blades had been made in a magnesium alloy equiva- 
lent to A.Z. 855. An impression gained from the 
paper was that zirconium was a panacea for all the 
difficulties associated with the forging of large- 
magnesium-alloy ingots. The large forgings he had 
mentioned, however, had been made, not from ex- 
truded stock, but from cast stock. 

Mr. N. I. Bond-Williams said that Mr. Smith. 
had described in some detail the type of die which. 
he used for extrusion and he had illustrated this as 
having a sharp edge. He stated in his paper that. 
it would be observed that the edge of the die orifice, 
in contact with the billet, was relatively sharp,. 
deformation of the alloys being efiected by shear. 
The question he wished to put was why the sharp. 
edge was needed. His experience—not, however, 
with aluminium—was that, after the die had been: 
used once or twice, it was very difficult to maintain. 
a sharp edge at the orifice. Moreover, in practice, 
it was found that the extrusion of materials other 
than aluminium became easier as the sharp edge 
was worn away. In reply to this, Mr. Smith said 
that the answer regarding the shape of the die was 
certainly bound up with the material which was 
passing through the die. Different materials re- 
quired different die shapes. The next spsaker, Mr. 
R. E. Berry, also referred to die shapes and stated . 
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that Mr. Smith had shown one die having a slight 
taper over the bearing length and another more 
complicated die in which the taper had been 
omitted. This design of dies was also referred to by 
Dr. J. W. Jenkin, who stated that in the extrusion 
of steel the die shape was unlike that hitherto 
mentioned. Mr. Smith had rightly pointed out 
that the type of material being worked had a pro- 
found effect on die design. 

At this point, the President adjourned the meeting 
until 2.30 p.m. 

(To be continued.) 





WATER TURBINES.—Messrs. Gilbert Gilkes and 
Gordon, Limited, Kendal, Westmorland, have prepared 
a small book, “ On the Development of Water Power,” 
which gives, in language that is not too technical, some 
advice on the choice of suitable water turbines, descrip- 
tions of various types and of associated equipment such 
as governors, as well as a catalogue of the turbines they 
build, and other information of general interest. It is 
almost a text-book, albeit elementary, of the subject, 
and is well illustrated. A series of “selection ” curves 
enables a provisional selection to be made, when the output 
in brake horse-power and the working head in feet are 
known, as between Pelton wheels, Turgo impulse wheels, 
cased reaction turbines, and open-type reaction turbines. 

THE INDUSTRIES OF TEES-SIDE.—The Tees-side 
Industrial Development Board and the Tees-side Chamber 
of Commerce have issued a brochure, entitled Tees-side 
Enterprise, reviewing the various branches of manufac- 
ture carried on in the district and presenting a survey 
of the development of the area during the past 150 years. 
The industrial history of Tees-side began when the river 
became a centre for coal shipment from the Durham 
coalfield. This traffic led to the inception of the Stockton 
and Darlington Railway and, one trade helping another, 
to the establishment of ironworks and, eventually, of 
steel-making. At the present time, some 22 per cent. 
of British ingot steel-making, and 30 per cent. of the 


country’s blast-furnace capacity, is to be found on the are normally cast in the concrete unit, but may be 
Rather more than 30 years ago, the | accommodated in pockets formed to receive them. 
chemical industry was established at Billingham, now/ The jack is actuated by a hand-operated pump, the 
the largest chemical works in the British Commonwealth, | 
| in Fig. 4 to the anchor plate. The load applied in this 


North-East Coast. 


and in process of further extension. 





Shipbuilding, 
various branches of engineering, and now various light | 
industries contribute to the industrial production of the | 
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SYSTEM OF PRESTRESSED 


THE LEE-McCALL SYSTEM OF 
PRESTRESSED CONCRETE. 


As is well known, the prestressing of concrete in | 
compression results in a greatly increased resistance to | 
bending, and an even greater increase in resistance to | 
shear. These advantages are accompanied by a saving 
in the weight of steel employed and in the dead- 
weight, owing to the greater unit strength. Longer 
spans and more massive constructions, which would 
otherwise be impossible, can, therefore, be employed. 
On the other hand, it is essential that very carefully 
graded concrete with an extra low water-cement ratio 
and fully compacted by vibration, should be used. 

Hitherto the cold-drawn wire employed for pre- 
stressing has been of high-carbon steel with a diameter 
of from ; in. to } in., because with the shrinkage of 
the concrete after prestressing, and also the creep, 
high working stresses in the steel are necessary to allow 
this loss to be taken and still leave a good part of the 
— The creep of the concrete, however, may | 

exceeded by the creep of the wire itself, and there is 
also usually some slip in the end-gripping devices. 
Both these factors may, therefore, cause a further 
appreciable loss of prestress, particularly in short 
members. These disadvantages, it is claimed, are 
overcome in the system of prestressing which has 
been devised by Mr. Donovan Lee, 66, Victoria-street, 
London, 8.W.1, in conjunction with Messrs. McCall 
and Company (Sheffield), Limited, Templeborough, 
Sheffield. The essential feature of this system is the 
employment of } in. to 1 in. diameter bars of a new 
alloy steel, with an ultimate tensile strength of 70 tons 
per square inch, and an equivalent yield stress of over 
58 tons per square inch. As shown in Fig. 3, opposite, 
and in more detail in Fig. 4, the ends of the bars are 
formed with fine screw threads which carry anchor 
nuts a. These nuts, when fully tightened, develop 
practically the ultimate strength of the bar. As will 
also be seen from Fig. 3, the thread extends beyond 
the nut and to this extension the stressing jack b is 
connected through the adaptor and cotter shown at c 
and d, respectively, in Fig. 4. The end anchor plates e 





thrust being transmitted through the legs shown at f 


way can be read on a pressure gauge and may be 
checked by direct measurement of the bar extension. 


area, and all are adequately presented in the brochure,| When the full stress has been applied, the anchor 


which was compiled by Mr. J. H. Thompson and is| 


published by the Bemrose Publicity Company, Limited, 
Wellington-street, Derby. 


nuts are screwed home and the jack disconnected. Two 
jacks are generally used, as the members must be stressed 


| symmetrically to avoid internal curving. 


CONCRETE. 


50-Fr. PrestresseD CoNCRETE BEAM UnpDER TEST. 


The steel is not liable to measurable creep at the 
normal working stress and no allowance for loss of 
prestress from this cause is therefore necessary. More- 
over, as the nut is tightened while the prestress is 
being applied, there is normally no need to make any 
allowance for slip. For this reason, and because both 
the Young’s modulus and the working stress are 
slightly lower than for cold-drawn plaim carbon steel, 
the total loss of prestress is a little less than with the 
usual drawn wire. For instance, an initial prestress 
of 42 tons per square inch will be reduced to 35 tons 
per square inch, or by 16-7 per cent. 

As has been mentioned already, it is necessary for 
the success of the system that a high-quality concrete 
with minimum water content, perfect grading for 
maximum density and thorough compaction by external 
vibration should be used. Steam curing or other 
acceleration of the hardening is also usually desirable so 
as to facilitate the prompt re-use of the moulds. While 
the grouting-in of the bars is recommended to give the 
best performance in event of overloading, the end plates 
and nuts are designed to withstand the full ultimate 
strength of the bars. For long spans the bars may be 
connected end-to-end by threaded couplers, and the 
factor of safety of the whole structure is practically the 
same as that of the bar itself, namely 2-0, after allow- 
ance has been made for initial creep and shrinkage. 

A demonstration of the Lee-McCall system was 
given recently at the Field Test Unit, Barnet, of the 
Ministry of Works, where prestressing has recently 
been investigated as part of the programme which has 
been undertaken to improve efficiency in the building 
industry. During the first part of this demonstration 
a testing machine was used to pre-stress a 24-ft. 
I-beam, which had been designed to carry a live load 
of 3 tons. The bar in the bottom of the flange in this 
beam was { in. in diameter and was subjected to a 
tensile load of 25 tons, while that in the upper flange 
was } in, in diameter and was loaded to 6 tons. Both 
bars were of 70 tons ultimate tensile strength and were 
stressed to a maximum of 42 tons per square inch ; 
as a result, the beam took up a slight upward camber. 
The maximum resulting stress in the concrete was 
about 1 ton per square inch in the lower flange and 
zero in the upper flange. 

A 50-ft. girder was then tested in the testing frame 
shown in Fig. 1, by gradually applying a load up to 
16 tons, or twice the normal working load. The result- 
ing deflection was 0-05 in. with a load of 2 tons and 
1-28 in. with a load of 16 tons, and cracks appeared in 
the bottom flange. The total weight of the beam was 
5 tons and three {-in. diameter bars were employed in 
the lower flange and one bar of the same diameter in 
the upper flange ; the total tension applied to the bars 
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LEE-McCALL SYSTEM OF PRESTRESSED CONCRETE. 








Fie. 2. Hypravric 


was about 90 tons. It should be noted that the beam 
was made up of short precast sections which were 
joined together. 

It is claimed that the Lee-McCall system can be used in 
almost any type of prestressed concrete structure. It is 
particularly suitable for employment on bridges, foun- 
dations and harbour works where the risk of hidden 
corrosion must be avoided. Beams of I-section, 
36-in. deep, can be combined to form bridge spans 
capable of carrying 20-unit railway loading on a 
span of 50 ft. Beams of the same section can be 
used on somewhat longer spans for highway bridges 
designed to the requirements of the Ministry of Trans- 
port. Such bridges can be brought into use immedi- 
ately after assembly, since owing tc the additional trans- 
verse prestress there is no structural need for in-situ 
concrete screed to be used over the prestressed beam. 
Factory-produced hollow precast concrete units, 
such as telegraph poles, can be manufactured for pre- 
stressing on site with a portable jack. Similar prin- 
ciples can be applied to retaining walls for which no 
formwork is required. 





INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—The Council of the Institution of Heating and 
Ventilating Engineers have decided that the Napier Shaw 
Premium for 1951, which has a value of 251., will be 
awarded for the best paper on some aspect of air con- 
ditioning, or on a subject closely allied thereto, submitted 
in an open competition. The closing date for this will be 
December 31, 1950. Copies of the conditions governing 
the award may be obtained on application to the secre- 
tary of the Institution, 75, Eaton-place, London, 8.W.1. 





CARRIAGE OF RADIOACTIVE ISOTOPES IN AIRCRAFT.— 
A notice (No. 465) issued by the Ministry of Civil Aviation 
gives information on the carriage of radioactive isotopes 
in aircraft. The rate of radiation from airborne consign- 
ments of radioactive isotopes must not exceed 100 
milliroentgens per hour; and consignments with the 
maximum permitted radiation have to be labelled “ To 
be kept 3 ft. from persons and livestock and 9 ft. from 
undeveloped photographic film.’”’ No danger to health, 
however, will be caused by an isolated exposure to the 
material for an hour or two, such as might occur, for 
instance, in the event of a forced landing. Radioactive 
isotopes have no harmful effects on the aircraft and its 
equipment, nor is the risk of fire affected. To avoid the 
need for a heavy lead shield for the isotope containers, 
certain aircraft of South African Airways, flying between 
London Airport and South Africa, have been provided 
with a felt-lined compartment in one of the wing tips, 
with a hinged lid. The isotopes will be carried in these 
compartments in a metal cylinder, 4 in. long by 14 in. in 
diameter, strong enough to survive accidents. The 
cylinder is installed and removed by means of a 3-ft. 
rod with a hook which engages a ring on the screwed 
cap of the cylinder. Refuelling which is completed 
within a short period can be carried out without any 
radiation danger to personnel ; in any case, a distance of 
not less than 10 ft. is sufficient to give adequate protec- 
tion. In a forced landing, a member of the crew would 


remove the container, 














PRESTRESSING JACKS. 


FACSIMILE COMMUNICATION 
EQUIPMENT. 


Aw exhibition of some of their existing and newly 
developed photo-telegraphic and facsimile-transmit- 
ting equipment was held by Messrs. Muirhead and 
Company, Limited, Beckenham, Kent, at the Con- 
naught Rooms, Great Queen-street, London, W.C.2, 
on Monday, April 17. This equipment, which has 
been designed primarily for the Prers, enables photo- 
graphs, cartoons, and tabular matter, such as market 
prices and sports results, to be quickly transmitted 
and reproduced over the normal Post Office telephone 
lines. Various forms of transmitting and receiving 
apparatus were demonstrated; they have been de- 
signed in accordance with the recommendations of the 
Comité Consultatif International Télégraphique, and 
can operate with similar photo-telegraphic services 
already in use. 

In one of the existing transmission systems, the 
picture to be transmitted is wrapped round a drum, 
which rotates in exact synchronism and phase with a 
similar drum at the receiving end. At the transmitter, 
light from a lamp is focused on to a small area of the 
picture and is then reflected through an optical system 
on to a photo-electric cell. The drum also moves slowly 
along its axis, thus causing the illuminated area to 
scan the picture in a helix of very fine pitch. Variations 
in the light reflected from the picture produce corre- 
sponding variations in cell current which, after ampli- 
fication, is transmitted over the telephone line to the 
receiver, where it deflects a current-sensitive device 
carrying a mirror; this sweeps a beam of light across 
a shaped aperture and through a focusing system so 
as to expose photographic paper or film on the receiv- 
ing drum in accordance with the current received. 

The newly developed equipment includes the Mufax 
receiver, which is stated to be the first commercial 
British system of picture transmission to employ an elec- 
tro-sensitive recording medium, and it enables pictures or 
tabular matter to be received which are instantly 
visible and ready for use. The receivers may be 
worked with existing transmitters conforming to 
C.C.I.T. standards, and each builds up a picture or 
other transmitted matter by a series of parallel lines 
produced by current flowing through a roll of electro- 
sensitive paper, which between a knife-edge 
and a rotating helix. The paper is marked with fine 
lines having tonal densities varying with the current 
due to the transmitted signal. A single transmitter 
may be used simultaneously with one or more re- 
celvers. 

Monitoring equipment as well as apparatus of a port- 
able nature was also demonstrated, models being shown 
to suit different sizes of picture or “ frame.” ‘Some of 


| the smaller and simpler transmitting and receiving sets 


are particularly suitable for branch office or private- 
wire working or where the principal requirements are 
speed and legibility rather than tonal values. With 
such telegraphic equipment, original sketches or 


| messages, which may be typed or hand-written, can be 


placed round the drum of the transmitter and sent 
over a normal telephone line to the receiving office, 





where an exact replica is reproduced. 
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THE rapid developments made in building science 
since the end of the war will be considered at a congress 
to be held in London from September 11 to 20, 1951. 
The congress is sponsored by the British professional 
institutions and learned societies interested in building 
science, and by Government departments, with the 
support of representative industrial federations in 
Great Britain. The Department of Scientific and 
Industrial Research is providing the central organisa- 
tion for the conference. Papers on a wide range of 
topics are being invited from research workers in many 
countries and arrangements are being made to welcome 
a large number of visitors from overseas. The purpose 
of the congress will be to review the p made in 
research relating to architecture, building, and the 
associated branches of civil engineering. 

The papers to be presented will deal with such 
—— as the effect o: Lampe 74 and winter conditions 
on the heating and cooling of buildi ;_ the lighti 
of buildings ; problems connected with special pec | 
buildings, particularly schools, hospitals and factories ; 
the acoustics of auditoria and broadcasting studios ; 
the mechanisation of building operations ; prefabrica- 
tion ; steelwork design ; concrete design ; soil mech- 
anics and the design of foundations ;. the weathering 
and durability of building materials in temperate and 
extreme climates ; lightweight concrete; the quality 
control and accelerated curing of concrete ; develop- 
ments in the manufacture and structural use of burnt- 
clay products ; stone for housing; and developments 
in quarry mechanisation. The congress will be 
organised in three divisions which will hold concurrent 
meetings. Visits to buildings of interest and to civil- 
engineering and other works will be arranged during 
the period of the congress. Announcements of detailed 
arrangements will be made in due course, but meanwhile, 
persons interested should notify, as soon as possible, 
the organising secretary, Building Research Congress, 
Building Research Station, Bucknalls-lane, Garston, 
Watford, Hertfordshire. 





ELECTRICITY SUPPLY IN SCOTLAND.—The Secretary 
of State for Scotland (the Rt. Hon. H. McNeil, M.P.) 
has confirmed Constructional Scheme No. 17 of the North 
of Scotland Hydro-Electric Board. This covers the 
erection of an overhead transmission line from a trans- 
forming station at Errochty, near Tummel Bridge, in 
Perthshire, to a transforming station at Inveruglas 
on the west side of Loch Lomond. The line will form a 
connecting link for the power supplies in the east and 
west of Scotland. 





FosTeER, YATES AND THOM, LimITED.—The firm of 
Foster, Yates and Thom, Limited, Blackburn, was 
founded by William Yates, a blacksmith, who extended 
his business to include lathe work and the construction 
of steam engines. In 1826, he built a new engineering 
shop at Blackburn, which he named the Canal Foundry, 
and it is from that date that the history of the firm is 
reckoned in a brochure recently issued. William Thom 
was an employee who eventually became a partner. The 
“« Foster ”’ indicates Joseph Foster and Sons, of Preston, 
with whom Yates and Thom amalgamated in 1928. 
First millwrights, and then makers of steam engines and 
boilers, the firm have now widened their field to cover 
hydraulic presses, chemical plant and a variety of special 
branches of heavy precision engineering. 
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ELECTRICITY SUPPLY IN AUSTRIA. 


Somz nine years ago,* we published an article 
giving details of the plans that had been made 
to develop the water power of Austria, and thus to 
increase the annual electrical output from this source 
from 2,200 million to between 10,000 and 25,000 million 
kWh. The largest of these schemes envisaged the 
development of the Rivers Danube and Enns. This 
included the erection of a station at Persenbeug in 
Lower Austria on the former river (the position of 
which is shown in the accompanying map) with an 
estimated annual output of 800 million kWh; and of 
a number of stations near Ternberg on the Enns, with 
an a te annual output of 1,800 million kWh. 
In other parts of Austria consideration was being given 
to the development of sites with an estimated annual 
output of 1,500 million kWh per annum, the most 
important of which were those at Schwabeck and 
Lavamiind on the River Drau, at Arnstein on the 
Teigitisch, and at Laufnitzdorf and Pernegg on the 
Mur. In addition, a thermal station was to be erected 
at Voitsberg. Another important source of potential 
power was the River Ill in the Vorarlberg, where before 
the war a station was in operation at Vermunt, and 
others were under erection at Obervermunt and 
Rodund. Plans had also been prepared for the con- 
struction of stations at Loriins and Liinersee in the 
same area, from which an aggregate annual output of 
540 million kWh was to be obtained. 

Further, under consideration was the utilisation of 
the River Salzach and its tributaries, which rise in 
the Hohe Tauern mountains on the borders of the 
provinces of Salzburg and Carinthia and flow down 
the Kaprun and Gastein valleys. This project, which 
after long delays is now in partial operation, has 
involved the construction of reservoirs on the Wasser- 
fallboden in the Kaprunertal and the erection of a 
station near the junction of the Rivers Salzach and 
Kaprun, a few miles west of Bruck im Pinzgau. This 
station will eventually have an annual output of 
180 million kWh. 

As regards progress with these various schemes, 
construction of the Persenbeug station was stopped 
during the war and will not be restarted until the 
question of ‘‘ German” property in Austria has been 
settled. Of the chain of power stations on the River 
Enns, near Ternberg, four at Staning, Mihlrading, 
Ternberg and Grossraming, with an aggregate installed 
capacity of 140 MW and an estimated annual output 
of 700 million kWh are under construction. The rst 
three, in fact, are in partial operation and that at 
Grossraming will be started with one 27-MW set by 
the middle of this year. It is proposed to erect further 
stations on this river at Rosenau, Losenstein, and 
St. Pantaleon, so bringing the aggregate installed 
capacity up to 245 MW and the annual output to 
1,265 million kWh. 

The stations on the Drau at Schwabeck and Lava- 





* “The Water Power Resources of Austria”’, by C. H. 
Noton; ENGINEERING, vol. 151, page 502 (1941). 
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miind have an aggregate installed capacity of 82 MW 
and an annual output of 480 million kWh. They 
began production in 1943 and 1944, respectively, and 
have been of great assistance in restoring Austria’s 
electricity resources. The neighbouring stations at 
Unterdrauberg and Marburg are now in Yugoslav 
territory. The stations at Pernegg and Laufnitzdorf on 
the Mur have an installed capacity of 34-5 MW and an 
annual output of 165 million kWh, while that at 
Arnstein on the Teigitisch has a capacity of 30 MW 
and an annual output of 51 million kWh. These 





stations have been in operation since the ’twenties. 


On the River Ill in the Vorarlberg the stations at 
Obervermunt, Vermunt and Rodund, which have an 
aggregate capacity of 280 MW and an annual output 
of 600 million kWh, are working. The small station at 
Latschau, with a capacity of 9 MW and an output of 
18 million kWh is nearing completion. At the pumped 
storage plant at Liinersee, with a capacity of 160 MW 
and an output of 156 million kWh, and the run-of-river 
station at Loriins, with a capacity of 32 MW and an 


|output of 138 million kWh construction is about to 


begin. The Kops reservoir is also under construction 
and will have a capacity of more than 100 million kWh. 
The thermal station at Voitsberg, which is erected on 


| the lignite fields from which it draws its fuel, was com- 


pleted in 1940 and has an installed capacity of 35 MW. 

The main stage of the big storage plant at Kaprun, 
with a capacity of 200 MW and an annual output of 
220 million kWh, will be finished by the autumn of 
1951. Two 90-MW sets are already in operation and 
the Limberg dam has been built to its full height of 
120 m. It will eventually oo pegs 80 million cub. m. 
The diversion of the River M6ll to the Limberg reservoir 
is in progress and will add another 240 million kWh 
to the output of the main Kaprun scheme. 

At present, therefore, about 1,250 MW of hydro- 
electric plant, with an annual output of 5,000 million 
kWh, is available in Austria, as well as 520 MW of 
thermal plant which is mainly utilised in the winter 
months. Furthermore, hydro-electric stations with a 
capacity of 650 MW and an annual output of 3,000 
million kWh are under construction, as well as thermal 
stations with an aggregate projected capacity of 70 MW. 
The schemes on which construction is ready to com- 
mence have a capacity of about 450 MW and an 
output of 1,600 million kWh. 

In addition, plans have been prepared for the con- 
struction of a number of other stations. The output 
of these would far exceed the country’s requirements, 
but they could be used to alleviate the European power 
shortage. They include the erection of plants with an 

gate capacity of 880 MW and an annual output 
of 2,300 million kWh on the Bregenzer Ach and of a 
further 425 MW, with an output of 1,400 million kWh, 
on the Ill ; of 400 MW, with an annual output of 1,600 
million kWh, on the Upper Inn ; of 1,100 MW, with an 
annual output of 2,200 million kWh on the Oetz ; and 
of 430 MW, with an annual output of 1,200 million 
kWh, on the Isel. All these developments are in the 
Tyrol or Vorarlberg, close to the Swiss, German and 
Italian frontiers, and 55 per cent. of their annual 
output would be available during the winter months. 
Finally, a plan for general development of the Austrian 
part of the Danube provides for power stations with 
a total capacity of 1,450 MW and an annual output 
of 10,000 million kWh, in addition to the Persenbeug 

lant. 

. As will be gathered from the accompanying map, 
which not only indicates the sites of the stations 
mentioned, but of the transmission lines connecting 
them, the most important of these schemes are in the 
western part of the country, the total length of which 
is about 360 miles, while the centres of utilisation, the 
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CATHODE-RAY TUBES FOR TELEVISION. 


MULLARD ELECTRONIC PRODUCTS, LIMITED, LONDON. 








Fig. 2. 


most important of which is Vienna, lie close to the 
eastern frontier. The erection of long overhead lines 
operating at a very high voltage has therefore been 
essential not only to enable electricity to be transmitted 
from west to east, but to provide an inter-connected 
system so that the run-of-river, storage and thermal 
stations (the latter being necessary owing to variation 
in water flow at different seasons of the year) can be 
operated most economically. 

The layout of the western section of the ‘busbar, 
which has been erected for this purpose and which 
was placed in service on December 15, 1949, is shown 
on the map. As will be seen it at present connects 
Kaprun and Vienna with an intermediate substation 
at Ernsthofen, whence a spur runs to Ludersheim in 
Bavaria. This line has been designed for ‘operation 
at 220 kV, but for the present this voltage will only 
be used between Kaprun and Ernsthofen, 110 kV 
being employed thence to Vienna. In addition, a 
220-kV line connects the Rhineland system to Biirs 
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in the Vorarlberg, whence there is a connection at 
110 kV to Kaprun. A number of other 110-kV lines 
are in use, the routes of which are shown on the map. 
It should be added that the 220-kV line, when com- 
pleted, will enable surplus power to be exported over 
relatively short lines to neighbouring countries and 
thus assist in contributing to the solution of the Euro- 
pean power problem, of which mention has already 
been made. 

As regards construction, the eastern half of the 
220-kV line, from Ernsthofen to Vienna, consists of 
lattice steel masts mounted on concrete foundations in 
accordance with standard practice. On the western 
half of the line, between Kaprun and Ernsthofen, the 
system of the Societa Anonima Ellettrificazione, Milan, 
has been used. In this, high-quality steel tubes are 
employed instead of angle irons as diagonals on the 
towers. At crossing points these tubes are flattened 
out and small triangular plates are welded to them 
so that two tubes can be easily and quickly con- 


nected without either bolts or rivets being used. 
The suspension towers are mounted on steel girders 
instead of on concrete. This construction enables 
the weight of the normal 126-ft. suspension tower 
to be reduced from 8-7 tons to 5-3 tons, and on 
some sections enables the span to be increased from 
1,000 ft. to 1,500 ft. The increase is particularly 
valuable, as much of the country traversed is moun- 
tainous. Transport and erection were also facilitated, 
so that it was possible to complete about 125 miles 
of line in less than 11 months. The longest span in 
the western section is 3,300 ft. crossing the valley of 
Wagram, while the longest in the eastern section is 
1,300 ft. at the Danube crossing. 

These towers, a view of one of which is given in 
Fig. 2, opposite, will eventually carry two three-phase 
circuits consisting of steel-cored aluminium conductors 
with a cross-section of 0-7 sq. in., but, as will be seen, 
only one circuit has at present been erected. 





GLASS-WORKING MACHINES FOR 
TELEVISION CATHODE-RAY TUBES. 


THE electronic tubes on which television pictures are 
received and displayed consist of a glass head, shaped 
like a flask, with a nearly flat bottom and a long tubular 
neck. The head and neck are manufactured separately 
and are subsequently fused together in a conventional 
glass-parts joining lathe, the output of which is not 
usually more than about 30 tubes per day. Although a 
number cf lathes are in continuous use by Messrs. Mul- 
lard Electronic Products, Limited, Century House, 
Shaftesbury-avenue, London, W.C.2, for making these 
tubes, the firm has found it increasingly difficult to 
maintain an output sufficient to meet the demand. It 
has also been difficult to obtain the highly-skilled glass 
workers to operate the lathes. A fully automatic 
machine has therefore been developed and installed in 
the main valve factory of the company st Mitcham, 
Surrey, the output of which is 60 tubes per hour, or 
nearly 1,300 in a three-shift day. —_ — 
for ing, cutting, glazing and flanging the necks o 
the Seles sep to joining have also been installed, and 
a fully automatic annealing tunnel or lehr and handling 
equipment enable the manufacturing operations to 
be carried out on a mass production basis at high 


The new plant consists of a neck gauging and 
glazing machine, a seven-head automatic neck- flanging 
machine, the main twelve-head automatic glass-parts 
joining machine, an illustration of which appears in 
Fig. 1, on this , and an automatically controlled 
annealing tunnel. The glass necks of the tubes are 
marked off to gauged length on the first of these 
machines, the appearance of which will be clear from 
Fig. 3, on 444, and one end is glazed to prevent 
cracks Secs eis and to facilitate the subsequent 
joining operation. This machine is controlled by a 
single operator, who first inscribes the neck with an 
internally-mounted diamond ; he then places it on an 
inclined platform, where it is picked up by a slowly 
revolving drum. As the drum turns one end of the 
glass neck is passed through a series of flames of 
increasing intensity and the glazing is thus completed 
when one revolution has been made. In the neck- 
ing machine, which is illustrated in Fig. 2, the 
necks are again fed through a series of flames of varying 
intensity by a seven-head pacer gs Sayer the operation 
being controlled by one semi-skilled worker. 





the early stages of this process the inscribed portion of 
the neck automatically falls off and the cut end is 
glazed. In the sixth position a carbon tool is auto- 
matically pushed into the end of the neck so that a 
flange is formed. Finally, the flanged neck is removed 
from the drum after a carefully adjusted “ flaming-off ” 
riod. 

PerThe twelve-head automatic glass-parts joining ma- 
chine, which is the next machine in the line, is a 
development of the conventional equipment which is 
almost universlly employed in electric lamp and 
valve manufacture for such operations as stem-making 
and sealing-in. At present, it is being used for finishing 
9-in. television tubes, but it can be adapted to take 
12-in. tubes, if required. It consists basically of 12 
revolving heads, in which the parts to be joined are 
held, and a series of carefully-adjusted gas jets. It 
differs from previous types, however, in that the heads 
are indexed round by compressed air, the flow of which 
is controlled by valves. The positions of these valves 
are, in turn, controlled by an electric motor with which 
an automatic timing device is associated. In this way 
it has been found possible to ensure extremely accurate 
indexing once a minute, the result being that the cycle 
of operations is completed in 12 minutes. When 
working at full capacity, the machine is therefore 
capable of turning out 60 bulbs an hour. 

In more detail, the sequence of joining operations iu 
as follows: a flanged glass neck is first taken from a box 
and inserted in a chuck which forms of the work- 








head. A bulb head is then taken from a preheating box 
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by a vacuum chuck and clamped in position in the 
work-head. The necks and bulb heads are shown in posi- 
tion in Fig. 1. The work-head is next indexed round 
automatically, the parts to be joined being preheated 
in the first five positions by means of soft, air-gas 
flames. In the sixth position, the heat is increased, 
and in the seventh a flare is formed on the bulb head 
by a carbon roller and the neck flange is brought 
into contact with it by moving up the chuck which 
holds the stem. This operation is effected by the 
upward movement of the rail at the base of the machine 
on which the centre pillar of the chuck rides. After the 
joint has been completed in this way it is ‘‘ flamed ” off 
and the head and neck, which are now joined together, 
pass on to the eighth position, where they are annealed. 
This operation is carried out by one worker, who is 
known as the main seal operator. 

In the ninth position the anode seal button is inserted 
in the flare of the 1 bulb by a second operator, as shown 
in Fig. 4, on page 444, and in the tenth and eleventh 
positions the bulb is finally “‘ flamed off.” In the 
twelfth position the completed bulb, which can be 
seen in Fig. 5, on page 444, is unloaded. During this 
operation the neck is first released from the chuck and 

clamping ring which holds the head is slipped back. 
The operator then presses a control switch so that 
@ vacuum chuck (which is housed in a box on a gantry 
above the machine and can be seen in Figs. 5 and 6, on 
444) is lowered. When this chuck has made con- 
tact with the centre of the screen of the bulb the 
depression of a second switch causes the chuck to raise 
the bulb into the box, which is then rolled along the 
er to the loading position of the annealing tunnel. 
this position the bulb is lowered into a tray, as shown 
in Fig. 6, on 444. When this tray is full it is 
pushed on to the ccnveyor belt of the annealing tunnel, 
the whole unloading operation taking less than a 
minute, during which the bulb is untouched by hand. 

Careful annealing of the completed bulbs is necessary 
in order to remove any stresses which may be set up 
during the joining process. The operation is therefore 
effected in a long tunnel, which is heated by carefully- 
controlled jets so as to give a suitable graduation of 
temperature throughout its length. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of ineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Plug Valves for Petroleum Industry—aA further 
specification in the series which is being prepared for 
the petroleum industry has now been issued. This, 
B.S. No. 1570, covers flanged steel plug valves. In 
view of the internationa! character of the petroleum 
industry, the specification is based on the American 
Petroleum Institute specification, No. 600B-42, thus 
ensuring interchangeability between American and 
British equipment. The new publication contains full 
details regarding the design and manufacture of plug 
valves and incorporates, as well, tables giving dimen- 
sional data and pressure-temperature ratings for 
classes 150, 300, 400, 600, 900, 1,500 and 2,500 which 
are covered by the specification. These figures repre- 
sent the primary-service working-pressure ratings of 
the valves in lb. per square inch. Information con- 
cerning the materials to be used is given in appendices 
as are also drawings of typical plug valves and end 
flange facings. [Price 7s. 6d., postage included.] 


Installation and Maintenance of Electrical Equipment. 
—The Council for Codes of Practice for Buildings, 
Construction and Engineering Services, operating under 
the xgis of the Ministry of works, has now issued, in 
final form, British Standard Code of Practice No. 
321.102. This covers the “ Installation and Mainten- 
ance of Electrical Machines, Transformers, Rectifiers, 
Capacitors and Associated Equipment,” operating at 
650 volts, or less, and installed on the consumer’s side 
of the consumer’s terminals. A list of the relevant 
British Standard Specifications is included and informa- 
tion given on the protection of apparatus, circuits and 
conductors against conditions involving risk of fire and 
explosion, and damage from dusty, damp or corrosive 
atmospheres. Methods of protecting motors and motor 
circuits against excess current are discussed and recom- 
mendations are made regarding the problems of start- 
ing current, the grouping of fractional-horse-power 
motors, the protection of power-factor correction 
apparatus, and the efficient control of different types 
of motors. The various considerations which should 
govern the siting and installation of apparatus are set 
out in the section dealing with work on the site. Tables 
with notes giving the current ratings of cables used 
with motors. working under special conditions are to be 
found in appendices. [Price 4s., postage included.] 





BOOKS RECEIVED. 


Proceedings of the First British Electrical Power Conven- 
tion. Torquay, 13th to 17th June, 1949. The 
Secretary, The British Electrical Power Convention, 
16, Stratford-place, London, W.1. [Price 10s. 6d.] 

Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on the 16th November, 
1949, near Heighington in the North Eastern Region, 
British Railways. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 6d. net.] 

Die Eigenschaften des Betons. Versuchsergebnisse und 
Erfahrungen vziir Herstellung und Beurteilung des 
Betons. By PROFEssoR OTTO GraF. Springer-Verlag, 
Reichpietschufer 20, Berlin W.35, Germany. [Price 
36 D.M.) 

Collection Technique du Centre National d’Btudes des 
Télécommunications, Semi-Conducteurs Electroniques 
et Complexes Dérivés. Théories—Applications. By 
Dr, STANISLAS TESZNER. Librairie Gauthier-Villars. 
55, Quai des Grands-Augustins, Paris (6e), France. 
[Price 1000 francs net.] 

La Technique du Chauffage Electrique. Ses Applications 
Domestiques et Industrielles. By CHARLES FREROT. 
Volume I. Theories et Calculs. Librairie Gauthier- 
Villars, 55, Quai des Grands-Augustins, Paris (6e.), 
France. [Price 2,300 francs.] 

Winds, Waves and Maritime Structures. Studies in Har- 
bour Making and in the Protection of Coasts. By R. R. 
MINIKIN. Charles Griffin and Company, Limited, 42, 
Drury-lune, London, W.C.2. [Price 25s. net.] 

The British Journal Photographic Almanac, 1950. 
Edited by ARTHUR J. DatLapay. Henry Greenwood 
and Company, Limited, 24, Wellington-street, London, 
W.C.2. [Price 5s. net.] 

The Story of Steel. By Max Davies. The Burke 
Publishing Company, Limited, 180, Fleet-street, Lon- 
don; E.C.4. [Price 7s. 6d. net.] 

The Physics of High Pressure. By Dr. P. W. BRIDGMAN. 
New impression with supplement. G. Bell and Sons, 
Limited, York House, Portugal-street, London, W.C.2. 
[Price 35s. net.] 

Mechanics via the Calculus. By P. W. Norris and W. 
SEYMOUR LEGGE. Third revised and enlarged edition. 
Cleaver-Hume Press, Limited, 42a, South Audley- 
street, London, W.1. [Price 16s.] 

Industrial Electric Motors. Some Hints on the Installa- 
tion and Maintenance of Electric Motors and Generators. 
Third edition. Higgs Motors, Limited, Witton, 
Birmingham 6. [Price 1s. 6d.] 

Modern Locomotive Classes. By BRIAN REED. The 
Locomotive Publishing Company, Limited, 88, Horse- 
ferry-road, Westminster, London, S.W.1. [Price 
1s. 6d.) 

Textbook of Heating and Ventilating. Intermediate 
Course for Heating and Ventilating Operatives. By 
T. H. F. Hotman, C. Cutter, A. H. Sanpy, and L. M. 
CLARK. George Newnes Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. [Price 
15s. net.] 

Short-Wave Radio and the Ionosphere. By T. W. 
BENNINGTON. Second edition. Iliffe and _ Sons, 
Limited, Dorset House, Stamford-street, London, 
8.E.1. [Price 10s. 6d. net.] 

Workshop Engineering Calculations and Technical Science. 
By J. Srongy. Second and Third Years’ Course. 
The English Universities Press Limited, St. Paul’s 
House, Warwick-square, London, E.C.4. [Price 12s. 6d. 
net.] 

Steam and Gas Turbines. By BERNHARDT G. A. 
SKROTZKI and PROFESSOR WILLIAM A. VopaT. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 5dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 40s. 6d.] 

United States Army Corps of Engineers: Stages and 
Discharges, Mississippi River and its Outlets and 
Tributaries. 1947. The President, Mississippi River 
Commission, P.O. Box 80, Vicksburg, Mississippi, 
U.S.A. [Price 1 dol.] 

Mémento d’Eilectrotechnique. By A. CuRCHOD. Second 
edition, revised and brought up to date by L. VELLARD. 
Volume III. Réseaux de Distribution d’Energie 
Electrique. Dunod, 92, Rue Bonaparte, Paris (6e), 
France. [Price 2620 francs.] ; 

Soil Mechanics in Road Construction. By CHRISTOPHER 
F. ARMSTRONG. Edward Arnold and Company, 
42, Maddox-street, Regent-street, London, W.1. [Price 
30s. net.) 

The Theory and Practice of Perspective. By Dr. W. 
ABBOTT. Blackie and Son, Limited, 66, Chandos- 
place, London, W.C.2. [Price 12s. 6d. net.] 

The British Non-Ferrous Metals Directory, 1949. Second 
edition. Metal Information Bureau, Limited, Birkett 
House, 27, Albemarle-street, London, W.1. [Price 
10s., post free.] 

Engineering College Research Council of the American 
Society for Engineering Education. Proceedings of the 
Annual Meeting, 1949. Troy, New York, June 20-22, 
1949, Office of the Chairman, The State University 
of Iowa, Iowa City, Iowa, U.S.A. [Price 2 dols.] 





— 


PERSONAL. 


PROFESSOR Sir IAN HEILBRON, D.S.O., F.R.S., has 
been appointed chairman of the Advisory Cownci! for 
Scientific and Industrial Research in place of Sm 
GEOFFREY HEYWORTH, who has resigned owing to the 
pressure of other public duties. 


Masor G. P. BuLMAN, C.B.E., F.R.Ae.S., has been 
elected President of the Royal Aeronautical Society, 
4, Hamilton-place, London, W.1, for 1950-51. He will 
take office next month. 

Mr. D. HaLToN THOMSON, O.B.E., M.A., M.I.C.E., 
engineer to the Portsmouth Water Company, 21-28, 
Commercial-road, Portsmouth, is retiring on May 2, 
Mr. R. W. Hat, M.I.C.E., M.I.W.E., has been appointed 
to succeed him. 

Mr. H. H. Swirt, B.E. (Adelaide), M.I.E.E., acting 
electrical engineer, British Railways, Eastern and North- 
Eastern Regions, has been appointed executive officer 
(electrical engineering, new works and development), 
Railway Executive Headquarters, London. 

Dr. B. T. A. TOWNEND is to deliver his second presi- 
dential address to the Institute of Fuel at the annual 
general meeting, to be held on April 27, at 2.30 p.m., 
at the Connaught Rooms, Great Queen-street, London, 
W.C.2. 

Mr. I. A. MARRIOTT, managing director of Messrs. 
W. G. Bagnall Limited, Stafford, has been appointed 
managing director of Messrs. Parsons Engineering Com- 
pany, Limited, Town Quay Works, Southampton, of 
which company he was already a director. Mr. Marriott 
succeeds Mr. HARRY Parsons, J.P., who, however, will 
continue as chairman. Mr. W. A. SMyTu, M.I.Mech.E., 
director and general manager of Messrs. Henry Meadows 
Limited, has been appointed managing director of Messrs. 
W. G. Bagnall Limited. 


Mr. A. E. Moros, M.I.Loco.E., mechanical engineer to 
the Canadian Pacific Railway for the past two years, has 
retired after 32 years of service with the company. 


PROFESSOR A. BRADFORD HILL, an honorary secretary 
of the Royal Statistical Society, 4, Portugal-street, 
London, W.C.2., has been nominated President of the 
Society for 1950-51, in succession to Sm GEOFFREY 
HEYWoORTH. 


The Ministry of Civil Aviation has announced that 
Dr. ALBERT ROPER, C.B.E., secretary-general of the 
International Civil Aviation Organisation, is to retire in 
1951, after more than 30 years of service in international 
aviation. 


Mr. D. C. EMBLEY, advertising and publicity manager, 
High Duty Alloys Limited, Slough, Buckinghamshire, 
is joining Messrs. H. W. Carter and Company, Limited, 
Coleford, Gloucestershire, in a similar capacity within 
the next few months. 

Mr. J. SYKES, honorary secretary of the North Midland 
Students’ Section of the Institution of Electrical Engi- 
neers, has been nominated chairman of the Section for 
1950-51. Mr. J. P. SENIOR, B.Sc. (Eng.), has been 
nominated honorary secretary. 

Messrs. THE BRUSH ELECTRICAL ENGINEERING COM- 
PANY, LIMITED, have appointed Messrs. B. W. HJORTH 
A/S, Baunegaardsvej 27, Gentofte, Copenhagen, to be 
their exclusive agents in Denmark. 

Messrs. BrusH (FAR East) LIMITED, Ocean Buildings, 
Singapore, have been formed to be factory represeuta- 
tives of Petter, Petter-Fielding, McLaren, Mirrlees, 
National and Meadows Diesel engines, and of the products 
of Bryce Fuel Injection Limited and the Brush Electrical 
Engineering Company, Limited, in the Far East. Mr. 
H. F. CLEMENTs is chairman and the Hon. A. C. GEDDES, 
Mr. F. A. VAUGHAN and Mr. A. A. K1NG are directors. 

SILVERTOWN LUBRICANTS LIMITED, Minoco Wharf, 
London, E.16, a wholly-owned subsidiary company of 
the Gulf Oil Corporation, announce that the parent 
company has decided to merge all its marketing interests 
in this country under the title of GutF Om (GREAT 
BRITAIN) LIMITED. 


The telephone number of the auxiliary office of 
Messrs. BABCOCK AND WILCOx LIMITED, st Audrey 
House, Houndsditch, London, E.C.3, has been changed 
to AVEnue 7171. 

THE INSTITUTION OF ENGINEERING DRAUGHTSMEN 
AND DESIGNERS has removed from Regent’s Park-road 
to Grand Buildings, Trafalgar Square, London, W.C.2, 
“Messrs. THE HOFFMANN MANUFACTURING COMPANY, 
LimITreD, Chelmsford, Essex, announce that they are 
moving their Dundee office from 48-50, Blackness-road 
to new premises at 80, Bell-street. The new premises 
will be officially opened on May 29. The telephone 
number, 3265, remains unchanged. 

THE ADMINISTRATION OF ENEMY PROPERTY DEPART- 
MENT OF THE BOARD OF TRADE has moved to Lacon 
House, Theobald’s-road, London, W.C.1, from its former 
address at Cheshame House, Regent-street, W.1. (New 
Telephone : CHAncery 4411.) This is the first of a series 
of moves which will bring various outlying sections of the 
Board of Trade under one roof in Lacon House. 
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NOTES FROM THE 


GLascow, Wednesday. 

Scottish Steel.—Considerable satisfaction has been 
caused by the contribution from Scottish steelworks 
towards the record United Kingdom production of 1950. 
The output of ingots and castings during March, at an 
annual rate of 2,591,700 tons, fell slightly below the 
February figure of 2,632,400 tons, but improved on the 
rate of 2,588,100 tons in March last year and sufficed 
to raise the quarterly equivalent to 2,378,300 tons as 
against 2,297,400 tons in the corresponding period of 
1949. Pig-iron production increased during March to 
an annual rate of 676,600 tons, in contrast with 648,800 
tons in February, but the quarterly average declined to 
668,200 tons, compared with 678,500 tons a year ago. 
The general outlook for the second quarter of the year 
suggests that as large tonnages of steel and steel products 
will be produced as during the preceding three months. 
Sheet-makers have now closed their books for new orders 
in Period 2, as they are slightly oversold. There is a 
continued lack of balance between the plate and the 
section rolling mills, but hopes are being expressed for an 
expansion in specifications of sections as building restric- 
tions are relaxed. Meanwhile, however, re-rollers are 
on a day-to-day basis for orders in many cases, bars 
under 3 in. diameter and some of the smaller sections 
being very quiet. 

Scottish Coal.—The reduced output from divisional 
collieries, since the beginning of the year, has been re- 
flected in a decline of nearly 10 per cent. in exports from 
local ports during the first quarter of 1950, as compared 
with a year ago—namely 225,135 tons against 247,798 
tons. The usual seasonal! improvement was in evidence in 
March, when 84,049 tons were shipped in contrast with 
70,743 tons in February, but the total fell short of that 
for March a year ago when 95,416 tons were dispatched. 
Seasonal fluctuations in the weather have been paralleled 
by variations in the demand from inland users recently, 
but, while production remains at an average of 475,000 
tons a week, deliveries of the different categories are 
fairly satisfactory for current needs. Sized fuel is short of 
requirements, a factor hampering fuel engineers in their 
drive for maximum efficiency in boiler plants. Dross is 
reasonably plentiful, while gum is more readily obtain- 
able. Round coal suffices to provide basic deliveries 
for domestic and railway users, 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade,—A strike threat in the anthra- 
cite area of the coalfield, where men employed at 21 pits 
had handed in notices, has been averted. A conference 
at Swansea, last week, representing 62 miners’ lodges 
and 23,000 miners, recommended the men to withdraw 
the notices. The strike was threatened as a protest 
against the action of the National Coal Board in com- 
pulsorily retiring miners of 70 years of age and over. 
The South Wales executive council of the National 
Union of Mineworkers has reported that negotiations are 
going forward with the Coal Board for the provision of 
house coal, at privileged terms, for the men retired. The 
council also intends to submit, at the annual South 
Wales and the National conferences, proposals for pen- 
sions for aged miners. Absenteeism following the Easter 
holidays has gravely affected the supply position on the 
Welsh steam-coal market and has made operations even 
more difficult to complete. Supplies of practically all 
grades are almost completely unobtainable for delivery 
over several weeks ahead. Nevertheless, a fair activity 
is maintained under standing commitments on export 
account, Deliveries to France are going forward steadily, 
although some arrears have accumulated in this trade. 
The Argentine trade has become busier than of late, 
when difficulties over payments brought shipments to a 
low level. In the Italian trade, too, there is greater 
activity, with several contract cargoes arranged for 
April-May delivery. The demand from Spain and 
Portugal has been quiet. Inland deliveries have pro- 
ceeded along busy lines and the demand from the prin- 
cipal consumers rema'ns strong. Cokes and patent fuel 
are well placed and hays ready outlets. 





LONDON UNIVERSITY LECTURES ON MINING ENGINEER- 
ING.—A course of three special university lectures in 
mining engineering will be given in the mining lecture 
theatre at the Royal School of Mines, South Kensington, 
London, 8S.W.7, by Mr. A. L. Blomfield, President, Lake 
Shore Mines, Limited, Kirkland Lake, Ontario, Canada, 
at 5 p.m.,on May 2,4 and 5. The first lecture will deal 
with “‘ Mine Making and Mining.” ‘The second lecture 
will be on the subject of “‘ Ball Milling,” while, on May 5, 
the lecturer will speak on “ General Practical Points in 
Running a Gold Reduction Plant.” The lectures are 


addressed to students of the University and to others 
interested in the subject. 
ticket. 


Admission is free, without 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—There was a satisfactory resumption of 
operations after the Easter holidays and production has 
now got fully into its stride. The demand for pig-iron 
and scrap materials is steady, and there is a fair rate of 
new bookings for steel, especially the higher grades. The 
new types of heat-resisting steel for jet engines are in 
consistently good request. Messrs. The Neepsend Steel 
and Tool Corporation, Limited, have acquired the whole 
of the share capital of Messrs. Hattersley and Ridge, 
Limited, Sheffield, including the firm’s interests in South 
Africa. The Hattersley concern specialises in the pro- 
duction of drop forgings and agricultural-machinery 
parts. The founder chairman, Mr. Archibald Hattersley, 
relinquishes that office on joining the board of the 
Neepsend Corporation, but retains the managing director- 
ship, His successor in the chair is Mr. James George 
Widdowson, a director of the Neepsend Steel and Tool 
Cerporation. The shortage of skilled labour affects many 
departments and now Australian cutlery interests are 
advertising, in Sheffield, for 30 young men skilled in the 
mirror-polishing of stainless-steel knives. The wage 
offered is 81. 11s. 6d. for a 40-hour week, which is about 
2l. a week more than is paid in Sheffield for a 44-hour 
week. There are registered vacancies, in Sheffield, for 
700 operatives in the cutlery, file and tool trades. The 
number of mirror-finish polishers in Sheffield is limited, 
and a reduction would cause inconvenience. 

South Yorkshire Coal Trade.—The production of coal is 
getting into its stride again after the holidays. Absen- 
teeism has been less rife. The demand is very strong, 
inland requirements in industry being heavy. Purchases 
of locomotive hards, to replace stocks, are steady. 
House coal is in brisker request, owing to wintry weather 
conditions, but the supply is limited. Patent fuel is in 
active request. Much more coal is needed to satisfy 
export requirements and to provide bunkers at the 
Humber ports. Coking coal] is active and the make of 
furnace coke covers requirements, 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Some Tees-side producing ‘plants 
could deal with more work than they have on hand, but 
the aggregate tonnage output remains at a high level 
and the requirements of home and overseas customers 
are still large. An outstanding factor that has operated 
in favour of production figures has been the expansion 
of the steel output. The threatened nationalisation of 
steel has not halted the progress of makers with their 
development plans. They consider that the prospective 
needs of buyers, at home and abroad, justify their action 
of endeavouring to deal with the continued heavy 
demand. At the same time, however, the position has 
reached a stage which has created a feeling that, as far 
as general steel products are concerned, there is no 
longer need to exercise contro] over the tonnages which 
customers are permitted to buy. Raw materials are still 
ample and satisfactory parcels of good scrap continue to 
reach iron foundries and steel plants, but the pig iron 
deliveries do not meet all the needs of consumers. 


Foundry and Basic Iron.— Available parcels of ordinary 
foundry pig iron are readily taken up and buyers would 
welcome an increase in delivery. All outputs of the 
Tees-side basic blast furnaces are absorbed by the needs 
of adjoining consuming plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
actual requirements of regular customers for East-Coast 
hematite are receiving fairly satisfactory attention but 
larger deliveries would be acceptable. The outputs of 
low- and medium-phosphorus grades of iron are moving 
steadily into use. The makers of refined iron are able 
successfully to handle delivery claims. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are occupied on fairly good 
contracts but are in a position to promise satisfactory 
attention to new orders for certain commodities. The 
steel branch of the Tees-side staple industry is not 
without its dull spots. The volume of the orders for 
re-rolled bars and light sections is below what could be 
wished. On the other hand, plate producers’ have 
bookings that will maintain their rolling mills very 
actively engaged over the present quarter, and plants 
turning out heavy sections, rails and various types of 
structural material have impressive tonnages on order. 
Black and galvanised sheets are still in greater demand 
than producers can supply by running their rolling mills 
at the capacity limit. 





LONDON UNDERGROUND TRAIN.—The first post-war 
train of the London Transport Executive went into 
service on the District Line on April17. Special features 
are wider windows with a new type of ventilator, more 





even distribution of seats, and fluorescent lighting. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section : Monday, April 24, 5.30 p.m., Victoria-embank- 
ment, W.C.2. Discussion on “ The Relation Between 
Production, Operation and Maintenance of Service 
Radio Equipment,” opened by Mr. D. H. Hughes. 
Scottish Centre : Tuesday, April 25, 7 p.m., 39, Elmbank- 
crescent, Glasgow. Annual Meeting. Film on “ Prelude 
to Power.” Supply Section: Wednesday, April 26, 
5.30 p.m., Victoria-embankment, W.C.2. ‘“ Design of 
Power Transformers to Withstand Surges Due to Lightn- 
ing, with Special Reference to a New Type of Winding,” 
by Mr. A. T. Chadwick, Mr. J. M. Ferguson, Mr. D. H. 
Ryder and Mr. G. F. Stearn. North Midland Centre: 
Wednesday, April 26, 6 p.m., Yorkshire Electricity 
Board Offices, Market-street, Huddersfield. ‘“ Fault- 
Throwing Tests on the 132-kV Grid System Under Normal 
Working Conditions,’”” by Mr. W. Casson and Mr. F. H. 
Birch. Institution: Thursday, April 27, 5.30 p.m., 
Victoria-embankment, W.C.2. (i) “ Design and Opera- 
tion of a 30-MeV Synchrotron,” by Mr. D. W. Fry, 
Mr. J. Dain, Mr. H. H. H. Watson and Mr. H. E. Payne. 
(ii) “‘ Design of Electron Synchrotrons,” by Mr. F. K. 
Goward, Mr. J. D. Lawson, Mr. J. J. Wilkins and Mr. R. 
Carruthers. 


INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, April 24, 7.15 p.m., College of Tech- 
nology, Manchester. ‘“ Developments in Oxygen Cut- 
ting,” by Mr. R.E. Dore. South Wales Section : Wednes- 
day, April 26, 6.45 p.m., South Wales Institute of 
Engineers, Park-place, Cardiff. ‘‘ Motion Study,” by 
Miss Anne G. Shaw. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch : Monday, April 24, 7.30 p.m., Univer- 
sity, Leeds. Annual Meeting. Glasgow Branch: Wed- 
nesday, April 26, 7 p.m., 351, Sauchiehall-street, 
Glasgow. Annual Meeting. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, April 25, 
5.30 p.m., Great George-street, S.W.1. James Forrest 
Lecture on “Light Alloys in Relation to the Civil 
Engineer,” by Sir Donald Bailey. Northern Counties 
Association: Tuesday, April 25, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. “ Aluminium -Alloy 
Bascule Bridge at Sunderland,” by Mr. F. J. Walker. 
Yorkshire Association: Friday, April 28, 7 p.m., Royal 
Victoria Station Hotel, Sheffield. Annual Meeting. 

INSTITUTE OF MARINE ENGINEERS and INSTITUTION OF 
NavaL ARCHITECTS.—Tuesday, April 25, 5.30 p.m., 
Institute of Marine Engineers, 85, The Minories, E.C.3. 
“Funnel Design and Smoke Abat t,” by Mr. E. 
Ower and Mr. C. H. Burge. 

CHEMICAL ENGINEERING GRopP.—Tuesday, April 25, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. ‘‘ Corrosion-Resisting Cast Alloys Containing 
Nickel, Chromium and Molybdenum” by Mr. M. M. 
Hallett. f 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
April 25, 6 p.m., Caxton Hall, Victoria-street, S;W.1. 
“ Aspects of Sanitary Engineering in the United States 
of America,” by Mr. W. Fillingham Brown. i 

Roya Socrety oF ARTS.—Wednesday, April 26, 
2.30 p.m., John Adam-street, W.C.2. ‘‘ Coast Protection 
and the Reclamation of Land from the Sea,” by ‘Mr. 
M. Du-Plat-Taylor. 

INSTITUTE OF FUEL.—Wednesday, April 26, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. ‘“‘ Fuel, Heat and Power Aspects 
of the Petroleum Chemicals Plant for Petrochemicals, 
Limited, Partington,’’ by Mr. E. Bonwitt and Mr. H. E. 
Charlton. Thursday, April 27, 2.30 p.m., Connaught 
Rooms, Great Queen-street, Kingsway, W.C.2. Presi- 
dential Address on “ Education and Survival,” by 
Dr. D. T. A. Townend. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, April 26, 7 p.m., James Watt 
Memorial Institute, Birmingham. Annual Meeting. 
“ Patternmaking and Founding Under Tropical Con- 
ditions,” by Mr. G. W. King. London Branch: Wednes- 
day, April 26, 7.30 p.m., Waldorf Hotel, Aldwych, 
W.C.2. Annual Meeting. ‘‘ Modernising an Iron Foun- 
dry,” by Mr. L. W. Bolton and Mr. W. D. Ford. 

Royal AERONAUTICAL SocreTy.—Thursday, April 27, 
6.30 p.m., The University, Manchester. ‘‘ Recent 
Developments in High-Speed Research in the Aero- 
dynamics Division of the National Physical Laboratory,” 
by Mr. J. A. Beavan and Mr. D. Holder. ; 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
April 28, 5.30 p.m., Storey’s-gate, St. James’s Park, 
$.W.1. In conjunction with the Applied Mechanics 
Group. (i) “ Relations Between Roll-Force, Torque-and 





Applied Tensions in Strip Rolling,” by Dr. Rodney Hill. 
(ii) “ A Theoretical Investigation of Roll Flattening,”’ 





by Mr. D. R. Bland. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.E Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
r. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.”’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 
Subscribers receiving incomplete copies through 
nts are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address, 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets. can be obtained on application to 
the r. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE ELDERLY ENGINEER. 


From the engineering point of view, Sir Stafford 
Cripps’s Budget for 1950-51 contains little that is 
of direct interest, though much that is of indirect 
concern ; the petrol impost is going to increase the 
nation’s running costs (if past experience is any 
guide) by a great deal more than the 5,000,0001. or 
so that is estimated to accrue to the Exchequer, 
and the purchase tax on commercial vehicles is 
likely to apply a brake to trading expansion that 
will not be offset adequately by such traffic as may 
be diverted thereby to the nationalised railways. 
Industry in general may be excused if it does not 
show any enthusiasm over the proposal to exclude 
from this new penalty for enterprise such relatively 
rare types of vehicle as tramcars, prison vans, fire 
tenders, and hearses. It is, in fact, as The Times 
has observed, ‘‘a barren Budget.” The National 
Union of Manufacturers described it, even more 
aptly, as ‘‘a dismal Budget.” Nowhere was there 
a suggestion of any attempt to reduce Government 
expenditure or to alleviate the burden upon industry 
represented by the expenditure which manufac- 
turers and others are forced to incur by reason of 
the spate of paperwork that seems to result from 
all Government activities. 

In one respect, and one only, we find ourselves 
on the Chancellor’s side; that is, in his decision 
to set up “a committee of standing’ to examine 
“the income-tax treatment of superannuation and 
pension schemes for the benefit of employees on 
retirement,” and the cases of “‘the individual 
trader or self-employed persons in general and . . . 
the individual employee who does not belong to a 
superannuation fund.” This is eminently satis- 
factory ; and even more gratifying is the assurance 
that the new committee will “consider the wider 
question of the proper scope of income-tax relief in 
relation to saving for old age or retirement, or to 





provide for widows and other dependents after 
death.” This, from a Chancellor who has always 
seemed to exist in a world of his own—potentially 
well-upholstered, but reputedly as austere as any- 
thing that ancient Sparta could display—is a wel- 
come recognition of hardships that are known to be 
widespread, and are the more poignant because 
so many of those who experience them are not of 


434 | the type that cries instinctively to high Heaven for 


redress and compensation, even with ample pretext 
for doing so. Engineers, more than most profes- 
sional men, are directly concerned in the investiga- 
tions of this new committee, because so many of 
them, after having spent their working lives in 
promoting the welfare of others, find themselves, 
in later middle age, reduced in circumstances. 

The primary reason for this state of affairs is 
that gradually, but quite definitely, that part of 
the human race which likes to think of itself as 
civilised is becoming out of balance. The econo- 
mists and statisticians and sociologists have been 
predicting for a long time that it would do so, 
reinforcing their arguments with numerous quota- 
tions from population returns, figures of birth rates 
and death rates, etc., etc., ad nauseam; but, as a 
rule, the ordinary man in the street does not pay a 
great deal of attention to either the statistics or 
those who quote them. Now, however, that the 
questions of how to house, maintain and look after 
old people is becoming a personal one, in the general 
absence of relatives or hired help to whom the task 
can be delegated, much more notice is being taken 
of these very real problems. When large families 
were customary, it was accepted almost as a law 
of Nature that the rising generations would look 
after those who were declining into helplessness. 
Like the carpenter in the Gesta Romanorum, each 
strove to earn his eight pence a day—two to repay 
to the parents who had brought him up, two to 
educate and equip his own children to do likewise 
when the time should come when it would be 
necessary, two to maintain a wife, and two for 
personal needs, so as to be able to be self-supporting . 
The principle was a sound one, and there was no 
suggestion that any of these aims could be better 
accomplished by the ponderous machinery of an 
all-interfering State. 

Such an ideally balanced economy, however, 
presupposes the maintenance of a constant propor- 
tion in the composition, of the race, and that pro- 
portion it seems the inevitable consequence of 
modern conditions to upset. Families are smaller, 
the period of training is longer, the maintenance 
of services which are inherently non-productive 
imposes an increasing tax on every man’s working 
life, and artificial restrictions prevent him, in many 
cases, from putting forth the maximum of sustained 
effort or continuing it as long as former generations 
were wont to do. A similar increasing dispropor- 
tion is evident in the average individual’s personal 
budget ; the percentage of his income that must be 
applied to keeping a roof over his head, and in 
travelling to and from his work, is vastly different 
from what it was even one generation ago. When 
it is considered how, in these present days, the old 
qualities of self-reliance, initiative and even thrift 
are discouraged, and not infrequently penalised, 
there is little cause for surprise if new economic 
problems multiply apace. 

These tendencies and preblems are not- new: 
they have been creeping upon the community for 
several generations at the least. Latterly, however, 
the rate of their advance has been greatly acceler- 
ated, partly as the result of two world wars, partly 
by the cumulative effects of certain experiments in 
social legislation, and partly because of the world- 
wide adoption of policies of national self-sufficiency , 
which has had the effect of closing many avenues of 
employment and of thrusting large numbers of 
professional men, formerly employed overseas, into 
a premature retirement. Anyone who cares to 
explore the files of a long-established technical 
journal such as ENGINEERING soon realises that 
there are some topics which can be trusted to recur 
at intervals. In the contributed articles and the 
professional papers, the corrosion of iron and steel, 
the education of engineers, and research are probably 
the most frequent ; in the correspondence columns, 
the problem of the man over 40. At one time, the 
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remuneration of engineers cropped up fairly regu- 
larly, with or without some reference to the vast 
experience and the array of qualifications demanded 
by advertisers of ‘‘ Appointments Vacant ” and the 
iniquity of firms who hid their identity, under box 
numbers. These latter topics are now much less 
frequently raised than they were; but ‘‘the man 
over 40” is as uneasy as ever—more so, in fact, 
since he is now confronted at every turn with men 
over 50 and over 60 whose plight is worse than his 
and which he can see himself sharing in another 
decade or so. He may once have harboured 
thoughts of a busy and pleasurable retirement, 
tapering gently into “that unhoped serene that 
men call age”; to-day, even if he has a pension in 
prospect, he is more likely to be preoccupied with 
fears of penury and helplessness, and of leaving 
behind him dependents still more penurious. 

Those who administer the benevolent funds of the 
engineering institutions know about these things, 
but the most that they can do is to alleviate; the 
condition is beyond their power to cure, and, in any 
case, it is not their function to restore a depressed 
and diminished livelihood for those whose handicap 
is solely or primarily that of advancing years. 
Often, however, financial disabilities may accelerate 
physical and mental decline; but, happily, the 
converse is even more widely true—that there is no 
finer tonic and incentive than to be self-supporting 
and independent, especially in circumstances which 
might have been adverse. With something of this 
in mind, various well-meaning individuals have 
endeavoured to rouse some co-operative feeling in 
different directions. The Professional Engineers 
Appointments Bureau’s annual reports have referred 
to the problem more than once ; it has been raised 
at meetings of the Engineers’ Guild, the Association 
of Scientific Workers, and (unfortunately, without 
evoking any effective response—though this was 
understandable in the circumstances) at last year’s 
annual general meeting of the Institution of 
Mechanical Engineers; and, still more recently, 
some positive action has been instigated through 
the medium of Mr. C. E. R. Sams, the present 
President of the Old Centralians—the association 
of former students of the City and Guilds Engineering 
College—who has established an organisation for 
putting firms and individuals who require profes- 
sional engineering skill of particular kinds into 
touch with retired or otherwise unattached engineers 
who possess the desired experience and who are 
anxious to augment dimin‘shed ‘ncomes. 

These endeavours to ameliorate the circumstances 
of those who find themselves ‘‘on the beach” and 
are discovering it to be a somewhat precarious and 
uncomfortable situation, are wholly commendable, 
and, it is certain, will continue to be necessary. 
At the same time, it should be pointed out— 
unpalatable though the truth may be—that one 
of the greatest obstacles in the path of the elderly 
professional engineer who seeks employment, 
temporary or permanent, to eke out an inadequate 
income is the character that so many men develop 
as a result of their previous occupations and environ- 
ment. The elderly man who seeks, in the jargon 
of the day, to “stage a come-back” must be 
prepared to do what he is told—one of the hardest 
things in the world to the man who, for half a life- 
time, has told others what they must do. He 
must try to recapture the adaptability of his earlier 
years ; to realise that “a cycle of Cathay,” even in 
positions of considerable responsibility, is not 
necessarily an asset when he comes, a stranger, 
into some highly specialised field which has been 
steadily and intensively developed while he was 
employed elsewhere; and that there is just a 
possibility that his vaunted expert knowledge of 
his own subject is somewhat out of date. It may 
be that his years of experience have taught him 
many things that are still hidden from those— 
possibly younger—men who, in the evening of his 
days, he finds set in authority over him; but he 
would be unwise to insist that, because he is older 
than they are, he must know better how they 
should manage their affairs. If he can overcome 
that very human disability, the experienced but 
elderly engineer should have no fear of redundancy : 
but the real remedy rests with him rather than with 
his potential employer. 


WIRELESS AT SEA. 


Ir is related that the Marchese Marconi, when 
asked about the more spectacular sides of wireless, 
such as broadcasting and television, would shrug 
his shoulders and reply, ‘“‘Can you compare enter- 
tainment value with the saving of men’s lives ?” 
The point of view implicit in this remark appears 
to be held by but a minority in an age in which 
the energies and funds of a Government department 
are devoted to the construction of plant for the 
televising of football matches, or the gambols of a 
baby bear, at the expense of the provision of an 
adequate telephone service. Some aspects of broad- 
cast programmes may claim a more serious import, 
but in the main the activities of the British Broad- 
casting Corporation are devoted to the provision of 
entertainment, much of which is of a highly frivolous 
nature. The dissemination of news, or what passes 
for news, and of opinions may possibly claim a more 
respectable status, but this activity lends itself so 
readily to misuse that taking the world as a whole 
it might well be asserted that the invention and 
development of broadcasting has proved as much a 
curse to mankind as a blessing. 

There is one side of the great industry which has 
grown up from the early work of Hertz, Lodge, 
Fleming and others, to which these strictures 
cannot be applied, and it is the aspect of wireless 
with which the name of Marconi is immutably 
connected. Marconi, from the first, appears to 
have looked upon the possibility of communicating 
with ships at sea as the fundamental aim of his 
experiments. On the fortieth anniversary of his 
earliest work he wrote, ‘‘ So far as the sea is con- 
cerned . . . I feel that my early belief in the 
possibility of this form of communication has been 
fully justified. As one who is deeply attached to 
the sea, I am proud to have been able to render this 
service to the sea-going community.” This is not 
the place in which to discuss who “invented” 
wireless, but the leading position occupied by 
Marconi in the development of a practical system 
of wireless telegraphy is unquestionable. American 
legal opinion is perhaps not likely to be afflicted with 
a European bias, but in the action in the United 
States Courts between the Marconi Wireless Tele- 
graph Company of America and the De Forest 
Wireless Telegraph Company it was ruled that 
** Marconi was the first to describe and the first to 
achieve the transmission of definite and intelligible 
signals by means of Hertzian waves.” 

The numerous developments which have arisen 
from the original exchange of messages between two 
points have served such spectacular ends, particu- 
larly in war time, that the everyday service rendered 
by wireless telegraphy to the shipping industry of 
the world is apt to be taken for granted. No 
purpose would be served by attempting to estimate 
the relative values of a system which enabled the 
position of raiding aircraft to be determined and 
one which furnished means by which the Cunard 
liner Carmania could be informed of the position, 
and go to the rescue, of the Volturno, burning in 
mid-Atlantic with 600 emigrants on board. The 
problems of war and peace are different, and can be 
reduced to no common measure, but in rating 
human, activities in terms of service to mankind, 
the development of ship telegraphy must stand 
high. The saving of life is the supreme end, but 
in no reckoning must the value in terms of time 
and material be overlooked. Wireless telegraphy, 
by enabling an owner to keep in touch with his 
ships, gives him advance information about their 
time of arrival at port which may be of importance 
in the case of passenger liners, and, in the case of 
cargo vessels, enables him, when, necessary, to send 
instructions about change of destination. The 
value of the later developments of direction finding 
and radar in foggy weather need not be stressed. 

As is well known, Marconi was greatly assisted 
in the establishment of a practical system of wireless 
telegraphy by the interest and encouragement of 
Sir William Preece. The first experimental trans- 
mission over water was made in May, 1897, between 
Lavernock Point, near Penarth, and the Island of 
Flat Holm, in the Bristol Channel. It was this 
demonstration which convinced Sir William that 





the system was of commercial promise and later 


longer-distance transmission between Bath and 
Salisbury and other places had the practical assist- 
ance of the Post Office. The first transmissions 
between ship and shore appear to have been carried 
out from Alum Bay in the Isle of Wight to a small 
steamer fitted with Marconi apparatus cruising 
about in the neighbourhood. Messages were ex- 
changed at distances ranging up to 18 miles. his 
ship installation was followed by others, including 
one on the Royal Yacht Osborne. In December, 
1898, the first step was taken in the great service 
which wireless has rendered in saving life at sea, 
by establishing communication between the South 
Foreland lighthouse and the East Goodwin lightship, 
12 miles away. 

The next few years saw a growing public interest 
in the possibilities of wireless telegraphy, and 
Marconi and his associates carried out many experi- 
ments and demonstrations. Messages were ex- 
changed between Dover and Wimereux, near 
Boulogne, during the meeting of the British Associa- 
tion in 1899, and in the same year experimental 
installations were made on three British warships, 
and were tested in maneuvres. The company 
which Marconi had formed obtained its first contract 
of importance in the following year, when an order 
was received from the Royal Navy for the equipment 
of 28 naval ships, and four land stations. A 
striking demonstration of the possibilities of wireless 
telegraphy was furnished by the reporting of the 
international yacht race between the Shamrock 
and the Columbia from a steamer equipped for the 
purpose. Marconi was present at the race and 
fitted his apparatus on the liner St. Paul, on which 
he returned to England ; he was able to establish 
communication with the Needles station, sixty 
miles away, during the journey. 

The Wireless Telegraph and Signal Company, 
Limited, the name of which was later changed to 
Marconi’s Wireless Telegraph Company, Limited, 
was formed in July, 1897. Until the year 1904, 
anyone was free to put up wireless stations in this 
country for communicating with places outside the 
United Kingdom or with ships outside the three-mile 
limit. As a result of this freedom, and in pursuance 
of its business of providing a wireless service for 
ships at sea, the company, at its own expense, had 
established twelve such stations. By 1900, the 
value of wireless equipment in ships was becoming 
generally recognised and installations were being 
made ; the first merchant vessel to be fitted with 
Marconi apparatus was the Kaiser Wilhelm der 
Grosse, of the Norddeutscher Lloyd, followed 
shortly by the Belgian Royal Mail Steam Packet, 
Princesse Clementine. As the purpose of the 
Marconi Company was to establish a ship service 
“‘ practically throughout the world,” the Marconi 
International Marine Communication Company, 
Limited, was formed on April 25, 1900, independent 
from the manufacturing interests of the parent 
company. 

On Tuesday of next week, April 25, this company 
will celebrate the fiftieth anniversary of its formation 
and to mark the occasion an interesting history* of 
its first fifty years has been written by Mr. H. E. 
Hancock. This traces development from the 
early days to the position which has now been 
reached in which the importance of ship telegraphy 
has been so completely established that, from 
January 1, 1951, all ships of 1,600 tons gross and 
upwards will be required to keep a continuous 
radio watch either by means of a radio-officer staff 
or an auto-alarm. This latter device was first 
suggested by Marconi at the time of the Titanic 
inquiry, but the Marconi auto-alarm did not receive 
Board of Trade approval until 1927. A continuous 
watch is not always possible on smaller ships and 
the auto-alarm, by providing means by which. 
signals of distress will be picked up when an operator 
is not in attendance, extends the value of wireless in 
its mission of saving life at sea. This article may 
well conclude by recalling the services rendered by 
the Marconi International Company in training a 
staff of radio operators who, in war and peace, have 
earned honoured places in the annals of the sea. 


* Wireless at Sea. The First Fifty Years. By H. E. 
Hancock. The Marconi International Marine Communi- 
cation Company, Limited, Marconi House, Chelmsford, 
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NOTES. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 


At a meeting of the Institution of Mechanical 
Engineers, held on Friday, April 14, Mr. H. L. 
Milner, Wh.Sc., presented a Hydraulics Group paper 
on ‘* Recent Developments of the Mechanism of the 
Hydraulic Variable-Pitch Aircraft Propeller,” a 
bighly-stressed component which, as the subsequent 
discussion indicated, is remarkably trouble-free in 
service in spite of restrictions in weight and bulk. 
Mr. F. H. Towler, M.I.Mech.E., was in the chair. 
The first practicable invention of an automatic 
variable-pitch propeller, Mr. Milner said, was made 
in 1924 by Dr. H. S. Hele-Shaw and Mr. T. E. 
Beacham ; the author’s paper dealt with the more 
recent development of this type of propeller. The 
necessity for a propeller having variable pitch 
characteristics arose from the differerce in operating 
conditions between take-off and top speed in flight. 
The pitch was varied automatically to maintain 
the selected engine speed under any flight condi- 
tion ; in addition, such a propeller could be used as 
a means for producing negative thrust for landing 
and air brakes. In the case of a landing brake, 
this involved relatively low forward speeds and, to 
obtain a useful drag, negative pitch must be given 
to the blades and engine power must be applied. 
In changing to the negative-pitch position, however, 
the blade passed through a pitch range in which 
the resolution of the aerodynamic forces resulted in 
a rotational force in the same direction as the engine 
torque, i.e., the propeller was being ‘“‘ windmilled ”’ 
and the propeller and engine torques were additive. 
Thus it was necessary to reduce engine power to a 
minimum and pass through the critical range as 
quickly as possible in order to avoid over-speeding. 
At the same time, it was necessary to maintain 
sufficient power to prevent the propeller windmilling 
the engine backwards on attaining the braking 
pitch. When used as an air brake to limit the 
diving speed of a dive-bomber aircraft, adequate 
drag was obtained by windmilling the variable- 
pitch propeller against the motoring power of the 
engine, the throttle being set to the slow-running 
position. _The blade pitch selected was that at 
which the propeller was very inefficient as a wind- 
mill, developing high drag for a small windmilling 
input power to the engine. After describing the 
designs of variable-pitch propellers of this type, 
Mr. Milner dealt with the special problems which 
arose with the application of propellers to gas- 
turbine engines. He also considered the hydraulic 
and inertia loads; in particular, due to a certain 
component of the centrifugal force acting on the 
material of the propeller blades, a tendency for 
the blades to assume an attitude of zero pitch was 
created. In a brief reply to the speakers in the 
discussion, Mr. Milner said that his company had 
developed a synchronising gear, for multi-engine 
aircraft, which kept the engines constantly in phase 
to within not more than about 60 deg. either way. 

Rapio Components EXHIBITION. 

A private exhibition of British radio components 
and associated equipment, organised by the Radio 
and Electronic Component Manufacturers Federa- 
tion, 22, Surrey-street, Strand, London, W.C.2, 
was opened by the president, Sir Robert Renwick, 
at Grosvenor House, London, W.1, on Monday, 
April 17, and remained open until Wednesday, 
April 19. As in earlier years, this display was 
intended primarily for the benefit of technicians, 
designers, and manufacturers in the industry. 
More than 100 firms exhibited, and their products, 
which covered components and equipment for 
radio, television, radar, and telecommunications, 
included radio valves of all types, rectifiers, resistors, 
chokes and capacitors, transformers, metal stamp- 
ings, radio-interference suppressors, photo-electric 
cells and piezo-electric devices, permanent magnets, 
gramophone and public-address equipment, cables 
and aerials, as well as instruments and testing 
apparatus. In general, the exhibits showed that 
the trend towards ‘‘ miniaturisation,” i.e., the 
production of smaller components and greater 
compactness of layout, is continuing. There were 
many examples, particularly in the cases of deaf-aid 
and car-radio components to show how this trend is 








resulting in neater and lighter equipment. There 
were also exhibits showing the space economies 
which had been and could be effected by the use of 
printed circuits. The applications of some synthetic 
insulating materials were exhibited, as well as 
the uses of various ceramics and magnetic alloys. 
Recently-developed rectifying devices included a 
germanium crystal in conjunction with a “ cat’s 
whisker” element to form a combination which, 
it was claimed, was very insensitive to tempera- 
ture variations over wide ranges. Constant-voltage 
transformers using the saturated-core principle were 
also shown, and there were various types of elec- 
tronic instrument and testing gear for industrial 
or research purposes, including wave analysers 


‘and pulse generators. In opening the exhibition, 


Sir Robert Renwick said that the value of the 
direct export of components and associated pro- 
ducts in 1949 exceeded 4,000,0001., and was ten 
times greater than the average pre-war figure. 
The Rt. Hon. G. R. Strauss, M.P., the Minister of 
Supply, in his speech at a luncheon following the 
opening of the exhibition, said, in reference 
to the growth of television, that, on balance, the 
advantages of the 405-line picture outweighed its 
disadvantages, though there were some who thought 
that a picture of higher definition would be better 
in setting up a new system elsewhere. 

Tue InstiruTion oF CHEMICAL ENGINEERS. 

For some time past the Council of the Institution 
of Chemical Engineers have had under consideration 
the question of research in chemical engineering. 
It has been felt that there is little or no co-ordination 
in this respect, with the result that some needless 
overlapping has probably occurred, while some 
fundamental researches have been neglected. As 
a result of representations made on behalf of the 
Institution, the Council of the Department of 
Scientific and Industrial Research have set up a 
committee to investigate the whole question. It is 
stated in the annual report of the Council of the 
Institution of Chemical Engineers, for the year 
ended December, 1949, presented at the 28th 
annual corporate meeting, held in London, on 
April 14, that Mr. H. W. Cremer, C.B.E., has been 
appointed chairman of the committee, on which 
Professors T. R. C. Fox, F. H. Garner, and D. M. 
Newitt, and Messrs. H. Griffiths, J. A. Oriel and 
Stanley Robson are serving, with Dr. A. Parker, 
Director of Fuel Research, as one of the representa- 
tives of Government scientific departments. Matters 
concerning education in chemical engineering also 
continue to occupy the attention of the Council. 
The report states that negotiations with the Royal 
Institute of Chemistry are continuing on the subject 
of Ordinary and Higher National Certificates in 
Chemical Engineering. Apart from these negotia- 
tions, the Institution has been requested by the 
Regional Advisory Committee for Chemical Engin- 
eering (London and Home Counties) to draft a 
syllabus for a National Certificate. A first draft 
has been prepared and the proposals are before the 
Education Committee for consideration. The report 
further shows that the membership of the Institution 
is steadily rising, there being 2,338 members on the 
roll on December 31, 1949, against 2,126 in Decem- 
ber, 1948. The annual dinner of the Institution was 
held at the May Fair Hotel on the evening of April 14. 
In proposing the toast of the Institution, Sir Walter 
Benton Jones, Bt., LL.D., said that while it was 
the youngest of the engineering institutions, it had 
now over 2,300 members, although entry into its 
ranks was jealously guarded by examinations in 
theory and practice. In replying to this toast, the 
President, Professor D. M. Newitt, M.C., F.R.S., 
said that the chemical engineer had entered the 
iron and steel industry in connection with the 
handling and preparation of ores, but he was now 
participating actively in the steelmaking operation 
itself. In responding to the toast of the guests, 
proposed by Mr. H. W. Cremer, Dr. D. T. A. 
Townend said that many of the provincial univer- 
sities had been founded with the help of local indus- 
tries and they had grown side by side with those 
industries. It was a pity that national support to 
these universities had been so belated, as many of 
them were now overcrowded. If assistance had been 
forthcoming sooner, their present position would 
have been more favourable. 





OBITUARY. 


PROFESSOR J. A. CROWTHER. 


WE regret to record the death of Professor J. A. 
Crowther, Emeritus Professor of Physics in the 
University of Reading, which occurred at Treyarnon 
Bay, Cornwall, on Tuesday, March 25. He was 
66 years of age. Professor Crowther was well 
known for his work on the properties of X-rays 
and radiation from radioactive substances under Sir 
Joseph J. Thomson. Subsequently, he carried out 
important work in medical radiology. 

James Arnold Crowther was born at Sheffield on, 
August 28, 1883, and was educated at the Royal 
Grammar School in that city and at St. John’s 
College, Cambridge, of which he was elected a 
Fellow. For some years he was engaged on research 
work under Thomson and published a number of 
papers on the passage of X-rays and f-rays through 
material media. During this period he held a 
Mackinnon Studentship of the Royal Society and 
in 1912 was appointed demonstrator and lecturer 
in physics at the Cavendish Laboratory. During 
the 1914-18 war he acted as radiographer to the 
military hospital at Cannock. On returning to 
Cambridge on the conclusion of hostilities he became 
lecturer in physics applied to radiology and assisted 
in the establishment of the Diploma in Medical 
Radiology and Electrology in the University. In 
1924, he was appointed to the chair of physics at 
the University of Reading, where he carried out 
investigations into the action of X-rays on those 
physical systems which are specially relevant to 
living matter. In 1935, this work was greatly 
extended under the auspices of the British Empire 
Cancer Campaign, but was stopped on the outbreak 
of war. In 1944, he edited the Handbook of Indus- 
trial Radiology and on, his retirement in 1946 was 
appointed Emeritus Professor. 

Professor Crowther played a leading part in the 
establishment of the Institute of Physics in 1920, 
served as honorary secretary of that body from 
1932 to 1946, and was vice-president from 1946 
until his death. He was president of the British 
Institute of Radiology in 1936 and an honorary 
member of the Faculty of Radiologists. He was 
the author of a number of text-books on his special 
subjects. 





DR. W. J. REES, O.B.E. 


Tue death is also announced of Dr. Walter James 
Rees, after a comparatively short illness, at the 
Royal Hospital, Sheffield, on April 4. Dr. Rees 
who was for many years lecturer in charge of 
the Department of Refractory Materials in the 
University of Sheffield, was born at Akeley, Buck- 
inghamshire, in 1879, and received his education 
at the George Dixon School, Birmingham, the Bir- 
mingham Technical College, and the Royal College 
of Science, South Kensington, London. In 1900, 
he was appointed chief assistant to the late Dr. 
Walter Rosenhain, F.R.S., in the laboratories of 
Messrs. Chance Brothers and Company, Limited, 
glass manufacturers, Birmingham, and, from 1906 
until 1917 he was the chief chemist of this com- 
pany. In November, 1917, he was appointed 
lecturer in the newly-formed Department of Refrac- 
tory Materials at the University of Sheffield, and 
continued in charge of the department until his 
retirement in 1945. Dr. Rees was an active research 
worker and his investigations have received world- 
wide recognition. He was an M.Sc. Tech. (Shef- 
field) and was awarded the degree of D.Sc. Tech. 
during the late war and was also made an O.B.E., 
for his services to the refractories industry. He ‘ 
became a Fellow of the Royal Institute of Chemistry 
in 1917 and was also a Fellow, of the Society of 
Glass Technology and a member of the Ceramic 
Society, the Iron and Steel Institute, the Society of 
Chemical Industry, and other bodies. He gained 
a Beilby Memorial Award in 1932 and was for a 
number of years honorary secretary of the Refrac- 
tories Association of Great Britain. Dr. Rees was 
an honorary member of the British Cast Iron 
Research Association and had served on the Council 
of the National Federation of Clay Industries. 
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NAVAL ARCHITECTS. 


(Continued from page 419.) 


WE continue below our report of the discussion 
on the paper by Mr. R. A. Beattie, B.Sc., entitled 
“Shifting Boards for Ballasted Cargo Vessels,” 
which was presented at the afternoon session on 
Thursday, Mareh 30, during the Spring Meeting, in 
London, of the Institution of Naval Architects. A 
summary of the paper was printed on page 419, ante. 

Mr. E. F. Spanner objected strongly to any 
attempt to use friction as a useful force in pre- 
venting the movement of ballast; when a ship 
experienced bad weather, the deck was flexing and 
it was not easy to establish a coefficient of friction. 
The angle of repose of the ballast material hardly 
entered into the problem until the damage had been 
done. The masters of ships in which ballast had 
shifted had testified to a sudden noise, rather like 
that of an express train passing over their heads. 
With regards to shifting boards, he said that, at 
the inquiry on the Leicester, figures had been given 
for the amount by which decks moved on account 
of the loads placed on them; and a paper was to 
be presented by Mr. H. J. Adams, later in the 
afternoon, concerning movements of, and stresses 
in, transverse members of tankers. There could be 
no question that decks moved relatively to each 
other, and he urged that any attempt to hold 
ballast by boards connected to both the deck 
below and the deck above was bad. The ballast 
must be held by some system which relied only on 
one deck. Mr. Spanner then illustrated a method 
of controlling the ballast, when a ship was rolling, 
involving the use of strong triangular frames and 
brackets, and a wire rope to give added strength. 

Captain J. P. Thomson, discussing the case of a 
Liberty vessel requiring 1,500 tons of ballast, 
suggested that about 700 tons might be stowed in 
Nos. 4 and 5 lower holds at the side of the tunnel, 
leaving about 800 tons to stow in Nos. 2 and 3 
*tween decks between shifting boards. That method 
of stowage would give the vessel a G.M. of about 
4 ft. to 5 ft., which he did not consider to be exces- 
sive. In tankers with dimensions near to those of 
the Liberty vessels constructed to carry petroleum 
in bulk, the G.M., when in ballast, was about 6 ft. 
to 7 ft. It would be possible to reduce the G.M. in 
certain of those vessels by ballasting summer tanks, 
but he had never found it necessary or heard of it 
being done ; and, in more than 30 years’ experience 
of that type of vessel, he had never known of serious 
damage to the hull due to heavy rolling. Turning 
to the description of ballast, he urged that the 
terms “Thames” and “pit” ballast were mis- 
leading ; the substances were, in fact, substantially 
sand, and should be called sand ballast, of which all 
sailors had knowledge. Finally, he urged forcibly 
that there should be no shadow of doubt about the 
strength of the shifting boards, especially when the 
ballast was in the ’tween decks. 

Mr. H. E. Steel, after comparing figures relating 
to ships which had suffered serious casualty and 
those which had escaped it, said that the risk of a 
shift of bulk or loose cargo in bad weather was 
never entirely absent, but it was very comforting 
to have stability ample to withstand a shift. That 
should be the primary safeguard for ballast voyages, 
and, after that, strong shifting boards. He sug- 
gested that a greater use of double-bottom and deep 
tanks for water ballast in oil-burning ships would 
assist to give the desirable deeper immersion and 
greater stability, and that the maintenance of high 
speed on ballast voyages in bad weather was a 
matter which might well be looked into. 

Mr. Beattie, in a brief comment on the discussion, 
was interested in the fact that practically every 
speaker had dwelt on the lessons to be learned 
from the experience of the Leicester. Up to the 
time of the Leicester casualty and the publication 
of the last instruction about shifting boards, the 
fitting of them was treated as a stevedoring job; 
it was done by rule of thumb and, so far as he was 
aware, no calculations were made. One thing 
which had been proved by the discussion was that 
there was any amount of information to be had, 
provided it could be ventilated. As the Leicester 





casualty had been the subject of an inquiry, he 
would not attempt to answer points on which a 
ruling had been given by the Court of Inquiry. 
He was most interested to learn that the Ministry of 
Transport intended to put forward further instruc- 
tions, and he assured Mr. Daniel and his colleagues 
how gratefully these would be accepted by ship- 
owners. 

The chairman (Mr. L. Woollard, M.A.) then called 
upon Mr. H. J. Adams, B.Sc., to present his paper, 
entitled “‘ Notes on Stresses in Tanker Members.” 


SrrREssEs IN TANKER MEMBERS. 

In this paper, the author discussed the application 
of the Hardy-Cross method of moment distribution 
to the transverse frame rings of two modern tankers 
for various conditions of loading and draught. 
The first vessel was 460 ft. long, 59 ft. beam, and 
35 ft. 6 in. deep, and the second was 465 ft. long, 
62 ft. beam and 34 ft. 6 in. deep. Both were of the 
type with two longitudinal bulkheads, and the 
transverse frame ring chosen for the analysis, in 
each case, was a web frame. Vessel No. 1 had one 
horizontal strut in the wing tank and vessel No. 2 
had two. The first vessel was longitudinally 
framed at the bottom and deck, with transverse 
side frames supported by stringers which transmitted 
the load to the side transverse of the frame ring ; 
the bottom centre girder supported the ends of the 
eentre-tank bottom transverse. In the second 
vessel, the framing was longitudinal throughout, and 
the bottom transverses acted as girders between the 
longitudinal bulkheads, the centre girder being, in 
effect, a docking girder only. The conditions 
analysed were with three tanks abreast all filled, 
with the centre tank only filled, and with the wing 
tanks filled and the centre tank empty. For each 
of these conditions, the stresses were investigated 
at level load draught, forward and aft; with the 
hollow of a “‘ standard ” wave (one twentieth of the 
length of the ship) abreast of the frame ring; and 
with the crest of the wave abreast of the frame ring, 
the draught being then to the deck edge. The 
analyses showed that the maximum stresses in the 
various members would not necessarily occur in the 
loaded condition, and that the assumption that the 
ends were fixed to rigid supports might give ‘‘ most 
misleading ” results ; the effect of adjacent members 
upon the bending moment of a particular member 
might be considerable. The author thought it 
unlikely that the method used in the paper could be 
employed in general calculations, but considered 
that its application to new types of design would 
indicate where peak stresses were likely to occur 
and would indicate the effect of alterations of 
scantlings in the distribution of moments. As 
welded ships appeared to be peculiarly susceptible 
to peak stresses, a method which enabled these to 
be located might be of value. The calculations 
showed that high stresses might be expected in the 
transverse frames of tankers, due to loading alone ; 
and these peak stresses would come at corners 
where racking stresses also would have an effect. 
It seemed that a tanker with two longitudinal 
bulkheads to tie the top and bottom transverses 
wouid resist racking more effectively than a vessel 
with only one longitudinal bulkhead. No attempt 
was made in the paper, however, to take into 
account the dynamic effect of rolling on the loads 
on the members. 

Opening the discussion, Mr. J. M. Murray said 
that the method adopted by the author afforded a 
good basis of comparison of the stresses sustained 
by the transverse members in different types of 
tanker; but the author might have curtailed his 
work considerably, and obtained the same results, 
if he had adopted the principle of superposition of 
loads. It was doubtful whether it was really 
necessary to work out the calculations for the three 
draughts taken. The first condition was the basic 
condition, which the tanker experienced for most of 
her life ; the other conditions were fluctuations from 
that basic condition, and, though the fluctuations 
of stresses varied with respect to the members 
considered, they might be considered as a dynamic 
increment which could not be definitely determined 
and might best be taken care of in the over-riding 
factor of safety. The calculations gave a very 
interesting indication of the effect of disposition of 
loading, and demonstrated the importance of 





avoiding ‘‘ hard spots” and discontinuities. Sone 
of the author’s examples were taken for a speciiic 
purpose, but they showed clearly that improvements 
could be effected in tanker design. Points which 
Mr. Adams had raised were kept in mind in formi- 
lating the new tanker rules recently published by 
Lloyd’s Register.* 

Mr. J. H. Cox, in a written communication, 
stated that the Hardy-Cross method of analysis, 
in its application to frame rings, was much simpler 
and less laborious than the principle of least work. 
The only deterrent to its general adoption by naval 
architects was the limited amount of data availa},|e 
for comparison with the theoretical values deter- 
mined. It would appear necessary, therefore, to 
carry out experimental work to verify under seagoing 
conditions the calculated results. 

Captain J. P. Thomson, speaking from consider- 
able experience of service in tankers, welcomed 
the paper. In the case of a tanker, he said, tlie 
main concern was with longitudinal stresses ; where 
weaknesses developed in the tanks, they were 
usually at the ends of the stringers, where they 
connected to the bulkheads between the adjacent 
tanks. Commenting on the proposal, in a recent 
papert before the North-East Coast Institution, 
that, for larger tankers, a return to one longitudinal! 
bulkhead might be advantageous, he said that this 
had not been his experience. It was longitudinal 
strength that was wanted in a tanker, and two 
bulkheads contributed much more than could 
possibly be given by one centre-line bulkhead. If 
it were essential to construct a tanker with one 
centre-line bulkhead, the summer tanks must be 
brought well down to make up for the bulkhead 
that was omitted. 

Professor A. M. Robb, who criticised some details 
in the author’s application of the Hardy-Cross 
method, to which Mr. Adams subsequently said 
that he would reply in writing, was followed by 
Mr. W. Muckle, who thought that the Hardy-Cross 
method was highly suitable for dealing with the 
problem of transverse strength. Anyone who had 
used the least-work method for dealing with trans- 
verse strength, he said, concluded that it was not 
‘least work” at all, but rather ‘most work” ; 
the work was greatly simplified by the Hardy-Cross 
method. One of the difficulties of a transverse- 
strength problem was to get the section in equili- 
brium, and he asked the author whether he had 
balanced the buoyant forces with the loads on the 
section. In attempting to isolate a section in a 
transverse-strength calculation, however, any sup- 
port obtained from the other part of the structure 
had to be ignored, and, particularly in a tanker, the 
longitudinals may have some effect on that. It 
would be very difficult, of course, to take that effect 
into account. The problem then became one of stiff- 
ening in two different directions. While agreeing 
with the author that the assumption that brackets 
gave complete fixity at the ends might lead to errone- 
ous results, Mr. Muckle wondered whether anyone 
had tried to investigate the elasticity of the brackets 
themselves. He believed that the Hardy-Cross 
method assumed that two members joined together 
by a bracket had no change of slope under load, 
i.e., that, if initially they formed a right angle, they 
formed a right angle after they were loaded. 

Mr. E. C. B. Corlett asked whether the author 
had considered half a frame ring rather than a full 
frame ring? Had he considered transverses as built 
in on a centre line, and had he made any allowance 
for possible deflection of the depth longitudinal] and 
the keel towards each other ? 

Mr. Adams, replying to Mr. Murray, admitted 
that, when he did the work, he had not realised that 
superposition of loads would have reduced the work. 
Probably the longest part of the calculations was 
that in connection with the loads in the struts. He 
believed that the calculations required to deal with 
a vessel which had no struts would not be very 
lengthy, and, using Mr. Murray’s suggested shorten- 
ing, they would be relatively simple. He agreed 
with Mr. Cox that all the theoretical results were 
open to doubt in such an intricate structure as 4 





* See ENGINEERING, page 369, ante. 

+ “Tanker Design from a Stability Point of View,” 
by N. H. Burgess. Trans. N.E.C.Inst., vol. 65, part 4 
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ship. There were, however, so many different types 
of experimental work being carried out at the 
moment which were, perhaps, of more immediate 
importance that he felt it was too much to hope for 
experimental work to check the results of calcula- 
tions such as he had made. He agreed with Captain 
Thomson that logngitudinal stresses in a tanker 
were important; a serious failure longitudinally 
might result in the loss of the ship, or, in the case of 
a tanker, very often the loss of half the ship. Trans- 
verse failures, on the other hand, would often mean 
merely that the vessel came into port for the frac- 
tures to be made good, and to be strengthened if 
necessary. 

At the morning session on Friday, March 31, 
with the President (Lord Cunningham) in the 
chair, two papers on anchors were presented for 
joi t discussion, these being ‘“‘ Improvements in 
Mooring Anchors,” by Mr. K. P. Farrell, and 
“Investigations on Model Anchors,” by Mr. H. L. 
Dove. 


IMPROVEMENTS IN ANCHORS. 


Mr. Farrcll’s paper, while stating the general 
problems of anchor design as they applied to ships’ 
anchors and kedge anchors, as well as to mooring 
anchors, dealt thereafter with the particular case of 
the mooring anchor. Investigation began, he stated, 
in 1943, following reports that certain ships had 
dragged their moorings, but it could not be pursued 
to any extent until after the war. The need for 
moorings for the post-war Reserve Fleet, and the 
high cost of chain cable, influenced the research, in 
which full-scale and model tests were made of the 
standard “ pick”? type of mooring anchor and of 
other standard designs. Several series of models 
were then tested and the best were selected for 
testing on a larger scale. One of these, designated 
the A.M.7, which was put through a complete range 
of tests, was found to bury itself rapidly and to have 
a holding power some four times that of the standard 
type. Anchors of the A.M.7 design, Mr. Farrell 
mentioned, were already in service, and future 
requirements would be met by anchors of similar 
type, but further improved. Mr. Dove’s paper 
dealt with the mode] tests carried out at the Ad- 
miralty Experimenta] Works at Haslar on mooring 
anchors and ships’ bower anchors. The four-fold 
increase in the holding power of Admiralty-pattern 
mooring anchors, quoted above from Mr. Farrell’s 
paper, was achieved by comparatively small modi- 
fications in shape and fluke angle. It was found 
that the separation between shank and fluke was 
of great importance and had an optimum value. 
Similar small changes in the Admiralty standard 
type of stockless bower anchor increased the holding 
pull threefold. The instability which occurred 
with nearly all designs could be overcome by the 
use of stabilising fins and a dihedral fluke section, 
and this improvement could be maintained at short 
scope. The force required to break out the improved 
anchor was about the same as that for the standard 
stockless type, for the same holding pull. The 
experiments were carried out in a steel tank mea- 
suring 25 ft. in length, 3 ft. in width, and 3 ft. in 
depth, and containing about 8 tons of sand. The 
original tests were made in flooded beds of shingle, 
sea sand and shingle, and sea sand alone; but it 
was found that the variations of behaviour with 
these different beds were not significant and that 
the behaviour of the modeis could be observed 
conveniently in flooded sea sand only. Later 
experiments were made with flooded silver sand 
and dry silver sand. A dynamometer was fitted at 
one end of the tank, on the middle line, the hauling 
wire from the anchor passing over a guide pulley 
at the end of the tank, then vertically upward, 
over a pulley at the end of the dynamometer, and 
thence downward to the hauling winch, which was 
secured to the foundation of the tank. The holding 
or dragging pull of the anchor was counterpoised 
on the dynamometer by added weights and a spring, 
and the forces on the spring were autographically 
recorded. The winch was driven through worm 
and spur gearing by a 2-h.p. motor. 

The discussion opened with a communication 
from the Director of Naval Construction, Sir 
Charles S. Lillicrap, K.C.B., which was read on 
his behalf by Constructor Captain A. J. Merrington. 
Sir Charles recalled that, in 1943, a request was 





received from the present First Sea Lord, Admiral 
of the Fleet Lord Fraser, then Second in Command 
of the Home Fleet, for improved anchors, arising 
out of his war experience at sea. Arrangements 
were made for models of some anchors to be tested 


in one of the ship tanks at the Admiralty Experi-| bed 


ment Works, Haslar. The tests brought out some 
rather disturbing differences in the dragging and 
holding characteristics of the usual patterns of 
ship anchors, and had indicated some features in 
which improvement might be sought. Many types 
lost what little holding pull they had, due to their 
unstable motion when dragging, causing them to 
rotate round the line of pull and to break ground. 
After the war, the anchor tank described in Mr. 
Dove’s paper was completed. There was every 
reason to believe that, when experience had been 
obtained with the improved anchors, substantial 
financia] savings would follow. It was seldom that 
such a clear answer was available to those who 
might still doubt the wisdom of expenditure on 
research. The work involved a good deal more 
than just designing and improving specific anchors. 
All aspects of the forces on flukes and shanks were 
measured. Fundamental work was going ahead on 
planes and surfaces, and also on the rheological 
aspects of motion of bodies through the sea bed. 
The objective was to obtain information for the 
design of specific anchors to meet a prescribed 
holding pull. Ranges had been laid down for 
testing large anchors, and the work was proceeding 
in, parallel with tank work. A good deal of progress 
had already been achieved towards better anchors, 
and there was every confidence that improvements 
for all classes of ship were at hand. In a recent 
tria] on the testing ground, a mooring anchor of 
2-1 tons held 19 tons; a bower anchor weighing 
24 tons required a pull of 28} tons to move it 
after it had been left buried overnight, the dragging 
pull then decreasing very slowly and reaching 
ultimately a minimum value of 18} tons. Those 
results spoke for themselves. 

Captain J. P. Thomson said that much more 
could be done with a bower anchor when berthing 
a ship than with tugs, which might not be on the 
exact spot just when they were wanted. When 
berthmg a tanker in a wind, when there was very 
little draught, the anchor was a really important 
factor in bringing the ship to the wharf. The 
Danforth anchor, which was used in tank landing 
craft, could be made lighter; in some cases, no 
equipment was available for handling heavy anchors. 
He suggested also that there was room for improve- 
ment of the windlass and the cable lifters used for 
handling anchors. The normal cable lifter was 
designed with five snugs, which rapidly wore down, 
so that the cable slipped over the winch. Moreover, 
the cable did not lie fairly on the cable lifter. Any 
departure from the orthodox type of anchor, 
however, meant that the hawse pipes must be 
altered, because proper stowage must be provided 
for the anchors. 

Mr. N. W. Honey questioned Mr. Farrell’s point 
that, when mooring anchors were lowered, they 
should develop their full holding power imme- 
diately exactly where they dropped. Moorings 
groundwork was supposed to be laid taut, but that 
was impracticable. Theoretically, on a two-arm 
mooring, the quite smal] force applied to the 
mooring perpendicular to the arms would cause the 
anchors to drag. Larger moorings could not be 
laid without a little slack in each of the 400-ft. 
arms. Commenting on a methodical series of 
experiments with a brass model, to 1/12th scale, 
of a destroyer-type stockless anchor, cited by 
Mr. Farrell, he thought that, while the general 
conclusions were probably valid, the model anchors 
were too small to enable full-scale results to be 
predicted accurately. Professor G. I. Taylor had 
shown that, for accurate prediction, there was a 
minimum size of model anchor, depending on the 
anchor type and bed. 

Mr. H. G. Taylor said that the Admiralty appeared 
to have departed from the old tradition of using 
forged anchors and had turned to cast-steel anchors ; 
only recently, however, a big one had failed to pass 
the test, and there was always that risk with 
castings. Admittedly, forgings did not permit such 
beautiful designs to be produced as did castings, but, 





after all, the one essential element in an anchor 
was that it must not break. Tank experiments 
with anchors, he suggested, might be inconclusive ; 
a specially prepared tank with a bed of specially 
prepared silver sand did not represent the ocean 


Mr. R. W. L. Gawn, O.B.E., said that the papers 
indicated another field in which a rich harvest 
might be gleaned from model experiments. Refer- 
ring to a statement in Mr. Farrell’s paper that no 
full-sized anchor had yet appeared that was entirely 
stable withovt a stock, he believed that the work 
described would render that statement out of date. 
When the first model anchors were tested, some 
concern was felt as to their reliability for predicting 
the suitability of large anchors in service. A few 
early check trials were encouraging, but not suffi- 
cient to be conclusive. The fuller information now 
made available by Mr. Dove provided opportunity 
for a more considered assessment. The agreement 
shown was fairly close, but individual types showed 
departures from the average which, in some cases, 
were disconcerting. It was clear, however, that the 
best models made the best anchors and that great 
improvements had resulted from the model experi- 
ments. Consistent results were now obtained in 
model experiments. In the early tests, it was 
found that the holding pull was reduced if a model 
were dragged shortly after the bed had been dis- 
turbed in a previous test. Clearly, the bed had to 
be re-made after each experiment ; that operation 
was now quickly performed by vibrators fitted to 
the tank, and results could be repeated consistently 
after only a brief interval. So far, it had not been 
possible to achieve the same degree of consistency 
when dragging large ship anchors on the shore 
range. Some of the inconsistencies might be due 
to changes in the sea bed in the area of test. 
Again, the full-size anchors should be manufac- 
tured with reasonable accuracy, for comparatively 
smal] departures in fluke angle and in the separation 
of fluke and shank appeared to be important. A 
moral was that designers must try to produce an 
anchor which was not too sensitive to small depar- 
tures from the design. 

With regard to Mr. Taylor’s point that a carefully 
prepared bed of silver sand was very different from 
the sea bed, Mr. Gawn pointed out that a paraffin- 
wax model in a still-water experiment tank was very 
different from the steel riveted ship, yet the results 
seemed to agree. The relation of holding pull to 
weight, while a rational procedure, could only be 
regarded as a tentative yardstick. Unfortunately, 
the problem involved consideration of many factors, 
such as the shape, size and specific gravity of the 
anchor, the physical properties of the test bed, the 
penetration of the anchor (which depended on 
anchor design as well as the properties of the soil), 
and the physics of rheology. One arresting result 
was the remarkable holding pull of a comparatively 
small flat plate embedded horizontally in the sand. 
It would be unrealistic to express its performance in 
relation to weight ; but, clearly, there was scope for 
profitable investigation. 

Mr. J. M. Murray, M.B.E., said that it was 
apparent that, by alterations to design, the holding 
power of an anchor could be increased from three 
or four times its weight, or less, which was the 
usual standard at present, to perhaps ten times its 
weight, provided the ground was suitable. For 
mooring anchors the advantage of that was inescap- 
able, and for bower anchors there must obviously be 
advantages. Diagrams in the papers showed that 
for moderate depth of water and scope of chain, 
reasonable factors of safety on the cable proof 
loads were not exceeded, and that the orthodox 
anchor would drag before the whole chain was 
lifted from the ground. With regard to the relation 
between the proof load on the anchor and cable and 
their weight, Mr. Murray pointed out that the 
statutory requirements in force were, in effect, the 
Admiralty requirements of 1860, or perhaps earlier, 
for anchors up to 100 ewt. and stud-link iron cable 
up to 2} in. Those proof loads were adopted by 
Lloyd’s Register in 1867 and became statutory in 
1899. Since they had remained unchanged for at 
least 90 years, those tests must have given fair 
satisfaction. Without wishing to argue that, 
because the tests had stood for almost 100 years, 
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they might well stand for another 100 years, he did 
suggest that, for merchant ships at least, it was 
necessary to proceed with some caution before 
making radical alterations. He believed that 
alterations in respect of the holding power of 
anchors were necessary, and would be a good thing, 
within limits ; but he was not sure that it would be 
wise to increase the holding power to three times 
the present figure without going through some inter- 
mediate stage. There was, of course, a very 
important commercial aspect of that matter. In 
the experience of [loyd’s Register, at any rate, 
most owners were content with the equipment they 
were asked to provide. 

Mr. E. C. S. Hepden felt that, although the authors 
of the papers had done a lot to show how cheaper 
and better types of moorings could be produced, 
it was necessary also to persuade mooring officers 
that those moorings would be good. The new 
designs could only become everyday practice if there 
were a ready market, and mooring officers were 
conservative. The mooring officer of a port was the 
best man to judge the wind and tide conditions to 
which moored vessels would be subjected, and he was 
responsible also for the safety of the moorings when 
a vessel was berthed at them. The present 
unnecessarily heavy moorings had been proved in 
the hard school of experience. At times, a mooring 
officer was asked to secure two or more vessels to 
one mooring, and he must be able to estimate the 
forces coming on to those vessels. Without faith 
in the new type of moorings, he would not co-operate 
wholeheartedly in having them used. For mooring 
officers to take full advantage of the new moorings, 
they would require a small technical staff capable 
of juggling with the mathematics of the catenary 
and the wind and tide forces on ships. At present, 
the mooring officers in the Dockyards had no such 
staff ; but the drawing offices in all Dockyards had 
staffs capable of investigating mooring problems, 
and they should be put at the disposal of the mooring 
officers. Being himself associated with a Reserve 
Fleet Command, where occasionally mooring prob- 
lems presented themselves which were not covered 
by the standard book of reference, Mr. Hepden 
made a strong plea for some organisation which 
could use the valuable data contained in the two 
papers, and persuade those who held the purse 
strings that the investment of a little money would 
show a good return. 

Mr. H. J. Higgs, discussing the Danforth anchor, 
said that its holding power was really excellent, 
in his experience, both with chain and wire rope. 
The only difficulty was a propensity to foul; the 
cable or wire seemed to become very readily turned 
up on the stock. With regard to stowing, he 
suggested that an excellent anchor on the lines of 
the Danforth would be one with the flukes just a 
little more splayed, so that they did not trip on the 
lip of the hawsepipe, and, if possible, with a little less 
length of stock; preferably, the end of the shank 
should not project beyond the stock. 

Mr. S. T. Cope, principal mooring officer of the 
Air Ministry, remarked that both authors had 
mentioned the need to guard against burying an 
anchor too deeply, thus making it difficult to break 
out. Mr. Dove, however, said that ribs should not 
be fitted to anchors, because this prevented them 
from burying; but an anchor had to be buried 
if it was to develop good holding power. Though 
Mr. Dove’s paper dealt expressly with permanent 
mooring and bower anchors, Mr. Cope suggested 
that stream and kedge anchors were worthy of the 
closest investigation ; he hoped that the Admiralty 
would examine their requirements also. So long 
as vessels ran the risk of grounding, so long would it 
be necessary to provide them with anchors of the 
lightest weight and with the highest possible 
holding power, irrespective of whether or not they 
buried too deeply for subsequent lifting. There 
were recent cases of vessels which had run aground, 
and which could have hauled themselves off by 
means of anchors and their cargo winches. It would 
be far better to lose two or three lightweight anchors 
of high efficiency, if there were any possible chance 
of saving a vessel, rather than to have on board a 
heavy kedge or stream anchor with a very low 
efficiency, which, because of its weight, could not 
be laid out quickly in an emergency. 





Mr. W. A. D. Forbes, having thanked Mr. Cope for 
his great personal assistance to the Admiralty in the 
conduct of the various trials, commented on a sugges- 
tion which had been made that the work described 
in the papers was of a theoretical character. It 
was part of his job, he said, to inspire and direct 
the young men who had carried out the trials, 
often in very difficult conditions, and he could give 
the assurance that they had not neglected the 
practical aspects of the problem. One of the next 
steps would be to try out the Admiralty bower 
anchor in a destroyer, to ensure that the flukes 
attached for stabilising were satisfactory. 

Constructor Captain A. J. Merrington, C.B.E., 
said that it would be of great value if the authors 
would offer a few ideas regarding the future develop- 
ment of bower anchors. He invited them also to 
add some information on the holding characteristics 
of various types of sea bed, other than sand, 

The President said there were times when the 
anchor was the best navigation instrument in a 
ship, and the sailor must be able to rely upon it. 
He agreed with Sir Charles Lillicrap that the work 
described in the papers was a very definite example 
of the use of research for practical purposes. He 
wondered, however, whether it was directed solely 
to producing better anchors for holding, or whether 
it was also directed to saving weight in a ship, 
which was highly important in a vessel such as a 
destroyer. When he served in destroyers, they 
never carried enough cable or a sufficiently heavy 
anchor. Reference had been made to improving the 
design of hawsepipes ; the design of fairleads should 
also receive attention. He had known a cable to 
break in a bow fairlead of unsuitable form. 

Mr. Farrell, replying to the discussion on his 
paper, agreed with regard to the Danforth anchor, 
that it had usually a high holding pull ; it had done 
a remarkably good job in landing craft during the 
war. In the work described in the paper, they had 
been trying to arrive at an anchor without a stock, 
because the stock tended to foul the cable or wire. 
He thought that they had arrived at that solution 
in the bower anchor ; it did not matter in the moor- 
ing anchor. Hawsepipes, of course, presented a 
problem ; it was necessary to ensure that the new 
anchors would stow as neatly as the old ones, and 
they were trying to make them stow more neatly. 
With regard to Mr. Honey’s question why the 
mooring anchor should be required to hold imme- 
diately, he said that, if a mooring were to be 
provided close to a jetty or in a stream, it was neces- 
sary to restrict swinging distance ; a mooring could 
be designed to give quite a small swinging distance, 
if they had an anchor which would remain where 
it was put. Replying to Mr. Taylor: they were 
quite satisfied with the cast-steel mooring anchor. 
The steel castings produced in this country were as 
good as any, especially having regard to the new 
developments in cast steel. The cast head for the 
bower anchor was also acceptable, but he had never 
been an advocate of the cast shank. The use of 
forged shanks would be wise, and that was possible 
in the designs put forward. 

Mr. Murray’s remarks on proof load, Mr. Farrell 
continued, were very apt. In that connection, Mr. 
Farrell called attention to the remark in his paper 
that, if anchors with greater holding-pull coefficients 
were to be usefully developed, the regulations should 
be amended to require that “‘ the proof load should 
be (say) 10 times the anchor weight, or (say) twice 
the holding pull in firm sand claimed by its makers, 
whichever is the larger.”” In other words, he would 
put the onus on the makers to claim a pull, or 
provide that the proof load should be 10 times the 
weight. That would give a figure for proof load 
which would be very fair, would enable anchors to 
be designed with minimum weight, and would almost 
give rise to a competition to make the best anchor, 
which was what was wanted. On Mr. Hepden’s 
remarks, Mr. Farrell commented that mooring 
officers liked standard designs to work to ; probably 
there would be a call for a few standard designs. 
He agreed with Mr. Cope that the kedge anchor 
needed investigation and that its use for salvage 
should be developed ; many grounded ships could 
be pulled off by the use of their winches and anchors. 

To Mr. Merrington he said that Mr. Gawn had 
tried to test many types of bottom in the anchor 





tank at Haslar, but a lot of work was involved in 
shifting seven tons of material from the tank and 
replacing it with another material ; the right course 
was to use sand for the model tests, and to use fii]- 
scale anchors to test the holding powers of different 
types of bottom. With regard to the Presideni’s 
point concerning weight saving; Mr. Farrell s:id 
that they had tried to save weight, and, in fat, 
were proposing to save some weight in destroyers 
already. Instead of 42-cwt. anchors, they were 
thinking of 30 cwt. in a new ship ; that was about 1s 
far as they were prepared to go. They were often 
pressed about length of cable and increased diameter; 
no more diameter was needed, and increased lengih 
was required only when anchoring in deep water. 
The normal length of 150 fathoms was ample for 
40 fathoms depth. Mr. Farrell ended with a tribute 
to Mr. Hepden, who, he said, first pointed the w:y 
to a theoretical analysis of a methodical series. 

Mr. Dove, replying to Captain Thomson’s sugg:s- 
tion that, because of their efficiency, Danforth 
anchors could be lightened, said that there was 
perhaps almost a misunderstanding in that connec- 
tion. Danforth anchors were usually of the light 
type; the thickness of the shank, flukes, etc., had 
been reduced in relation to the stress likely to be 
imposed upon them. If the same anchor were 
brought up to the full size for, say, a cruiser, the 
section of the shank, flukes, and other parts would 
have to be increased in that dimension ratio, 
because the imposed stresses increased in that ratio. 
That was one of the difficulties about comparing 
various types of anchors ; they must be of the same 
weight. Regarding discrepancies between model 
and full-scale results, Mr. Dove said that there was 
still a small scale-effect between anchors, over and 
above the errors mentioned in the full-scale readings 
of holding and dragging pull. So far, that had not 
been dealt with conclusively, but it must be over- 
come. From experiments, they had deduced that 
the fluke angle should have a certain value, but at 
full scale it was found that the angle had to be 
reduced to give the optimum result. Possibly that 
indicated that the hardness or density of the soil 
in the tank was not sufficiently great. They had 
varied the sand until they were getting corresponding 
values between models and full scale, and had taken 
that consistency as the datum; thenceforward, 
they had worked at that particular consistency, 
which was checked by the penetrometer. 

In full-scale trials it was difficult to measure the 
holding pull exactly ; it was much easier to measure 
dragging pull. By measuring dragging pull, how- 
ever, another possible error was introduced into the 
dimensional equation; they hoped to overcome 
the difficulty. Against that, however, there was the 
point made by Mr. Gawn: minor changes in the 
design, deduced from the best model, had given the 
best anchor. 

With regard to Mr. Murray’s suggestion that it 
was not wise to increase the holding pull beyond a 
certain limit, Mr. Dove pointed out that, though 
an anchor might be capable of developing ten times 
its weight in holding pull, it had only to give the 
holding pull that the ship required of it. If, in a 
gale, there was a drag of only five times the weight, 
that was the holding pull the anchor would develop ; 
if the drag imposed by the ship continued to increase, 
the holding pull would still be sufficient, up to ten 
times the weight. Mr. Higgs had remarked on the 
excellent holding power of the Danforth anchor, but 
a number of naval officers had complained that it 
had let them down on occasions ; just when they 
had wanted a pull, the anchor had not gripped and 
they had dragged 100 yards before getting a grip. 
That sort of thing caused accidents; they could 
not afford to use an anchor which would give an 
extraordinarily good hold on one occasion and would 
drag on another. Whether that difficulty could be 
overcome would depend on full-scale trial results. 
It was true that ribs should not be applied to 
anchors because they prevented the anchors burying, 
and it was also undesirable that an anchor should 
bury itself too deeply. Some types of anchor would 
drag along the surface ; on the other hand, they did 
not want an anchor which would bury to a depth 
of 50 ft., but one which would remain close enough 
to the surface to pull out. 


(To be continued.) 
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ELECTRONIC PRESSURE- 
MEASURING INSTRUMENT. 


By Jonn H. Jupz, A.M.LE.E. 


CONVENTIONAL pressure-measuring devices, such 
as pressure gauges, have too much inherent inertia 
to give correct indications of a peak pressure or the | 
rapid changes that occur in high-pressure hydraulic | 





PRESSURE CYCLE OF ImpuLsE-TESTING MACHINE. 


Fig. 5. 


tube are integral. The instrument is made by the 
Aeroquip Corporation, of Jackson, Michigan, U.S.A. 

The basis of operation of the unit is the Wheat- 
stone bridge, except that in this case two of the arms 
are wound on a hollow thin-walled section that is 
to be subjected to pressure. One arm of the pair 
is wound on a solid end of the element and is not 
affected by pressure, but both arms are equally 
affected by ambient temperature, both as regards 


IntT1aL PorRTION OF CURVE IN Fic. 4, ON LARGER SCALE. 


rated pressure this is only 0-0003 in. and corresponds 
to an increase of resistance of 13 ohms in a 7,500-ohm 
bridge arm. 

Superficially, it would appear that the device is a 
simple strain gauge, but there are important differ- 
ences. The normal strain gauge has the wire 
cemented to a suitable carrier, such as thin paper, 
and the element may be cemented transversely to 
a tube for pressure measurements. These gauges 





systems and therefore certain types of electrical |the temperature coefficient of the wire and the|are usually of relatively low resistance and are 


pick-ups, the output of which can be amplified | 


dimensional changes in the cylinder. The remaining 


| used in sets of four—two transverse and two longi- 


electronically and indicated on cathode-ray type | two arms of the bridge can, of course, be made of a|tudinal—to eliminate bending and longitudinal 


oscilloscopes, have been developed for this purpose. | 
The response of such instruments is instantaneous | 


material having a low temperature coefficient. 
The bridge circuit is supplied from a valve oscil- 


to provide temperature compen- 


| Strain efiects and 
In the “ Hydrauliscope,” the resistance 


| sation. 


and there can be no inertia outside the pressure | lator, so that the out-of-balance voltage produced | wire is wound circumferentially on to the pressure- 


element, and this can be designed to reduce inertia | when the arm on the hollow section is subjected to | sensitive tube to give a high-resistance coil. 


effects to negligible magnitude. The ‘“ Hydrauli- 
scope,’’ the appearance of which is illustrated in 
Fig. 1, is one such electronic analyser in which all the | 
elements needed to transform the pressure impulses | 
at the pick-up to indications on the cathode-ray 





pressure, and thus changes its resistance, can 
easily be amplified and presented on a cathode-ray 
tube. Animportant feature of the pick-up element 
is its low inertia and this is produced by making the 
total movement very small. Even at the maximum 


The 
coils are wound directly on the tubing to give good 
electrical insulation and to eliminate bonding which 
|may introduce difficulties. 

Pick-up elements are made for the following 
ranges of pressure : low pressure, vacuum to 500 Ib. 
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per square inch, maximum sensitivity, 80 Ib. per 
square inch per inch of beam deflection ; medium 
pressure, 0 to 3,000 Ib. per square inch, maximum 
sensitivity, 400 lb. per square inch per inch of beam 
deflection ; and high pressure, 0 to 5,000 Ib. per 
square inch, maximum sensitivity, 1,000 lb. per 
square inch per inch of beam deflection. All types 
will withstand occasional surges up to 250 per cent. 
of the maximum, without damage. In each case 
the electrical output of the bridge for maximum 
pressure is 61 millivolts, which is larger than the 
voltage change developed by the more usual low- 
resistance strain gauge. If desired, two pressure 
elements can be placed together and connected 
electrically, so that the output will be proportional 
to the difference in the pressures applied to each 
element. The cathode-ray tube will then trace a 
curve of the pressure difference, when correctly 
calibrated. A similar arrangement will permit 
the measurement of instantaneous flow rates, if 
used in conjunction with suitable orifices or flow 
nozzles. 

An important feature of the “ Hydrauliscope ” is 
that the electronic equipment embodies a direct- 
current amplifier. This permits the measurement 
of static pressures and direct calibration against 
gauges and deadweight testers. Direct-current 
amplifiers cannot be made cheaply where stability 
is desired, but their use is worth while because, 
apart from the above advantages, low transient 
frequencies down to zero can be displayed. In this 
equipment, the limitations of low-frequency response 
common to many commercial oscilloscopes have been 
eliminated and the output characteristics are flat 
within 1 db for all frequencies between 0 and 20,000 
cycles per second. 

The illustrations in Figs. 2 and 3, page 451, are 
representative of the type of work that can be done 
with this apparatus in recording the various phases 
of the operation of a hydraulic lifting truck. Fig. 2 
is a graph of the pressure obtained at the lifting 
cylinder when a full load is dropped from full height 
and stopped just short of the floor. The horizontal 
sweep was started as the valve control handle 
reached the shut-off position. A timing wave of 
100 cycles per second was traced at the bottom of 
the illustration, from which it may be determined 
that the duration of the action shown is about 
0-08 second. Pressure reference lines were traced 
at 0 and 600 Ib. per square inch pressure (static). 
The maximum pressure was 1,050 Ib. per square 
inch. 

Fig. 3, page 451, records the history of the pres- 
sure which resulted from picking-up a full load with 
the empty forks, at full lifting speed. The expected 
high surges did not occur, probably because of the 
tendency to lift the truck from its rear axle as the 
load was picked-up. A _ 100-cycle timing wave 
was traced at the bottom of the record, the duration 
of which was approximately 0-6 second. Again, 
reference lines were traced at 0 and 600 Ib. per 
Square inch (static). The pulsations in pressure 
originating in the vane-type pump are clearly shown. 

Fig. 4, page 451, records the pressure cycle ob- 
tained on a 3,000-Ib. per square inch impulse testing 
machine. The bottom trace is the record of a timing 
wave of 100 cycles per sec. Reference pressure lines 
have been traced at 0 and 3,000 Ib. per square inch 
(static). The pressure surge occurs within about 
0-005 sec., from 0 to 3,000 Ib. per square inch, fol- 
lowed by a number of diminishing oscillations, a 
gradual] pressure rise and a final levelling to 3,000 Ib. 
per square inch before the impulse cycle was com- 
pleted. Fig. 5 shows a detail of the initial part of 
the curve traced in Fig. 4, with the sweep speed 
increased nine-fold. Pressure reference lines were 
traced at 2,500 Ib. and 3,000 Ib. per square inch 
(static). 





THe NIMONIC SERIES OF ALLOYS.—Messrs. Henry 
Wiggin and Company, Limited, Wiggin-street, Birming- 
ham, 16, have issued three further publications on their 
Nimonic series of alloys for high-temperature service. 
These give data on the hot-working, annealing and 
pickling, and machining of these materials. That on 
machining was compiled as a result of a survey of 
current practice in the workshops of a number of promi- 
nent aircraft-engine manufacturers. Copies of the 
publications are obtainable gratis on application to the 
firm at the above address, 


LABOUR NOTES. 


Great Britain’s total working population decreased 
during February, by 27,000 persons (19,000 men and 
8,000 women), to 23,343,000 at the end of the month, 
which compared with a total of 23,318,000 at the 
close of last year. The working population at the end 
of February comprised 16,093,000 men and 7,250,000 
women, and, of these, 15,132,000 men and 7,120,000 
women were in civil employment. Persons serving in 
the Forces numbered 717,000, of whom 691,000 were 
men and 26,000 women, a decline of 7,000 men and 
1,000 women in the two months since the close of 
1949. There were 14,000 ex-Service personnel on 
release leave seeking employment at the end of 
February, against 11,000 at the end of 1949. The 
remaining 360,000 were registered as unemployed, the 
same number as that at the close of 1949, but 12,000 
fewer than at the end of January. More recent Ministry 
of Labour statistics show further improvement in the 
unemployment situation. On March 13, there were 
347,300 persons on the register, compared with 372,800 
on February 13. The March figure represented about 
1-7 per cent. of the total number of persons insured 
under the national insurance schemes, against 1-8 per 
cent. for February. It may be recalled, however, that 
there were only 282,000 registered unemployed at the 
middle of 1948. 





Persons in civil employment, which includes industry, 
commerce and services of all kinds, numbered 22,252,000 
at the end of February, according to a Ministry of 
Labour report published on April 14. This total was 
13,000 less than the end-of-January figure of 22,265,000, 
but 30,000 more than the end-of-1949 figure of 
22,222,000. Employees in the basic industries declined 
in number by 2,000 during February, to an end-of- 
month total of 4,237,000. An increase of 1,000 in the 
number of those engaged in the gas, electricity and 
water services was offset by a corresponding decline 
of employees in the transport and communications 
services. The totals employed in these two groups of 
public services at the end of February were 323,000 
and 1,801,000, respectively. The number of wage 
earners on colliery books declined by 1,600 during the 
month to a final total of 705,000, compared with 
709,000 at the end of 1949 and with 725,000 in mid- 
1948. The steady decline in colliery man-power, in 
spite of the nationalisation of the coal-mining industry, 
appears to be one of the most serious labour problems 
facing the country at the present time. There has 
been but little change during recent months in the 
labour force employed in the other three basic indus- 
tries. At the end of February, there were 1,223,000 
persons e in agriculture, 82,000 in quarrying, 
and 41,000 in the fishing industry. 





On balance, there was an increase of 5,000 (2,000 
men and 3,000 women) in employment in the manu- 
facturing industries during February, giving an end-of- 
month total of 8,416,000, against 8,373,000 at the 
close of 1949, and 8,114,000 in mid-1948. During the 
month, employees in the food, drink and tobacco 
industries decreased in number, by 5,000, to 754,000 ; 
while those in the engineering, metals and vehicles 
industries increased by 2,000 to 3,940,000; in the 
textile industry, they increased by 3,000 to 1,026,000 ; 
and, in the clothing industry, by 2,000 to 766,000. 
Employment in the chemical and allied trades remained 
stationary at a level of 450,000 persons. Other indus- 
tries in the manufacturing group together had a man- 
power strength of 1,480,000, an improvement of 3,000 
during February. 


Employment in the building and contracting trades 
declined, by 9,000, to a total of 1,462,000 during 
February. There was also a decrease of 2,000, to 
2,803,000, in the labour force of the distributive trades, 
and one of 3,000, to 3,884,000, in that of the profes- 
sional, financial and miscellaneous services. Staffs 
employed by local authorities were reduced by 3,000, 
during the month, to 781,000. This decrease was due 
to the transfer of rating valuation personnel to Govern- 
ment employment. The figures referred to in this and 
the foregoing paragraphs include all persons, of both 
sexes, over 15 years of age. Gainfully-occupied persons 
over pensionable age are also included, and part-time 
employees are counted as full units. 








The claim of the National Union of Railwaymen for 
an increase in the wages of the lowest-paid grades of 
railway employees was rejected by representatives of 
the Railway Executive at a mecting of the Railway 
Staff National Council on April 14. The demand was 
previously refused by the Executive at a meeting with 
the N.U.R. on February 27. The main difference 
between that meeting and that of the Railway Staff 
National Council on April 14 was the presence of high 
officials of the other leading railway unions. Both 





sides of the railway service are represented on the 








Council, so that the meeting on April 14 enabled the 
N.U.R. to renew their arguments to the Executive 
for the increase, with the additional advantage to the 
Union that officials of the Railway Clerks’ Association 
and of the Associated Society of Locomotive Engineers 
and Firemen, which Unions refused to join in the claim, 
were present during the discussion. It is understood 
that the officials of these two Unions did not give the 
claim their support at the Council meeting, either. 
The attitude of the two Unions to the claim has been 
explained by them on various occasions. 





Although negotiations in respect of this claim have 
been in progress for some months, no definite sum has 
been specified for the increase, but, in the earlier stages, 
at any rate, the phrase “for a substantial amount ” 
was frequently mentioned. It is known that the 
N.U.R. desires to raise the basic minimum rate for the 
lowest-paid railwaymen from the present level of 
4l. 12s. 6d. to 5l. a week. Normally, the next step 
would be for the claim to be referred to the Railway 
Staff National Tribunal for arbitration, but there are 
other alternative courses of action, such as an appeal 
to the Minister of Labour, open to the N.U.R. 





Criticism of the Government’s policy of curbing 
demands for wage increases is contained in the Railway 
Review, the official journal of the National Union of 
Railwaymen. Mr. J. B. Figgins, the Union’s general 
secretary, writes in the issue for April 14 that the 
only means of avoiding a slump in Britain is by aban. 
doning the policy of wage restraint. He states that 
the advocates of improved productivity and increased 
production have shut their eyes to the fact that the 
products of the machine age have to be sold, if the 
values they contain are to be realised. It is this 
fundamental truth which decisively destroys the theory 
propounded by advocates of the “‘ wage freeze.” He 
continues: “ The lesson to be learned from all this is 
surely perfectly clear. The duty of the British trade- 
union movement is not only to accept, but to take the 
necessary steps to get, increases in wages.” He 
describes the Economic Survey as the acceptance of the 
policy of drift and adds that that document “ will 
certainly not set the heather on fire.” 





Developments in connection with the ballot to be 
taken by the Confederation of Shipbuilding and Engi- 
neering Unions on the engineers’ wage claims are being 
closely watched by the Minister of Labour. In answer 
to a Parliamentary question on April 18, Mr. George 
Isaacs stated that neither the employers nor the Con- 
federation had reported the dispute to him, but he had 
felt obliged to draw the attention of the executive of 
the Confederation to issues raised by the ballot. Strikes 
were prohibited under the Conditions of “mployment 
and National Arbitration Orders until a dispute had 
been reported to him in writing and he had failed to 
take action. 





Mr. Isaacs stated that advantage had been taken of 
the recent discussions with the two sides to the dispute 
to ascertain both from the Engineering and Allied 
Employers’ National Federation and from the Con- 
federation what position had been reached regarding 
proposals for a new wage structure for the engineering 
industry. He found that, although no satisfactory 
result had so far been achieved, the matter was still 
open for negotiation. The Federation, however, had 
declared that it was not in a position to resume dis- 
cussions on that subject as long as the demand of the 
Confederation for a 20s. a week increase remained 4 
live issue. Mr. Isaacs concluded by saying that his 
Ministry were in very close touch with both sides and 
had had contact all the time. They hoped to be able 
to avert any trouble. 


Negotiations are expected to commence shortly 
between local officials of the National Union of Mine- 
workers and the divisional coal boards concerned, on 
the supply of cheap coal to those miners in Cumberland 
and parts of Lancashire who do not at present parti- 
cipate in that concession. A recommendation that 
the two districts should negotiate an agreement, on 
the basis of an offer by the National Coal Board, was 
made known at a meeting of the executive of the 


N.U.M. on April 13. 


The Board is understood to have offered to supply 
the 55,000 miners concerned with coal at the current 
market price, less 21s. a ton, up to a maximum of 
4 tons 8 cwt. per annum each. The Board has stipu- 
lated that the total cost must not exceed 136,000/. a 
year. The proposed agreement is to be for six months 
only in the first instance. If, at the end of that period, 
it is found possible to increase the quantity of conves- 
sionary coal without exceeding that cost limit, the 
supply to each man may be increased, up to a limit of 





six tons annually. 
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ELECTRIC DISCHARGE LAMPS FOR 
DAYLIGHT SIGNALLING.* 


By H. K. Bourne, M.Sc., and E. J. G. Bregson. 


THE light output required for visual signalling 
depends mainly on atmospheric transmission and back- 
ground brightness. On a day of high transmission and 
dark background, a few candle-power may suffice to 
cover a certain range, but several million may be 
insufficient with poor visibility and high background 
brightness. In general, the output should be variable 
from a minimum of about 10,000 candle-power up to as 
high a value as is practicable. 

The main design problems are concerned with the 
selection of sufficiently powerful light sources, optical 
systems to concentrate the light in beams of the 
required polar distributions, and means of inter- 
rupting the light for Morse signalling. Two types of 
visual signalling equipment are in general use at sea— 
directional projectors for signalling between one ship 
and another or to a land station, and non-directional 
types required by flagships or escort vessels for sig- 
nalling to accompanying ships. In both types the 
light is usually interrupted by Venetian-blind shutters. 
Directional lanterns have lenses or mirrors to produce 
narrow divergent beams, though the angle of divergence 
must be great enough to prevent loss of training when 
the ship is rolling in heavy seas. The light sources 
are usually incandescent lamps, except in the more 
powerful units which incorporate high-intensity carbon 
ares. Candle-powers ranging from one to twenty million 
are obtained, which enable the maximum signalling 
distances to be achieved and produce visible signals 
as far as the horizon even in bright sunshine. Non- 
directional lanterns use only reiatively inefficient 
optical systems or none at all, since the light must not 





* Paper read before the Utilisation Section of the 
Institution of Electrical Engineers on Thursday, March 9, 
1950. Abridged. 
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be concentrated into a narrow beam. They require 
very powerful light sources, but in general, three forms 
can be employed, namely, incandescent lamps, carbon 
ares, and electric discharge lamps. 

The largest practical incandescent lamps are rated at 
about 5 kW and give a total output of 150,000 lumens, 
which, even with a lens, cannot produce more than 
30,000 candle-power in a suitable beam. These lamps 
have relatively short lives and require mechanical 
shutters, since they cannot be keyed electrically. 
Carbon ares given high light outputs, but the are mecha- 
nism needs maintenance and attention for carbon 
changing, and so complicates the design of the lantern ; 
the arc cannot be keyed electrically and its use is con- 
fined to high-power directional projectors. Discharge 
lamps, however, have features which are helpful for 
daylight signalling. Their luminous efficiencies are two 
to three times greater than those of incandescent lamps, 
they are well able to withstand shock and vibration, and 
shutter mechanisms can be eliminated since electrical 
keying is possible. 

The high-pressure mercury-vapour lamp is the most 
suitable type of discharge lamp for signalling. The 
compact-source lamp consists of a spherical quartz 
bulb, containing two tungsten electrodes spaced 
several millimetres apart, so that when the lamp is 
operating the mercury in the bulb vapourises completely 
and exerts an internal pressure of about 10 to 30 atmo- 
spheres. Compact-source lamps with efficiencies of 
50 to 60 lumens per watt are available in powers up 
to 10 kW ; and even 5-kW units have horizontal candle- 
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powers as high as 30,000. By short-circuiting parts 
of the series ballast resistors the lamps may be flashed 
for brief periods at powers much greater than their 
normal ratings, and extremely high light outputs can 
then be produced. Special methods are required to 
re-ignite the arcs while the lamps are hot and the pres- 
sures high. Furthermore, the currents cannot be 
completely interrupted without extinguishing the arcs. 
On the other hand, the currents can be kept at low 
values to produce the “‘ simmering” conditions, when 
the light outputs are only small fractions of the normal ; 
for continuous simmering the bulbs must be kept hot 
by applying additional heat. 

Signalling lanterns for mounting high on the mast or 
the superstructure of a ship must be light in weight, 
and developments have therefore tended to produce 
greater light outputs for the same weight. In an 
early form of compact-source lamp, the quartz lamp 
itself and an electromagnetically-operated surroundi 
steel shutter were enclosed in a spherical glass bulb. 
The lamp simmered at 100 watts and 1-8 amperes, and 
the shutter lifted to expose the light source when the 
current was increased to 7-5 amperes to flash the lamp, 
which then produced 1,600 h.c.p. for 400 watts. No 
practical lamp resulted from these early designs, but 
they established the principle of simmering, and of 
flashing in combination with shutter movement. In 
a later design, which underwent trials at sea, a pneu- 
matically-operated duralumin-foil shutter was used to 
reduce inertia, the travel of the shutter being larger 
than before. The shutter was blown up and down by 
an air blast between two concentric glass cylinders 
forming the lantern, and signalling was effected by 
reversing the air stream by means of a solenoid air valve 
actuated By the lamp current. The blast served to 
cool the lamp, and was produced by a motor blower in 
the base of the lantern. 

Subsequent designs employed cathodes, which 
allowed simmering currents to be reduced to very low 
values without causing arc instability, and thus enabled 
shutters to be eliminated and effective signalling to be 
carried out merely by flashing. Auxiliary heaters 
kept the bulbs at normal temperatures during simmer- 
ing, and the later use of quartz, instead of glass tubular 
envelopes, gave greater mechanical strengths and 
improved performances. The envelope diameter, arc 
length, and overall length of one of these tubular 
lamps were approximately 1} in., 4 in., and 18 in., 
respectively ; molybdenum-foil seals were used, and 
radiating fins were fitted on the anode seal to reduce its 
temperature. At signalling speeds, the lamp could be 
flashed at 10 kW, to give light intensities of 55,000 h.c.p., 
1,200 h.c.p. being given in the simmering periods. Tests 
showed that the light output during simmering could 
be ignored for practical purposes. 

The lantern illustrated in Fig. 1, on this page, consists 
of two concentric hard-glass cylinders mounted between 
top and bottom castings, the lamp itself being mounted 
in the inner cylinder with a spiral heater to maintain 
the bulb temperature during simmering. The inner 
cylinder is protected from sea spray or water, and from 
the shock of gun blast, by the heavy outer cylinder, 
both being cooled by convection through the annular 
space between them. The operating temperature of 
the outer glass is sufficiently low to prevent it from 
cracking even when chilled suddenly with cold water. 
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Louvre openings in the top and bottom castings 
admit air freely but exclude water. The bottom 


chamber of the lantern is finned to increase its radiating 
surface, and contains a Tesla coil for —s the lamp, 
as well as a connection block and a watertight gland. 

To provide visibility over the whole of the horizontal 
sarin ships were fitted with port and starboard 
anterns, the control panel for each being on the signal 
bridge. The warming-up period from cold lasted about 
10 minutes, after which the lamps could be simmered 
and keyed from any one of the parallel-connected 
signalling keys. Contactors with triple parallel- 
connected silver contacts have been developed to 
give satisfactory performances for about 8,000,000 
operations when interrupting 100-ampere direct- 
current, 230 times per minute, corresponding to a 
signalling of 16 words per minute. Overload 
protective devices prevent overheating and restrict 
the length of a flash to seven seconds, after which a 
relay opens and short-circuits the flashing contactor. 
In northern waters, where the background brightness 
is low, the range of the lantern often proved excessive, 
and the ship was sometimes spotted from aircraft 
far beyond the sea horizon. Various modifications, 
including the provision of a movable cover to obscure 
the lantern during stand-by periods, were carried out 
for security reasons, but they rendered the design 
optically inefficient. 

The latest equipment uses a compact-source lamp 
within a transparent quartz-walled oven maintained at 
630 deg. C. by thermostatically-controlled heaters above 
and below the lamp, so that the mercury remains 
vaporised whether or not the arc is burning. After the 
lamp has warmed up initially, the arc is extinguished, 
but is re-ignited by applying a high-voltage impulse 
across an auxili and an adjacent main electrode ; 
instant ignition occurs and the lamp gives its full light 
output immediately. The signalling key operates the 
main contactor supplying power to the lamp and simul- 
taneously energises the impulse circuit. An illustration 
of one of these lamps is reproduced in Fig. 2, on page 
453. The bulb is 3} in. diameter, and the lamp has a 
ceramic base with insulating barriers between the seal 
arms to prevent flashover of the striking voltages. 
Unlike earlier equipments, the lamp and lantern are 
designed for continuous full-load duties, so that overload 
protection is unnecessary and no damage occurs if the 
signalling key is held down continuously. 

The complete lantern is illustrated in Fig. 3, on page 
453. The lantern body castings are of a non-corrosive 
aluminium alloy, and the lamp oven, which is in the 
upper part of the body, is surrounded by a lens and an 
outer glass. The oven consists of a semi-cylindrical 
piece of fused silica closed at the back by a steel plate ; 
flat spiral heaters maintain the required temperature 
both when the lamp is keyed at 5 kW, and when the arc 
is extinguished. A separate box at the base of the 
lantern houses the high-voltage impulse circuit, which 
may be detached for maintenance. The lamp is 
mounted through a hole in the back plate, with the 
bulb inside the oven, and the seals in the cooler space 
outside. One control panel operates two lanterns, 
and a selector switch gives four steps of lamp power 
for different conditions of visibility; the power in 
the lamp for each step can be set by means of tappings 
on the ballast resistor. 

The most powerful high-pressure mercury-vapour 
lamps now available are rated at 10 kW, and until 
lamps of higher power are fully developed, further 
increases in ficht outputs cannot be expected. Some 
increases could be obtained by using optical systems to 
give reduced vertical angles of beam divergence, but 
the application of this principle would require lanterns 
on gimbals, stabilised to prevent the movement of the 
beam during the rolling of the ship; future develop- 
ments may lie in this direction. 





H. HOOPER MEMORIAL PRIZE.—The Committee of the 
South Midlands Centre of the Institution of Electrical 
Engineers have suggested the establishment of an 
““H. Hooper Memorial Prize’ as a record of the late 
Mr. H. Hooper’s honorary secretaryship of 27 years. 
The prize will have a value of 21. 2s. 0d. and will be 
awarded annually to a student in each Section of the 
Centre. Subscriptions should be sent to Mr. H. S. 
Davidson, Honorary Treasurer, South Midlands Centre, 
Institution of Electrical Engineers, 53, Wake Green-road, 
Moseley, Birmingham, 13. 





** GULF ” O1.—The story of “‘ Gulf ” Oil is told in a 
profusely-illustrated volume issued by the Gulf Oil 
Corporation, Pittsburgh, Pennsylvania, U.S.A., con- 
taining sections on geophysical] exploration for oil, the 
processes of an equipment for oil drilling, pipelines and 
pumping stations for conveying oil from the mines to the 
refineries, marine transport of crude and refined oils, 
the refineries, distribution of the refined products, 
automobile service stations, research and development 
work and quality control, automobile and motor-boat 
racing, aviation, and a description of the properties and 
preparation of some of their 769 petroleum products. 





BRITISH ENGINEERING IN OVER- 
SEAS RAILWAY ELECTRIFICATION.* 


By E. T. Hrerisiey. 


THE major part of the electrical equipment installed 
on street and urban railway vehicles in Britain between 
1895 and 1907 came from the United States. By the 
latter date, however, British equipment had been 
developed, and was installed at home. There were 
two important electrifications overseas for which 
equipment was manufactured during the period between 
1907 and the start of the First World War, namely, the 
Buenos Ayres suburban electrification of the Central 
Argentine Railway at 800 volts direct-current, and, 


to a lesser extent, the Melbourne Suburban Electrifica- | direct 


tion of the Victorian Railways, Australia, at 1,500 volts 
direct-current. Up to that time, the bulk of the 
electrifications had been of urban and suburban lines, 
and the equipment was designed for multiple-unit 
rolling stock. However, after the first war, develop- 
ment took place very rapidly, particularly in the design 
and manufacture of electrical equipment for heavy 
locomotives, operating at higher voltages, up to 3,000 
volts direct-current. Between the two wars, a very 
considerable amount of equipment of British design 
and manufacture was delivered for electric rolling stock 
and traction substations all over the world, as shown 
in Tables I and II, opposite and on page 456, and in 
many cases complete coaches or locomotives of British 
manufacture were supplied, and the overhead contact- 
line equipment supplied and erected. 

On the supply side, as the demand increased and 
as turbo-alternator generating stations became normal 
practice, power for traction was taken from sub- 
stations spaced out along the track, and equipped with 
transformers and rotating conversion equipment. 
Rotary convertors, motor-convertors, and alternating- 
current motor-generator sets were all used in different 
cases, and, in particular, the rotary convertor was 
developed in Britain to a high standard of performance 
and reliability. Rotary convertors were first manufac- 
tured and used on railways in Great Britain as long 
ago as 1900, and British machines were installed 
overseas in 1913. The early units were designed for 
600-volt systems, and had capacities of under 1,000 kW 
per unit. On the first 1,500-volt electrifications it was 
usual to install two rotary convertors connected in 
series, but later these machines were designed as single 
units for 1,500-volt systems, the capacity of such units 
being increased to a maximum size of 4,500 kW. 

An important development has been the remote 
control of unattended substations. Schemes for 
grouping railway substations and their control from 
one point were first put into service in Britain in 
1921; the first British equipment of this type ordered 
for an overseas railway was in operation by 1926 on 
the South African Railways system. A further develop- 
ment of great importance has been the supersession of 
rotating machines in substations by rectifiers. In 
1928-29, the first British-built steel-tank rectifiers were 
installed in Britain, and about six years later installa- 
tions overseas were first made. Rectifier substations 
(employing pumpless steel tanks or ups of glass 
bulbs) are now standard. These om ie equip- 
ments have proved to be extremely reliable. 

The electrified sections of the South African Railways 
and Harbours Board include both suburban and main 
lines, totalling about 600 route miles. The track gauge 
is 3 ft.6in.t In Natal, the main reasons for electrifica- 
tion were the necessity for increasing the capacity of 
the single-line track between Durban and Glencoe, 
and for eliminating the frequent breaking up and 
re-marshalling of the trains. It was also necessary to 
accelerate both the freight and passenger services. As 
a result, the daily gross tonnage hauled in from 
Glencoe to Durban has increased from 13,000 to 34,000 
tons at the present time. Loads up to 1,500 tons 
are handled, resulting in fewer trains and increas- 
ing the overall capacity of the track. The breaking 
up and re-marshalling of trains have been eliminated 
and the journey time reduced from 14} hours to 
8 hours for passenger and 12 hours for freight trains. 
On the Cape section the principal reason for electri- 
fication was to increase the facilities for passenger 
transport. The number of passenger journeys rose 
from 324 million in 1928 to 80} million in 1948. The 
electrification of the lines in the Reef was the result 
of an investigation into the traffic facilities in the 
Witwatersrand gold-mining area where the develo 
ment of the inner gold zone was causing considerable 
congestion. As a result of electrification, the number 
of passenger journeys has increased from 45} million 
in 1939 to 102 million in 1949, and nearly all the goods 
traffic in the area is now worked electrically. 





* Paper read before the Institution of Electrical 
Engineers Convention on Electric Railway Traction on 
Tuesday, March 21, 1950. 

+t For further details of the equipment of these lines 
fee page 396, ante.—Ep. E. 





Electrification of parts of the New Zealand Govern. 
ment Railway system dates back to 1923 and tiie 
work so far done falls into five sections. On the 
Otira-Arthur’s Pass section, which is worked at 1,670 
volts direct-current, the principal reason for electri. 
fication was the necessity for linking up the west 
coast of the South Island with the main railway systei. 
This involved driving a tunnel 5} miles long on a 
gradient of 1 in 33 » Ral the Southern Alps. The 
traffic increased from 300,000 tons in 1924 to near!y 
800,000 tons in 1945, and the present annual rate is 
about a million tons. On the 6$-mile Lyttelton- 
Christchurch section electrification was originally pro- 
posed to overcome the smoke nuisance in a single-track 
tunnel over 1} miles long. Six 50-ton 1,500-voilt 
irect-current locomotives are employed. All inter- 
island passenger traffic, and the major part of the 
goods traffic, passes over this line, on which there 
is also a relatively heavy suburban mger traffic in 
both directions. Since electrification, there has been a 
= considerable increase in traffic. 

he Wellington-Johnsonville line, which is 6} miles 
long, was electrified in 1938, — to the inability of 
steam traction to transport at sufficiently high speeds 
the rapidly increasing suburban passenger traffic over 
a route which is exceptionally hilly. Prior to this 
electrification, the main trunk railway ran through 
Johnsonville, and traversed difficult country with 
1 in 40 gradients (steeper for short lengths), and 
numerous tunnels. It was clear that a heavy increase 
in traffic could not be handled over the existing track, 
and the country was too difficult to permit of doubling 
the line. Consequently, alternative rail access to 
Wellington by another route became essential, and this 
was accomplished by the Tawa Flat deviation, includ- 
ing two tunnels, the longer being nearly 3 miles in 
length. This deviation by-passed the original Johnson- 
ville line by a new double-track route 9 miles long, 
continuing to Paekakariki over a route with continuous 
gradients of 1 in 57, and running through several 
tunnels. Until late in 1949, all trains to and from 
Wellington passing through Paekakariki were hauled 
by electric locomotives over that section of the route, 
change-over from steam to electric locomotives, and 
vice versa, being made at Paekakariki. All local 
trains terminating at, or originating from, Paekakariki 
are also hauled by electric locomotives, but the latter 
service will now gradually be taken over by multiple- 
unit trains. The decision to use electric traction on 
this route arose from the existence of the severe 
gradients and numerous long tunnels, coupled with a 
decision to build a modern goods and nger terminal 
at Wellington to replace two old stations, which had 
reviously handled separately the main trunk and 
airarapa and Hutt Valley traffic. 

Another prospective electrification, due for comple- 
tion in 1952, is that from Wellington along the Hutt 
Valley for a distance of about 20 miles. For this line, 
a quantity of British electrical equipment has been 
ordered, including three substation equipments aggre- 
gating 12,000 kW, seven 75-ton electric locomotives, 
40 motor coaches, and 71 trailer coaches. This elec- 
trification has been embarked upon owing to the pheno- 
menal expansion of the Hutt Valley as a residential 
suburban area, which has brought with it the problem 
of transporting 8,000 workers in and out of Wellington 
during the two-hour peak periods which occur every 
morning and evening. . : 

There are two large suburban electrifications in 
Australia, the Sydney Suburban Lines of the New 
South Wales Government Railways, and the Melbourne 
Suburban Lines of the Victorian Railways. Electri- 
fication on the first of these was begun in 1926 with 
15 route miles; by 1930, this mileage had increased 
to 83 route miles, reaching 110 miles in 1939. The 
track gauge is 4 ft. 8} in., and the system voltage is 
1,500 volts direct-current. Power supply is taken 
from 18 substations, of which nine are attended and 
nine unattended. Ten are equipped with rotary con- 
vertors, while the remaining eight employ steel-tank 
rectifiers. The total installed capacity is 112,500 kW 
of which 90,000 kW are British. This includes rectifier 
units, having a total capacity of 6,000 kW, which 
will be in operation in the near future. The rolling 
stock comprises 475 motor-coaches, four motored 
parcel vans, and 461 trailer coaches. Of the coaches, 
50 were manufactured in England, and the remainder 
in Australia; the electri a. ~ British 
design, was manufactured partly in each country. 

The main reason for electrifi then was the difficulty 
in handling suburban traffic of increasing density, 
particularly during peak hours, combined with the 
necessity for underground operation on some of the 
local lines. It a one that electric working allowed 
the braking and accelerating rates to be at least 
doubled, with a resultant improvement of 30 per cent. 
in schedule speed on those sections of the line where 
stations are closely The 1,500-volt direct- 


current system was chosen as the result of an analysis, 
made at the time when electrification was under con- 
sideration, which showed it to be the most economic 
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68,000 kW. The rolling stock comprises 397 motor 
coaches, five parcels coaches, 483 trailer coaches, and 
12 electric locomotives, the mechanical parts of all of 
which were manufactured in Australia. The electrical 
equipment for the coaches was ordered in Britain, 
and a substantial portion of the control-gear com- 
ponents for the first installation of 400 motor-coach 


it was found that urban and suburban traffic around 
Melbourne amounted to 40 per cent. of the total train 


in Victoria. It was considered that electri- 


fication would enable more 
services to be operated at 
with reduced terminal rents times. 
would result from ability to use cheaper grades of fuel 
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TABLE I.—BRITISH ELECTRICAL EQUIPMENT SUPPLIED FOR SERVICE ON PUBLIC RAILWAYS OVERSEAS : 
ELECTRIC ROLLING STOCK. 
























































Number 
System Route name or Route Type of Total Remarks 
Country. | System. Voltage.* Location, Mileage. Equipment, —- h.p. (see Notes (a)). 
EUROPE, 
Czechoslovakia State Railways 1,500 15 B + B 52-ton locomotives 2 2,000 | EP. 
Denmark .. State Railways 1,500 Copenhagen Suburban 40 2-coach train units 104 66,500 EC. 
Eire _ Coras lompair Eireann 500 Dublin-Bray 25 2-coach train units 4 1,600 EP. Battery driven. 
France Midi Railway 1,500 170 B-B 67-ton locomotives 230 350,000 EC. 
Midi Railway 1,500 2-C-2 91-ton locomotives 10 21,000 = 
Midi Railway 1,500 Motor-coach equipments 45 31,500 
Hungary .. State Railways 16,000 a.c.| Hegyeshatom Line 117 1-D-1 93-ton locomotive 25 62,000 4 applet induction motors 
a equipments = ied from phase con- 
c/s 
Italy State Railways 3,000 | Benevento-Foggia 80 B+B+B — locomo- 3 6,000 EP. R. 
ives 
Netherlands State Railways 1,500 349 Motor-coach equipments 54 48,000 EP. 
State Railways 1,500 Traction motors 47 47,000 | Also 425 pantographs. 
Nord-Sud Hollandsche 1,100 68 Motor-coach equipments 18 8,000 EC. 
Norway --| Thamshavn-Lokken 6,600 a.c. 15 B-B 20-ton locomotives 3 500 
25 c/s 
Poland . State Railways 8,000 | Warsaw Junction 65 B+B 74-ton locomotives(b) 10 22,000 | EP. : 
| State Railways 3,000 aw Junction Motor-coach equipments 106 85,000 | EC. Also 212 for trailers. 
Russia --| Moscow-Mitischi Railway | 1,500 ‘oscow Suburban 112 Traction control 27 — EP. 
Spain --| Norte Railway | 1,500 Barcelona-Manresa 40 — motors 31 25,000 _ 
| Norte Railway | 1,500 | Bilbao-Portugalete 7 motors 5 4,000 —- 
Norte Railway 1,500 — 2C +02 "s0-ton locomotive 1 3,600 | EP. R. 
equipments 
Norte Railway 1,500 Irun-Alsdsua 65 Traction motors 12 9,600 _ 
Norte Railway 1,500 Madrid-Segovia 114 Traction motors 5 4,000 _ 
Cataluna Railway 600/1,200 26 Motor-coach equipments 12 3,200 | EC. Dual voltage. 
India oy Baroda & Central 1,500 Bombay Suburban 38 Motor-coach equipments 42 46,000 EPC. Also 120 for trailers. 
India Rly. For complete British coaches, 
Gt, Indian Peninsula Bly. 1,500 Bombay-Poona and Igat- 140 2-C-1 103-ton 23 50,000 | EP. 
puri locomotives(b) 
G.LP.R. 1,500 2-C-2 108-ton 1 2,250 EP. 
locomotive(b) 
G.LP.R. 1,500 C+C 123-ton 41 107,000 EP. R. 
} locomotive(b) 
| G.LLP.R. 1,500 Bombay Suburban 33 Motor-coach equipments 53 58,000 EC. Also 153 for trailers. 
| For complete British coaches, 
| South Indian Railway 1,500 | Madras-Tambaran 18 Articulated 3-car unite(b) 24 12,000 | EC. Complete British coaches, 
South Indian Railway 1,500 Madras-Tambaran B+B 42-ton locomotives(b) 4 2,640 EC, with battery tender. 
Japan Government Railways 1,500 wy > nee and 60 B+B 59-ton locomotives(b) 28 34,000 EC, 
Government Railways 1,500 se and 2-C+C-2 100-ton 8 11,600 EC. 
locomotives(b) 
Government Railways 1,500 Tokyo-Yokobama and B+B 60-ton locomotive(d) 1 1,220 EP. 
Government Raijways 1,500 a and Traction-motor 20 12,000 —_ 
A quipmen 
Government Railways 1,500 ee and B+B 40/59-ton 20 11,600 EC. 
Atam! locomotives(b) 
Government Railways 1,500 Toney okohama and Motor-coach equipments 520 211,000 EC. 
~~ | Atami 
Moroceo .. . -| Moroccan Railways 3,000 B+B 73-ton locomotives 10 14,000 EC. BR. 
2 Moroccan Railways 3,000 Motor-coach equipments 10 ;000 EC. 
Union of South Africa South African Railways 3,000 | Natal and Reef 545 B+B 67-ton locomotives(b)} 172 000 | EP. R. 
South African Railways 3,000 Natal and Reef Traction motors 12 14,000 
South African Railways 3,000 | Natal and Reef C+C 109-ton locomotives(b) 28 76,000 | EP. 
South African Railways 3,000 | Reef Motor-coach equipments 54 65,000 | EP. Complete British coaches. 
South African Railways | 1,500 | Capetown Suburban 45 Motor-coach equipments 95 71,000 | EC. Also 195 for trailers. 
AMERICA. } 
Argentina .* Buenos Ayres Western 800 | Buenos Ayres Suburban Motor-coach equipments 76 61,000 | EM. Also 97 for trailers. For 
| complete British coaches. 
Buenos Ayres Western | 800 | Buenos Ayres Port 5 B+B 62-ton locomotives 2 1,840 | EP. 
—— Ayres Central Terminal 500 5 Motor-coach equipments 56 12,000 | EP. 
way 
Central Argentine Railway 800 | Buenos Ayres Suburban 47 | Motor-coach equipments 198 112,000 | EM. Also 160 for trailers. 
| For complete British coaches. 
Bolivia --| Peruvian Corporation Railway 550 | Guaqui-La Paz 6 | B+B 45-ton locomotives 1 640 . 
Brazil | Central Railway 3,000 | Rio de Janeiro Suburban 61 Motorcoaches(b) 90 63,000 | EP. Also 240 for trailers. 
Central Railway | 3,000 Rio de Janeiro Suburban Traction motors 10 7,000 3 
Central Railway | $8,000 | Rio de Janeiro Suburban Motor-coach equipments 20 14000 | EP. Complete British coaches, 
Oeste de Minas Railway | 1,500 Barra Mansa-Augusto 46 B-B 46-ton locomotive(d) 5 3,000 EP. R. 
| Pestana 
| Paulista Railway 3,000 | Jundiahy-Rio Claro 128 1-C+C-1 100-ton 1 2,340 | EP. R. 
| locomotive(b) 
Sao Paulo State 1,500 | Campos do Jordao 30 Passenger = 10 2,400 | EC. 
coac! 
Sao Paulo Federal 3,000 | Sao Paulo-Jundiahy 40 C-C 126-ton locomotives(b) 15 45,000 | EP. 
C Sao Paulo Federal 3,000 Sao Paulo-Jundiahy 8-coach train units(b) 3 2,400 EP. 
‘anada _— Columbian Electric 600 327 Motor-coach equipments 20 4,400 | EC. 
way 
= Harbour Commis- 2,400 Harbour Line 24 B+B 100-ton locomotives 9 15,500 EC. 
sioners 
| Canadian National Railways 600 Niagara-St. Catherines 110 B-B 45-ton locomotive 2 1,500 EC. 
Vv | and Toronto equipments 
enezuela La Guaira-Caracas Railway 1,500 22 Motor coaches(b) 4 1,050 | EC. 
A 
Australia .. New South Wales Govt. Blys. 1,500 | Sydney Suburban 110 Motor-coach equipments 530 870,000 | EP. Also 451 for trailers. 
Victorian Railways 1,500 elbourne Suburban 173 Motor-coach equipments 440 246,000 EM. 
New Western Australian Govt. Rlys. 600 : B+B 44-ton locomotive(d) 1 2,400 | EP. 
Zealand N.Z. Government Railways 1,500 pvetelton-Ohrtetebard » } 14 B-B 50-ton locomotives(bjj 11 10,800 | EC. 
N.Z. Government Railways 1,500 Wellington-Paekakariki 24 1-D-2 88-ton locomotive 10 12,400 EP (including 1 complete 
N.Z. G t Rail 1,500 Wellington-Joh: vill ——— : wept 
.Z. Governmen' ways J e m-Johnsonville 
| Wellington-Upper Hutt 26 Motor coaches(d) 49 80,000 | EP. Also 79 trailers. 
* Direct-current, except where otherwise stated. 
a NOTES.—(a) a 5) Cen EM = Ploctrenaqnette © contactors ; EC = All-electric comabaft; EP = Electro. ti tactors ; EPC = Electro-pneumatic camshaft; R = Arranged for 
generative working. lied by manufacturer of electric traction equipment. 


miles of route salina Flinders Street Station and | 
San end of 1926, the route mileage 
since then a further 9 miles 
have been converted to electric operation. The track 
There are 21 substations, totalling 
17 are equipped with British rotary 
convertors, having a total installed capacity of 


. By the 
was about 164 miles ; 
gauge is 5 ft. 3 in. 
71,000 kW, of which 





sets was manufactured there. The incidence of the 
First World War, however, necessitated the shipment 
of these parts to the United States for assembly with 
other parts manufactured there, A further batch of 
40 equipments installed after the war contained a 
_— proportion of apparatus of British origin. 
lectrification followed an investigation, during which 


and 


in the power station, from a reduction in maintenance 
costs, and from better utilisation of train crews and 
rolling stock, while increased i 


service. Other points included increased cleanliness 


tion of fires on neighbouring property. 


When electrification had been in operation for some 
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years, a committee was appointed to assess the results 
achieved, and to compare them with those anticipated ; 
this committee reported that the electrification had 
been a pronounced success in all respects. 

There is a number of suburban electrifications in 
India, based on Bombay and Madras, and a main-line 
electrification out of Bombay. Electrification of the 


whole of the substation equipment is British. The 
rolling stock comprises 40 four-car units, with one 
motor coach per unit, coaches and equipment being all 
of British origin. The reason for electrification was _ 
necessity for providing a quick means of transport for 
the growing suburban population. At first, the traffic 
increase was not as great as expected, owing to world 


to Kalyan, a distance of 33} miles from Bombay, 

he track is broad gauge (5 ft. 6 in.), and tie ling 
voltage 1,500 volts direct-current. There are fiye 
substations, four equipped with rotary convertors, and 
one with pumpless steel-tank rectifiers ; these have a 
total capacity of 38,000 kW. The rolling stock com. 
prises 51 four-coach units, with one four-motor motor. 


TABLE I1.—BRITISH ELECTRICAL EQUIPMENT SUPPLIED FOR SERVICE ON PUBLIC RAILWAYS OVERSEAS: 


SUBSTATION EQUIPMENT. 





















































| 
Number of | 
System Route , ‘ 
Country. System Name. Voltage.* Route Name or Location. Mileage. Type of Equipment. Substation Total kW. | Remark:. 
} Equipments. | 
| 
| | | a 
EUROPE. | | 
jum “a ..| State Railways | 630 Brussels Midi -_ Rectifier | 3 1,900 Supervisory. 
H % “ ..| State Railways | 1,500 — — Rectifier } 2 2,400 Mobile units. 
; } Rectifier 16 units 20,000 Supervisory. 
Hungary State Railways 16,000 a.c.,) Hegyeshatom Line 117 Transformer substation | 4 $2,000 kVA | Attended 
50 c/s } 110/16 kV 
Norway Thamshavn-Lokken 6,600 a.c., a 15 | Motor-generator | 1 —_ Attended 
. 25 c/s | 
Poland .. | us 4 attended. 
‘. State Railways | 3,000 Warsaw Junction 65 | Rectifier | 16 50,000 12 unattended 
SIA. | | 
India .. Bombay, Baroda and C.1.R. 1,500 Bombay Suburban 38 Rotary convertor | 3 20,000 Supervisory. 
Rectifier 2 | 10,000 
Great Indian Peninsula Railway | 1,500 Bombay 182 | Rotary convertor 19 | 82,000 | Attended. 
Rectifier 1 | 3000 | 
AFRICA. | | | 
Union of South Africa | South African Railways | 3,000 Natal and Reef | 545 | Motor-generator 14 | 48,000 | Regenerative. 
| } Rectifier 23 } { 68,000 } 
| | | | Inverter ™ | 9,000 Regenerative. 
| South African Railways | 1,500 Capetown Suburban 45 |  ] Rotary convertor 6 | 24,000 | Supervisory. 
AMERICA. | 
Argentina 4 -| Buenos Ayres Western Railway 800 | Buenos Ayres Suburban 23 Rotary convertor 2 4,000 | Attended. 
| Rectifier 7 19,800 | Supervisory. 
| Central Argentine Railway 800 Buenos Ayres Suburban | 47 | Rotary convertor 9 37,000 
Brazil ..| Central Railway 3,000 | Rio de Janeiro | 61 Rectifier 2 | 15,000 Supervisory. 
| Oeste de Minas Railway 1,500 | Barra Mansa-Augusto Pestana 46 Rotary convertor 3 2,750 | Attended. 
Sao Paulo Federal 3,000 | Sao Paulo-Jundiahy 40 | Rectifier 3 12,000 1 ee regenera- 
| | | | tive working. 
Canada .. ..| Canadian National Railways 2,400 | Montreal Harbour 24 Rectifier | 1 3,000 
Chile .. ..| Chilian Transandire Railway | 3,000 | —_ | 22 | Motor-generator | 1 | 3,000 
Cuba --| Havana Central Railroad 500 | _ } — Motor-convertor 2 4,500 
AUSTRALASIA. | | 
Australia a ..| New South Wales Government | 1,500 | Sydney Suburban 110 Rotary convertor 16 88,000 | Attended. 
| Railways | | Rectifier 4 | 12,000 Attended. 
| Victorian Railways 1,500 | Melbourne Suburban 173 | Rotary convertor 11 43,000 | pone nee 
New Zealand .-| N.Z. Government Railways j 1,500 Christchurch-Lyttelton 6 Rotary convertor 1 2,700 Unattended. 
} | 41 Rectifier 11 | 23,500 | Supervisory. 
| 
* Direct-current except where Otherwise stated. __ : ae ees ‘ 
TABLE III.—BRITISH ELECTRICAL EQUIPMENT SUPPLIED FOR SERVICE ON PUBLIC RAILWAYS OVERSEAS: 
DIESEL-ELECTRIC ROLLING STOCK. 
Country System Name Type of Equipment Fees | Mater ot iveted bate Remarks 
‘ 4 . ype inal taacien Supplied. | Equipments. “P-(9)- a 
EUROPE. 
Eire .. ae Coras Iompair Eireann B-B 72-ton loco ee 1949 2 1,830 Automatic load control. Multiple-unit. 
Netherlands State Railways 3-axle 46-ton shunting locomotives(b) 1949-50 3 1,200 
Spain San Sebastian Pamplona Railway Motor-coaches(b) 1928 3 600 
ASIA. 
India & Bombay Baroda and C.I. Railway Locomotive(b) 1935 1 — 
Ceylon Government Railways 4-coach train units(d) 1938 3 1,080 Two equipments and 4 motors per unit. 
Government Railways Railcars(b) 1947 23 4,140 
Malaya Malayan Railways 3-axle 46-ton shunting locomotives(5) 1948 20 7,000 
AFRICA. 
t aa State Railways | 3-axle 47-ton shunting locomotives(b) 1948 15 5,250 
State Railways — | 1A-D-Al1 124-ton locomotives(b) 1948 12 | 18,240 
Sudan Government Railways | 3-axle 45-ton shunting locomotives(b) 1936 2 
AMERICA. 
Argentina B.A.G.S. Railway (c) 1-A2A-1, 89-ton loco equipment 1929 2 (partial) | 2,400 | Mobile power house. Two 600-h.p. engines 
and 2 traction motors per unit, plus 
10 traction motors over 5 coaches. 
B.A.G.S. Railway 2-B + B-2 loco equipment 1933 4 (partial) | Control only | Mobile power house. Two 800-h.p. engines 
and 4 traction motors. 
B.A.G.S. Railway B-B 62-ton loco equipment 1929 1 (partial) 420 
B.A.G.S. Railway | B-B 61-ton loco equipment 1929 1 (partial) 375 
B.A.G.S. Railway 1-C-1 loco equipments 1934 2 1,760 Multiple unit. For complete British 
| locomotives. 
B.A.G.S. Railway | 1A-B + B-Al, 152-ton locomotives | 1936 1 1,700 | 
Buenos Ayres Western Articulated coach | 1934 1 450 | Multiple unit. For complete British coaches. 
Buenos Ayres Western Railcar | 1934 1 130 | For complete British coaches. 
Buenos Ayres Western Railcars | 1935 2 280 | For complete British coaches. 
Brazil | S40 Paulo Railway 3-coach train-unit — 1 | 450 For complete British coaches. 
Sao Paulo Railway | 3-coach train-units 1939 2 900 For complete British coaches. 
Eastern Railway } 1-B-B-1, 55-ton locomotives 1939 3 1,300 Two motors each driving 2 axles coupled. 
Canada Canadian National Railways Railcars 1925 7 (partial) | 1,260 
Venezuela Central Railway Motor coaches(b) 1931 3 600 
AUSTRALASIA. | 
Australia -| Western Australian Government Railways 3-coach train-units 1949 6 | 2,500 | Six-axle motor-coach, 4 traction motors. 
| South Australian Government Railways B-B 49-ton locomotives 1946 2 } 700 j 
| Tasmanian Government Railways B-B 56-ton locomotives(b) 1950 32 19,200 
NoTEs.—(a) Horse-power stated is that of Diesel engine equipment. (b) Complete locomotives or coaches supplied by manufacturer of electric traction equipment. (c) B.A.G.S, = Buenos 


Ayres Great Southern. 


Bombay suburban lines of the Bombay, Baroda and 
Central India Railway began in 1926, the section from 
Bombay (Churchgate) to Borivli, a distance of 22} 
miles being opened early in 1928. The track gauge is 
5 ft.6 in. An extension from Borivli to Virar, a total 
distance of 38 miles from Bombay, was opened in 1936. 
The system voltage is 1,500 volts direct-current. The 
substation equipment comprises four substations (three 
of which have rotary convertors, and one glass-bulb 
rectifiers), totalling 24,000 kW. Three substations are 
centrally controlled from Bombay Central station. 
There are four track-sectioning cabins, and feeders are 





also protected by high-speed circuit-breakers. The 


depression in 1930-31, but traffic has increased enor- 
mously in recent years, and the number of suburban 
passengers carried rose from 42 millions in 1938 to 
nearly 135 millions in 1948. 

The first railway electrification in India was that of 
the Bombay Harbour Branch of the Great Indian 
Peninsula Railway, from Bombay to Kurla, a distance 
of 9} miles, which was opened in 1925. In 1926, 
extensions were made, which included the electrifica- 
tion of the main suburban line to Kurla, electric work- 
ing from Kurla to Thana, and a connection to the 
Bombay, Baroda and Central India Railway’s local 





lines in Bombay. In 1929, electrification was com- 


coach per unit. All the electrical equipment is of 
British origin, as are all the coaches except for 15 motor 
coaches of Continental origin, and 74 trailers built locally. 

Electrification was undertaken for the same reasons 
as applied to the other local lines, namely growth of 


population, and the necessity for providing housing 
at some distance from the city, the geographical con- 
figuration of which makes the problem difficult. The 


connection of the Harbour Branch to Victoria Terminus 
also necessitated constructing a length of overhead 
route, with a very steep gradient at the junction with 
the main line, which was considered to rule out the 
possibility of steam operation. 





duties 
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Expansion of traffic was, at first, less than had been 
anticipated, owing to trade depression, but very rapid 
development has taken place during the past ten years. 
The annual traffic carried increased from 33 millions in 
1929 to 45 millions in 1941, 97 millions in 1946, and 
130 millions in 1949. Since 1940, the average net 
savings ON gross capital, excluding interest, has been 
about 9 per cent., and the average net savings on net 
outlay, ee has been about 15 per cent. 

In 1930, the Suburban Lines of the South 
Indian Railway were electrified between Madras 
(Beach) and Tambaran, a distance of 18} miles, new 


tracks being built to accommodate the suburban | This 


traffic. The track gauge is one metre, and the system 
yoltage 1,500 volts direct-current. The rolling stock 
comprises 17 three-coach articulated train units, with 
one motor-coach per unit, and four B-B 42-ton loco- 
motives. Tenders were also provided, equipped with 
440-volt batteries from which the locomotives could 
be supplied with power when engaged on shunting 
duties in yatds some distance from the electrified tracks. 

In addition to the electrification of the Bombay to 
Kalyan Section described above, covering 33 route 
miles, two lines of the Great Indian Peninsula Railway 
beyond Kalyan have been electrified, namely that from 


* Kalyan to Igatpuri, to the north-east, a distance of 


52 miles, and that from Kalyan to Poona, to the south- 
east, a distance of 86 miles. These lines were opened for 
electric working in 1929 and 1930 respectively. Power 
for main-line operation is taken from the railway’s 
own steam power station at Thakuri, near Kalyan, 
and transmitted along the main lines at 95 kV to 
1] substations, seven on the south-east line and four 
on the north-east line. All the substations are now 
equipped for unattended working. The substation 
equipment comprises rotary-convertor sets designed 
for regenerative working, with high-speed circuit- 
breakers protecting the feeders. There are also 11 


track-sectioni cabins between the substations, 
equipped with high-s circuit-breakers. The whole 
system is controlled from the supervisory control room 


at Kalyan. The total substation capacity is 65,000 kW, 
and all the equipment is of British origin. The rolling 
stock is hauled by 41 freight and 25 passenger loco- 
motives, all but one of which were ordered in Britain 
and fitted with British electrical equipment. 

The reasons for the employment of Diesel-electric 
traction differ widely from those governing ordinary 
railway electrification. There is no route equipment, 
and consequently the economic justification does not 
depend on traffic density, the locomotives or trains 
being independent units, each with its own power- 
generating equipment. The field of Diesel-electric 
traction is therefore mainly determined by the avail- 
ability of suitable fuel, delivered at the site at a reason- 
able price. 

According to the class of service required, rail-cars, 
multiple-unit trains, or locomotives—whether shunt- 
ing, mixed traffic, or express passenger—are employed. 
The British Diesel-electric equipment supplied for use 
on overseas railways is given in Table III. The 
development in Britain of large Diesel-electric loco- 
motives—as distinct from those used for shunting duty 
—has been slow compared with progress made in some 
other countries. This is probably because, until the 
past few years, Diesel engines of suitable capacity and 
reasonable weight have not been available. However, 
valuable experience has recently been, and is still 
being, gained with Diesel-electric locomotives in the 
800-1,600 h.p. range, and the use of higher powers is 
projected. 

An interesting installation of Diesel-electric trains 
was made in Ceylon in 1938, when three four-coach 
trains began operation. These were of British manu- 
facture throughout, and were of welded construction 
and articulated arrangement. Each train unit includes 
two power coaches, in a portion of each of which is 
installed a Diesel engine rated at 180 h.p. at 1,350 r.p.m,,. 
coupled to its traction generator. Two normal axle- 
hung geared traction motors are mounted on the 
bogie at the outer end of each power coach. The 
trains are designed for a maximum speed of 55 m.p.h. 
on level track; a four-coach unit weighs nearly 120 
tons, laden with 300 passengers, and is more than 
200 ft. long; the track gauge is 5 ft. 6 in. Between 
1938 and the end of 1946, these trains ran a total of 
over 1} million miles. Availability for service was 
over 90 per cent. in 1939, and was about 82 per cent. 
in 1946, in spite of continual difficulty which had been 
experienced during the war in the delivery of spare 
parts. The trains have been used principally on the 
Colombo-Matara line (which has very closely spaced 
stations at the Colombo end, and serves a thickly 
populated district), but also on the hilly route to 
Kandy, in which case they operated as three-coach 
units with one trailer omitted. The Diesel-electric 
installation was increased in 1947 by 23 single-unit 
rail-cars, which operate singly or as two-coach units ; 
the engines on these cars are rated at 200 h.p. each. 


These rail-cars weigh about 42 tons, including 82 
passengers, and have a length of 64 ft. 





PROGRESS IN MARINE PROPULSION 
(1910-1950).* 
By K. C. Barnasy, O.B.E., B.Sc. 


(Continued from page 427.) 


At the last Spring Meeting before the outbreak of 
the 1914-18 war, Dr. J. T. Milton gave a valuable 
ar on “ The Present Position of Diesel Engines for 

ine Purposes.” Various types were described, and 
an account was given of an accident to the M.S. Suecia, 
when one of the high-pressure air receivers burst. 
is was ascri to an “oil fog” from deposited 
lubricating oil becoming overheated. It was one of 
the first warnings that an explosive mixture can be 
formed from overheated lubricating oil when mixed 
with the right amount of air. The much more serious 
accident to the Reina del Pacifico will come to mind 
as being due to the same general cause. 

Another engineering paper was Mr. Harry Gray’s 
on “‘ The Use of Superheaters in Mercantile Steamers.” 
It was interesting, therefore, to learn that superheat 
had been in considerable use some 70 years ago and 
then abandoned. It had resulted in considerable 
economy, but rapid deterioration set in and the repair 
bills were too heavy. The steam pressure at that time 
was about 10 Ib. to 25 lb. per square inch and the 
superheat about 340 deg. 

The Summer Meeting of 1914 was held at Newcastle, 


only a month before the outbreak of war. The opening 
eo was, suitably enough, “The Protection of 
i This could 


omen» against Submarine Attack.” 
not be taken as a presage of coming war, as the opening 
paper had so often dealt with warship design. From 


increase of 33 per cent., or practically double the power 
from each boiler. 

The battle cruiser Tiger, completed in 1914, had 
39 large-tube boilers, for burning either coal 
or oil. The Renown class had the power stepped up 
to 112,000 shaft horse-power with extra boilers. The 
total length of the boiler rooms was about 197 ft., 
against about 112 ft. for the engine rooms; that is, 
on a machinery length of about 309 ft., the boiler rooms 
took up about 64 per cent. and the engine rooms about 
36 per cent. The — and a us class of 
large light cruiser had the same type of machinery as 
on. being used in the light cruisers, i.e., virtually 
destroyer type with small-tube boilers. The power was 
90,000 on 18 boilers. The length of machinery space 
was about 205 ft., of which the boilers were nsible 
for about 584 per cent. Looked at on a basis of length, 
which is the measurement which mainly affects the 
naval architect, 439 shaft horse-power were developed 
per foot of length in lieu of only 363, or a saving of 
about 19 per cent. in length. In the Hood, 24 small- 
tube boilers were used for a power of 144,000, that is, 
an increase of from 5,000 shaft horse-power to 6,000 
shaft horse-power per boiler. In discussing the paper, 
Sir Philip Watts lamented that he had been restricted 
to boilers of only about 2,500 shaft horse-power when 

igning the Tiger. 

The evolution of the light cruisers shows the same 

icture of a steady decrease in the number of boilers 
for the same power. Thus the Weymouth class, laid 
down in 1910, required 12 water-tube boilers of the 
small-tube type to give 22,000 shaft horse-power 
The Arethusa, completed in 1914, had only eight 





boilers for 40,000 shaft horse-power and was the first 


TABLE II.—WElcutTs, Etc., oF DESTROYER MACHINERY. 























! | | 
Shaft | Weight | Weight 
| | Horse- Revolu- Working a. Number | ” i. 
Date. Name Class. } wee: “a | Pressure ps ole } ae —_ 
D=Designed,| nute. ‘ ers. . per . per 
| T=Trial. | Superheated. | Shp. | Shp. 
| 
' ' | | | | | 
1907 | Tartar (3) ..| Tribal. . .-| 22,500T | 769T | 220 |Saturated ..| 6 | 41-2 | 15-1 
1909 | Nubian (3) | Tribal. . 23,613 T 748 T 220 | «~ Saturated | 6 | 40-1 |} 18-1 
1910 | Larne (3) ..| A - 14,250 T 720T | 220 | Saturated . 4 | 46-4 15-2 
1911 | Ache .| Improved Acorn 14,000 T 588T | 250 Saturated 3 | 47-0 14-7 
1912 | Hardy ..| Acas oa --| 24,110T | 608T 250 Saturated 4 } 33-3 11-3 
1914 | Meteor .| Thornycroft “‘M’”’ ..| 33,120T 683 T 250 Superheat + | 26-8 9-4 
1915 | Michael (3) |“ M” on .-| 25,000 740 250 3 | 84-0 10-3 
1916 | Patrician ..| Thornycroft“‘M” ..| 27,500 | 620 250 Saturated . 4 | 88-5 11-2 
1917 | 8 y orny' “R” ..| 29,000 | 450 | 250 Saturated . 3 32-2 9-4 
1917 | 8 peare | Thornycroft Leader 40,000 | 360 } 250 Saturated a | 35-0 9-8 
1919 | Wishart Thornycroft r 30,000 ; 870 | 250 ited 3 | 33-5 10-4 
1926 | Amazon Thornycroft “ A’”’ 36,000 415 | 260 570 deg. F 3 36-7 10-0 
1928 | Serrano Chilean 26,000 375 250 tura’ 3 35-7 9-7 
1929 | Acheron oe 34,000 350 | 500 | 750 deg. F 3 35-3 9-3 
1930 | Saguenay ..| Canadian 32,000 375 | 300 3 34-7 9-0 
1932 | Daring a a, 36,000 350 300 620 deg. F. ..| 3 32-2 8-7 
1934 | Glowworm | “G” 34,000 350 300 640 deg. F. ..| 3 31-2 8-1 
1935 | Nubian’ ..| Tribal.. 44,000 350 300 620 deg. F. | 3 29-0 7-15 
1938 | Kimberley. .| “ K” 40,000 | $50 | 300 640 deg. F ‘| 2 29-6 6-7 











Notes.—Total machine 
cent. of 1907 figures. All boilers are oil-fired. 


1906 onwards, every opening paper at the Spring Meet- 
ings had been concerned with this topic. The second 
Newcastle paper in 1914 was Professor Féttinger’s 
“* Recent Development of the Hydraulic Transformer.” 
The author stated that upwards of 225,000 shaft horse- 
power were then in service or under construction and 
claimed an efficiency of about 92 per cent. for the 
latest type transformer and large powers ; 90 per cent. 
of the full horse-power could be used astern. With 
single-stage transformers, the reduction rates varied 
up to 6 to 1. One of the ships described in the paper— 
the Kénigin Luise—was sunk within a month of 
Féttinger’s paper and was the first German sea casualty 
in the 1914-18 war. 

During the war years of 1915 to 1918, little could be 
said about the progress of warship machinery and 
design. The T'ransactions bear the air of a dignified 
aloofness from the realities of war. This was all the 
stranger, since the design of warships and their pro- 

lling machinery had been such a favourite topic 

m the foundation of the Institution. We had to 
wait till 1919 before much information could be released. 

In that year, Sir Eustace d’Eyncourt gave a very 
comprehensive paper on “‘ Naval Construction during 
the War,” and in the following year a description of 
the Hood. From these two papers, and from Sir Philip 
Watt’s 1919 paper, we can glean some interesting 
sidelights on the pro of marine propulsion in the 
Navy. The battleships of the Iron Duke class were 
the last to burn coal fuel. Eighteen water-tube Bab- 
cock and Wilcox boilers were required for 29,000 shaft 
horse-power, giving 21} knots. In the succeeding 
Queen Elizabeths, power went up to 75,000, giving 
25 knots. Despite the 158 per cent. increase in power, 
the number of boilers only went up to 24, that is, an 





* The 14th Parsons Memorial Lecture, delivered at a 
joint meeting of the Institution of Naval Architects and 
the Institute of Marine Engineers, held in London on 
Wednesday, March 29,1950. Abridged. 


weight has altered very little since 1912. Boiler weights have steadily declined and are less than 50 per 
All ships are twin-screw unless marked (3). 


cruiser in the Royal Navy to burn oil fuel alone. The 
machinery length was 148 ft., of which the boiler rooms 
accounted for about 514 per cent. In the next, the 
Calliope class, two ships were fitted with Parsons’s 
geared turbines. The Calliope had four shafts and the 
Champion two. Sir Eustace d’Eyncourt described this 
as “at the time a very important experiment, the 
putting of 20,000 horse-power through gearing being a 
bold departure from anything which had been hitherto 
contemplated.” 

Few details of destroyer development were given in 
Sir Eustace d’Eyncourt’s paper, so Table IT has been 
prepared, by courtesy of the Admiralty and Messrs. 
J. I. Thornycroft and Company. This shows the main 
machinery particulars of certain turbine destroyers 
from those afloat in 1910 to the latest types. The 
published particulars of the Manxman class of fast 
minelayers (see Jane’s Fighting Ships) show that the 
shaft horse-power per shaft is 36,000 and that only 
four Admiralty three-drum boilers are needed for the 
total power of 72,000 shaft horse-power. Thus, from 
the Weymouth class of 1910 to the Manxman we have 
gone from 1,833 shaft horse-power to 18,000 shaft 
horse-power per boiler. With the exception of the 
Hunt and Battle classes, all destroyers laid down 
during the last war had a power of 40,000 shaft horse- 
power, developed on only two Admiralty-type three- 
drum boilers. 

Besides the naval papers already mentioned, there 
were two others at the 1919 meetings which we should 
recall. One was “ Investigations into the Causes of 
Corrosion or Erosion of Propellers,” by Sir Charles 
Parsons and Mr. 8. S. Cook. The other was “‘ The 
Michell Thrust Block,” by Mr. J. Hamilton Gibson. 

The first paper described the findings of a special 
| sub-committee of the Board of Invention and Research, 
| set up in 1915. At that time, there was considerable 
| doubt whether the pitting of propellers that were on 
| the verge of serious cavitation was due to chemical 
corrosion (from released gases, or, alternatively, from 
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electrolytic action) or from the mechanical effects of 
water-hammer or from bad material or from undue 
stressing. The conclusions arrived at were that the 
corrosion of propellers was very slight and the real 
trouble was erosion due to the water-hammer action 
of cavities closing up or “imploding.” This action 
might be due to cavitation of the propeller itself, 
occurring more generally when the propeller is in a 
varying wake, or by the cavities and vortices formed 
by the action of o pk ge memes ahead of it and the 
erosive action is generally aggravated upon a propeller 
which works in the wake of another.” 

The authors also added : ‘‘ The water-hammer action 
is also likely to be produced when violent and abrupt 
eddies are formed in the water by the form of stern 
frame, shaft bossing, or ‘ A’ brackets, or when the lines 
are very full and such as to cause an eddying wake.” 
Time has amply confirmed these findings, though, as 
pointed out by Sir J. E. Thornycroft, there are many 
instances of bad corrosion due to unsuitable materials, 
leading to a strong chemical action. In the case of 
such corrosion, chemical analysis will show that the 
material in the eroded areas has become richer in the 
constituent that is electro-positive to the others— 
usually the copper. No such alteration can be found 
in mechanically eroded portions. 

Sir Charles Parsons’ work on cavitation was fully 
recorded in Sir Stanley Goodall’s 1942 Parsons Memorial 
Lecture, so that no further notice is necessary. It 
might, however, be added that it was appropriate that 
Parsons should have served on the sub-committee, 
since the troubles being investigated were largely due 
to his own invention. With the piston-engined Daring, 
the disease could be very ily cured by a rom 4 
increase of area. In those days, propeller blades were 
usually extremely narrow and they could be widened 
without a serious loss of efficiency. The first cavitating 
propellers of the Daring were only 0-298 developed 
area ratio and the final ones only 0-433 developed area 


ratio. 

With the very full-area blades required in turbine 
ships owing to the high revolutions, further area may 
be virtually impossible. It was once said that it took 
a very good engineer to design a bad propeller; Sir 
Charles made the jest come true. He forced us all to 
design pro when used for direct turbines. 
The efficiency of the piston-engined destroyer propellers 
was high and reached as much as 0-72. That of the 
early turbine destroyers was about 0-63, falling to 
about 0-54 on the later and more heavily loaded types. 
With modern geared destroyers it should be about 0-64. 
Unfortunately, the modern tendency is to increase all 


weights, se those of armament and fittings. | pe 
Table ITI, 


erewith, gives the relative percentage of 


TaBLE III.—Comparison of Percentage Weights of 
Destroyers. 











Composition of Destroyer Displace- 
ment (Percentage of Total Light 
Displacement). 

Date. Ship. 

Hull and Armament 

Ww Machinery. and 

Fittings Ammunition. 
1907 | Tartar 44-20 54-17 1-63 
1910 | Larne .. 49-03 47-00 3-97 
1916 | Patrician 46-30 49-24 4-46 
1917 | Shakespeare 49-60 44-20 6-20 
1919 | Wishart 51-74 41-00 7-26 
1926 | Amazon 61-45 41-40 7-15 
1930 | Canadian 52-34 38-10 9-56 
1932 | Daring. . 52-90 37-89 9-21 
1940 | Brecon 58-70 26-60 14-70 

















weights for early and more recent destroyers and brings 
out this trend. As a result, propeller design becomes 
more and more difficult as time goes on. 

Mr. Gibson’s 1919 paper on the Michell thrust was a 
timely one. This type of thrust had been almost 
unknown until geared turbines came into use. With 
direct turbines, the propeller thrust was balanced by the 
thrust of the steam and there was no heavy loading on 
the thrust block. This could no longer be done with 
geared turbines, and the old multi-collar type was far 
too cumbersome and inefficient. Mr. Gibson gave the 
relative coefficients of friction as, for rocking pads, 
0-0015, and,f or flat thrusts, 0-03, or 20 times as great. 
The Michell thrust could be designed for thrusts of 
from 200 to 300 Ib. per square inch instead of only 
20 to 50 Ib., and this has resulted in an enormous saving 
of space, weight and cost. 

There were three naval papers in the 1920 T'ransac- 
tions. That on the Hood has already been noted. 
The others were by Sir Arthur Johns on “ German 
Submarines,” and by Eng.-Comdr. H B. Tostevin on 
“‘ Experience and Practice in Mechanical Reduction 
Gears in Warships.” Sir Arthur Johns gave details 
of the various classes of submarine that had been such 
a menace during the war years. One of the advantages 
of the German submarines was an engine developing 


300 brake horse-power per cylinder. On account of 
standardisation, we had retained the 100-h.p. per cylin- 
der. Despite this handicap, we possessed at the end 
of the war faster underwater boats and faster surface 
boats. A statement by the author on the reputed 
speeds of German submarines reminds one of similar 
reports in the last war about German ‘“ E” boats. 
This was to the effect that “‘ reports as to great 
obtained by German submarines on trial reached this 
country in the first year of the war. These were 
apparently confirmed by our patrols and caused some 
uneasiness. Information since received showed that 
the reports had been greatly exaggerated.” 

Commander Tostevin described the great progress 
in the fitting of reduction gearing since 1910. In that 
year, the Admiralty took the first tentative step in two 
destroyers 4 fitting gearing between the low-pressure 
turbines and the high-pressure and cruising turbines. 
By 1916, sufficient experience had been gained to 
warrant a complete change-over. From that time on, 
all-geared turbines became standard naval practice. 
The gears in use were all of the single-reduction type 
and had rigid frames. These were considered preferable 
to the American “ floating frames” so strongly advo- 
cated by Mr. J. H. Macalpine in his 1917 paper. Despite 
the very large number of reduction gears, fitted or 
being fitted, in warships, viz., 652 gears transmitti 
a grand total of 7,828,000 shaft horse-power, no 
failures had occurred. The nearest approach was in 
two destroyers, when the gears had become extremely 
noisy and had developed excessive wear. This was 
entirely due to relative motion between turbine and 
gearcase. A remarkable record of success had been 
achieved and had resulted in an increase of efficiency 
of from 16 to 20 per cent. 

The position was quite different with double-reduction 
gears, and when, in 1921, two colleagues of Sir Charles 
Parsons—Mr. R. J. Walker and Mr. S. S. Cook—read 
their paper, they had to admit “certain troubles.” 
Why did these only occur on double-reduction gears 
and not on single-reduction gears? The former 
obviously demanded even greater care in tooth-cutting, 
and in ali ent, but the authors blamed synchronism 
between the variation in propeller torque and the 
frequency of the propeller and shafting with relation to 
the gear as the main cause. The torsional oscillations 
thus set up were magnified and gave rise to excessive 
tooth-pressure at certain points. This explanation 
would be equally applicable to single-reduction gears, 
but the authors pointed out that such gears were 
mainly fitted to naval vessels with very fine aft lines 
and long lengths of shafting. This meant that the 
riodic impulses due to wake variation would be 
relatively small and would be damped out by the high 
flexibility of the long line of shafting. The authors 
contended strongly that, contrary to prevalent opinion, 
there was no essential difference between single- 
reduction and double-reduction gears. 

This view was not accepted by all speakers. One 
rash advocate of electric propulsion remarked : ‘‘ Any- 
one seeing the massive monument of 121 tons of cast 
iron which constitutes the present-day double-reduction 
gear of 7,000 h.p. at 90 revolutions, must realise that 
it is but a ing phase in ship propulsion.” 

In the following year (1922), there were two papers 
dealing with the repeated failures of the double-reduc- 
tion gears fitted in the Melmore Head. No less than 
six sets of gearwheels had to be fitted before a satis- 
factory solution was found. Gear No. 1 covered 25,000 
miles before collapsing. At the trial trip, the noise in 
the engine-room was said to be deafening and, contrary 
to expectation, the hammering and roaring continued 
throughout the life of the gear. With the second set 
of gearwheels, there was very little improvement in 
noise and the second-reduction gears stripped after 
only 14,000 miles. A new gearcase was designed with 


lower tooth pressures, but was never fitted. Mr. J. | Ligh 


Wilkie explained that it was realised that, “if satis- 
factory running of the was to be obtained, 
some consideration would have to be given to the 
inertia effects of the rotating masses and particularly 
to the effect of torsional vibrations of the propelling 
shaft arising from propeller action in a variable 
wake.” 

Dr. J. H. Smith, who was called in to examine the 
dynamics of the problem, gave his findings in a very 
mathematical paper entitled “‘ Nodal Arrangements of 
Geared Drives.” This “nodal drive,” as it became 
termed, involved tuning the periodicities of the rotating 
masses to similar values. An alarming set of critical 
8 was produced, but, if these could be avoided 
all would be well. In the discussion on both papers it 
was admiited that the troubles had been overcome. 
On the other hand, almost everyone disagreed with the 
method of cure. Sir Charles Parsons was very definite 
in his opinion that the main trouble was in bad gear- 
cutting. It is interesting to note that Sir Stephen 
Pigott stated in 1937 that a very similar method to 
that of Dr. Smith’s was used for the single-reduction 


gearing of the Queen Mary. 





In the same year (1922), Mr. James Richardson 





described the single-screw motorship Pinzon. This 
was a vessel of 3,300 tons displacement and fitted with 
one Beardmore-Tosi four-cycle engine, giving 1,259 
brake horse-power at 120 r.p.m. The oil consumption 
was 0-36 lb. per indicated horse-power, as compared 
with the 1-5 Ib. of coal used in a rather similar shi» with 
triple-expansion engines. At that time, sing]: -screy 
motorships were not very common except in very smal] 
sizes. In the discussion, Mr. D. B. Morison g..ve an 
indication of the state of progress when he sai: “ the 
time has arrived when we can confidently . ccept 
single-screw Diesel-engined vessels up to, say, 3,000 
indicated horse-power.” 

In 1923, Sir Charles Parsons and two of his co!! agues 
presented a further paper on “ Mechanical Gexring,” 
The authors stated that “‘ the primary object in writing 
this paper was to remove the slight cloud that ha: come 
over mechanical ings of recent years.”’ Sir “harles 
blamed undue hardness of the pinion teeth as the main 
reason why, “‘ in the last two or three years, the number 
of fractures in proportion to the number of gears in 
operation increased enormously.” He particularly 
condemned the practice of oil-quenching nickei steel 
when this material was used for pinions. Apparently, 
a milder steel was required, which would “* bed down ” 
more quickly. 

At the Summer Meetings in the same year, Professor 
D. Dresden described ‘‘ Steam Turbines for Marine 
Propulsion in Holland.” Particulars were given of a 
number of Dutch ships that were fitted with yeared 
turbines. Six had single-reduction gears and 17 had 
double-reduction gears. Dr. en was able to 
report very good results, especially with the double. 
reduction gears. He considered that there was no 
reason to be afraid of this type and thought that the 
“time for single-reduction has “ 

A novel pro was put forward by Colonel F. 
Modugno, R.I.N. This was an arrangement of internal. 
combustion engines exhausting into low-pressure tur- 
bines. The paper attracted little attention at the 
time, but in recent years there have been a number of 
schemes for utilising Diesels in conjunction with either 
gas or steam turbines. 

In the 1924 meeting, Mr. R. W. Allen advocated the 
“‘ Application of the Steam Turbine for Auxiliary 
Machinery.” He pointed out the very large savings 
in weight and space that are effected by substituting 
turbines for reciprocating engines in driving generating 
sets, centrifugal circulating pumps, salvage and bilge 

umps, boiled-feed pumps and boiler-room fans. 
‘o-day, we have passed into quite another phase. 
Reciprocating engines are certainly obsolete for this 
P but it is usually the electric auxiliary which 
as gained the day. Turbine drive has survived for 
boiler-feed pumps owing to the high powers required 
and, in many cases, for some, if not all, of the turbo- 
generators. Electric drive has become the usual 
system for fans and circulating and bilge pumps, eto. 

In the same year, Engineer-Commander R. Beeman 

ave details of “ Further Experimental Work on Diesel 

ngines.” The author presented an interesting table 
of present weights in naval practice and the permissible 
weight for an oil-engined installation. These were as 
shown in Table IV, herewith. 


TABLE IV.—Comparison of Steam and Oil Engine Weights. 
(Lb. per Shaft Horse-power,) 




















| Permissible 

Weight S.h.p Weight 
Type. wit r R.p.m. with 
Steam. Shaft. Oil 

Engine. 

Battleship id — a — 130-150 
Battle Cruiser .. 81 36,000 210 100 
Cruiser .. a 65 16,000 400 85 
t cruiser 20,000 275 69 
Flotilla leader 35 20,000 350 2 
Destroyer on 33 13,500 360 40 





The “ permissible weight ” for the oil-engined instal- 
lation was based on the addition of a quarter of the 
weight of the fuel carried in existing steam installations. 
The average displacement, i.e., that at half load, would 
then remain the same. With the modern practice of 
using light high-pressure steam machinery in all classes 
of naval ships, oil-engined installations will only appeal 
to the naval architect if they are of the order of 40 lb. 
per brake horse-power. This may become possible 
with gas turbines, but seems impracticable with 
reciprocating Diesels of high power and low r.p.m. 
In the same year (1924) Sir Archibald Ross reviewed 
the ‘‘ Progress in Marine Propulsion during the Last 
Ten Years.” That decade, despite the war, had seen 
the spectacular rise of the internal-combustion engine. 
Was it destined to make the turbine a museum- 

iece ? Sir Archibald Ross did not think so. He 
‘oresaw an improved type of turbine, able on 
actual consumption to come within measurable distance 


of the Diesel. 
(T'o be continued.) 
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300-KVA SINGLE-PHASE 


SPOT-WELDER. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 
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300-KVA SINGLE-PHASE SPOT- 
WELDER. 


Tue electric spot-welder which is shown in the 
accompanying illustration has been designed by the 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, for dealing with parts 
which are too bulky or too cumbersome to be handled 
on equipment of the pedestal type. It also facilitates 
the production of comparatively small articles by 
securing them in a fixed jig and moving the welder 
round them. The welder is capable of effecting high- 
quality welds in two j,-in. mild-steel plates or in a 
total thickness of } in., provided the thickness of the 
individual sheets does not exceed 4, in. 

The equipment consists of a stationary control 
cubicle to which all the supplies are taken. This 
cubicle is connected to the transformer cubicle, shown 
on the right of the illustration, by tough rubber- 
sheathed cables and by a flexible conduit through which 
the air and water supplies and the control leads are 
carried. As will be seen, a swing jig, from which 
the welding tongs are suspended, is mounted on the 
top of the cubicle. A small power-operated hoist can 
also be fitted. The tongs are provided with cast 
manganese-bronze arms with a throat depth of 27 in. 
and a throat gap of 6 in. They can be rotated through 
360 deg. about a vertical axis and through 60 deg. 
up or down above a transverse axis. The stroke of the 
electrodes is 4 in. and a pressure up to 4,500 lb. can be 
exerted at the tips. The cylinder which actuates the 
tongs is supplied with oil at a pressure of 1,350 Ib. 
per square inch from a pneumatic-hydraulic intensifier 
in the transformer cubicle. 

Two pressure cycles are available: a single pressure 
cycle, in which the pressure remains constant through- 
out the welding operation, and a triple pressure cycle 
in which the welding tips first come together at a high 
pressure. This pressure is then reduced at a pre-set 
time after the welding current begins to flow and this 
reduction is maintained for the remainder of the 
welding time. The pressure is again increased to the 
high value when the current is cut off and is applied 
during the forging period, so as to allow the weld to 
cool and consolidate. 

The welding current is obtained from a 300-kVA 
single-phase water-cooled transformer, the primary of 
which has a number of tappings so as to give a wide 
range of current values. me ane are provided for 
reat purposes, so that continuous adjustment 

tween the tappings is possible. The control system 
is of the synchronous constant-current ‘‘ Woodpecker ” 
type, a feature of which is that the welding current 
can be supplied either as a single pulse or as a series 
of pulses, each of which is follo by an interval of 
zero current. When the latter procedure is employed, 
the life of the electrode tip is increased, the surface 
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finish of the work is improved and, when used in con- 
junction with the triple pressure cycle, the effect of 
badly fitting components is reduced. The length of 
the “‘ off ” time and the points at which the tip pressure 
and forging time are reduced can also be controlled. In 
addition, the equipment automatically maintains the 
line current very nearly constant irrespective of 
changes in the load impedance of the welding trans- 
former, such as are caused by the insertion of steel 
into the throat of the machine. 

The sensitivity of the constant-current master con- 
trol is such that if the impedance of the load changes 
in a ratio of 2 to 1 the line current will remain auto- 
matically within 10 per cent. of the original current, 
while if the line voltage varies by as much as 20 per 
cent. the line current will be maintained within 5 per 
cent. of the original :~ In certain cases it is 
claimed that even these figures can be improved upon. 
The equipment can be switched from ‘“ automatic ” 
(constant-current master control circuit) to “‘ manual.” 
In the latter position the welding current can be con- 
trolled by hand in the ordinary way. 

A two-position initiating switch is fitted on the 
tongs. When this is depressed to its first position 
the tongs close, but no welding current passes. If 
the switch is released from this position the tongs 
immediately open ; if, however, the switch is depressed 
to the second position the control system is locked 
and the machine completes a full welding operation, 
even though the operator releases the push button. 
A differential switch is fitted to ensure that the welding 
current cannot flow until the pressure between the 
electrode tips is correct. To ensure that the equip- 
ment is not operated until the Thyratron valves have 
attained their correct operating temperature a time- 
delay relay is also included, while water-flow switches 
ensure that the equipment cannot be damaged by 
operating with insufficient cooling water. Particular 
care has been taken to provide a free and copious 
flow of cooling water, while to prevent the water 
passages through the welding tongs being blocked by 
the breaking up of the flexible secondary leads, they 
are fitted with removable plugs through which cleaning 
rods can be passed. The faces of the union joints by 
which the flexible secondary leads are attached to the 
transformer headers and welding tongs are silver- 
plated, while the headers themselves are at an 
angle so as to reduce the flexing of the secondary con- 
nections where they are attached to the transformer. 





DRAKELOW GENERATING STaTION.—The British Elec- 
tricity Authority announces that it has received consent 
from the Minister of Fuel and Power to the establishment 
of a new power station at Drakelow, near Burton-on- 
Trent. The first section of this station will contain two 
60-MW sets, two 515,000-lb. boilers, and one cooling 
tower. The ultimate capacity will be 240 MW. 





ANNUALS AND REFERENCE BOOKS. 


Newnes Engineer’s Pocket Book.—An unusual feature 
in this, the third, edition of Mr. F. J. Camm’s well- 
known pocket-book is a table giving the lowest and the 
highest factors of every odd number (excluding those 
ending in 5) up to 9999. This is the principal addition to 
the contents, which were previously subjected to a 
thorough revision in 1944. While, like most pocket- 
books intended for engineers, much of this work 
consists of familiar tables, there are other sections, 
such as that dealing with the spark test for metals, 
which are not so commonly encountered. Screws 
(metal and wood), small springs, and some of the less 
widely known tapers for tool shanks may be mentioned 
as typical of the kind of miscellaneous information 
presented ; but we notice no reference to the new 
“* Unified” screw threads, and think that it might be 
useful to include, in the next revision, more references 
to the British Standard specifications for various items 
listed. Ready use of the book would be facilitated, 
too, if the page numbers could be set in bold type. 
The Engineer's Pocket Book is published by Messrs. 
George Newnes, Limited, Tower House, Southampton- 
street, Strand, London, W.C.2, at the price of 7s. 6d. 
net. 


F.B.I. Register of British Manufacturers, 1949-50.— 
This Register of nearly 6,000 manufacturers who are 
members of the Federation of British Industries has 
now reached its 22nd edition. It is divided into five 
main sections, separated by stiff-paper indicating pages, 
with projecting thumb tabs to facilitate quick reference. 
In the first section are the names only of firms, arranged 
under some 5,000 classifications of “ Products and 
Services.” The second section consists of advertise- 
ments, most of which are designed to be informative 
and not merely eye-catching; the names of the 
advertisers, where they occur in Section I, are distin- 
guished by a heavy asterisk. The addresses of all the 
firms listed in Section I are given in the third section, 
and the fourth consists of brands and trade names. 
The final section illustrates trade marks. An intro- 
ductory section describes the aims and activities of the 
Federation, and this is repeated in French and Spanish. 
Notices for the guidance of those consulting the Register 
are also given in French and Spanish, as well as English. 
The volume, which is strongly bound in cloth, is pub- 
lished for the Federation by Kelly’s Directories, 
Limited, and Messrs. Iliffe and Sons, Limited, at Dorset 
House, Stamford-street, London, 8.E.1. The price is 
42s., including postage. 





RADIO COMPONENT SPECIFICATION.—The Radio Indus- 
try Council have published the first of a series of speci- 
fications covering class, category and quality of wireless 
components. This deals with resistors and includes 

ti requirements, production tests 
and schedules of types, values and sizes. Copies of the 
specification may be obtained from the Council at 59, 
Russell-square, London, W.C.1, the price being 3s. 6d. 
The sections are also available separately at 2s. 6d., 9d. 
and 3d., respectively. 





on perfor 


“ Firry YEARS OF PROGRESS, 1900-1950.”—-We have 
received from Messrs. Aiton and Company, Limited, of 
Derby, a well-produced brochure with the above title, 
issued to mark the jubilee of the firm. In great part, 
it is a history of the career of one man, Sir John Arthur 
Aiton, who founded the business on New Year’s Day, 
1900. It was a cause of widespread regret that he 
survived the 50th anniversary by less than a month. 
The obituary notice of him, which we printed on page 
130, ante, contained the essentials of his long and active 
life, but it could hardly portray the changes that he had 
seen, and that he himself had wrought in steam-engineer- 
ing practice, so effectively as does this more detailed and 
liberally illustrated record of vigorous private enterprise. 





FLAME DETECTOR FOR NON-LUMINOUS FLAMES.— 
To protect gas-fired ovens, kilns and other installations 
against the danger of explosion due to undetected failure 
of the pilot flame, a new type of flame detector which can 
detect the extinction of non-luminous flames, to which 
the photo-electric cell is insufficiently sensitive, has been 
developed by Messrs. Radiovisor Parent Limited, 
1, Stanhope-street, London, N.W.1. In the immediate 
vicinity of a flame, the air is ionised, and acts as a con- 
ductor of electricity. An electrode rod, which is 
electrically connected to the trol unit, projects into 
the pilot flame, and completes a circuit to earth via 
the flame, closing a relay in the control unit which ener- 
gises a gas valve, holding it in the “‘ open” position. 
Should the flame go out, the circuit is immediately 
broken and the valve closes, shutting down the gas 
supply to the pilot flame and the main burner. Red 
and green indicator lights and terminals for connecting 
an alarm bell are provided. The standard electrode 
rod is suitable for flame temperatures up to 850 deg. C., 
but special rods are available which will withstand 
temperatures up to 2,000 deg. C. 
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NOTES ON NEW BOOKS. 


The Taff Vale Railway. By D. S. Barrie. Second 
edition. The Oakwood Press, Tanglewood, South 
Godstone, Surrey. [Price 5s. net.] 


Tue original edition of this informative manual 
appeared in 1939 and was reviewed on page 438 of our 
148th volume. The present edition has been consider- 
ably extended, more especially in the description of 
the early history of the line and by the addition of 
further details of the relevant Acts of Parliament, the 
opening of stations, etc. The maps of the Taff Vale 
Railway and its various connections as these existed 
in 1922, and of the somewhat congested network of 
lines in the neighbourhood of Cardiff, have been 
redrawn to a larger scale, which is a distinct improve- 
ment, and some changes have been made in the half-tone 
illustrations ; though we regret to note that the new 
edition does not contain the portraits of Mr. Ammon 
Beasley, who was general manager from 1891 to 1917, 
and Mr. T. Harry Riches, locomotive superintendent 
from 1873 to 1910. The latter, especially, was a charac- 
ter of sufficient note to have warranted the retention 
of his portrait and, perhaps, the inclusion of some 
biographical details. 





Ministry of Education. Science Museum. Aeronautics. 
Heavier-than-air Aircraft. Part I. Historical Survey. 
By M. J. B. Davy. [Price 2s. 6d. net.) Part II. 
Catalogue of Exhibits with Descriptive Notes. By 
M. J. B. Davy. [Price 3s. net.] H.M. Stationery 
Office, Kingsway, London, W.C.2. 

THESE two volumes supersede the earlier Handbook of 

the Collections Illustrating Aeronautics. Part I covers 

legendary flight and early speculation, the formula- 
tion of the principles of flight, experimental work 
with models, gliding and soaring flight, the applica- 
tion of power, the first sustained flight, the develop- 
ment of the aeroplane up to, during, and after the 
first World War, the growth of transport up to the 
second World War, aircraft development during the 
second World War, and modern trends in air trans- 
port (up to 1948). A fuller treatment of the subject 
was recently presented by the author in his [nterpre- 
tive History of Flight, published by H.M. Stationery 
Office, which was reviewed on 99 of our 168th 
volume (1949). As in that work, some of the later 
sections of the Historical Survey contain statements 
which show that the author has not checked all his 
facts; the Avro Tudor I air liner, for example, was 
not, as stated on page 66, a conversion of the Lan- 
caster bomber aircraft. It is questionable also whether 
the pressurised cabin of any civil air liner can really 
be said to be “‘ provided with the amenities of an 
ocean liner.” The summary of the principles of jet 
propulsion is rather loosely put together and not 
entirely accurate. Part II gives descriptive notes 
of the exhibits, covering flight in nature, primitive 
aeronautical devices, early experimental models, 
gliders, aeroplanes, helicopters, and parachutes. The 
catalogue reveals that a number of interesting ex- 
hibits have been added to the Collection since the 

1935 edition of this handbook, a representative selec- 

tion of model aircraft illustrating the development of 

modern military and civil machines. Among the full- 
scale exhibits, two notable additions are the Gloster 

Whittle E 28/39, the first jet-propelled aeroplane, and 

a replica, built by students of the de Havilland Aero- 

nautical Technical School, of the aeroplane built by 

the Wright Brothers, which in 1903 made the first 
power-driven flight. The original aircraft, formerly 
in the Science Museum, was returned to the United 

States in 1948. This historical content of these two 

volumes is of great interest, and both are well illus- 

trated. In spite of certain inaccuracies, they will form 

a useful addition to the library of anyone interested 

in the history of aviation. 

Appointments in His Majesty's Colonial Service. H.M. 
Stationery Office, York House, Kingsway, London, 
W.C.2. [Price 1s. net.] 

THE expressed intention of H.M. Government to do 

their utmost to develop the Colonies implies some 

increase—possibly considerable—in the strength of the 

Colonial Service. This pamphlet gives details of the 

various classes of such appointments, the nature of the 

duties, the training required or provided, salary and 
pension scales, etc. The methods of application and 
selection are also described. The types of appointment 
covered include those dealt with by the Crown Agents 
for the Colonies and the Overseas Nursing Association, 
as well as by the Director of Recruitment (Colonial 

Service), but the last-mentioned occupy the greater 

part of the text. Appendices provide, inter alia, 

information regarding concessions to candidates on 
account of war service ; Colonial income tax ; arrange- 
ments for recruitment in Canada, Australia, New 

Zealand, South Africa and Southern Rhodesia ; sources 

of information about certain appointments not within 

the Colonial Service ; recommended books, etc. 


RESILIENT GEARWHEEL FOR 
TRACTION PURPOSES. 


WHEN the wheels of a locomotive encounter a rail 
“ obstacle,” the whole of the unsprung weight carried 
on the axle has to be accelerated or retarded. In an 
electric locomotive, the resistance of the motor arma- 
ture to changes of speed is considerable ; the loads on 
the reduction-gear teeth imposed by impacts are, 
therefore, high, and they are tending to increase as 
higher motor speeds are being adopted. They are, 
moreover, proportional to the square of.the speed at 
which the vehicle is moving. Some degree of resilience 
interposed in the drive is desirable in order to relieve 
impact loads on reduction gearing, armature shafts, 
axles, bearings, etc. 

The Wiseman resilient traction gearwheel has 
been developed by Messrs. Alfred Wiseman and 
Company, Limited, Carlisle House, 8, Southampton- 
row, London, W.C.1, to give torsional resilience for 
heavy traction drives, using a robust construction with 
few wearing parts. A part elevation and a cross- 
sectional. view of the gearwheel are reproduced in 
Figs. 1 and 2, herewith. It can be seen that the 


Fig.1. Fig. 2. 
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wheel consists of two parts—the outer rim and the 
inner hub. The load is transferred, by double shear, 
from the rim to the hub through a number of resilient 
members, each consisting of three ‘‘ Silentbloc ” units 
fitted to a ground steel pin. The gear rim is a con- 
tinuous T-section member, made from a solid forging 
either in carbon-chromium steel, oil hardened and 
tempered to a Brinell hardness of 280 to 320 before 
cutting the teeth, or alternatively, in Wiseman Grade C 
steel, hardened and heat-treated, after cutting, to a 
Brinell number of 450 to 500. The inner-hub member 
is made in two , from steel castings, accurately 
spigoted together ; the four bolts which locate the two 
parts of the hub are for assembly purposes only and 
carry no load. Each Silentbloc unit consists of inner 
and outer steel tubular members with a prestressed 
rubber block between them ; the centre Silentbloc units, 
wider than the outer units, are pressed into a series of 
holes in the wheel rim, the gear teeth having previously 
been cut ; the outer reilient units are pressed into corre- 
sponding holes in the hub side plates. Retaining plates 
are provided as a precaution against the failure of a 
block. Dismantling any resilient member is simple, by 
removing the retaining plate, and pressing the blocks 
out, complete with pin. The triple “ Silentbloc ” 
arrangement gives good flexibility under load, but 
owing to the preloading of the rubber bushes there can 
be no movement between the two parts of the wheel 
until some load has been applied. 





STEEL RESEARCH STATION, SHEFFIELD.—A new 
research station consisting of a pilot steelworks plant for 
melting, rolling, drawing and forging is to be installed in 
buildings to be erected on a 24-acre site in Hoyle-street, 
Sheffield. Work on the plant is to be started by the 
British Iron and Steel Research Association during the 
next few months. Steel melting will be carried out in a 
10-cwt. capacity electric-arc furnace, and rolling experi- 
ments will be conducted in a high-speed 14-in. four-high 
cold strip-rolling mill. The new station will consist of a 
three-storey block and two single-storey buildings and 
these will occupy about half the available space. It is 
intended also to carry out work on corrosion, steel 
founding and refractories. Mr. C. N. Kington, M.B.E., 
B.Se., A.M.I.Mech.E., A.M.1.E.E., is in local charge for 
the Association as chief engineer and administrative 
officer. Messrs. Husband and Company, of Sheffield, 





are the civil engineers and architects. 





LAUNCHES AND TRIAL TRIPS. 

8.8. “ Hecror.”—Single-screw cargo liner, carrying 
30 passengers, built and engined by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. Second vessel of an order for three, 
Main dimensions: 522 ft. 6 in. (overall) by 69 ft. by 
38 ft. 6 in.; gross tonnage, about 11,750. Trinie- 
expansion double-reduction geared turbines to develop 
14,000 s.h.p. at 106 r.p.m. in service, and two Foster 
Wheeler oil-fired controlled superheater boilers. Speed, 
18 knots. Trial trip, March 31. 

M.S. “‘ DEERPOOL.”’—Single-screw cargo liner, to c: rry 
ten passengers, built by Sir James Laing and Sons, 
Limited, Sunderland, for Sir R. Ropner and Compniy, 
Limited, Darlington. Second vessel of an order for 
two. Main dimensions: 417 ft. 6 in. (between perpsn- 
diculars) by 56 ft. 6 in. by 36 ft. to upper deck; dead- 
weight capacity, about 7,770 tons on a draught of 
23 ft. 6 in. Hawthorn-Doxford four-cylinder opposed- 
piston oil engine, to develop 3,000 b.h.p. at 105 r.p.n. 
in service, constructed by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Newcastle-upon-Tyne, 
Service speed, 124 knots. Launch, April 3. 

M.S. “ ALIoTH.”’—Single-screw cargo vessel, carrying 
twelve passengers, built by the Burntisland Shipbuilding 
Company, Limited, Burntisland, Fife, for Van Nievelt, 
Goudriaan & Co.’s Stoomvaart Maatschappij N.V., 
Rotterdam, for service with the Holland-South America 
Line. Main dimensions: 424 ft. 6 in. (overall) by 57 ft. 
by 37 ft. 6 in. to shelter deck; deadweight capacity, 
about 8,700 tons on a loaded draught of 25 ft. 10 in. 
Four-cylinder opposed-piston Diesel engine to develop 
3,300 b.h.p. at 108 r.p.m., constructed by Messrs. William 
Doxford and Sons, Limited, Sunderland. Speed, 13 
knots. Launch, April 3. 

M.S. “ SPERO.”—Single-screw general cargo vessel, 
to carry eight passengers, built by the Burntisland Ship- 
building Company, Limited, Burtisland, Fife, for E.B. 
Aaby’s Rederi A/S, Oslo, Norway. Second vessel of an 
order for two. Main dimensions: 424 ft. 6 in. (overall) 
by 57 ft. by 37 ft. 6 in. to shelter deck; deadweight 
capacity, 8,800 tons on a loaded draught of 25 ft. 94 in. ; 
gross tonnage, 4,750. Hawthorn-Doxford four-cylinder 
opposed -piston Diesel engine of 4,400 b.h.p., constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne, and installed by the 
shipbuilders. Speed, 14} knots. Trial trip, April 4. 

M.S. “ MILFoRD KniGut.”’—Single-screw trawler, built 
by Messrs. Cochrane and Sons, Limited, Selby, York- 
shire, for the Milford Steam Trawling Company, Limited, 
Milford Haven. Main dimensions: 105 ft. (between 
perpendiculars) by 21 ft. by 11 ft.; gross tonnage, 150. 
Six-cylinder four-stroke airless-injection Diesel engine, 
to develop 350 r.p.m. at 375 r.p.m., constructed by 
Messrs. Ruston and Hornsby, Limited, Lincoln, and 
installed by Messrs. Amos and Smith, Limited, Hull. 
Launch, April 4. 

S.S. ‘* PERSEvs.’”’—Single-screw cargo liner to carry 
31 passengers, built by Messrs. Vickers-Armstrongs 
Limited, Walker, Newcastle-upon-Tyne, for the China 
Mutual Steam Navigation Company, Limited (Messrs. 
Alfred Holt and Company), Liverpool. Second of two 
sister ships. Main dimensions: 478 ft. (between per- 
pendiculars) by 68 ft. by 38 ft. 6 in.; deadweight 
eapacity, about 11.250 tons on a load draught of 
30 ft. 74 in.; gross tonnage, 10,100. Double-reduction 
geared turbines, and two Foster Wheeler controlled- 
superheat boilers, to develop 14,000 s.h.p. and an average 
sea speed of 18 knots, constructed by Messrs. Vickers- 
Armstrongs at Barrow-in-Furness. Trial trip, April 4. 

M.S. ‘* LUMEN.’’—Single-screw tanker for carrying 
petroleum in bulk, built by Messrs. Smith’s Dock Com- 
pany, Limited, South Bank-on-Tees, for the Lustrous 
Steamship Company, Liverpool. First of an order 
for two. Main dimensions: 506 ft. (overall) by 67 ft. 
by 36 ft. 3 in.; deadweight capacity, 14,500 tons on a 
draught of 28 ft. 6 in. Hawthorn-Doxford four-cylinder 
opposed-piston two-stroke airless-injection oil engine, 
to develop 4,450 b.h.p. at 112 r.p.m. and a speed of 
124 knots in service, constructed by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Newcastle- 
draught of 28 ft.6in. Hawthorn-Doxford four-cylinder 
upon-Tyne. Launch, April 4. 

M.S. “JUAN PERON.”’—Twin-screw whale factory 
ship, built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for the Compafiia Argentina de Pesca, 
Buenos Aires, Argentina. Main dimensions: 635 ft. 
(between perpendiculars) by 80 ft. by 61 ft. to flensing 
deck ; deadweight capacity, about 27,000 tons on a mean 
draught of 34 ft. 6 in.; gross tonnage, 22,300. Two 
Harland-B. and W. six-cylinder single-acting four-stroke 
Diesel engines. Launch, April 4. 


S.S. “ Sr. Britwin.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley. 
for Messrs. Thomas Hamling and Company, Limited, 
Hull. Main dimensions: 184 ft. by 30 ft. 6 in. by 16 ft. ; 
gross tonnage, 700. Triple-expansion engines supplied 
and installed by Messrs. C. D. Holmes and Company, 
Limited, Hull. Launch, April 6. 
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APPLICATIONS OF A 
MAGNETIC-DRAG CON- 
TROLLED-SLIP COUPLING. 


Tre Heenan-Dynamatic controlled-slip coupling 
is a type of eddy-current magnetic-drag coupling 
which has been developed in recent years by Messrs. 
Heenan and Froude, Limited, Worcester, and is 
now available in several sizes and with various forms 
of control gear which render it suitable for numerous 
speed-control applications, some of which are 





for 1, 7, 20, and 50 brake horse-power, approxi- 
mately, at 1,500 r.p.m. Other units, generally 
similar in design, are made up to about 500 brake 
horse-power. 

The coupling is shown in part section in Fig. 3, 
on this page. It consists of two concentric rotating 
members, with a narrow circumferential air gap 
between them, each mounted on ball or roller bear- 
ings. The outer, driving member a is cylindrical 
internally and is driven, at constant speed, generally 
by an alternating-current motor. The inner, driven 


member 6 is shaped rather like a gearwheel, the 








illustrated in the accompanying reproductions of 
photographs. By adjustment of the amount of 
slip, the coupling provides a stepless variation of 


teeth being in two rows with a circumferential coil 
of insulated wire wound in the slot between them. 





The coil ends are coupled through slip rings and 
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speed from about 95 per cent. of the speed of 
the driving motor down to very low speeds, often 
almost zero. At the same time it functions as 
a clutch, providing complete disengagement and 
a smooth pick-up of the load. As there is no mech- 
anical connection between the driving and driven 
members, the coupling also acts as a shock-absorbing 
device or torsional-vibration damper. The standard 
units, which have been designed primarily for use 
with alternating-current squirrel-cage motors, are 
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brush gear to an excitation and control unit operat- 
ing from the alternating-current mains so as to pro- 
vide a small amount of direct current to the coil 
to excite it and cause the coupling to operate. 
By varying the direct current, the magnetic drag, 
and thus the output speed, may be controlled as 
desired. When no current is passing through the 
coil, the driving member can, of course, rotate 
independently of the driven member, and no torque 
is transmitted. 





The output torque of the w cniiana is always equal 
to the input torque ; the coupling is not a torque 
converter. There is therefore a continua] loss of 
power, proportional to the difference between, input 
and output speeds; this loss appears as heat, 
and is dissipated by an air current generated by the 
driving member, the periphery of which is “* gashed ” 
so as to combine the function of a pathway for the 
magnetic flux with that of a fan, It follows that 
the efficiency of the coupling varies between an 
upper limit of perhaps 95 per cent. at full excitation 
and minimum slip, and a lower figure which corre- 
sponds with the relation between motor speed and 
coupling output speed. The efficiency is at all times 
proportional to the ratio between the output and 





Drive with Dua CouPLinGs. 


input speeds. For example, with the output shaft 
stalled, as is often permissible for short periods 
and at starting, the efficiency is zero. While 
this loss of power, and the consequent heat, 
would render the coupling unsuitable in some 
instances, there are innumerable applications where 
it is unimportant, or where it is acceptable owing 
to counter-advantages. In fan drives, for instance, 
if the coupling is driving the fan at half speed the 
net torque is reduced to one quarter, and the losses 
in the coupling are only one-eighth of the rated 
motor output ; at no speed can the losses exceed 
17 per cent., and consequently the coupling provides 
an acceptable and convenient method of speed 
variation in such drives. Fig. 6, on page 462, 
shows the performance against a fan load, when 
excitation is varied to control the fan speed. The 
total brake horse-power loss shown includes that 
due to slip, excitation and windage. In use with 
cranes, also, the efficiency may often be low, as 
when crawling or “inching,” but this is of little 
importance in view of the advantage of accurate 
control. 

The couplings are often regulated by a variable 
resistance in series with the excitation coil. The 
natural characteristic of the coupling, if such 
controls are left untouched, is that the torque 
capacity rises as the slip increases, up to a certain 
value of slip; at higher slip the torque capacity 
does not rise any further, and may in fact require 
to be decreased to suit the heat-dissipating capacity 
of the coupling. Fig. 7, on page 462, shows the 
normal torque characteristics of the coupling. The 
values of torque are determined by operation under 
stable conditions with the coupling at working tem- 
perature ; a cold armature produces higher torques 
than those shown. It follows that such control 
gear will cause the output speed to fall if the resisting 
load increases, and rise as the load decreases. This 
is often desirable, as when stiff engines are being 
run in on a test-bed, but in other cases a ‘‘ constant- 
speeding” characteristic is more useful. This is 
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MESSRS. HEENAN AND FROUDE, LIMITED, WORCESTER. 





Fic. 4 Drive to Test PLant FoR FRICTION-LINING MATERIAL. 


provided by fitting the output shaft of the coupling 
with a small “‘ Alnico”” permanent-magnet genera- 
tor, the voltage from which is caused to affect 
electronic control gear which feeds the exciting 
current to the coil of the coupling. Should the load 
against the coupling decrease, the output speed 
tends to rise, but, in consequence, the slight increase 
in the voltage of the Alnico generator at once 
decreases the coupling excitation so as to balance 
the increased load ; the contrary effect takes place 
if the resisting load increases. In both types of 
control, the speed can be adjusted as desired by 
means of a small control knob. 

One of the first commercial applications of the 
Heenan-Dynamatic coupling was to tube draw- 
benches. In one traditional form of drive, a chain 
moving at a certain speed is suddenly “ dogged ” 
into a carriage to which the end of a tube has already 
been attached by means of the tube-end or “tag.” 
The resultant shock leads to tag breakages; in 
addition, relatively soft or hard spots in the material 
cause variations in drawing speed which are suffi- 
cient to affect the quality and surface finish. By 
interposing a coupling in the drive, as shown in 
Fig. 1, on page 461, the tube is accelerated through 
the dies up to the drawing speed without shock, 
and hard spots cause no measurable difference in 
drawing speed ; the actual speeds can be increased 
and production improved. A number of Heenan- 
Dynamatic couplings are in use in conveyor drives, 
partly for speed control, and partly for load equalisa- 
tion, the latter factor being important in long 
conveyors where several motors must be employed 
in order to reduce stresses in the conveyor. Such 
motors are often too far apart to be interconnected 
mechanically. It has been very difficult in the past 
to cause them to share the load equally, and parti- 
cularly to keep all motors in step when changing 
the conveyor speed. The solution adopted has been 
the provision of a coupling at each motor, all the 
couplings being controlled simultaneously by a 
small aiternating-current generator fitted to one 
coupling only and supplying current to an electronic 
unit which controls the direct current to all the 
coupling coils. This arrangement has proved so 
successful that, at the end of an eight-hour shift, 
an assembly conveyor 300 ft. long has still been in 
phase with six subsidiary supply conveyors, the 
speed of all seven being set, perhaps once a day, from 
a single contro! in a superintendent’s office. 

Where strip is wound off one drum on to another 
through rollers, as in strip-rolling mills or paper 
mills, under conditions where certain linear speeds 
and strip tensions are required, a difficult control 
problem arises. Such conditions are met with 
considerable success by using an electronically- 
controlled coupling. In many cases the addition 
of a torque-limiting device is beneficial, and may 
in fact be used as a means of controlling a manufac- 
turing process; as, for example, when a constant 
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torque must be applied irrespective of speed. In 
one case, this device is used in a stirrer dealing with a 
liquid of which the viscosity increases as it cools ; 
the coupling, under the influence of the torque- 
limiting unit, automatically adjusts the speed to the 
maximum which results in the desired torque. 
The circuit consists of a transformer placed in the 
incoming leads to the alternating-current driving 
motor, and connected to the coupling excitation 
unit, so as automatically to control the excitation 
as soon as the motor reaches a predetermined but 
adjustable torque. In cases in which the desired 
maximum torque for normal running is less than 
the necessary starting torque, the transformer can 
he temporarily cut out or modified by pressing a 
button, which is released as soon as steady conditions 
are reached. Considerable work has been done in 
the application of the coupling to overhead travel- 
ling cranes; in this case, a single motor is often 
used for one or more of the three motions, running 
always at full speed in the same direction of rotation. 
Reversing is carried out by using twin couplings 
excited alternately, one driving directly and the 
other through gearing. 

Another application of twin couplings is in plant 
for the production testing of motor-vehicle rear 
axles, part of which is shown in Fig. 2, on page 461. 
A constant-speed motor drives the axle under test, 
through one coupling, while on the same driving 
shaft another coupling is fitted, adapted to work 
as a power-absorbing brake by having its output 
shaft locked. The motor coupling is first used to 
accelerate the axle against the inertia of flywheels 
at a torque corresponding with the engine torque, 
after which excitation is cut off from the motor 
coupling and applied to the brake coupling so as to 
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simulate over-run conditions. The axle can he held 
to any desired speed and subjected to driven or 
driving torques at will. Constantly-repeated cycles 
of events can often be arranged to meet special 
needs. A case in point is a test machine for friction 
linings, in which a very heavy flywheel is accelerated 
to a predetermined speed, when the friction material 
is applied to the flywheel to brake it to rest, after 
which the cycle is repeated ad lib. The machine is 
shown in Fig. 4, on this page. A constant-speed 
alternating-current motor is used with a coupling, 
under electronic control, and has proved very 
successful compared with previous direct-current 
motors and control gear. Other couplings have 
been installed on centrifugal casting machines to 
give pre-set pouring and casting speeds. An un- 
usual application is to drive a smal] alternator at 
various speeds so as to provide a wide range of 
frequencies, and to hold any set speed constant 
within very close limits, for the testing of electrical 
equipment. A control circuit, which was sensitive 
to extremely small speed changes, was used in this 
case. Finally, Fig. 5 shows a coupling in the drive 
to aring-spinning frame. In driving the usual form 
of ring-spinning frame, as used in the textile industry, 
it is important that the acceleration from rest when 
starting is as smooth as possible, in order to avoid 
breakages. The frame may carry up to 400 spindles 
on each of which a ‘“‘ cop ”’ of thread is wound. Each 
spindle is separately driven by tape from a main 
shaft running the length of the machine, and sur- 
rounding each spindle is a ring carrying an eye 
through which the thread is led before attachment 
to the spindle. In order to wind on the thread in 
the desired manner, the frame carrying the rings 
is reciprocated vertically over the spindle and the 
speed of the spindle must be adjusted in sequence 
with the movement of the frame. Such a drive 
calls for an infinitely-variable speed with ease of 
adjustment over the required range, and the elec- 
tronically-controlled slip coupling is readily adapt- 
able for the purpose. 
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Through Five Generations: The History of the Butterley 
Company. By R. H. Motrram and CoLIn COoorTE. 
Faber and Faber, Limited, 24, Russell-square, London, 
W.C.1. [Price 12s. 6d. net.) 

{ry would not be unfair to describe this very readable 

hook as an industria] and economic tract, designed 

to show, by a typical example, that the Victorian and 
iJdwardian captains of industry were by no means 
uch soulless money-grubbers as it has become the 

fashion in some quarters to portray them, but were, 
in fact, specialists as well as adventurers; hard 
men, perhaps, but not men of whom it could be 
said that they reaped where they had not sown. 
The “‘ five generations,” in this instance, were the 
Wrights of Butterley, from John Wright (1758-1840) 
to the present Mr. Edward Fitzwalter Wright, who, 
in Chapter One, is pictured presenting, on June 28, 
1946, the last annual report of the Butterley Com- 
pany prior to the nationalisation of the concern ; 
for it is as coalowners that the Wrights, and the 
Butterley Company, appear almost throughout the 
book. The ironworks are mentioned, and one or 
two of the outstanding engineering contracts are 
named—the first Vauxhall Bridge, the roof of 
St. Pancras station, the Godavari Bridge in India ; 
but they are to the authors an evident sideline 
by contrast with the coalmines. The index contains 
an entry “Ironworks, Butterley, 161 et seqq,” 
but the total text under this entry only amounts to 
the equivalent of two pages, and the five references 
which are given to ‘‘ Iron-founding ” are not much 
more extensive. 

The sub-title of the book, therefore, must appear, 
to a reader who knows anything of the history of 
engineering, to claim rather too much. On the 
other hand, if the book fails to do justice to the 
importance and the products of the ironworks, 
neither does it go into a great deal of technical 
detail about the coalmines and the coal, or the 
company’s various brickworks and the bricks. 
It is a history of a family and a family business, 
presented as a study of firm purpose, foresight, 
courage, sound administration, and all the other 
qualities which, in retrospect, seem so typically 
Victorian and so reminiscent of Samuel Smiles. 
Similar histories could be written about various of 
the great coalowning families in the Midlands and 
in other mining areas, and this ought to be done 
where it has not been done already : there has been 
far too much deliberate blackening of their motives 
and characters in the past 40 years. Mr. Mottram, 
who is almost as much a student of banking history 
as he is a novelist, has had many points of contact 
with the side of industry that he describes, and not 
only with the Butterley organisation. He is a 
careful observer, a conscientious and particularly 
able chronicler, and has had the advantage of access 
to records which, reading between the lines, must be 
more than ordinarily complete. 

The result is a book which is better worth reading 
than most industrial biographies. The principal 
characters, though never specifically described, are 
brought to life with considerable success—especially, 
perhaps, Francis Wright ; and the mining commu- 
nity are neatly sketched in also, in occasional 
anecdotal vignettes which convey a great deal in a 
few words. From the engineering point of view, 
however, the book is disappointing. Various 
tributes are paid to William Jessop, sen., as an 
engineer of eminence, and his portrait is reproduced 
as one of the founders of the company ; but William 
Jessop, jun., figures merely as Francis Wright’s 
partner, and is rather a shadowy figure at that. 
Mr. Mottram, quite evidently, is not at home with 
engineering history or personalities, which is under- 
standable and easily excusable ; but he might have 
sought some authoritative guidance, such as, for 
example, that of the Newcomen Society for the 
Study of the History of Engineering and Tech- 
nology. Then he would not have made quite so 
many errors of fact as he has done in the first 
paragraph of Chapter Two (and elsewhere) and 
might have included other matters which, from 
time to time, have enhanced the fame of the 
Butterley Company. To mention only one, it is 
our impression that they were the first to roll bulb 





angles ; certainly, these were known, as “ Butterley 
bulbs” in British shipyards until] well into the 
present century. That may seem a small point ; 
but the economy in ship construction and operation 
which is attributable to the introduction of bulb 
sections may well compare in value with that of all 
the coal raised from the Butterley Company’s pits, 
and these benefits will continue long after all the 
Butterley coal has been worked out. 





Non-Ferrous Metal Melting and Casting of Ingots for 
Working. The Institute of Metals, 4, Grosvenor- 
gardens, London, 8.W.1. [Price 15s.] 

Tuts book, produced to the customary high stan- 

dards of the Institute of Metals, contains six papers 

published in the Journal in January, 1949, together 
with a full report of the discussion which took place 

on the subject indicated by the title in March, 1949. 

Actually, none of the papers refers to light alloys, 

or indeed, to any other than copper-base alloys, 

except in general terms. Scientific casting of 
copper-base alloys in this country can be said to 
have begun with the work of Dr. R. Genders and 

Mr. G. L. Bailey, published in 1934. It is therefore 

appropriate that the introductory paper should be 

Mr. Bailey and Mr. W. A. Baker, of the British 

Non-Ferrous Metals Research Association, who 

dealt with the basic principles of the casting of 

ingots. A paper on the casting of refined-copper 
shapes throws into strong relief the slowness of the 
progress in casting in Great Britain, in comparison 
with the practice at the Copper Cliff Works of the 

International Nickel Company of Canada. Alu- 

minium bronze, phosphor bronze, brass and nickel 

silver are covered in other papers. Most of the 
leading non-ferrous metallurgists took part in the 

discussion, which, as printed, runs to some 45,000 

words, representing a valuable collection, of authori- 

rative opinion backed by many of practical 
experience in this specialised field. 





Mémento d’Elecirotechnique. By A. CURCHOD. Second 
edition, revised by L. VELLARD. Volume I. Elec- 
tricité et Magnétisme. [Price 2,450 francs.) Volume IT. 
Machines et Appareils Electriques. [Price 2,100 francs.] 
Dunod, 92, Rue Bonaparte, Paris, 6e. 

TuEsE are the first two volumes of a comprehensive 
work of reference for electrical engineers of which 
three further volumes are yet to be published and 
in the compilation, of which M. Vellard has secured 
the co-operation of 14 experts. It is intended for 
those who, having more or less recently completed 
formal courses of theoretical and practical study 
in electrotechnics, require concise, up-to-date and 
immediately applicable information on particular 
points. It is thus of prime importance that the 
contents should be arranged so that the information 
sought can be readily located. While little fault 
is to be found with the methodical arrangement 
of the subject matter of these volumes, it is unfor- 
tunate that neither of them has an index. 

The first volume covers the fundamental scientific 
background of electrotechnics. Chapter I is devoted 
to mathematics, mechanics, thermodynamics and 
acoustics, and includes sections on tensors, matrices, 
operational calculus, the Fourier integral and some 
useful numerical tables. Following this is a 
thorough discussion of units in which due promin- 
ence is given to the M.K.S. system. Chapter III 
provides a comprehensive summary of the pheno- 
mena of electricity and magnetism, and Chapter IV 
contains an excellent account of electrical and 
magnetic measurements. Schematic circuit dia- 
grams are given, the most likely sources of error 
pointed out, and a short note on pyrometry is added. 
The reference to ‘“‘Thomson ” on page 327 should 
read “Compton” and, in this same list of refer- 
ences, Compton and Langmuir’s important memoir 
on Electrical Discharges in Gases might well have 
been included. The final chapter provides a survey 
of the physical properties of the main materials 
employed in electrotechnics, including solid, liquid 
and gaseous dielectrics, natural and artificial insula- 
tors, and magnetic substances. 

The second volume is concerned with machines 
designed for the generation of electrical from 





mechanical energy, and with the transformation of 
electrical into mechanical energy. The opening 





chapter deals with efficiency, cooling, insulation, 
brushes and transmission of power. In Chapter II, 
the chief aspects of transformer design are gone into 
in some detail. It may be observed that the note 
on the influence of harmonics on the performance 
of transformers appears on page 122, not on page 111 
as stated in the table of contents. The construc- 
tional features and operating characteristics of 
standard types of alternating-current synchronous 
and induction machines, high-frequency alternators, 
single-phase and polyphase motors, direct-current 
motors, commutators and converters are fully dealt 
with in the four following chapters. Chapter VII, 
which is new, contains an interesting account of 
various ultra high-frequency generators that have 
been developed for the acceleration of charged 
particles in such machines as the cyclotron, betatron 
and synchroton. The next chapter, on rectifiers, 
has undergone revision, less space being given to 
the older mechanical and electrolytic types and 
more to the hot-cathode, mercury-are and junction 
rectifiers. The last chapter, occupying over 100 
pages, covers permanent and _ electro-magnets, 
switchgear, fuses, lightning arresters, rheostats, 
inductances, condensers and protective relay sys- 
tems. The volumes are well produced and clearly 
written, with due emphasis upon the underlying 
physical principles. The complete work will form 
a useful source of reference for the electrical engineer. 





Chemical Constituti and Properties of Engineering 
Materials. By P. C. CaRMAN, M.Sc. (N.Z.); Ph.D. 
(Lond.). Edward Arnold and Company, 41, Maddox- 
street, Londen, W.1. [Price 50s. net.] 

Tis work should prove to be of value to most 

engineers, chemists and metallurgists. The ma- 

terials dealt with cover an extremely wide field, and 
include not only the common ones, such as ferrous 
and non-ferrous metals, but also clays, ceramics, 
glasses, cements, natural and synthetic resins, 
rubbers, proteins, fuels and various types of waters. 

The treatment throughout is in terms of the chemical 

constitution of materials and the way in which this 

can be related to their various mechanical and 
chemical properties. 

The contents of the book have been used by the 
author as a lecture course in industrial chemistry, 
and full-time students of such courses are likely to 
find the present volume a very useful text-book. 
For engineering students, the treatment is probably 
too detailed and advanced for everything to be 
studied in full, but it should prove of value for 
reference purposes, in view of the large amount of 
varied information it contains. Its usefulness in 
this direction is further increased by the references 
given at the end of each chapter. The index, 
however—a mere 13 pages—seems somewhat inade- 
quate for a book of 880 pages, which is so full of 
detail. 

One of the main difficulties facing the author of 
a book such as this is to decide the relative propor- 
tions of text to be allotted to each particular topic. 
In the present case, the sizes of some sections seem 
inconsistent with their relative importance. Thus, 
nickel and nickel alloys, and magnesium and mag- 
nesium alloys, have between them a total of five 
pages, as compared with the seven pages spent in 
discussing the yield point and ageing phenomena in 
carbon steels. While not denying the importance 
of these latter phenomena, the space spent upon 
them does seem somewhat out of proportion, by 
comparison with that dealing with nickel and 
magnesium alloys, which are of considerable engi- 
neering importance. Furthermore, while there is a 
great deal in the text about the mechanical proper- 
ties of steels, cast irons and non-ferrous alloys, as 
would be expected, wood, about which the author 
remarks that “the oldest and widest use for wood 
is as timber for building and engineering construc- 
tion,” is covered in some four pages, with practically 
no mention of its mechanical properties. From the 
engineer’s point of view, there are other and less 
relevant parts of the book which might have been 
curtailed in favour of a fuller treatment of wood. 
With regard to the detailed facts to be found in 
the text, however, there is little with which to 
find fault, and the author is to be congratulated on 
having conveyed so much information in so concise 
a@& manner. 
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COMBUSTION IN INTERNAL- 
COMBUSTION ENGINES. 
II.—THE SPARK-IGNITION 
ENGINE.* 


By Proressor Ir. J. J. Brorze. 

THE spark-ignition engine, in its application as 
an automobile engine, is the greatest potential source 
of power among prime movers. At the same time, 
in that application, it is the least expensive type of 
heat engine. As an aviation engine, it has been 
driven from its monopoly position as lighter or more 
powerful turbine engines have arrived, but it will 
hold its own for many years to come on the score 
of fuel economy. 

Millions of these engines exist, in thousands of 
types. Do we actually control its functioning ? Do 
we even understand it ? It is obvious that we do, 
in fact, to a large degree, and that largely due to 
the intense interest shown the spark-ignition engine 
in Great Britain. Names like Clerk, Ricardo, 
Tizard, Pye, Whatmough, Taub—to mention only 
a few “out of the top drawer ”’—are household 
words wherever the spark-ignition engine is studied. 
It might be thought that it has reached its peak of 
development ; but investigations set up as a result 
of war experience with substitute fuels have made 
me wonder whether this is so, and I will try to make 
it clear that ways do exist, and others must be 
found and mapped out, to get the most out of engine 
and fuel. In order to do so we must go back to 
basic principles and study the normal working cycle. 

We assume that we are dealing with fully non- 
detonant conditions; this will limit us in com- 
pression ratio, supercharge pressure and tempera- 
ture, but we may change these limits by choosing 
a different fuel. This is, after all, an economic 
problem, not to be solved by the engine designer 
alone. Thus we are left with the problem of con- 
trolling a progressive explosion, and may try to 
apply what we know about it. 

One of the first requisites is an unknown quan- 





* The second of four lectures on “ Combustion in 
Spark-Ignition and Compression-Ignition Engines,” 
delivered at King’s College, University of London, in 
1949. For the first lecture see page 434, anle. The 
illustrations are rumbered consecutively through the 
four lectures, 
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tity: the normal combustion velocity (NC V) of 
the mixture to be burned. It is known that this 
NC V is a function of mixture strength (Fig. 12) 
with its maximum at the slightly rich side of the 
so-called theoretically correct mixture, but these 
curves are known only for normal ambient tempera- 
ture and atmospheric pressure; changes in both 
produce a change, so the NC V increases with 
temperature (Fig. 13). This lack of knowledge need 
not worry us, as we would not know, anyway, in 
what relation this NCV stands to the actual 
flame speed in turbulent gas; there are sound 
reasons for viewing this relationship as an equation 
of the kind a = +/6* + c’, in which b, the NC V, is 
very small and c is a linear measure based on gas 
velocities. 

H. C. Dryden* found a similar relationship for 
the spreading angle of diffusion in a turbulent 
wake as compared with that of molecular diffusion, 
and there is enough likeness in the two phenomena 
to look there for information. This would mean 
that a is, in large measure, independent of the N C V 
as already postulated by Ricardo, but against 
which there have appeared many arguments from 
published data. A series of experiments (unpub- 
lished) made by Van Hoogstraten in our laboratory 
would appear to substantiate Ricardo’s statement, 
however. From very carefully made pressure-time 
diagrams taken on a small overhead-valve engine, 
it was possible, indeed, to make a very strict 
distinction between two phases of the pressure 
development: a delay without appreciable pres- 
sure rise, and a combustion time proper (Fig. 14). 
For @ given condition of the engine, the delay was 
found to depend on mixture strength, temperature 
and density, but the combustion time proper was 
nearly constant. The idea of a delay proved 
puzzling, as there is at first glance no obvious 
discontinuity in the combustion process; at most, 
one can think of the beginning of combustion as a 
third-power curve, but that does not tally at all 
with a measurable delay. 

The experiments were made on a modified C.F.R. 
engine, at first with a normal unshrouded inlet 
valve, as in Fig. 15 (1), producing little or no 





* “Turbulence and Diffusion,” by H. L. Dryden, 
Ind. and Eng. Chem., vol. 31, page 416 (1939). 
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organised swirl] and a moderate turbulence. This 
was replaced by a shrouded valve, producing swirl 
and set in the optimum position for this purpose, 
Fig. 15 (2); and, finally, by a valve with a castel- 
lated shroud Fig. 15 (3), designed to produce small 
eddies which were thought to develop into indis- 
criminate turbulence. The first shrouded valve 
naturally reduced the volumetric efficiency; the 
second shroud was filed out progressively, so as 
to produce the same volumetric efficiency as the 
first in order to obtain the same pressure drop, and 
hence energy input into the eddying movements. 
All three arrangements were then used so as to 
obtain equal air-consumption figures, in order to 
enable a fair comparison to be made. It has now 
come to my notice that Professor S. J. Davies used 
identical valves in a study of the effects of distri- 
bution in a four-cylinder engine on power output 
and economy many years ago.* Some of our 
observations on the single-cylinder engine tally 
remarkably well with his, which tends to show 
that some of his effects must actually have been 
caused by internal conditions in the cylinders, for 
which we can now give the reasons. Fig. 15 shows 
the arrangements used with some typical results. 
In this figure it will be seen that the delay of the 
original engine was long and strongly dependent on 
the mixture strength. Notwithstanding the fact 
that a very homogeneous mixture was used, drawn 
from a mixing tank, “‘leaning-out ” could not be 
achieved to farther than a mixture strength of 
0-84 (or ‘0-84 theories ’’ as it is called nowadays 
in the United States, a quite acceptable term). 
The spark was adjusted each time to optimum. 
It is noted that the combustion time proper did not 
vary very much. 

The swirl arrangement produced very much 
shorter delays, much better “‘leaning-out ’’ (down 
to approximately 0-7 theories) and a definitely 
shorter, but also constant, combustion time proper. 
In between the two was the turbulence arrangement. 
This led us to think of the influence of eddying 
movements as being in principle similar, either 
orderly swirl or turbulence, but the swirl is more 
effective simply because of its lesser internal friction. 
After all, there elapses a certain time between the 
inlet stroke and the moment of ignition, and the 











































* “An Experimental Investigation into Induction 
Conditions, Distribution and Turbulence in Petrol 












Engines,” by Professor 8. J. Davies. Proc. I.Mech.E., 
vol. 120, page 3 (1931). 
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National Advisory Committee for Aeronautics have 
shown* that the swirl movement persists best of all 
artificial movements of the charge. 

The penalty of swirl or turbulence is the loss of 
volumetric efficiency and increased heat loss; 
normally, the degree of gas movement is determined 
by manifold, port and valve design in conjunction 
with engine speed. Would it not be more logical 
to control the degree of movement as a function 
of load, so that one would be able to run at full 
power, when the mixture ignites easily at low 
turbulence, and to increase the movements in the 
charge when lower powers are needed? One then 
throttles down, in any case; the mixture may be 
““Jeaned out,” causing a decrease in the manifold 
vacuum necessary ; and the increased heat losses 
at part load would not be of much consequence. 
There must be good possibilities for further engine 
development in this direction, which give advantages 
even over the obvious ones of increased economy at 
part load and increased smoothness at full load. 
Fig. 16, opposite, shows the influence of the “‘ lean- 
ing-out ’’ limit on economy. The leaner mixtures 
improve the fuel distribution owing to the more 
complete evaporation and, provided we can go far 
enough, a substantial gain may be made in burning 
the combustion chamber really clean. This would 
mean avoidance of the deterioration of knock-free 
performance usually occurring with usage and 
amounting to ten or more octane numbers. 

The most likely explanation of the experimental 
results described is that, in a boundary layer along 
the combustion-chamber wall, combustion progress 
is at first very slow until it is caught up by the 
main bedy of the charge, in which combustion 
the combustion-chamber wall, combustion progress 
velocity is increased by its state of movement. 
Fig. 17, opposite, indicates the stagnant boundary 
layer and a turbulent core. The decrease in delay 
due to swirl or turbulence may then be due to a 
decreased boundary-layer thickness. Taubt has 
referred to this notion, advocating long-reach plugs 
for Jean mixtures. Other recent experiments with 
welding-arc type ignition sparks, penetrating into 
the boundary layer, have shown an effect similar to 
that of swirl in shortening the delay (Fig. 18). 





* “ A Study of Air Flow in an Engine Cylinder,” by 
D. N. Lee. Nat. Advisory Committee for Aeronautics. 
Report 653 (1939). 

t “What About the Engine?” by A. Taub. S.A.E. 
Journal, vol. 44, page 201 (1939). 
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Fuel properties play a part in the “‘ leaning-out ” 
characteristics. Hydrogen, it is well known, has 
very wide ignition limits. Among hydrocarbons 
there are small variations, with the exception of 
acetylene, which also has very good “‘learing-out ” 
characteristics (minimum mixture strength in a 
certain series of experiments) as against, for instance, 
iso-octane. Higher alkynes, such as would be 
suitable for use in a motor gasoline, do not differ 
so much from saturated hydrocarbons in this 
respect. In general, one must say that there are 
only limited possibilities in improvement from the 
fuel side, the more so as the fuel has to fulfil so 
many other requirements already, among which 
volatility and anti-knock requirements are pre- 
dominant. 

Even more drastic ignition may be obtained from 
fuel jets, which may introduce their own ignition 
delay but then are able to fire very weak mixtures 
by their torch-like effect. This has been demon- 
strated by the use of pilot injection in gas engines. 
Apart from the war-time application, when, in 
Holland alone, hundreds of oil engines were operated 
on producer or town gas with pilot injection, this 
system is in regular use for convertible oil-gas 
engines. In Germany, a variant was developed for 
aero engines (the Ring system) mainly to avoid the 
troubles with electric ignition. Photographs show- 
ing a comparison between spark ignition and torch 
ignition, in a smal] engine provided with a quartz 
window, are reproduced in Fig. 19. The result in 
terms of diminished delay is obvious. 

Less obvious is another advantage that might 
be obtained : even further improvement in smooth- 
ness. In a paper read before the American Society 
of Mechanical Engineers, Hinze* has analysed the 
requirements for the pressure-rise curve to obtain 
least combustion shock. It appears that the biggest 
factor in combustion shock is the ratio between the 
duration of pressure rise and the natural frequency 
of the parts that are affected by shock; the next 
biggest, the shape of the curve during its pressure 
rise. Minimum shock is obtained when the pressure 
rises gradually in the time allotted (see Fig. 20), In 
a spark-ignition engine, it is extremely difficult to 
avoid an accelerated pressure rise. Volume distri- 
bution, according to Taub, is, perhaps, the most 
powerful tool for control. The total result may be 
disappointing when low load requirements prescribe 





* “Effect of Cylinder Pressure-Rise on Engine 
Vibration,” by J. O. Hinze. 2ist Net. Coaf. on Oil and 
Gas Power, held by A.S.M.E. at Chicago, 1949. De 
Ingenieur, vol. 61, page 75 (1949). 
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high rates of swirl or turbulence for cutting the 
delay. With torch ignition, if this could be realised, 
the beginning of pressure rise would be stimulated, 
and delay cut out altogether. This latter feature 
would result in lower turbulence requirements, 
hence slower combustion of the further part of the 
charge. 

As to detonation, the well-known mixture response 
curve, showing detonation as a function of mixture 
strength, usually ends vaguely where it becomes 
interesting : with excess air in the mixture. Further 
‘‘leaning-out ” 1s usually impossible because most 
aero-engines are low in turbulence and have exces- 
sive delay sensitivity with respect to mixture 
strength. But in principle, given enough air, more 
detonation-limited power is available there than at 
the rich side (Fig. 21). This would cost blower 
power, so that it would be applicable only when 
exhaust energy is retrieved. The conditions then 
resemble those in the Diesel compound engine. 

It will be extremely interesting to explore some 
of the possibilities mapped out in the foregoing 
paragraphs; at any rate, it cannot seriously be 
maintained that the petrol engine has reached 
finality. 





METEOROLOGICAL OBSERVATIONS ON LONDON 
TRANSPORT RalLways.—To enable the Meteorological 
Office to forecast more accurately the possibility 
of ice formation on the conductor rails of open 
sections of the underground railway track, an ex- 
perimental meteorological station has been set up 
by London Transport. near Barons Court, on the 
District and Piccadilly lines. As described on page 479 
of our 164th volume (1947), it is by means of 
these forecasts that London Transport regulates the 
operation of the de-icing baths installed along open sec- 
tions of the track. The meteorological equipment con- 
sists of two Negretti and Zambra hygrographs, lent by the 
Meteorological Office, one of which records the wet-bulb 
and dry-bulb air temperstures, from which the relative 
humidity is derived. The ther ters are losed in 
a@ louvred-box, mounted beside the track 4 ft. above 
ground level. The other hygrograph records the tem- 
perature of the conductor rail and of the air in the 
vicinity of the rail. To avoid connecting the apparatus 
to the live rail, a 30-ft. length of dummy conductor-rail 
is laid close to the running rail at the correct height ; 
one of the thermometers is inserted in a hole drilled diagon - 
ally at the midpoint of the dummy rail, so that the 
thermometer is in contact with the head of the rail ; 
the second thermometer is mounted close to the head 
of the conductor rail, at the same height, and is un- 
screened. Daily inspection and intenance is carried 
out by London Transport technical staff, who also 
record the character and degree of any ice which may 
have formed on the railhead. Such records are passed 
every week to the Meteorological Office, together with 
the hygrograph charts, which furnish data on the varia- 
tion of temperature of the conductor rail in comparison 
with the air temperature, ground temperature and 











relative humidity. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Concluded from page 450.) 

Ar the concluding session of the Spring Meetings: 
held on the afternoon of Friday, March 31, the chair 
was taken by Mr. L. Woollard, M.A. The paper 
presented was by Mr. E. C. B. Corlett, M.A., and 
dealt with “Thermal Expansion Effects in Com- 
posite Ships.” A summary of if is given below. 


THERMAL EXPaNsion In Composite SuHIPs. 

The possibility of using light alloys in conjunction 
with steel in ships’ structures, Mr. Corlett said, 
introduced problems arising from the different 
coefficients of thermal expansion of the two ma- 
terials; considerable differential expansion might 
occur, and the consequent longitudinal compressive 
stresses in the decks, under certain climatic condi- 
tions, were large anough to warrant examination. 
In the paper, a theoretical treatment suitable for 
drawing-office use was developed and described. 
Experiments were made to ascertain the form of 
the temperature-distribution curve through a verti- 
cal section of the ship’s structure. The published 
data relating to the tanker Neverita provided the 
basis, but this vessel had no superstructure at the 
section taken and it was decided, therefore, to 
repeat the experiment on another tanker, as the 
number of points taken on the Neverita was only 
sufficient to give an indication of the temperature 
gradient between the top and bottom temperatures. 
Vessels with superstructures were also tested. The 
first experiment was made on a refrigerated passen- 
ger-cargo liner, the second on a new welded passen- 
ger-cargo liner, and the final tests on a tanker. It 
was found that the effect of paint on the tempera- 
tures at the heart of the plate was considerable. 
In all cases, as the sun was not directly overhead, 
the painted side was exposed to radiation. The first 
ship was painted black; in the second, black up 
to a certain point and white above ; and the tanker 
was a uniform grey. The tests indicated that light- 
alloy superstructures should be painted white and 
the steel hulJ, black. Light-alloy decks exposed to 
radiation should be sheathed or covered with 
composition. The vertical temperature gradient 
was small in all cases where the shell was backed 
by fairly smal] compartments. Model tests to 
investigate the longitudinal stresses were made in a 
tank at the Naval Architecture Research Labora- 
tory at King’s College, Newcastle-on-Tyne, the 
uppermost deck of the model being heated by a 
network of electrical resistance mats, supported on 
a wooden framework which could be lowered on to 
the model, but kept from contact with it by spacers 
of asbestos rope, } in. in diameter. The upper sides 
of the decks were painted matt black, but the 
remaining light alloy was left bright. Using a 
standard temperature gradient of 60 deg. F., dis- 
posed parabolically through the strength hull, it 
was found that the maximum compressive stress to 
be expected could be calculated. This, when added 
to the stress found from the standard strength 
calculation based on a wave one-twentieth of the 
length of the ship, gave a total from which the 
thickness of plating and the spacing of the beams 
could be determined. Transverse stresses of appre- 
ciable magnitude might also exist, and a method of 
treatment to ascertain these was developed ; but 
it was thought that careful detail design might 
avoid undesirable consequences of the transverse 
expansion induced by the temperature conditions. 
It was pointed out, however, that thermal expansion 
stresses were sufficient to warrant consideration 
when superimposed on the normal longitudinal 
wave stresses, and that conditions which would 
produce both forms of stress were unlikely to exist 
simultaneously. 

The discussion on Mr. Corlett’s paper was opened 
by Mr. W. Muckle, who congratulated the author 
on having set himself a problem which he had 
solved theoretically, subsequently verifying his 
method by simple experiments on a relatively 
simple structure. He had produced a method 
capable of being applied readily even to a very 
complex structure, and must be highly satisfied by 
the close agreement he had obtained between the 
theoretica} results and the results of his experiments. 





One of the conclusions he had arrived at was that 
light-alloy decks should be sheathed. In the types 
of structure visualised at the present time, i.e., the 
superstructures of passenger vessels, that would 
normally be the case. On the other hand, if it were 
necessary in.certain structures to sheath aluminium 
where normally there should be only a painted steel 
deck, it would be a grave disadvantage; the addi- 
tional weight due to the sheathing would probably 
more than counterbalance the weight-saving effected 
by the use of aluminium alloy. If the buckling 
problem were serious in a deck which was taking a 
considerable amount of stress, the possibility might 
be considered, as an alternative, of longitudinal 
stiffening in the deck, so that the additive effect of 
longitudinal bending stresses and temperature 
stresses would not exceed the buckling strength of 
the plating. 

One surprising thing shown by Mr. Corlett’s work 
was the importance of temperature effects on trans- 
verse strength ; he would not have thought that 
the stress in frames could have been so high. 
Attention was drawn also to another important 
problem, namely, that the stresses ascertained in 
the side frames were appreciable and would have 
to be taken into account in the design of a ship 
consisting of the two materials. Mr. Corlett referred 
to the fact that high temperature gradients and 
heavy ordinary bending stresses were not likely to 
occur at the same time; it would be interesting, 
however, to know more about the temperature 
gradients under actual seagoing conditions. 

Captain J. P. Thomson asked for the author’s 
comments on the magnetic properties of the light 
alloys ; and whether, where there was a steel plate 
in contact with light alloy, there was likely to be any 
galvanic action. Referring to the longitudinal 
strength of steel beams, he asked whether the light 
alloys would buckle to a serious extent if they were 
fitted at the top of a deck house, where there was a 
steel plate on each side. Were these alloys imper- 
vious to attack by salt water ? 

Dr. E. C. West said that he was glad to pay a 
tribute to the work which Mr. Corlett had carried 
out as the first holder of the scholarship sponsored 
by the Aluminium Development Association. The 
Association also appreciated the great interest 
which Professor L. C. Burrill had taken in this work. 
The remaining work carried out by Mr. Corlett 
during his tenure of the scholarship would be 
described in due course; he would continue for 
another year, no other suitable candidate having 
come forward for the next award. The suggestion 
had been made that the aluminium-alloy portion 
of a painted structure should be painted white, to 
decrease the temperature differential ; it would be 
equally effective, and possibly more effective, to 
use aluminium paint. He was a little perturbed, 
as was Mr. Muckle, to be told that aluminium decks 
required sheathing, because the weight of the 
sheathing might offset the saving of weight due to 
the use of the alloy; and he wondered whether 
painting alone would be sufficient. Finally, Dr. 
West assured Captain Thomson that suitable alu- 
minium alloys were not adversely affected by 
sea-water or by marine atmospheres. 

Mr. D. E. J. Offord thought that the paper was 
timely, as naval architects were entering an era in 
which it was desired to use light alloys for super- 
structures. It should not be difficult to obtain 
records of temperature gradients ; they were among 
the easiest measurements to make on ships in harbour 
or at sea. Recently, he had been concerned with 
some experiments in which it was found that even 
the midday sun in Scotland produced a temperature 
gradient throvgh an all-steel ship which masked 
completely the stress variation with change of 
loading. He could not subscribe to the theory that 
the sun never shone when the sea was rough; 
there might be a heavy sea on a sunny day, so that 
both temperature stresses and heavy bending 
stresses would be imposed on the plating at the same 
time. He did not view that with much alarm, how- 
ever ; if the plastic theory were applied instead of 
the normal beam theory, much more confidence 
would be felt. 

Mr. G. L. R. Watkins said that he was rather 
alarmed by the resultant forces on the *tween-deck 
frames, owing to the expansion of the aluminium- 





alloy deck, and asked whether there was a need fr 
reinforcement at that point. 

Mr. R. J. Anderson, discussing the effects of 
different paints on the heat absorption by structur:s, 
recalled that, more than 20 years ago, there was bu |t 
in this country a small tanker for an Americ: 
refining company to carry light-fraction, oils in tic 
tropics. The specification provided that the de: 
should have two coats of aluminium paint, cover: 
by two coats of white lead. He understood th:t 
the saving effected in respect of vaporisation wis 
more than 50 per cent. ; but the officers had to we: r 
snow goggles all the time they were on duty. 

The chairman (Mr. L. Woollard, M.A.) said tht 
the stresses recorded in the paper were rather high-r 
than he would have expected. The sun could ‘¢ 
very distressing ; anyone who had worked on tix 
building of an ordinary steel ship on a hot dij 
knew how objectionable it could be. He would not 
have expected, however, that the stresses to be so 
high as the author had indicated. He appreciate: 
Mr. Offord’s point that the thermal stresses might he 
superposed on, sea stresses ; but, when a ship was at 
sea, even though the heat from the sun might he 
great, the movement and rolling of the ship, and 
the breeze, would probably reduce the metal 
temperatures. 

Mr. Corlett, replying to the discussion, said the 
criticism concerning the sheathing of an aluminium 
deck did not apply to the structure amidships, 
because there the deck would be sheathed in any 
case. Forward and aft of the superstructure, where 
there might have been a bare steel deck, the 
bending moment due to weight stresses would be 
considerably reduced, and it was possible that the 
reduction of the normal bending stresses would more 
than absorb what difference would exist between a 
bare aluminium deck and a bare steel deck due to 
variations of temperature. Ifthe ship’s officers were 
prepared to accept an aluminium paint, there would 
be no necessity for sheathing. The cost of longi- 
tudinal framing was higher than that of framing 
transversely ; but, although aluminium was fairly 
expensive, probably, in every case, it would pay to 
investigate the possibility of framing longitudinally. 
In reply to Captain Thomson, it was common 
practice for Norwegian tankers built to the rules of 
the Norske Veritas to be constructed with aluminium 
wheelhouses, for the material was completely non- 
magnetic. There was not a great deal of difference 
in electrolytic potential between mild steel and 
aluminium alloy, but the galvanic effect was rather 
larger than was thought originally. However, it 
was quite possible to prevent galvanic action by 
suitable protective measures. If the right alloy was 
used in the right way, the marine light alloys were 
vastly superior to mild steel in resisting sea-water 
corrosion ; in many cases, it would be quite un- 
necessary to paint them if corrosion were the only 
criterion. With regard to buckling in deck houses, 
he assumed that Captain Thomson had in mind 
steel sides and an aluminium top. That was rather 
an improbable structure, but it would cause no more 
worry than the corresponding steel deckhouse. 

The substitution of aluminium paint for white 
paint was, on purely theoretical and physical 
grounds, undoubtedly a very strong point; the 
reduction of temperature in the plating below the 
paint would be much greater than under white paint. 
On the point made by Mr. Offord and Mr. Muckle, 
that further temperature-gradient experiments were 
desirable, he agreed that those experiments could 
be carried out fairly easily, by a suitably organised 
team. Probably, 1001. would cover the cost of the 
entire apparatus. If the sea and the sun did 
produce stresses simultaneously on one occasion in 
a ship’s career it might prove fatal ; the possibility, 
rather than the probability, had to be taken into 
account. Undoubtedly, the effect of the breeze, 
mentioned by Mr. Woollard, would be to reduce 
temperatures ; but an investigation into the pro- 
blem would be very complicated, involving con- 
siderations of air flow and aerodynamics as well as 
the strength of ships. Mr. Watkins referred to the 
stresses in the base of the alloy ’tween-deck frame ; 
this matter could be dealt with either by reinfore:ng 
the structure or by making it flex'ble. In his view, 
the solution would be to make the junction as 
flexible as possible transversely. 
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THE INSTITUTE OF 
METALS. 
(Continued from page 438.) 


Tue discussion of the ‘Symposium on Metal- 
lurgical Aspects of the Hot-Working of Non-Ferrous 
Metals and Alloys ” was continued in the afternoon 
of Thursday, March 30, the President, Mr. H. 8. 
Tasker, again occupying the Chair. As stated on 
page 436, ante, the four papers considered at the 
morning session were concerned with light alloys 
while the four discussed at the afternoon session 
dealt with copper, lead and zinc alloys. These last 
four papers, which were all taken as read, are out- 
lined briefly below. 


Hot WorkKING oF Copper, LEAD AND ZINC 
ALLOYs. 


The first contribution was by Dr. Maurice Cook 
and Mr. Edwin Davis, of Imperial Chemical Indus- 
tries, Limited, Metals Division, Birmingham, and 
was entitled ‘“‘The Hot-Working of Copper and 
Copper Alloys.” The authors stated that over the 
last two decades the tendency had been to adopt 
hot working to an increasing extent for the early 
processing stages, where the output justified the 
outlay on plant, and, in particular, hot rolling of 
relatively large ingots of alloys of the a-type in 
preference to the former practice of commencing 
with much smaller ingots and cold rolling through- 
out. In most hot-working operations, the initial 
temperature was the most significant ; namely, the 
temperature at which deformation of the cast struc- 
ture commenced. If the details at this stage were 
correct, it was generally possible to continue hot 
working over a range of temperature and down to 
temperatures at which working could not have been 
started without damage. Forging or flattening 
tests were extensively used in assessing hot work- 
ability, since they could be easily and quickly 
carried out. The bulk of the very large tonnage of 
extruded products was made up of brass alloys of 
one sort or another with copper contents in the 
range 55 to 65 per cent., for they were, in the main, 
very easily extrudable. In Jesser quantities other 
alloys, such as the cupro-nickels, tin bronzes, 
aluminium bronzes, nickel silvers, and_ silicon 
bronzes were also produced in extruded forms. 

The second paper, on ‘‘ The Hot Working of Tin 
Bronzes,” was by Mr. D. W. Dugard Showell, of the 
Birmingham Battery and Metal Company, Limited, 
who stated that, in his contribution, an attempt had 
been made to examine the influence of various factors 
on the hot-working properties of phosphorised tin 
bronzes. The use of pure materials was thought to 
be essential, on account of the tendency of low 
melting-point impurities, such as bismuth, lead, 
and antimony, to segregate inversely in the grain 
boundaries. The harmful effects both of these 
impurities and of ‘‘ tin sweat,” however, could be 
reduced by controlled melting and pouring. It 
appeared that bronzes were intrinsically harder to 
hot work than most copper-base alloys, and must 
be worked within a narrower temperature range. 
The true reason for this was not yet fully under- 
stood. Although it was quite possible to hot work 
phosphorised tin bronzes containing up to about 
15 per cent. of tin on a commercial scale, the neces- 
sity for the very careful control of casting and 
fabricating conditions, together with the possible 
formation of a metastable copper-phosphorus-tin 
complex and the intrinsic weakness of the «-solid 
solution at elevated temperatures, made these 
materials some of the most difficult of the copper- 
base alloys to handle. 

“The Hot Working of Lead and Lead-Rich 
Alloys ” was the third paper in the afternoon portion 
of the Symposium. It was a communication from 
the British Non-Ferrous Metals Research Associa- 
tion and was by Mr. L. H. Back. The paper gave 
brief descriptions of the sheathing of cable by both 
lead presses and extrusion machines and of the pro- 
duction of lead pipe and sheet and collapsible lead 
tubes. With lead and its commoner alloys, the 
author emphasised, it was difficult to make any 
ready differentiation between hot- and cold-working 
operations, for even at room temperature, normally 
associated with cold working, continuous recrystal_ 


lisation might occur simultaneously with deforma- 
tion, and the process became, metallurgically speak- 
ing, a hot-working one ; thus is was a fact that lead 
could be worked with extreme ease at all tempera- 
tures from just below the melting point to room 
temperature. 

The last paper of the Symposium dealt with 
“The Rolling of Zinc and Zinc-Rich Alloys” and 
was by Mr. C. W. Roberts and Mr. B. Walters, of 
the Imperial Smelting Corporation, Limited, Avon- 
mouth. The authors stated that two methods of 
production were in use at the present time, namely, 
pack and strip rolling. The older pack-rolling 
system possessed the advantage of wide adapt- 
ability with regard to the size of sheet rolled and the 
quantity of the output, but, as in other branches of 
the metallurgical industry, an increasing tonnage of 
zinc was now being handled by strip mills. Sheets 
up to 60 in. wide, however, could be produced by 
the older system, while, at present, the width of 
strip was limited to about 30 in. During recent 
years the trend had been towards high-speed rolling, 
owing to the economic advantages of the type of 
unit involved, and modern strip mills could now 
rough roll at a speed of 250 ft. per minute ; finish- 
ing speeds were of the order of from 500 to 550 ft. 
per minute. In the Hazelett process for the pro- 
duction, of metal strip, patented in America in 1932, 
molten metal was poured between two slowly- 
rotating rolls, one of which was flanged. The 
speed of rotation and the degree of artificial cooling 
were controlled so that a layer of metal solidified 
on the rolls and emerged at the underside as a con- 
tinuous strip. This was passed on to conventional 
rolling mills for reduction to the required gauge. 
Unlike most metals, zinc could not be hardened to 
any appreciable extent by cold work; the reverse, 
in fact, was true. Zinc was distinctly individualis- 
tic in its rolling behaviour owing to the combination 
of three characteristics, namely, its hexagonal 
lattice, the fact that the recrystallisation tempera- 
ture was in the range of normal cold-rolling tem- 
peratures, and the specific effect of impurities. The 
behaviour of the latter required further examination, 
particularly in the light of recent research on the 
plastic deformation of metals. 

The discussion on the above four papers was 
introduced by Mr. G. L. Bailey, who had been 
appointed rapporteur. He said that it was impor- 
tant to be clear what each author meant by hot 
working. There was, in fact, no major departure 
from Cook and Davis’s simple definition that hot 
working meant working at temperatures appreciably 
above the recrystallisation temperature such that 
the metal showed no work-hardening effect on 
cooling down to normal temperatures. Roberts and 
Walters, however, found it more difficult to dis- 
tinguish between the hot and cold rolling of zine, 
since if the material were rolled cold to any extent 
the heat generated by rolling raised the tempera- 
ture to such a degree that the resulting strip was 
dead soft. They defined hot rolling of zinc as rolling 
at above 150 deg. C., but, on their own showing, 
this temperature seemed somewhat high for pure 
zinc. Examples of the scale on which hot working 
was carried out were reported by the different 
authors. Thus, the rolling of a 4-in. by 4-in. cross- 
section, copper wire bar, weighing about 200 Ib., in 
one continuous series of operations, without inter- 
mediate reheating, to a }-in. diameter rod, was 
carried through in about one minute. Many thou- 
sands of tons of high-conductivity copper were rolled 
in this manner. Showell had referred to the ease 
with which 7 per cent. tin-bronze ingots of about 
5 tons weight could be hot rolled at certain tem- 
peratures and according to Back, the starting slab 
for the hot rolling of lead apparently weighed about 
10 tons. 

On the effect of impurities, there was a consider- 
able measure of agreement regarding their import- 
ance and their mode of action. Cook and Davis 
pointed out that low-melting impurities of limited 
solid solubility had an adverse effect on the hot work- 
ability of the «-alloys. Roberts and Walters pointed 
out that, in the working of zinc, lead had little 
detrimental effect but the tin content must be 
extremely low, while, under the heading of im- 





purities, Showell had made some interesting obser- 
vations on the effects of gas in tin bronzes. 





As far as lead and lead alloys were concerned, 
extrusion was by far the most important hot- 
working operation and variations in the extrusion 
process could have a profound effect on the service- 
ability of the product. For all materials which 
could be hot worked there was a range of tempera- 
ture within which hot working was economically 
preferable. The four papers gave a great deal of 
information concerning the actual working tem- 
peratures. Cook and Davis gave initial hot-rolling 
and extrusion temperatures ranging from 680 deg. C. 
up to 900 deg. C., according to the metal and alloy 
involved. For 5 per cent. tin bronzes with less 
than 0-1 per cent. of phosphorus, Showell quoted 
temperatures of 600 deg. to 650 deg. C. and 650 deg. 
to 700 deg. C., for hot rolling and 800 deg. to 
850 deg. C., for extrusion. Back quoted figures of 
200 deg. to 250 deg. C., as the usual working tem- 
peratures for lead, while Roberts and Walters gave 
figures of 150 deg. to 250 deg. C., for zine and zinc 
alloys. 

Mr. H. W. G. Hignett, who opened the discussion, 
said that at his firm, the Mond Nickel Company, 
Limited, it was considered important, in attempts 
to improve existing alloys or develop new ones, to 
have available some method of assessing, in the 
laboratory, the probable behaviour in the hot- 
processing operations in the works. In the first 
place, they attempted to produce, in their small 
laboratory ingots, the kind of structure which the 
alloy would have when cast in a works ingot mould- 
This was effected by using a square-section mould 
on two faces of which cooling was deliberately 
retarded. A test which had been found useful 
consisted in cutting “slices” from the special 
ingot, heating them to selected temperatures, and 
compressing them across the corners by single 
blows from a drop hammer. The height of drop 
was adjusted to provide a reasonable degree of 
deformation for a given thickness of meta] and a 
speed of deformation correlating reasonably with 
the speed of deformation in the works operation. 
The test, however, had not solved their problems 
entirely, and it had been found necessary to com- 
bine with it hot-bend tests of cast specimens and 
to make other observations. Hot tensile tests 
had proved quite valueless. The next speaker, 
Mr. H. Davies, said that the camber of the rolls 
was an important factor in hot rolling, but nothing 
had been said on this point by the authors of 
papers. 

Mr. E. J. Bradbury emphasised the need for hot- 
workability tests. With increases in the size of 
heats and in costs of materials and labour, it was 
becoming more important that the greatest yield of 
material should be obtained from a given heat, and 
it was only by adopting suitable hot-workability 
tests that the maximum yield could be obtained 
from an ingot. A subsequent speaker, Mr. A. Lloyd, 
said that the cast horizontal slabs mentioned by 
Mr. Back in his paper, as measuring 8 ft. by 8 ft- 
by 6 in. to 8 in. thick, were usual in the lead industry 
for the manufacture of sheet. They weighed some 
10 tons to 12 tons, and called for care in lifting and 
handling at teniperatures above 200 deg. C., when 
the material was extremely soft. 

Mr. R. Chadwick, speaking on the paper by 
Roberts and Walters, stated that these authors had 
said that 0-02 per cent. of iron could be tolerated in. 
zine without causing excessive cracking in hot 
rolling. This might be true, but zinc containing 
0-02 per cent. of iron would be of very little use 
if it were to be rolled down to anything like thin 
gauges. It certainly would not be of any use if 
it were intended for making soft strip, because that 
amount of iron completely prevented self-annealing 
even with high rolling temperatures. His experience 
had been that zine could not be rolled successfully 
with much more than 0-005 per cent. of iron, and 
certainly not with more than 0-01 per cent. The 
authors had also referred to the influence of cad- 
mium in zinc. He had found that the addition of 
cadmium to zinc had a considerable effect in acceler- 
ating self-annealing. Whereas with a cadmium-free 
zinc a small amount of permanent cold-work was 
possible, if any substantial amount of cadmium 
were added, self-annealing inevitably occurred. 
The high-tin bronzes, with 20 per cent. of tin, were 
extremely easy to hot-work if this were done in the 
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correct temperature range, namely, in the neigh- 
bourhood of 600 deg. to 700 deg. C. The alloy 
could be moulded into any desired shape, but it 
was unstable and had to be quenched immediately ; 
otherwise it became brittle. It was a very strong 
alloy and appeared worthy of greater attention 
than it had received so far. 

Mr. Vinavier said that, in France, zinc sheet was 
used chiefly for roofing and other covering purposes, 
and the most important property of the material 
was that it could be folded. The folding properties 
of sheet and striprolled by the newer processes were 
by no means as good as those of material produced 
by the older pack-rolling process. It seemed that 
the metal zinc was not so suitable for rolling by 
modern methods as were other metals. The next 
speaker, Mr. D. E. R. Hughes, referred to the 
hot torsion test, for evaluating hot-workability, 
developed in recent years by the American research 
workers Ihrig and Clark and Russ, mainly for 
steel. This torsion test had the peculiar advantage 
that the rate of deformation stayed more or less 
constant from the beginning to the end of the test. 
In a tensile or compression test, the rate of deforma- 
tion altered because the dimensions of the test piece 
changed. If the test was carried out in such a 
manner that the torsion test piece was restrained 
longitudinally and prevented from shortening, the 
results were much easier to interpret. The test had 
another advantage, namely, that the amount of 
deformation which could be applied to the surface 
was very large. 

Mr. B. Walters, in answer to Mr. Chadwick, 
stated that the published figure of modern practice 
indicated that the maximum figure for iron in zine 
was 0-02 per cent., as stated in their paper. More- 
over, from his knowledge of the manner in which 
buyers of zinc used the metal and the melting and 
casting methods sometimes employed, he was quite 
certain that it would not be easy to realise a per- 
centage of 0-01 of iron. The next speaker, Pro- 
fessor A. J. Murphy, gave a new definition for hot 
working. He said that this involved the working 
of metals at temperatures at which progressive 
plastic deformation did not cause progressive 
increase in hardness. Among the tin-bronzes Mr. 
Showell had referred to, continued Professor Murphy, 
he had not named one which had a certain import- 
ance. This was the alloy with 1 or 2 per cent., and 
up to 7 per cent. of tin, and containing iron and 
chromium in amounts of 1 to 2 per cent. These tin 
bronzes were capable of being hot worked and were 
found to have very good properties as bearings. It 
was unusual to find a good bearing material which 
could be worked by forging, extrusion or hot 
rolling ; it was particularly useful in applications 
involving heavy mechanical loading. 

Mr. F. C. Evans said that reading through the 
papers presented for the Symposium had re-affirmed 
his view that the extrusion process, while convenient 
from the production and engineering viewpoints, 
was still very unsatisfactory metallurgically. There 
tended to be a wide range of properties and struc- 
tures between the front and back ends of extruded 
rods. Some figures obtained on extruded bar of 
a nickel-iron-aluminium bronze of the 5 per cent. 
nickel, 5 per cent. iron, 10 per cent. aluminium type 
might be of interest. On a 3-in. diameter bar 
extruded from a 6-in. diameter billet weighing 
approximately 120 Ib., a variation in the 0-1 per 
cent. proof stress figure from 21 tons per square inch 
to 39-9 tons, from the front to the back, had been 
obtained. Other figures from the front to the back 
were: ultimate tensile strength, 48 to 53 tons per 
square inch ; elongation on 2 in., 19 to 8-5 per cent. ; 
and Brinell hardness, 183 to 241. Reference had 
been made to the cropping of extruded bar, but the 
amount cropped off the front and back end of a 
bar, of course, had an appreciable effect on the 
economy of the process. Rolling, on the other 
hand, had much to commend it, for the production 
of bars and sections possessing uniformity of struc- 
ture from end to end was fairly easily obtainable. 

In commenting on the points made by Mr. Evans, 
Dr. Maurice Cook said that the difference in pro- 
perties between the front and back ends of brass 
rod was determined partly by the extrusion condi- 
tions but also to a very large extent by the com- 
position of the alloy. It was interesting to note 





that even under relatively extreme conditions, the 
differences in properties between the front and back 
ends of extruded brass—even those of the a-f type 
—was nothing like as marked as the difference in 
properties which Mr. Evans had cited for a complex 
nickel-iron-aluminium bronze. It appeared fairly 
certain that this was due to the extreme sensitive- 
ness of this particular alloy to thermal treatment. 
He would like to ask Mr. Evans whether he had 
heat-treated any of his extruded bar from either 
the front or the back ends and, if so, whether that 
heat treatment had resulted in a considerable even- 
ing out of the differences found. In reply, Mr. 
Evans said that no heat treatment had been given 
to the testpieces from the back and front ends. 
The figures quoted were from the bars as extruded. 
The next speaker, Mr. Chadwick, again referred to 
the iron content of zinc and stated that, if flat zine 
sheet was being rolled and high strength desired, 
probably 0-02 per cent. or even 0-05 per cent. of 
iron could be present. The kind of zinc with which 
he had been mainly concerned was metal in a dead- 
soft condition for drawing. This was quite a 
different proposition, and no more than 0-005 per 
cent. of iron could be tolerated. 

Mr. G. L. Bailey, who closed the discussion, 
referred to the high-temperature torsion test men- 
tioned by Mr. Hughes as a test of hot workability. 
It had been stated that this test had proved par- 
ticularly suitable for estimating the hot-piercing 
characteristics of certain types of steel. For this 
reason, the test had been tried in connection with 
the hot-piercing characteristics of phosphorus- 
deoxidised copper billets, but had given com- 
pletely negative results. Other tests, including 
high-temperature notched-bar impact tests and 
tensile tests, ordinary bend tests carried out at 
various speeds, and impact tests involving drop- 
forging procedure, had been conducted, but none 
of these had borne any relation to the behaviour of 
the phosphorus-deoxidised copper in rotary piercing. 

At this stage of the proceedings the President 
intimated that the discussion on the papers of the 
Symposium was concluded. He proposed a vote of 
thanks to the authors and to Mr. G. L. Bailey, the 
rapporteur, and also to the panel consisting of 
Professor H. O’Neill, as chairman, and Dr. Maurice 
Cook, Mr. Bailey and Dr. L. B. Pfeil, who had 
organised the Symposium. The meeting was then 
adjourned until 10 a.m. on the following day, 
Friday, March 31. 

(To be continued.) 





SCIENTIFIC RESEARCH IN 
AUSTRALIA. 
(Concluded from page 376.) 


WHILE the preceding sections of this survey were 
in process of publication, we received from the 
Department of Supply and Development, Common- 
wealth of Australia, the report for 1948-49 of the 
Aeronautical Research Laboratories, which are now 
part’ of that Department. Previously, they had 
been under the control of the Council for Scientific 
and Industrial Development, as the Division of 
Aeronautics, and their annual report was included 
in that of the Council and reviewed as such in our 
columns. As it was felt desirable to bring about a 
closer integration of aeronautical research with 
defence research, a Bill to effect the transfer of 
control was enacted by the Australian Parliament 
in December, 1948, and the actual transfer was 
formally accomplished on February 10, 1949, when 
the name of the establishment was changed to the 
“* Aeronautical Research Laboratories.” The De- 
partment of Supply and Development does not 
issue an annual report, so that the report of the 
former ‘‘ Division of Aeronautics’? would have 
ceased to appear, though it was prepared, of course, 
for departmental purposes. We are indebted to 
the Chief Superintendent of the Laboratories (Mr. 
L. P. Coombes) and the Chief Scientist of the 
Department (Mr. W. A. S. Butament) for sending us 
a copy of their report for 1948-49, so that our 
summary may cover aeronautical research also, as 
in former years. 

The report is divided into six main sections, 
dealing respectively with structures, engineering 





materials, aerodynamics, power plants, electronics 
and instrumentation, and applied research, in that 
order. It will be understood that a great dea! of 
the work reported was begun before the transfer to 
the Department of Supply and Development, and 
is not noticeably affected by the change; this 
applies, for instance, to the first subjects mentioned 
in the section on structures—namely, the life of 
aircraft structures and the loads imposed on them 
in flight—which have been under investigation for 
several years. As part of this research, velocity- 
load (or ‘‘ V-g”’) recorders have been fitted to 
civil aircraft flying on scheduled routes in Australia, 
to measure the loads experienced in normal flight ; 
and, concurrently, instruments have been devised 
and tested, which count the number of times that 
a given stress is reached in the main spar of a wing 
during flight. Laboratory fatigue tests were also 
carried out on notched and unnotched specimens of 
24 ST aluminium alloy over a life up to 100 million 
cycles ; and a new series was in preparation, with 
cylindrical specimens subjected to alternating direct 
stress, but including also tests in which the stress 
would fluctuate always within the compressive 
range. 

The testing of wings with repeated loads has been 
carried farther, with some interesting results. 
Previous reports dealt with the full-scale static 
testing to destruction of aircraft wings, and also 
with the conversion of the hydraulic loading rig to 
enable repeated-load tests to be made. It was 
found, however, that this converted apparatus was 
not quite satisfactory for use with light loads, 
though it worked well enough at high loads ; there- 
fore, a fatigue wing-testing rig was constructed, in 
which the structure under test was forced to vibrate 
at its natural frequency. With this new rig, wing 
tests have been completed in which the load range 
was from zero to 20 per cent. of the ultimate failing 
load. With the aid of both rigs, wing structures 
can now be tested under fluctuating load systems 
ranging from small magnitudes up to practically 
the full static load required for failure. The low- 
magnitude tests on the metal wing of a Boomerang 
aircraft, it is reported, led to various minor failures 
which, while not affecting the strength materially, 
were potential causes of more serious failure ; for 
example, the heads fell off a large number of rivets 
attaching the skin to the main spar on the com- 
pression side of the outer wing, many bolts failed 
in the flanged connection between the outer wing 
and the centre section, and cracks developed in the 
tension skin on the outer wing, at the corners of 
the chute for spent cartridge cases. A general 
comparison of the test results with those for riveted 
joints showed the fatigue resistance of the complete 
wing to be considerably less than that of the joints. 

Other experimental work undertaken, and men- 
tioned in this part of the report, includes a struc- 
tural analysis of a swept-back wing; an investi- 
gation of the method of stressing shell structures, 
and of designing and analysing them; the struc- 
tural efficiency of wings—that is, the problem of 
producing the structure of least weight that will 
support safely a given load system, the overall 
dimensions and the materials being specified ; the 
improved design of plate-girder webs ; and various 
researches on the strength of structures, on elas- 
ticity, torsion, harmonic oscillations of wings, gust 
loads, etc., some of which were carried out at 
Sydney University. 

The principal investigations reported under the 
heading of “‘ Engineering Materials’’ were con- 
cerned with the plasticity and fatigue of metals, 
alloys for use at high temperatures, the properties 
of alloys, powder metallurgy, and corrosion. The 
first project mentioned is a programme of research 
designed to establish the criteria of plastic deforma- 
tion. At present, there are two theories, one being 
that plastic deformation is a function of the maxi- 
mum shear stress and the other that it is a function 
of the octahedral shear stress. Both are being 
explored by means of experiments on thin-walled 
tubes. A problem encountered at an early stage 
was that of measuring strains of magnitudes greatly 
in excess of those in experiments within the elastic 
range. Several methods were examined, but most 
of them proved unsatisfactory. The most promis- 
ing employed a clip-on type of gauge, using electric 
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resistance strain gauges, which could be made to 
work elastically even though the specimen under 
test was deforming plastically. Apparatus has been 
devised also to measure small changes in the elec- 
trical resistance in single crystals, across and along 
slip bands, and across the grain boundaries of 
polyerystalline aggregates, and preliminary experi- 
ments were made during the period under review. 

The study of the fatigue of metals has been 
continued by investigating the surface structures 
of steel, aluminium alloy and « brasses after machin- 
ing, grinding, and hand polishing. Examination of 
abraded and subsequertly annealed taper sections 
of « brass shows that recrystallisation occurs at 
the extreme surface, giving uniform new crystals of 
an average size of 1 p, and that the temperature of 
recrystallisation in this material is 249 deg. + 
1 deg. C. The structure of the material in which 
initial fatigue cracks occur, therefore, is quite 
different from that of the main bulk. On the basis of 
this work, an investigation was planned of the 
fatigue strength of hardened steel, the first stage 
being the heat treatment of abraded steel specimens 
in such a way as to maintain the surface profile 
without chemical alteration of the surface layers. 
This has been achieved by heating the specimen, 
after giving it a “‘ special coating ’’ of unspecified 
nature, in a bath of pure lead. This, it is stated, 
produces a very slight carburisation of the surface, 
to a depth not more than 3 yp, without affecting the 
original surface profile. 

Work on the properties of chromium-tungsten 
and chromium-beryllium at high temperatures, 
which had been suspended because of the recently 
discovered toxicity of beryllia, was resumed after 
a new tungsten arc furnace had been constructed 
for melting, in which a water-cooled copper plate 
takes the place of a refractory crucible. Alumina 
is now used in the induction heater furnaces. An 
investigation of the contamination and deteriora- 
tion of rare-meta] thermocouples was completed ; 
and tungsten-molybdenum thermocouples have been 
calibrated up to a temperature of 2,300 deg. C., 
an advance of more than 600 deg. C. over the 
maximum for any previous practicable thermo- 
couple. Measurements of resistivity were made on 
strained steel specimens to determine the change 
with ageing at room temperature and at 250 deg. C. 
in an attempt to find a more precise physical 
property than the notch impact value as a criterion 
of strain ageing. It is stated that the results were 
“ useful,’’ but further developments await the com- 
pletion of apparatus of greater refinement. 

Research in aerodynamics, during the period of 
the report, covered a wide field. In the study of 
high-speed flow, special efforts were made to develop 
a theory for the unsteady lift of supersonic aerofoils. 
The preliminary work showed that gust loading 
was likely to be severe in such aircraft, and that 
delta wings of narrow angle offered advantages 
from that point of view. A shock tube with a mov- 
ing piston was constructed, for experimental work on 
shock waves, but, when the report was written, 
still awaited the instruments necessary to complete it. 
Further work was done on the variable-pressure 
tunnel and, because of delay in the delivery of a 
large electric motor to drive the fan, a Merlin engine 
was fitted. Some experiments were made in this 
tunnel with the Glas IT suction wing, referred to in 
the previous report (of the Division of Aeronautics), 
and indicated that the practical limit for this 
aerofoil was in the region of a Mach number of 0-4, 
at which sonic velocity was reached in the suction 
slots of the model used. A full-scale Glas II wing 
was built and fitted to a towed glider, the fuselage 
of which contained a suction plant. The glider 
was tested with and without suction, in both towed 
and free flight, and further tests were planned to 
obtain quantitative data for comparison with the 
wind-tunnel results ; but the behaviour of the slot 
system was found to be very different from that 
in the model, and the boundary-layer thickness was 
much less. Work was also done at Sydney Univer- 
sity on the re-attachment, to the wing surface, of a 
turbulent boundary layer which had been forced to 
separate in a region of rising pressure ; and a hot-wire 
anemometer, for use in experiments of this kind, was 
in process of development. Studies of turbulence 
were also made in the 2-ft. low-turbulence tunnel. 





Tests of radio-controlled flying models were made 
with a twin-jet Stork model, but all were terminated 
by failure of the jet engines. In the best flight, of 
13 minutes, un altitude of 2,000 ft. was reached in 
5 minutes, the speed being about 70 miles an hour. 
The model was redesigned, and the Division of 
Radiophysics undertook to design an eight- 
channel equipment for proportional] aileron control. 
Tunnel] tests were made with the tailless SUI-4 
model and with the tailless Aero-1, and the latter was 
transferred to the Government aircraft factories, 
for a production design to be prepared. Some 
use was also made of the 9 ft. by 7 ft. wind tunnel, a 
scale model ,of a new training aircraft, the CA22, 
being tested for the Commonwealth Aircraft 
Corporation. 

The power-plant section of the report records, in 
connection with gas turbines, a study of the effect 
of turbulence and air mixing on the intensity of 
heat release ; analysis of the flow conditions in a 
conventional Lucas combustion chamber, using 
five independently controllable air supplies to five 
regions of the chamber ; and the use of pulverised 
browr coal as a fuel for gas turbines. For this 
last purpose, an experimental unit was built, the coal 
being blown into the combustion chamber by an air 
stream. It was found that the atomising-nozzle 
method of pulverising was not effective, and 
mechanical pulverising was being tried instead. A 
theoretical analysis was made of the: performance 
of a simple gas turbine, burning brown coal, in 
conjunction with an exhaust-gas drier for drying 
raw wet brown coal. Other work on power plants 
included the completion of the low-speed cascade 
wind tunnel, and the conversion of an existing test 
house to take turbine engines. A method of thrust 
measurement was developed from the M.LT. 
thrust-meter, tested on the temporary test-bed 
for jet engines, and incorporated in the design of 
the converted plant. Researches were also in 
progress on pulse-jet engines of the V.1 type; on 
the third and concluding stage of the study of 
piston-ring lubrication, mentioned in earlier reports ; 
and in connection with the development of the 
two-cylinder rotary-valve engine built by the 
Government Aircraft Factories for the Royal 
Australian Air Force. 

The programme of the Electronics and Instru- 
mentation section included work on amplifiers to 
drive recording devices from the small voltage output 
of a resistance strain-gauge bridge, radio equipment 
for flying models, and an optical recorder for high- 
speed flight research, to record such particulars as 
altitude, air speed, pressure and acceleration. 
Time markings and synchronising marks enable the 
record to be correlated with that of an electrical 
recorder for measuring strain simultaneously at 
several points. 





CONFERENCE ON SAFETY IN CHEMICAL WORKS.—The 
proceedings of the second Conference on Chemical Works 
Safety, held in the Royal Hotel, Scarborough, from 
October 7 to 9, 1949, have now been published by the 
Association of British Chemical Manufacturers. They 
form a book of 111 pages, bound in stiff-paper covers, 
and containing the addresses and papers presented at the 
conference, together with reports of the discussions. The 
papers include “‘ Notes on the Toxicity of Solvents,” by 
Dr. A. J. Amor; ‘“ Permissible Electrical Apparatus for 
Use in Hazardous Atmospheres,” by Mr. S. W. Richards ; 
and “ Breathing Apparatus: Installation, Maintenance 
and Training,” by Mr. T. Senior. Copies of the book 
may be obtained from the Intelligence Officer of the 
Association, 166, Piccadilly, London, W.1, price 5s., 
postage included. 





RECONSTRUCTION OF OCCUPATION BRIDGE AT GORTON. 
—dOne of the arches of the occupation bridge leading 
to and from Tanyard Brow-road, Gorton, Manchester, 
was reconstructed on Sunday, April 16. The bridge, 
which spans four railway tracks of the Eastern Region 
of British Railways—two between Manchester (Central) 
and London (Marylebone) and the other two forming a 
junction connecting Manchester (Central) and Manchester 
(London Road), was demolished last January as there 
was not sufficient clearance for the overhead-line con- 
ductor system required for the Manchester-Sheffield- 
Wath electrification scheme. The new arch consists of 
prestressed concrete beams, each weighing approxi- 
mately 35 cwt., and these were placed in position by 
means of a 10-ton steam railway crane. The second 
arch will be rebuilt in a similar manner in two or three 
weeks’ time and the roadway will be restored. 





RUBBERISED-ASPHALT ROAD 
SURFACE, 


A ROAD-SURFACING material consisting of an admix- 
ture of powdered rubber, produced from fresh latex, 
with asphalt, is being given a first trial in this country 
in the Borough of Lambeth, London. A stretch of road 
in Holland was laid with such a surface abcut 14 years 
ago, and although the war prevented appropriate 
observation, it is stated that the surface is still intact, 
in spite of the passage of heavy traffic. Within the 
past year, similar experiments have been initiated in 
the United States, a combined total of about five miles 
having been laid, and provisional results are understood 
to be favourable. 

In this ccuntry, the Borough Engineer of Lambeth, 
Mr. F. Batterbury, B.Sc., A.M.1.C.E., became inter- 
ested in the possibilities of the method, and the present 
work is being carried out by his staff in collaboration 
with Messrs. Sparkes Brothers, Limited, Feltham, 
Middlesex, who are preparing the rubberised-asphalt 
surfacing material. The British Rubber Development 
Board, Market Buildings, Mark-lane, London, E.C.3, 
and their American office, the Natural Rubber Bureau, 
1631, K-street, N.W., Washington, D.C., are promoting 
the use of rubber powder in road construction. The 
advantages of the use of rubberised asphalt are 
expected to be longer life, a greater resistance to 
cracking in cold weather and softening in hot weather, 
an increased coefficient of friction, especially when the 
road is wet, and a reduction in ice formation on the 
road in cold weather. 

Many experiments were made, before the war, with 
rubber as a constituent cf rcad-surfacing materials, 
but the new method is not connected with these 
experiments. The rubber is used in powder form, 
made directly from natural latex, in the proportion 
cf 0-25 per cent. by weight. Tests have shown that 
synthetic or reclaimed rubber is not effective. No one 
concerned, however, is prepared to make extravagant 
claims for the method; a precise estimate of the 
economics of the matter cannot be made for several 
years. At a Press conference held at Lambeth on 
Tuesday, April 25, Mr. Harry K. Fisher, road ccnsultant 
to the Natural Rubber Bureau, gave some details of 
American experience. He said that, whereas the 
experiments to date had been favourable, the manner 
in which the powdered rubber affected the qualities of 
the asphalt was not fully understood. Nevertheless, he 
offered the following tentative explanation: the lighter 
fractions of the bitumen in conventional asphalt were 
slowly expelled from the road surface (an action known 
as bleeding), the loss being accelerated by heat and by 
wheeled traffic. As soon as these lighter fractions 
were wholly lost, the asphalt quickly deteriorated. 
A small proportion of rubber powder in the asphalt 
appeared to “ fix” these fractions, thereby preventing 
bleeding and lengthening the life of the surface. 
Tests carried out in Virginia on a section of rubberised- 
asphalt road and an adjacent section of ordinary 
asphalt, Mr. Fisher said, showed that, after several 
months, the coefficient of friction remained the same 
for the former section but decreased on the latter 
section. It was not yet known how long the rubberised- 
asphalt surface would last. Concerning costs, he could 
only quote American experience. The initia] cost, he 
said, was increased by 22 per cent., but the maintenance 
costs were expected to be reduced considerably, and 
as 1,200 million dollars were spent annually on road 
maintenance in the United States, a substantial overall 
economy was anticipated. If the process were found 
to be an economic success the consequent increase in 
the consumption of rubber would mean much to Great 
Britain, and rubber already was the greatest dollar 
earner for Britain. 

The immediate problem at Lambeth is to re-surface 
wood-block roads. Owing to limitations on capital 
expenditure and the desirability of waiting until tram 
rails can be removed, short-term repairs have to be 
carried out until such time as the wood blocks can be 
eliminated and a road made of reinforced concrete and 
rolled asphalt. Preparatory to re-surfacing with 
rubberised asphalt, the existing wood blocks are tested 
by running a roller over them; where any show 
vertical movement they are removed and the founda- 
tion rectified, and where only horizontal movement is 
apparent cement mortar is applied in the joints. The 
blocks are then heated and any old dressing removed. 
Indentations are made in the surface by a special 
roller, to provide a key for the rubberised asphalt. A 
“tack” coat of bitumen emulsion is applied at the rate 
of one gallon to between 10 and 15 square yards, fol- 
lowed by the rubberised asphalt at one ton to 28 square 
yards. This gives a carpet 1 in. to 1} in. thick, which 
is consolidated by an 8- or 9-ton roller. Finally, §-in. 
precoated granite chippings are applied, 1 ton to 
150 square yards. The aggregate used in the asphalt 
is of “ very fine” grade, i.e., ff in. down to dust ; and 
in preparing the material, the rubber is mixed with 
the aggregate, and the bitumen is added subsequently. 
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AIR-CONDITIONING AND PRESSURISING TRUCK FOR AIRCRAFT. 


SIR GEORGE GODFREY AND PARTNERS, LIMITED, HANWORTH, MIDDLESEX. 








Fig. 1. 


AIR-CONDITIONING AND PRES- 
SURISING TRUCK FOR AIRCRAFT. 


A SELF-CONTAINED transportable four-wheeled truck 
for the air-conditioning of aircraft on the ground, before 
take-off, particularly in extreme climates where internal 
temperatures can cause much discomfort, has been 

roduced by Sir George Godfrey and Partners, Limited, 
Teuntenanid, Hanworth, Middlesex, working in 
collaboration with the British Overseas Airways 
Corporation. Either cold or warm air can be supplied 


to the aircraft to suit the local requirements of tempera- 
ture and humidity, as well as air at a pressure up to 
12 lb. per square inch for testing pressure cabins ; 
i deodorising fluids can also be added to 


disinfectant or 
the air supply. Some aircraft incorporate main-engine 
driven air-conditioning plant, but this truck can 
be used with all types, independently of the main 
engines or of any air-conditioning equipment which 
may be installed. It differs from the “ cooling trucks ” 
already in use at some foreign airfields, in that no 
refrigeration equipment is installed, the air being 
cooled by expansion in doing work in an air-driven 
turbine, or heated by compression. 

The truck has been designed for operation in any part 
of the world and is constructed to facilitate its transpor- 
tation in freighter aircraft ; it weighs about three tons, 
being about 10 ft. 6 in. long, 5 ft. 6 in. wide and nearly 
6 ft. high. Photographs of the truck are reproduced in 
Figs. 1 and 2, on this page; it has detachable side 
panels, and there are two hinged panels at the rear, 
opening to show indicating instruments and also servi 
as writing desks. Air is blown into the aircraft through 
hosing attached to couplings seen towards the left in 
Fig. 2, the larger connection being for air-conditioning, 
and the smaller for pressure testing. 

The operating principles are indicated diagram- 
matically in Fig. 3. A Rolls-Royce “ straight-eight ” 
engine a is coupled through a clutch to a positive- 
displacement type compressor or blower 6; this 
compresses, and thereby heats, air which is drawn 
in through a filter and intake silencer c connected to a 
grill-protected inlet d on one side of the truck. When 
cool air is needed, a belt-driven axial-flow fan e is 
brought into action by a separate clutch, and drives 
air from the atmosphere through primary and secondary 
air-to-air heat exchangers or coolers, f and g. The 
air warmed by the compressor 6 flows into a delivery 
silencer h, past a choke valve « in a delivery duct, 
into the primary cooler f where it is cooled before 
passing into ducting leading to a centrifugal air com- 
pressor j driven by an air turbine k; branch ducting / 
by-passing j, and used when warm air is required, is 
closed by a control valve m. From the compressor j, 
the air passes to the secondary cooler g which removes 
the heat added during compression, so that cool com- 
pressed-air passes to the turbine k&. The compressed 
air, in expanding and doing work in the turbine. is 
further cooled, and then passes to the outlet ducting n 
and through the hosing into the aircraft. 

When warm air is needed, the axial-flow fan is 
declutched to render the heat exchangers inoperative, 
the valve m is opened to allow air from the blower to 
by-pass the compressor and the turbine, and the choke 
valve i is throttled down to increase pressure in the 
delivery duct. Under these conditions, the power out- 





(ses. ¢.) 


put of the engine is absorbed mainly by the blower 5, in 
which it is converted into heat by compressing the air. 
The compressed warm air flows past the choke valve i 
through the inoperative primary coole: f and directly into 
ducting / to the outlet 0, and thence to the aircraft cabin. 

Humidity can be controlled by injecting water into 
the air drawn in by the blower, or excess moisture can 
be removed from the air delivered to the hosing. A 
water-storage tank is installed inside the truck, and 
water can be metered into the airstream in the intake 
ducting and vaporised in the main compressor b. To 
offset high humidity, asbestos blankets or similar 
absorbent material can be fitted in a water separator p 
near the air-outlet vent o. If the truck is required 
for pressure testing, a cover is fitted over the normal 
vent o, and a high-pressure hose is connected between 
the smaller vent g and the aircraft. Compressed air 
from the blower b is then delivered through the ducting 
r, to which British Standard nozzles and manometer 
equipment s is attached for measuring flow and 
pressure. The axial-flow fan cooling the compressed 
air as it passes through the primary cooler f may be 
disengaged by its clutch, if ambient temperatures 
are sufficiently low. When the aircraft is fully 
pressurised, the compressor may be stopped and a 
non-return valve ¢ closed to hold the pressure; a 
spill-valve u, which also opens the non-return valve, 
enables the pressure in the aircraft to be lowered. 
A pressure-release valve v is fitted to the delivery 
ducting, and various thermometers w and a pressure 
gauge are incorporated. 

During pressure testing, the truck can supply up to 
1,500 cub. ft. of air per minute at. pressures up to 
12 lb. per square inch depending on the setting of the 
spill-valve, which is fully open at the beginning of 
pressurisation and is closed or throttled down to give 
the required pressure. For heating purposes, 200,000 
B.Th.U. per hour can be supplied depending upon 
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the setting of the choke valve i. At ambient tempera- 
tures of 120 deg. F., 1,500 cub. ft. per minute of free 
air can be delivered, and controlled to leave the turbine 
at temperatures down to approximately 37 deg. F. for 
cooling purposes. 

The engine driving the main blower develops 150 
brake horse-power at 3,000 r.p.m. It is installed 
co-axially with the longitudinal axis of the truck, and is 
fitted with a 12-volt dynamo and starter-motor, air 
filter, and with coil ignition and radio screening. The 
blower runs at engine speed and incorporates a pair 
of three-lobed rotors which are not in contact ; lubri- 
cation is therefore confined to the bearings and timing 
gears so that the filtered air drawn in is not contami- 
nated. The axial-flow fan for driving air through the 
coolers is belt-driven at about 2,900 r.p.m. Most of 
the ducting, and the silencers, as well as the chassis 
are made from aluminium alloy in order to reduce 
weight, and the body panels of the truck have a double 
skin filled with sound-absorbing material. 





ELEctTRIic Toot Kir ror Home Use.—The firm of 
Wolf Electric Tools Limited, Pioneer Works, Hanger- 
lane, London, W.5, have produced a small multi-purpose 
machine-tool kit for domestic use which can be supplied 
with various accessories for drilling, wood-turning, grind- 
ing, sawing, and polishing. The basic component is a 
t-in. portable electric drill weighing about 4 Ib. and suit- 
able for alternating- or direct-current supplies of approxi- 
mately 240 volts. The drill can be hand operated with 
different attachments in the normal way, or clamped 
to a vertical pillar supported in a bench-mounted light- 
alloy cradle ; alternatively, the cradle can be arranged 
to support the drill horizontally when the pillar serves 
to support other accessories, enabling the equipment to be 
used as a small lathe or, for example, as a miniature 





saw table. 
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SYSTEM FOR OVERBURDEN FROM CHALK PITS. 


MESSRS. MAVOR AND COULSON, LIMITED, GLASGOW. 
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CONVEYOR SYSTEM FOR TRANS- 
PORTING OVERBURDEN FROM 
CHALK PITS. 


THE advantages that may be gained by using 
sectional belt conveyors for the continuous transporta- 
tion of material is well illustrated by a conveyor system 
installed recently by Messrs. Mavor and Coulson, 
Limited, Bridgeton, Glasgow, S.E., in the Swanscombe 
chalk pit of the Associated Portland Cement Manufac- 
turers Limited. In this installation, the conveyors 
are used to transport the overburden, mainly sand, 
to a disused chalk pit approximately a mile away 
from the main workings. A general view of the 
pit is given in Fig. 1, on this page, while the diagram, 
Fig. 2, illustrates the layout of the conveyor system 
and the working faces for the chalk and overburden, 
respectively. 

The overburden is removed from the face of the pit 
by the usual form of mechanical excavator; this has 
a bucket capacity of 3 cubic yards and delivers approxi- 
mately 3? tons of material at each operation. The 
material is loaded into a mobile feeder-hopper assembly 
which directs it on to one of three conveyors arranged 
in a continuous line along the base of the overburden 
and brought into operation as the excavator and feeder- 
hopper move along the working face. These three 
conveyors are lettered a, 6 and c, in Fig. 2, and, as the 
working face recedes, are moved laterally so as to 
keep within the working range of the excavator and 
feeder hopper. The third face-conveyor c delivers the 
material to the first conveyor of the main system. 
This is lettered d in Fig. 2, and it will be seen that it is 
set at right angles to the face conveyors a, 6 and c 
and extends along the edge of the pit; part of this 
conveyor can be seen in Fig. 1. The main system at 
present comprises five separate conveyors, but provision 
has been made for the installation of a further conveyor 
at a later date when the workings have been extended. 

The material is delivered by the long conveyor d 
to a short conveyor e, which takes it through a tunnel 
under a road; a photograph showing the junction 
between these two conveyors is reproduced in Fig. 6, 
on page 474. The material is then passed to the con- 
veyor lettered f which is arranged at right angles to 
conveyor e and carries the material to conveyor g. 
This conveyor, a photograph of which is reproduced in 
Fig. 3, on page 474, transports the material over a rail- 
way and delivers it, in turn, to the conveyor h, situated 
in the dumping area, and arranged so that it can be 
moved through the arc indicated in Fig. 2 for dispersal 
of the material. The material is spread finally and 
compacted by a bulldozer, which, together with the 
movable conveycr, can be seen in the view of the 
dumping area reproduced in Fig. 4, on page 474. 

The most interesting feature of the system is, 
possibly, the mobile feeder and hopper ; this is illus- 
trated in Fig. 5, on page 474, and has been developed 
by Messrs. Mavor and Coulson for this class of work. 
As previously mentioned, the material is loaded 
directly into the hopper by the mechanical excavator. 
The flow of the material from the hopper to the feeder 
belt is regulated by a sliding door installed at the 
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front of the hopper and actuated by a chain-operated 
rack-and-pinion assembly. The feeder belt is driven 
from the tail pulley, so that the weight of the projecting 
jib is counterbalanced by the driving motor and gearing. 
The belt is 30 in. wide and runs on five idler rollers 
arranged at the base of deep skirt plates which form a 
trough sufficient to carry the full-capacity load of 
200 tons an hour. The belt, idlers and driving gear 
are mounted on a jib the delivery end of which can be 
raised or lowered by wire ropes fitted to a hand winch ; 
this allows the head pulley to be kept close above the 
face of the belt to which the feeder-hopper is delivering. 
Both the hopper and feeder conveyor are pivoted on a 
frame fitted with crawler tracks and the complete 
assembly can be slewed by means of the electric motor 
used for driving the tracks. 

As previously mentioned, the overburden consists 
mainly of sand ; exceptional care has had to be taken, 
therefore, in the sealing of the idler bearings. These 
are of the ball-bearing type and each is sealed by a pack 
of grease held between two labyrinth washers, any dirt 
which may collect being forced out by the periodic 
insertion of fresh grease. Sand is difficult to handle as 
its weight, of course, is greatly increased by rain ; 
considerable care, therefore, has to be taken over the 
loading, which has to be adjusted in accordance with 
the weather. The conveyors operate continuously and 
transport some 3,000 to 4,000 tons of overburden a 
day, which is more than sufficient to keep the removal 
of the overburden weli in advance of the excavation and 
transport of the chalk. All the main belts have a width 
of 30 in. and, with the exception of one of the shorter 
conveyors, are driven by 20-h.p. motors. 





ELecrriciry Supply STATISTIcs.—Statistics issued by 
the Ministry of Fuel and Power show that at the end of 
March, 1950, the total capacity of the generating plant 
installed for public electricity supply in Great Britain 
was 14,220 MW, compared with 13,910 MW at the end 
of February. The amount of electricity generated was 
4,870 million kWh, compared with 4,659 million kWh 
in March, 1949, an increase of 4-5 per cent. During 
the first three months of 1950 the amount generated was 
14,870 million kWh, compared with 13,658 million kWh 
during the corresponding period of 1949, an increase of 
8-9 per cent, 





** BRITISH TRANSPORT REVIEW.”—The first number of 
the British Transport Review, which will be published three 
times annually by the British Transport Commission, 
has appeared recently. Sir Cyril Hurcomb, chairman 
of the Commission, contributes an introductory article 
in which he refers to the proposed charges scheme, and 
Dr. H. EB. Merritt, M.I.Mech.E., chief research officer, 
writes on “ Investigation, Imagination, Invention, 
Initiative.” Other articles, by officers of the Commission 


and Executives, deal with joint consultation, financial, 
administrative, and operating matters, and there are 
some book reviews. The Review will be “ devoted to 
the study of trausport problems in the widest sense ”’ : 
it will not be a technical journal and is available only to 








the staffs of the Commission and the Executives. The 
price is 1s. per copy. 
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BRITISH ASSOCIATION MEETING 
AT BIRMINGHAM. 


A PRELIMINARY programme for the 112th annual 
meeting of the British Association for the Advancement 
of Science, which is to be held at Birmingham from 
August 30 to September 6, has been issued. The 
President for this year, Sir Harold Hartley, K.C.V.O., 
F.R.S., will deliver an address on “‘Man’s Use of 
Energy,” and among the evening discourses to be 

iven there is one on “ Science, Religion and Moral 

udgments,” by Dr. E. W. Barnes, F.R.S., Bishop of 
Birmingham, and one on “‘ The New Science of Radio 
Astronomy,” by Dr. A. C. B. Lovell. Dr. J. B. Conant, 
President of Harvard University, will speak on “ An 
Experiment in the Study of Science by Non-Scientists.” 

The meetings of Section G (Engineering) and Sec- 
tion A (Physics and Mathematics) will be held in the 
University at Edgbaston. The full programme of 
sectional meetings will be issued later, but certain 
titles have been announced. On Thursday, August 31, 
the President of Section G, Professor Andrew Robert- 
son, F.R.S., will deliver an address on “ A Chapter in 
Bridge geen a Century Ago,” and there will be 
discussions, introduced by papers as on previous 
occasions, on automatic control systems and aeroplane 
structures. In Section A, high-energy particles and 
machines for their acceleration will be discussed. On 
Friday, September 1, the subjects for Section G will be 
gas turbines, the presentation of technical information, 
and output problems in house-building ; for Section A 
it will be civil applications of nuclear energy. The 
presidential address to Section A will be delivered by 
Professor E. H. Neville, on “‘ Mathematical Notation,” 
on Monday, September 4, and on the same day 
Section G will discuss soil mechanics, and production 
engineering. The following day, the subjects are agri- 
cultural engineering for Section G, and problems of 
illumination for Section A. o. 

A full programme of social functions and visits to 
works and places of interest is being prepared. There 
will be a tour of the University engineering laboratories 
by Section G on Monday evening, September 4. In 
connection with the Birmingham Meeting, the Council 
of the Association have accepted an offer by Imperial 
Chemical Industries, Limited, to provide the sum of 
85 guineas to be awarded in prizes of 50, 25 and 10 
guineas, for scientific essays written by persons not 
more than 25 years of age on June 25, 1950, who need 
not, however, be members of the Association. The 
subjects allowed include phenomena at low tempera- 
tures, the literature of science, radioactive tracers, 
metallic corrosion, macromolecules, and the scientific 
method. Full particulars can be obtained from the 
assistant secretary, British Association, Burlington 
House, London, W.1. The annual meeting in 1951 
will be held in Edinburgh from August 8 to 15; in 
1952 it will be in Belfast, and in 1953 in Liverpool. 
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have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De t of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Anodic Oxidation Finishes.—A new specification for 
anodic-oxidation finishes for aluminium and aluminium 
aftege has hous geugesed and ined 9 the sequest of 
the Aluminium Development Association. The 
cation, — No. 1615, covers the methods of testing 
to be em , together with the performance require- 
ments 0: fi s tested by the standard methods. It 
has been Prem" that it is neither desirable nor practic- 
able to standardise the details of the process by which 
the required film is produced. The specification deals 
with the thickness de anodic coatings and their reflection 
factors, resistance to abrasion and fastness to light. 
Work on the subject of resistance to corrosion is still 
proceeding. [Price 3s., postage included.] 

M.K.S8. System of Electrical and Magnetic Units.— 
A good deal of interest has once in been aroused 
in the system of electrical units founded on the metre, 
the kilogramme and the second (the M.K.S. system), 
which was originally proposed by Professor G. Giorgi 
in 1901 and is sometimes known as the Gioryi system. 
The adoption of this system as an alternative to the 
C.G.S. system has been endorsed by the International 
Eleetrotechnical Commission. A memorandum, B.S. 
No. 1637, published by the British Standards Institu- 
tion, explaining the principles of the system and 
quoting parts of Professor Giorgi’s original memoran- 
dum on the subject will therefore Le of interest. The 
memorandum, which has been compiled by Mr. L. H. A. 
Carr, places on record the discussions and decisions 
which have taken place on the subject at meetings of 
the International Electrotechnical Commission, during 
the past 15 years. The publication will not only 
facilitate the understanding of the M.K.S. system but, 
as a historical record, it will be of permanent value, 
particularly to students. [Price 2s., postage included.] 





CONTRACTS. 


MEssRS. VAUXHALL Morors LIMITED, Luton, Bedford- 
shire, have received an order for 375 Bedford omnibus 
chassis for the Argentine. The chassis are to be fitted 
with Diesel engines supplied by Messrs. F. PERKINS 
LIMITED, Queen-street, Peterborough, and will be accom- 
panied with an appropriate stock of spare parts. Ship- 
ments are to start in June and are to be completed by 
October. Bodies for the omnibuses, which are 20-21 
seaters, will be built in the Argentine. 


Messrs. F. PERKINS LIMITED, Queen-street, Peter- 
borough, in addition to the above, have contracted 
through Messrs. SIMPSON AND COMPANY, Madras, to 
supply India with Diesel engines valued at 1,000,0007., 
during the next two years. 

The firm of Messrs. JOHN BROWN AND COMPANY, 
LIMITED, Clydebank, has been accepted by the British 
Electricity Authority as a contractor for the manufacture 
of boilers for electricity generating stations. For this 
purpose the firm has entered into arrangements with 
MEssrRs. MITCHELL ENGINEERING LIMITED, for the use of 
their designs and engineering information. Manufac- 
turing work will be undertaken mainly at the company’s 
shipyard and engineering works, Clydebank. New shops 
are also to be built at Whitecrook, Clydebank. Certain 
specialised manufacturing is to be undertaken at the 
works of a number of subsidiary and associated com- 
panies. 





*‘ HINTS TO BUSINESS MEN ” BOOKLETS.—New book- 
lets on the Netherlands West Indies and on Cyprus, 
Gibraltar and Malta have been published in the series 
** Hints to Business Men.” Copies are obtainable from 
Commercial Relations end Exports Department (Indus- 
tries Branch), Board of Trade, Thames House (North), 
Millbank, London, S.W.1. 

THE DE HAVILLAND “ Comet” AIR LINER.—Perform- 
ance trials under tropical conditions are now being 
carried out on the Comet jet-propelled air liner, built by 
the de Havilland Aeroplane Company, Limited, Hatfield, 
Hertfordshire. On Monday, April 24, the Comet took 
off from Hatfield aerodrome carrying a load equivalent 
to a payload of over 8,000 lb., including a number of 
technicians of the Company, and reached Cairo in 5 hours 
10 minutes (subject to official confirmation), some un- 
favourable weather being encountered. The correspond- 
ing average speed is 425 m.p.h. When confirmed by 
the Fédération Aéronautique Internationale, this will 
constitute an international point-to-point record for the 
London to Cairo route. On the following day, April 25, 
the Comet flew on to Nairobi, where daily trials will be 
carried out under severe tropical and altitude conditions ; 
the airfield at Nairobi is 5,370 ft. above sea level, and 
1 deg. 18 min. south of the Equator. 


net.) Report of H.M. Electrical Inspector of Mines. 

For the Year 1948. [Price 6d. net.] H.M. Stationery 

Office, Kingsway, London, W.C.2. 

Annual Report of the Governor of the Panama Canal 

for the Fiscal Year Ended June 30,1949. The Superin- 

tendent of Documents, United States Government 

Printing Office, Washington 25, D.C., U.S.A. [Price 

35 cents.) 

Nigeria. Annual Report of the Public Works Department 

for the Financial Year 1947-1948. [Price 9d. net.] 

Annual Report on Civil Aviation for 1948-49. [Price 

9d. net.) The C.M.S. Bookshops, Lagos and Port 

Harcourt, Nigeria ; the S.I.M. Bookshop, Jos, Nigeria ; 

and the Crown Agents for the Colonies, 4, Millbank, 

London, S.W.1. 

Department of Scientific and Industrial Research. Building 

Research. National Building Studies. Bulleti1 No. 7. 

Sands for Plasters, Mortars, and External Renderings. 

By A. D. CowPer. H.M. Stationery Office, Kingsway, 

London, W.C.2. [Price 9d. net.] 

Modern Workshop Technology. Part II. Machine Tools 

and Metrology and Certain Ancillary Subjects. Edited 

by Proressor H. WricgHt BAKER. Cleaver-Hume 

Press Limited, 42a, South Avdley-street, London, 

W.1. [Price 32s.] 

British Steam Horses. By GEORGE Dow. Phoenix 

House, Limited, 38, William IV-street, London, W.C.2. 

[Price 12s. 6d. net.] 

Elementary Physics for Technical Studenis. By L. S. 
PowELL. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 6s. 6d.]} 

Lexique Technique Anglais-Frangais. By GUY MALGORN. 
Third revised edition. Librairie Gauthier-Villars, 
55, Quai des Grands-Augustins, Paris (6e), France. 
{Price 1300 francs in paper covers; 1500 francs in 
boards.] 

Road Traffic and its Control. By SiR ALKER TRIPP. 

Second edition. Edward Arnold and Company, 

41, Maddox-street, London, W.1. [Price 40s. net.] 

Wissenschaftliche Abhandlungen der deutschen Material- 

prifungsanstalien. Second series. No.7. Holzschutz- 

mittel Priifung und Forschung. III. Aus der Abteilung 

“* Holeschutz ’’ des Materialpriifungsamtes Berlin-Dah- 

lem. Springer-Verlag, Reichpietschufer 20, Berlin 

W.35, Germany. [Price 21 D.M.] 

Neuere Festigkeitsprobleme des Ingenieurs. Ausgewdhlte 
Kapitel aus der Elastomechanik. Edited by Proressor 
K. MARGUERRE. Springer-Verlag, Reichpietschufer 20, 
Berlin W.35, Germany. [Price 25-50 D.M.] 

Stationary Compression Ignition Engines. Principles and 
Applications. By C. H. BRapBury. E. and F. N. 
Spon Limited, 22, Henrietta-street, London, W.C.2. 
[Price 24s. net.] 

United States National Bureau of Standards. Circular No. 
483. Testing by the National Bureau of Standards. 
Policy, General Information, Fee Schedule. The Superin- 
tendent of D ts, U.S. Government Printing 
Office, Washington 25, D.C. [Price 25 cents.] 

The Scientist’s Ready Reckoner. Logarithmic Tables for 
all those Engaged in Physical and Biological Sciences. 
By Dr. W. Roman. Dr. W. Junk, 13, Van Stolkweg, 
The Hague, Holland; William Dawson and Sons, 





Limited, 102, Wigmore-street, London, W.1. [Price 
158.] 
The Gauge and Tool Makers’ A iati Handbook, 





4th edition. Offices of the Association, Stand brook 
House, Old Bond-street, London, W.1. [Gratis.] 

The British Electrical and Allied Manufacturers’ Associa- 
tion. Thirty-Ninth Annual Report. 1949-1950. Offices 
of the Association, 36, Kingsway, London, W.C.2. 
(Gratis.] 

Data and Circuits of Receiver and Amplifier Valves. 1949. 
Book II. [Price 21s.] Book III. First Supplement. 
[Price 12s. 6d.] Cleaver-Hume Press Limited, 42a, 
South Audley-street, London, W.1. 

Roads: Their Alignment, Layout, and Construction. By 
PROFESSOR R.G. Batson. Longmans, Green and Com- 
pany, Limited, 6 and 7, Clifford-street, London, W.1. 
[Price 21s. net.] 

Tables of the Bessel Functions of the First Kind of Orders 
Sizty-Four through Seventy-Eight. By the Staff of the 
Computation Laboratory, Harvard University Press, 
Cambridge 38, Massachusetts, U.S.A. [Price 8 dols.] 
Oxford University Press (Geoffrey Cumberlege), Amen 
House, Warwick-square, London, E.C.4. [Price 63s. 
net.] 

Screw Threading and Screw Cutting. By ‘“‘ DuPLEX.” 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. [Price 3s. 6d. net.) 

The Institution of Chemical Eng 3 and S of 
Chemical Industry. Road and Building Materials Group. 
Symposium on Particle Size Analysis. February 4, 
1947. Supplement to Transactions, Institution of 
Chemical Engineers, Volume 25, 1947. Offices of the 


Sof. 





Jets (Research and Development) Limited, in all maticrs 
relating to gas turbines except in the field of civil aviation, 
He has accepted this appointment with the concurrence 
of the board of the British Overseas Airways Corpora- 
tion, to which he will continue to ect as honorary tech- 
nical adviser on jet development. 


The Council of the Institution of Electrical Engineers 
has nominated SiR ARCHIBALD J. GILL, Assistant Director 
General (Engineering) and Engineer-in-Chief, Genera] 
Post Offiee, as President for the 1950-51 session. Mr. 
H. Bisnop, chief engineer, British Broadcasting Cor- 
poration, and Sm GEORGE H. NELSON, chairman, 
Marconi’s Wireless Telegraph Company, Limited, and 
chairman and managing director, English Electric 
Company, Limited, have been nominated as vice- 
presidents. 

The Council of the British Electrical and Allied Indus- 
tries Research Association, Thorncroft Manor, Dorki ng- 
road, Leatherhead, Surrey, have appointed Dr. W. B, 
Wuirney, M.I.C.E., M.1.E.E., to be assistant director 
of research under the director, Dk. S. WHITEHEAD. Dr. 
Whitney joined the Association at its inception and has 
been in charge of the researches on switch and control 
gear, which position he is retaining. 

Awards for 1949, each of 100 guineas, have been made 
from the Sir George Beilby Memorial Fund to Mr. F. R. N. 
NABARRO, M.B.E., in recognition of his application of 
mathematical methods to the elucidation of the mechani- 
cal properties of metals ; to Dr. C. E. RANSLEyY for his 
experimental contributions vo the knowledge of the 
behaviour of gases in metals; and to Dr. K. W. SYKEs 
for his contributions to the study of the combustion of 
carbon and its oxidation by steam. 

PROFESSOR W. J. PuGH, O.B.E., B.A., D.Sc., Pro- 
fessor of Geology and Deputy Vice-Chancellor in the 
Victoria University, Manchester, has been appoiuted 
Director of the Geological Survey and Museum of Prac- 
tical Geology in the Department of Scientific and Indus- 
trial Research. Professor Pugh will take up his new 
appointment in the autumn on the retirement of the 
present Director, Dr. W. F. P. McLINTOCK. 

Mr. R. W. SruaRT MITCHELL, M.Sc., A.M.L.C.E., 
A.M.I.Mech.E., has been appointed chief development 
engineer in the Diesel Engine Division of the English 
Electric Company, Limited, with headquarters at Rugby. 
Mr. R. G. BralrnwalrE, M.I.C.E., has been nominated 
chairman of the Midlands Association of the Institution 
of Civil Engineers in succession to Mr. 8S. J. DAVIES, 
A.M.L.C.E. 

Mr. James KeEwLey, M.A. (Cantab.), F.R.I.C., 
M.I.Chem.E., F.Inst.Pet., who served the Shell Petro- 
leum Company Limited for. 34 years, during the last 21 
of which, until his retirement in 1940, he was the com- 
pany’s chief chemist, has been elected to honorary fellow- 
ship of the Intitute of Petroleum. 

“Mir. A. McLEAN, until recently a local director of 
Barclay’s Bank Limited, Newcastle-upon-Tyne, has been 
appointed to the board of directors of Messrs. C. A. 
Parsons and Company, Limited, Heaton Works, New- 
castle-upon-Tyne, 6. 

Mr. W. HADLEY, general sales manager «f E. H. Jones 
(Machine Tools), Limited, has heen elected to the bovrd. 
Mr. R. G. LONGLEY has been appointed European tech- 
pical manager, while Mr. C. Davirs has just commenced 
his duties as the firm’s resident representative in 
Australia. 

THE TECHNICAL INFORMATION AND DOCUMENTS UNIT 
of the Boarp oF TRADE, which is responsible for the 
preparation of B.I.0.S. (British Intelligence Objectives 
Sub-Committee) Reports, will be transferred from 40, 
Cadogan-square, S.W.1, to Lacon House, Theobald’s- 
road, London, W.C.1, on May 1. 

Messrs. DEXION LIMITED have acquired new premises 
at Triumph House, 189, Regent-street, London, W.l 
(Telephone: REGent 4841-5). All inquiries and cor- 
respondence should now be sent to the new address. 

The address of the INSTITUTE OF PACKAGING is No. 80, 
Lancaster-avenue, London, S.E.27, and not No. 30 as 
stated on page 412, ante. 

Messrs. SULZER Bros. (LONDON) LIMITED have 
appointed MEssrs. JOHN CARRUTHERS AND COMPANY 
Pry. LIMITED, Ocean-street, Edgecliff, Sydney, New 
South Wales, to be their representatives and agents for 
Diesel traction equipment throughout Australia. The 
oil engines handled will be made for Sulzer Bros, (Lon- 
don) Limited, at the Barrow Works of Vickers-Arm- 
strongs Limited. 

Arrangements have now been completed for the con- 
struction of & new metallurgical plant to be operated by 
a recently-fcrmed «ompany, MESSRS. RHODESIAN ALLOYS 
Limrep, at Gwelo, Southern Rhodesia. The formation 
of the company has been sponsored by JOHN BROWN 
AND COMPANY, Limtrep. Construction work is expected 





Institution, 56, Victoria-street, London, §S.W.1. 





[Price 42s.] 





to occupy about 24 years and the first production will be 
of ferro-chromium, utilising local ores. 
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NOTES FROM THE NORTH. 
GLasGcow, Wednesday. 

Scottish Steel.—Signs of a slackening tendency in orders 
were visible during the past week, affecting a fairly 
extensive range of both steel and iron products. The 
re-rolling branch, already stiffering from a surfeit of 
Belgian imports, experienced a little more short time, 
and although the curtailment was not large on the 
whole, re-rollers were concerned at the absence of 
sufficient orders to ensure them more than a few days’ 
work in advance. Ingot outputs, however, remained on 
a high level, melting-shop activity being well supported 
by a regular flow of raw materials. While contracts for 
new ships, during the first quarter of the year, recorded 
an increase over the total for the first three months of 
1949, still more work is needed to remove the threat of 
idle yards in 1951. In the meantime a substantial 
tonnage of ship and boiler plates is being absorbed for 
ship construction, and the export demand for these 
items is also satisfactory. Sheets meet a strong demand 
from both home and overseas buyers, a considerable 
tonnage of galvanised material having been booked for 
shipment in the current quarter, including a fair propor- 
tion for Canada. Orders for heavy and medium plates, 
rolled in the heavy mills of the sheet-makers, ensure 
full-scale operations for many weeks. 

Scottish Coal.—An appreciable reduction in fuel 
requirements for space-heating, coupled with a sustained 
standard of production, has made the supply position 
much easier. Stocks show signs of the heavy evcroach- 
ments made during the past few months, but deliveries 
are now more closely related to current consumption. 
Some progress is being made with re-stocking, especially 
by public-utility undertakings. The slightly easier 
tendency in orders for steel has not had much effect on 
fuel demands as yet, but the amount of coal consumed, 
per unit of production in general industry, is lower on 
account of the improved outside temperatures. Dross 
and gum are quite plentiful, while round coal require- 
ments are more easily met. The domestic demand is 
falling away, and supplies present little difficulty. Rail- 
ways receive ample tonnages. The reduced pressure 
from inland consumers has released supplies for export, 
and the shipping trade has been stimulated accordingly. 
Bunkers, however, remain on the quiet side. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Trade with the Portuguese 
Railways, which, in pre-war years, were using between 
250,000 and 300,000 tons of Welsh coals a year, may 
shortly be resumed. Shipments came to an end in 
June, 1949, owing to payment difficulties, but these have 
now been satisfactorily settled. During the past week 
local shippers have been invited to supply tenders for 
about 10,000 tons of small and round coals for these 
clients. It was also reported that Belgian producers 
had submitted prices. Difficulties that have arisen 
concerning the Argentine Railways, over payments, 
however, have not been resolved. In consequence, 
shipments have now been brought to a low level again 
and arrangements for further cargoes are not going 
ahead. A fair level of trade has been maintained with 
France during the week, while Italian buyers are showing 
good attention. A limited business has been done with 
Spain and Portugal. Operators are still hampered in 
dealing with new business by the acute scarcity of 
supplies. There is a sustained demand for all classes on 
both foreign and home account, but salesmen have little 
coal to offer for delivery over the next month or so. 
The chief activity is still centred in the home trade and 
the principal consumers, such as the railways, public- 
utility undertakings and the iron and steel indusury, are 
absorbing a very large portion of the output. In 
addition, the ordinary industrial and domestic demand 
is still brisk. Bunkers are keenly sought after, while 
patent fuel and cokes are busy. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was quieter. Fewer 
inquiries were received from home consumers and a 
much reduced volume of business was transacted. There 
was also a falling off in activity in the export market 
although sales were maintained at a comparatively high 
level, Makers of steel sheets continue to be fully 
employed in satisfying the insistent demand and are 
reluctant to increase their commitments, except for long- 
deferred delivery. Iron and steel scrap is still sought 
after as steglmakers’ requirements are heavy. 





UNITED KINGDOM ALUMINIUM PRODUCTION.—Statis- 
tics issued by the Ministry of Supply show that 2,303 
tons of virgin aluminium were produced in this country in 
February and that 5,901 tons were imported. In the 
same month, 6,850 tons of aluminium were produced 
from scrap by secondary smelters, 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Derbyshire and Lincolnshire brands of 
pig iron are in satisfactory supply, but more hematite 
iron would be welcome. Iron and steel scrap is in 
fairly good supply. The output of steel is at a very 
satisfacvory level and is being increased at some plants. 
Competition becomes keener, but Sheffield steel and 
engineering firms are obtaining an encouraging amount of 
additional export trade. High hopes are entertained of 
the special efforts to be made at the International Trade 
Fair in Toronto in May; technicians are to follow up 
trade opportunities then offered and give advice and 
assistance to old and new users of Sheffield-steel products. 
A representative selection of Sheffield products will be 
on the stands at Toronto, including many types of 
engineers’ small tools and permanent magnets. A 
Sheffield firm of machine-knife manufacturers, Messrs. W. 
Fearnehough, Limited, Gerden Street, in order to 
assist in dealing with expanding trade with Canada, 
have acquired new premises in Canada where the company 
has had trade connections for 25 years, and with the 
United States for 50 years. Devaluation has adversely 
affected the edge-tool trades which obtain a large propor- 
tion of their hard-wood handles from the United States. 
The price has increased by over 42 per cent., and this is 
described as one of the most severe blows this trade has 
ever sustained. Messrs. William Jessop and Sons, 
Limited, have presented awards to seven men who have 
completed 40 years’ service with the firm. 


south Yorkshire Coal Trade.—Gradually the production 
of coal is being restored to pre-holiday level. The 
demand is very strong and the control and direction of 
current outputs is necessary. Industrial steams are in 
brisk request, and there is a full call for coking coal which 
is providing adequate supplies of hard coke. Gas coke 
is plentiful. House coal is relatively quiet, and patent 
fuel is active and firm. A large qua itity of coal is going 
to the Humber ports for the export and coastwise trades. 
There is a brisk demand for bunkers. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The home and overseas demand 
for iron and steel is brisk and quite justifies the continued 
effort to increase further the total tonnage output which 
is already at a very high level. The one dull spot in the 
market is a lessened demand for re-rolled bars .and 
sections with the consequent lighter call for Continental 
semi-finished products. In nearly all other branches of 
the industry in the Tees-side area plants are very actively 
engaged, and, in several instances, extremely heavy 
distributable tonnages do not cope completely with 
customers‘ current needs. At the same time the claim 
is emphatically made that, for certain commodities, the 
control over the tonnage which customers are permitted 
to buy is no longer necessary and the agitation for its 
abolition or modification has acquired considerable 
momentum. Supplies of raw material from home and 
Overseas sources continue adequate for the extensive 
requirements of users; imports of foreign ore promise 
to be maintained on a satisfactorily large scale. The 
demand for good scrap for the foundries and the melting 
shops is insatiable and the very substantial parcels 
available are eagerly taken up. 


Foundry and Basic Iron.—The distributable tonnage 
of ordinary foundry pig iron still falls short of the demand. 
None is made in the Tees-side area and North-East Coast 
users are largely dependent on regular deliveries from the 
Midland producing district and increased quantities from 
that distant source of supply would be much appreciated. 
The basic-iron output is absorbed by the needs of makers’ 
own consuming works. 


Hematite, Low-Phosphorus and Refined Iron.—Fairly 
good supplies of East-Coast hematite are reaching regular 
users, but larger deliveries would be readily accepted. 
Available parcels of low- and medium-phosphorus grades 
of iron do not meet all the demands of the consumers. 
Refined-iron manufacturers continue satisfactorily to 
handle their delivery obligations. 


Manufactured Iron and Steel.—While in some branches 
of industry providing semi-finished and finished iron, 
orders can be placed for reasonably early delivery, most 
works are employed on good contracts and the present 
inquiries promise to lead to quite substantial bookings. 
The shrinkage in the demand for certain types of semi- 
finished steel, as a result of less activity at the re-rolling 
mills, may be of short duration. Heavy sections and 
rails are in strong request and there is no lack of contracts 
for constructional material. Both home and overseas 
buyers of black and galvanised sheets experience great 
difficulty in securing supplies sufficient to meet their 
urgent current needs. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








SocrETY OF ENGINEERS.—Monday, May 1, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“Nepean Dam—Stabilisation of Spillway,” by Mr. 
K. J. F. McDonaill. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, May 1, 6 p.m., James Watt 
Memorial Institute, Birmingham. Lecture on “ Some 
Electromagnetic Problems,” by Professor G. W. O. 
Howe. London Students’ Section: Monday, May 1, 
7 p.m., Victoria-embankment, W.C.2. ‘“ Power System 
Stability,” by Mr. K. W. Wardrop. Measurements 
Section: Tuesday, May 2, 5.30 p.m., Victoria-embank- 
ment, W.C.2. Annual Lecture. North Midland Centre: 
Tuesday, May 2, 6.30 p.m., 1, Whitehall-road, Leeds. 
Annual Meeting. ‘“‘ Manufacture and Testing of Midget 
Submarines,” by Mr. H. Hallitt. Southern Centre: 
Wednesday, May 3, 6.30 p.m., University College, 
Southampton. Joint Meeting with Southern Branch of 
INSTITUTION OF MECHANICAL ENGINEERS. Annual 
Meeting. “ Electrical Weighing,” by Dr. H. I. Andrews. 
Utilization Section: Thursday, May 4, 5.30 p.m., Vic- 
toria-embankment, W.C.2. Lecture on “ Evolution of 
the Lighting Art,” by Dr. J. W. T. Walsh. 

INSTITUTION OF CIVIL ENGINEERS.— Airport Engineer- 
ing Division: Tuesday, May 2, 5.30 p.m., Great George- 
street, S.W.1. “The Influence of Ground Handling 
Facilities in Relation to Airport Lay-Out,” by Mr. W. J. 
Cozens and Mr. J. A. Glen. 


JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, May 3, 7 p.m., James Watt Memorial 
Institute, Birmingham. “ Asbestos and the Engineer,” 
by Mr. F. J. Neve. Institution: Friday, May 5, 6.30 
p.m., 39, Victoria-street,S.W.1. Films: “‘ The Erection 
of the Rainbow Bridge at Niagara Falls”? and “ San 
Francisco Bay Bridge,” introduced by Mr. S. R. 
Broderick. 


INSTITUTION OF PRODUCTION ENGINEERS.—Notting- 
ham Section : Wednesday, May 3, 7 p.m., Victoria Station 
Hotel, Milton-street, Nottingham. Address by Mr. J. H. 
Bingham. Wolverhampton Section: Wednesday, May 3, 
7 p.m., Gas Board Demonstration Rooms, Clarence- 
street, Wolverhampton. ‘ An Assessment of Production 
Engineering Training,” by Mr. T. B. Worth. 

BRITISH INSTITUTION OF RADIO ENGINEERS.— Mersey- 
side Section: Wednesday, May 3, 7 p.m., Accountants’ 
Hall, Derby-square, Liverpool. ‘‘ History and Develop- 
ment of Rediffusion Systems,” by Mr. M. Exwood. 

INSTITUTE OF INDUSTRIAL SUPERVISORS.—Birmingham 
Section : Wednesday, May 3, 7.30 p.m., 95, New-street, 
Birmingham. “ Efficient Training Methods,” by Mr. J. 
Crosbie. 

Roya SocteTy.—Thursday, May 4, 4.30 p.m., Bur- 
lington House, Piccadilly, W.1. The Bakerian Lecture 
on “ Physics Above 20,000 kg./cm.?,” by Mr. P. W. 
Bridgman. 

RoyaL AERONAUTICAL SocrETY.—Thursday, May 4. 
5.30 p.m., Association Frangaise des Ingénieurs et 
Techniciens de l’ Aéronautique, 6, rue Cimarosa, Paris (16). 
Third Louis Bleriot Lecture on “‘ Economic and Safe 
Flight,” by Sir Frederick Handley Page. 

INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section : Thursday, May 4, 6.30 p.m., Storey’s- 
gate, St. James’s Park, S.W.1. Annual Meeting. 
“« Electronic Engine Indicators,” by Mr. R. K. Vinycomb. 
Institution: Friday, May 5, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. In association with the 
Education Group. - Discussion on “‘ Education and Train- 
ing in Enginéering Management,” opened by Mr. H. G. 
Nelson. 

INCORPORATED PLANT ENGINEERS.—Peterborough 
Branch: Thursday, May 4, 7.30 p.m., Perkins School, 
Geneva-street, Peterborough. Discussion on “ Diesel- 
Engine Maintenance.” Birmingham Branch: Friday, 
May 5, 7.30 p.m., Imperial Hotel, Birmingham. “‘ Elec- 
trical Breakdowns and Their Relation to Planned Main- 
tenance,” by Mr. H. Westwood. 

Roya InstrruTion.—Friday, May 5, 9 p.m., 21, 
Albemarle-street, W.1. “‘ The Generation and Use of 
Atomic Particles,” by Professor M. L. E. Oliphant, F.R.S. 

INSTITUTE OF METALS.—Wednesday, May 10, 6 p.m., 
The Royal Institution, Albemarle-street, W.1. The 
1950 Annual May Lecture. ‘“ Industrial Gas Turbines,” 
by Dr. H. Roxbee Cox. 





OVERSEAS TRADE RETURNS.—Exports from the United 
Kingdom during March totalled 184,400,0007. This is 
an improvement by 8,500,0007. on the figures for 
January, and establishes a new monthly record. The 
value of imports during the month increased to 
221,300,0001.. which was also a record. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the foliowing rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada .... 

For Canada - £4 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 





Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘“ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,”’ etc., is 8s. for the first four lines 
or under, and 2s, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 








Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL. 168. 


The Index to Vol. 168 of ENGINEERING 
(July-December, 1949) is now ready and will 
be sent to any reader, without charge and 
postage paid, on application being made to the 
Publisher. In order to reduce the consump- 
tion of paper, copies of the Index are 
pe distrituted only in response to such 
applications. 
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BRITISH ELECTRICAL 
MANUFACTURING. 


TuaT human beings are to a large extent creatures 
of habit is one reason why many of our actions, 
although at first sight simple and logical, prove to 
be otherwise when subjected to closer examination. 
For example, the diurnal operation of dressing is 
unnecessarily complicated, but is so enshrouded in 
tradition that it would be difficult to alter it; 
the design of men’s clothing, at least, could easily 
be improved were not changes prevented by an 
overburden of vested interests. Turning, however, 
to matters with which we may be credited with 
possessing more knowledge, it is generally accepted 
without much questioning, that the organisation of 
the electrical industry is fairly efficient. Neverthe- 
less, the supply of power has fallen into the hands of 
one nationalised body and the manufacture and 
disposal of the large range of equipment, by which 
that power is generated, transmitted and utilised, 
has been delivered to the mercies of private 
enterprise. It is true that the British Electricity 
Authority (the power-supplying body) has, owing 
to the wisdom of Parliament, been granted manu- 
facturing powers, and that some anxiety exists as 
to how and when these powers may be exercised. 
While expressing the hope that any move in this 
direction, will be slow, it would appear in Utopia 
and Erewhon, and even to the race of super- 
planners, that unification is the logical policy 
and that the present division of interests leaves 
much to be desired, both on the grounds of logic 
and the score of efficiency. Nevertheless, like so 
many compromises, the present arrangement works 
well, and will, we hope, continue to do so without 
undue interference from external influences. 





That it does work well is, in great part, due to the 
British ability to see all sides of a question and to 
act accordingly after due deliberation. On the 
supply side of the electrical industry it was, in 
fact, early recognised that the undertakings could 
Overcome, or at least minimise, their several 
difficulties, which were by no means insignificant, 
by some form of joint presentation of their case. 
As a result, a good deal of useful progress was 
made, in spite of the presence of many staunch 
individualists. On the manufacturing side, recog- 
nition of the same fact followed, when it became 
evident that the practice under which firms operated 
as discrete and unrelated units hampered develop- 
ment; and that a lack of common policy was 
a drawback in resisting the pressure of economic 
forces of all kinds, especially the spread of foreign 
competition. The result was the formation of the 
British Electrical and Allied Manufacturers’ Asso- 
ciation in 1911, and thus the creation of a body which 
could exert a greater degree of influence than 
individual firms on the solution of such questions as 
fair conditions of sale, the promotion of research, 
development and standardisation, and the stimula- 
tion of export trade. In these fields, the B.E.A.M.A. 
has now the support of such bodies as the Accumu- 
lator Makers’ Association, the Cable Makers’ 
Association, and the Electric Lamp Manufacturers’ 
Association, as well as more recently of the Elec- 
tronic Manufacturers’ ‘Association and the Tele- 
communication Engineering Manufacturing Associa- 
tion, bodies which, while their activities are more 
specialised, can and do make their contribution to 
the common weal of an important British industry. 

Co-operation, indeed, is the keynote of all their 
work, and it is satisfactory to learn from the 
Association’s annual report for 1949-50, which was 
published recently, that it has become both wider 
and deeper. There was a period when the Association 
was regarded by the consumer as a menace, rather 
than as an assistant, to progress and, even now, 
criticism is not always silent. For our part, we are 
quite prepared to admit that perfection has not yet 
been, and may never be, attained. On the other 
hand, there will be general agreement that the posi- 
tion is much better than it would have been without 
the existence of the Association and the other bodies 
with which it works ; and that to replace combina- 
tion by individualism would be a retrograde step 
which, fortunately, is not likely to be taken. 

For operational purposes the management and 
control of the British Electrical and Allied Manu- 
facturers’ Association are vested in a Council, the 
membership of which consists of representatives of 
34 firms. This body has a number of committees, 
which deal with such subjects as contract condi- 
tions, design, education, export, fuel efficiency and 
taxation. There are also 30 sections, which repre- 
sent such special interests as converting plant, 
meters, switchgear, transformers and turbines. The 
work that these bodies are doing is set out in the 
annual report, which indicates the wide range 
of matters which received attention. For instance, 
the Are Welding Electrode Section overcame the 
difficulty of the inadequate supply of core wire and 
attempts were made by the Meter Section to solve 
the problem of obtaining jewels by supporting 
the development of their manufacture in the United 
Kingdom to the fullest extent. The supply of 
porcelain bushings gave the Switchgear Section 
some anxiety and the Transformer Section prepared 
draft specifications for pole-mounting and sub- 
station transformers for rural and urban districts, 
besides taking a prominent part in the proceedings 
of the International Electrotechnical Commission 
Advisory Committee on ‘Transformers, which 
visited this country last year. 

Apart from these accounts of detailed operation, 
the annual report usually presents a general 
survey of the position of the industry under existing 
economic conditions, as well as some forecast of 
what the future may have in store. The present 
document is no exception to this rule. It is pointed 
out that the British electrical and allied manufac- 
turing industries now employ nearly 500,000 people 
and is one of the largest exporting industries in the 
country, statements which are supported by the 
official Economic Survey and other similar docu- 
ments. The claim is also justified by the fact that 
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the value of the electrical goods exported from this 
country increased from 23/. million in 1938 to 
1401. million in 1949. This progress, however, has 
not taken place without difficulty. At home many 
economic problems have had to be faced in con- 
nection with such matters as the devaluation of the 
pound, the stabilisation of prices, and the voluntary 
limitation of dividends. At the same time, steps 
have been taken to assist in avoiding further 
inflationary tendencies and to earn more foreign 
exchange, particularly in hard-currency countries. 
That this is the right policy will be agreed. It is 
to be hoped that the effort of the Association will 
be crowned with the success they deserve. 

If, however, success is to be achieved, it is clear 
that more electrical power must be made available 
to manufacturers of all classes. Attention is therefore 
rightly drawn in the report to the fact that more 
drastic action must be taken to ensure that this 
supply is adequate. In the view of the Association, 
the present position is that the generating plant 
programme is inadequate for the country’s growing 
needs, in consequence of the Government’s cuts in 
capital investment, and that as a result shortages 
and cuts are likely to handicap recovery for many 
years. It is extraordinary that this fact still 
remains unappreciated by the Government and their 
advisers ; and it is to be hoped that now the Associa- 
tion has informed the Ministry of Supply and the 
British Electricity Authority that it is urgently 
necessary to increase the amount of generating 
capacity this short-sighted policy will be amended. 

In this connection it may be emphasised that 
there is no shortage of turbo-alternators. In fact, 
the production capacity of the manufacturers is 
such that, in addition to meeting export commit- 
ments, power stations at home can be equipped 
as fast as they can be sited and built. Indeed, as 
a result of the considerable extensions, which were 
put in hand after the war, and of sub-contracting on 
an increased scale, the output of this type of plant 
increased from 1,100 MW in 1948 to over 1,900 MW 
in 1949, although, owing to the necessary lag, the 
amount commissioned in the stations of the British 
Electricity Authority was only 825 MW. The 
remainder is either being commissioned, erected, 
awaiting the readiness of power stations or being 
exported. During the year, moreover, it is antici- 
pated that the output will be further increased, so 
that it should be possible to meet the requirements 
not only of the Authority, but of a rising export 
demand. 

As regards the lighter side of the industry, a 
growing demand for consuming apparatus of all 
kinds is being curtailed by a shortage of electricity, 
and in many cases by licence restrictions and the 
purchase tax. As a result, many factories are only 
functioning at a reduced rate of output and are 
finding it difficult to offset the effect of rising costs 
from causes outside their control. Artificially 
reduced output of this kind obviously not only 
deprives the public of many benefits of electricity, 
but seriously jeopardises the ability of manufac- 
turers to compete in the world markets. The truth 
of this statement is emphasised by the fact that 
while the order books for heavy plant are full, owing 
to the combined demands from home and overseas 
markets, more inquiries for light equipment are 
needed. There is now a buyer’s market for this type 
of goods. In addition, import licensing restrictions 
and exchange quotas are still a feature of trading, 
while increased competition in overseas markets, 
especially from Japan and Germany, is having to 
be faced. A similar position, however, has had to 
be dealt with before and, though it will require all 
the energies of the Association and its members to 
tackle it, there is every reason to believe that 
success will be attained. 

It will not be out of place to conclude on a 
personal note by congratulating Sir George Nelson, 
chairman and managing director of the English 
Electric Company, on his election as president of 
the Association. We believe that this position has 
only been held previously by the late Lord Ampthill 
and, for many years, by the late Lord Derby, 
whose qualifications were of a different character. 
By appointing a leading electrical engineer to this 
post the Association have, therefore, departed from 
precedent, but have taken a wise step. 





THE MAINTENANCE OF 
STANDARDS. 


In one fundamental respect, the science and the 
practical applications of electricity differ from those 
of all other branches of engineering: historically, 
electricity is so recent a study that the system of 
units employed has developed within a couple of 
lifetimes and is not complicated by national pecu- 
liarities and local usages as are the standards of 
length, weight, volume, etc., which are the basis of 
most commercial transactions. It is a character- 
istic of precision, however, that it inspires a need 
and a desire for ever greater precision; and, 
although there has not been the same scope for the 
promotion of greater uniformity and exactitude in 
electrical measurements as existed in mechanical 
measurements, there has been a steady endeavour 
by scientists and physicists to reach some firm 
basis that should be as nearly unassailable as is 
humanly possible to achieve and maintain. How 
much patient labour was involved, and what diffi- 
culties were encountered, in this effort of inter- 
national co-operation, is well reviewed in a Circular 
recently issued by the United States Bureau of 
Standards.* 

On January 1, 1948, the international system of 
electrical units was officially superseded by the 
absolute system. The object of this circular, as ex- 
plained in the preface by Dr. E. U. Condon, is to 
provide an account of the establishment and main- 
tenance of the international electrical units during 
the period in which they were in force, and to outline 
the methods used in the measurements that now 
form the basis for the new units. It opens with an 
historical survey of the steps taken to establish 
these international units. In the absence of agreed 
units, the early workers in electricity had perforce 
to carry out their measurements in terms of arbitrary 
standards. As early as 1861, however, the British 
Association set up a Committee on Electrical Units 
and Standards which, for more than 50 years, played 
a leading part in the definition of electrical units 
and in the co-ordination of electrical standards. 

The fundamental importance of correlating the 
electrical and mechanical units was recognised at the 
outset and a particular set of decimal multiples of 
the absolute (C.G.S. electromagnetic) units, con- 
venient in size for practical engineering work and 
known as the absolute practical units, was given 
interns.tional status by the Paris Electrical Congress 
of 1881. The Chicago Congress of 1893, while 
confirming the decisions of earlier congresses, recog- 
nised the utility of three reproducible standards of 
resistance, current and voltage, and recommended 
the legal adoption of units of both systems as being 
mutually equivalent. The international ohm was 
defined in terms of the resistance of a particular 
mercury column, the international ampere in terms 
of the rate of deposition of silver in a silver volta- 
meter, and the international volt by assigning 
the e.m.f. of the Weston normal cell, detailed 
specifications being imposed in each case. This 
independent specification of all three units had 
the disadvantage of reducing Ohm’s law to an 
experimental relation. The international confer- 
ence of 1908, by defining the international volt in 
terms of the international ohm and ampere, made 
the Weston, cell a secondary standard, the e.m-.f. 
of which was to be determined in terms of the two 
primary units. Intercomparisons between the 
standards, carried out in the national laboratories 
of the United States, Great Britain, France and 
Germany, enabled the system of international elec- 
trical units to be launched with universal agreement 
on the magnitude of the units as on January 1, 
1911. 

The next section explains the general procedure 
followed at the National Bureau of Standards to 
preserve the value of the primary electrical units. 
A large group of standards of the highest grade was 
maintained and individual intercomparisons made 
at intervals, usually once a month for the standard 





* Establishment and Maintenance of the Electrical Units. 
By F. B. SusBeE. National Bureau of Standards 
Circular 475. The Superintendent of Documents, 





United States Government Printing Office, Washington 
25, D.C., U.S.A. [Price 25 cents.] 





cells and seldom exceeding a year for the standard 
wire resistors that replaced the original mercury 
column. The account brings out admirably the 
extreme care and scrupulous attention to detail 
demanded in this exacting work where the differ. 
ences concerned are of the order of parts per million, 
Following this is a report on the comparisons between 
the various national standards, undertaken from 
1911 to 1948. These were rather sporadic at the 
outset and were interrupted by the two world wars, 
They became more frequent and systematic when 
the International Bureau of Weights and Measures 
assumed responsibility for electrical measurements 
in 1921. The units of certain countries have 
drifted at times from the mean to the extent of 
75 parts per million, so that, at intervals, agreement 
had to be restored by a compensating adjustment 
in the size of the units affected. Section IV outlines 
the developments that paved the way for the 
eventual adoption of the absolute system of units. 
Electrical methods were receiving increasing applica- 
tion for such diverse purposes as the measurement 
of temperature, pressure, acidity, and a host of other 
physical and chemical quantities. Significant im- 
provements in the precision of electrical measure- 
ments and fundamental advances in physics were 
being made. It is pointed out, for instance, that 
if, in the silver voltameter, the ratio of the light 
to the heavy isotope content is greater by one per 
cent. in the deposit than in the solution, the deposit 
will be 100 parts per million lighter than if no 
separation had occurred. Already, in 1928, the 
unsatisfactory aspects of the situation then existing 
were pointed out and national laboratories were 
urged by a committee of the American Institute 
of Electrical Engineers to undertake the additional 
researches needed to make it feasible to legalise the 
absolute units. 

At the Eighth General Conference on Weights and 
Measures, convened in 1933, the change-over to 
absolute units was confirmed. Full authority was 
delegated to the International Committee to fix the 
ratio of the new to the old units, and it was hoped 
that the change might be made in 1935. When it 
became evident that reliable values for these ratios 
could not be obtained so quickly, the date of adop- 
tion was postponed to January 1, 1940. The out- 
break of World War II prevented this being accom- 
plished. When the International Committee met 
in plenary session in October, 1946, the change-over 
was fixed for January 1, 1948, values were assigned 
for the ratios of the mean international ohm and 
volt to the absolute ohm and volt, and official 
definitions for the new units were formulated. 
Though many of the interactions between electrical 
and mechanical phenomena offer possibilities for 
deriving electrical quantities from mechanical mea- 
surements, few appear capable of yielding an 
accuracy as high as a few parts per 100,000. In the 
section on absolute measurements, details are given 
of the methods used at the National Bureau of 
Standards for the absolute measurement of resist- 
ance and current illustrated by circuit diagrams and 
photographs of essential components. 

The close agreement between methods differing 
considerably in principle affords evidence that 
systematic errors have been largely eliminated 
from all of them. Preliminary work on a promising 
new method for the absolute measurement of cur- 
rent, in which the current traversing a pair of coils 
mounted with their axes at right angles produces a 
mechanical torque, is mentioned. 

Seventy-five references are listed and seven 
appendices contain reprints of a variety of the 
official pronouncements and legal enactments that 
have served to define the electrical units and to 
specify the corresponding standards. The inter- 
national co-operation that has succeeded in main- 
taining throughout the civilised world a system of 
electrical units, that did not vary among any of the 
six participating nations over a period of nearly 
40 years by more than 0-01 per cent., is so readily 
taken for granted that it is rarely appreciated at 
its true worth. The outstanding contributions of 
the National Bureau of Standards to this painstak- 
ing, unspectacular and persistent striving after 
increased precision, which is so vital to scientific 
advance and industrial expansion, are lucidly 
described in this fascinating report. 
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NOTES. 


Tue JAMES Forrest LECTURE. 


TnE 56th James Forrest Lecture of the Institution 
of Civil Engineers was delivered on Tuesday, 
April 25, by Sir Donald Bailey, O.B.E., D.Eng., 
Chief Engineer and Superintendent of the Military 
Engineering Experimental Establishment of the 
Ministry of Supply. The occasion was marked by 
the display of the magnificent collection of silver 
plate bequeathed to the Institution by Mr. Forrest, 
who was secretary from 1859 to 1896. In his address, 
Sir Donald Bailey, who was introduced by Mr. A. S. 
Quartermaine in the absence of the President, 
avoided with characteristic modesty any direct 
reference to light-alloy developments of the bridge 
which, in recent memory, has made his name a 
household word. Of his own work on light-alloy 
construction, one of the most interesting items 
mentioned was the possibility of using headless 
rivets. Sir Donald had observed that cold-driven 
rivets exert no grip on the connected plates and he 
had found that, for many purposes, it might be 
possible to rely on the shank friction alone. After 
noting the fact that the annual production of light 
alloys in this country had not yet exceeded the 
comparatively small figure of a quarter of a million 
tons—little more than double the pre-war total— 
in spite of the fact that aluminium and magnesium 
are among the more abundant and widely distri- 
buted of natural elements, Sir Donald expressed his 
conviction that the freer production of these vital 
elements must depend on the early development of 
atomic power. For structural and civil engineering 
purposes, especially where dynamic effects and 
mobility were concerned, he continued, there was 
no obvious limit to the applications of light alloys, 
especially as creep could be discounted except at 
super-ambient temperatures and under conditions 
of excessive vibration. One of the major difficulties 
in the technique of light-alloy fabrication had been 
the development of a satisfactory welding process. 
The solution was now in sight, however, thanks to 
the introduction, of the argon arc, which inhibited 
the formation of the deleterious oxide film. Success- 
ful welded construction also involved the siting of 
welds in areas of low stress; this was always 
possible, because the simplicity and flexibility of the 
extrusion process, for forming light-alloy sections, 
gave the designer a far greater freedom of choice 
than was available in the rolled sections of the 
steelmakers’ handbooks. A vote of thanks was 
proposed by Mr. H. F. Cronin and seconded by 
Professor J. F. Baker, who expressed the opinion 
that structural developments in light alloys, in the 
variety of cross-sectional forms illustrated by the 
lecturer, would tax the capacity of some of his 
research colleagues who had been working hitherto 
with the more solid slabs and sections of conven- 
tional civil engineering design. 


Tue Water Surrity or Giascow. 


The new East Main of the Glasgow Water 
Department was formally inaugurated on Thurs- 
day, Apr'] 20, by the Lord Provost (the Rt. Hon. 
Victor Warren), Mrs. Warren, and the Convener and 
Sub-Convener of the Water Committee (Councillor 
R. Archibald and Councillor J. R. Duff). As 
mentioned on page 370, ante, these works connect 
the two service reservo'rs at Milngavie, north-west 
of the city, to a new service reservoir at Ruchazie, 
on the south-east, a distance of about nine miles. 
Che route is roughly semi-circular and finishes to the 
south of the Clyde at Burnside, where it links up 
with the existing distribution system. On its way, 
the East Main passes through a pumping station at 
Buchley, as the new reservoir, the capacity of which 
is 6 million gallons, lies some 18 ft. higher than those 
at Milngavie. This pumping station is situated 
146 ft. below the Milngavie reservoirs and contains 
four electrically-driven pumps with a total capacity 
of 20 million gallons per day. In addition to 
Ruchazie, it supplies two intermediate reservoirs at 
Springburn and Lethamhill. The main _ itself 
consists of semi-arched tunnels 10 ft. in diameter, 
lined with brickwork or concrete, and carrying 
48-in. to 42-in. concrete-lined cast-iron pipes. To 
cross the Forth and Clyde Canal at a point where it 





is 67 ft. wide, a subway, the length of which is 
171 ft. long including shafts, has been constructed, 
partly of reinforced and partly of mass concrete. 
At Bishopbriggs, where the main railway line from 
Glasgow to Edinburgh is crossed, a subway 83 ft. 6 in. 
long, 14 ft. wide and 7 ft. 6 in. high has been built, 
with mass-concrete walls and pre-cast roof slabs of 
concrete-covered rolled-steel joists. The bridge 
over the River Clyde at Eastfield is of Pratt-girder 
steel and consists of five 68-ft. spans. The Ruchazie 
reservoir was constructed in two compartments, the 
concrete being pumped into position from a special 
batching plant on site. Each section of the walls, 
which rest on rock foundations, was poured to the 
full height in one lift, and on completion was 
surrounded by earth embankments and covered 
over. The completion of the reservoir will improve 
supplies to the higher parts of the city, where the 
new housing estates are being constructed. It is 
further proposed to augment the water supplies of 
the city by driving a tunnel between Glen Fingles 
and Loch Katrine. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 

A paper on “The Effect of Tapered Treads on 
the Motion of Overhead Travelling Cranes,” by Mr. 
E. L. Diamond, M.Sc. (Eng.), M.I.Mech.E., and 
Mr. A. M. Frankau, M.A., was presented at a 
meeting of the Institution of Mechanical Engineers 
on Friday, April 21. It was arranged in place of 
Mr. O. V. S. Bulleid’s paper on the development of 
the steam locomotive, which had to be cancelled 
some weeks ago, but as the attention of members 
and others was not specially drawn to the change, 
many who arrived at the meeting turned away in 
disappointment. Mr. Diamond’s and Mr. Frankau’s 
paper, however, was welcomed by many makers 
and users of overhead cranes, as well as by some— 
neither makers nor users—who, as at previous 
meetings, had the imagination and initiative to 
contribute the benefit of their experience in 
other, perhaps only remotedly connected, fields. 
The chair at the meeting was taken by Mr. A. C. 
Hartley, C.B.E., vice-president, who announced 
that the Council had elected Colonel Sir Henry 
Barraclough, K.B.E., an honorary member in 
recognition of his distinguished services to the 
Institution and to engineering education in 
Australia ; Professor Andrew Robertson, he said, 
had also been elected an honorary member. The 
paper on overhead travelling cranes dealt with the 
theory of the motion of a four-wheeled vehicle 
having pairs of tapered-tread wheels joined by an 
axle, as applied and extended to the cases of a four- 
wheeled crane with only one axle, and to eight- 
wheeled cranes with two pairs of wheels driven, by a 
common shaft. The authors gave the results of 
observations of the actual motion of a number of 
cranes with parallel and tapered treads. Cranes 
with tapered-tread wheels gave sinusoidal curves of 
motion in good agreement with theory. The authors 
concluded that tapered treads were advantageous 
for reducing wear and tear on crane and rails, by 
reducing the ameunt of contact between flange 
and rail and by providing a corrective action to 
free the wheel flanges from contact with the rail. 
Tapered wheels, however, required a certain tread 
width, for which a formula was given, and in cases 
where conditions did not allow an adequate width, 
tapered treads might cause more instead of less wear 
and should not be used. The best results were 
obtained when all wheels were joined by axles, 
either directly or through gearing. If any pairs of 
wheels were mounted independently the motion was 
asymmetrical, the amplitude of displacement 
increasing or decreasing according to the direction 
of motion. This arrangement should be avoided 
on, cranes whose normal long travel extended over 
several wavelengths. It was particularly important 
that the driving shaft should be sufficiently stiff in 
torsion to avoid appreciably increased skew due 
to relative rotation of the driven wheels. 


FEDERATION OF BritisH INDUSTRIES AND THE 
British Export TRADE RESEARCH ORGANISATION. 

An ‘‘ agreement to render mutual aid” has been 
entered into by the Federation of British Industries 
(F.B.L.) and the British Export Trade Research 
Organisation (B.E.T.R.O.). Under the new arrange- 
ment, B.E.T.R.O. will concentrate entirely on 





market survey and research work, and will cease 
to handle miscellaneous export inquiries such as, 
for example, legal questions or the recommendation 
of export agents, which will be undertaken by the 
F.B.I. and other organisations. Arrangements will 
be made for the representatives of B.E.T.R.O. in 
Toronto and in the United States to be accommo- 
dated in the F.B.I. offices; and throughout the 
world, B.E.T.R.O. will have facilities for using the 
services of the F.B.I. overseas representatives, and 
will be able to arrange economical schemes of over- 
seas research for members of either organisation 
and for exporters generally. The Organisation will, 
however, continue to be independent ; it will be 
financed solely by industry through subscriptions 
and through revenue earned by research work for 
which they are commissioned. During the next 
year, a final payment will be made by H.M. Govern- 
ment in respect of the Board of Trade grant-in-aid, 
which has been enjoyed for the last three and a half 
years, but after this no further request for Govern- 
ment funds will be made. The Federation of 
British Industries will encourage its members to 
made wider use of the B.E.T.R.O. market-survey 
services. It is intended, at present, to offer these 
services at cost price to members of B.E.T.R.O., but 
members of the F.B.I. who are not members of 
B.E.T.R.O. will be charged an extra 15 per cent., 
and non-members of either organisation will be 
required to pay 33 per cent. above cost price. It 
is hoped to make preliminary arrangements within 
the next few weeks for building up an economical 
product-testing service for British manufactures in 
the United States and Canada. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS. 

The annual dinner and reunion of the Association, 
of Supervising Electrical Engineers was held at the 
Connaught Rooms, Great Queen-street, London, 
W.C.2, on Friday, April 21, the President, Mr. A. G. 
Ramsay, O.B.E., being in the chair. In proposing 
the toast of the electrical industry, Mr. J. R. Beard, 
C.B.E., said that it was hard to define since it 
covered activities ranging from the supply and utili- 
sation of electrical power to the development of radio 
and television. The manufacturing side itself was 
exporting one-third of its products, and though this 
was six times greater than the pre-war value, the 
volume of goods represented was still smaller than 
that of the 8 per cent. exported by American manu- 
facturers. Colonel B. H. Leeson, O.B.E., replying 
to the toast, and developing the export theme, 
remarked that cotton goods and mechanically- 
propelled vehicles of all kinds almost tied for first 
place as this country’s leading exports, and that 
electrical equipment came third. The President, in 
toasting the guests, referred to the wide scope of 
the 250 to 300 lectures and papers presented during 
the past year under the exgis of the Association. 
He urged all those present to give their consideration 
to the ‘problem presented by able ex-Service men 
and others whose technical training or careers had 
been interrupted by the war. Sir Henry Self, 
K.C.B., the deputy chairman of the British Elec- 
tricity Authority, said that the B.E.A. believed 
very firmly in technical ‘“‘ know-how” being de- 
veloped and applied, though they had perhaps been 
trying to do too much in a short time, particularly 
in view of the difficulties associated with generation 
and supply. 


Hypro-E.ecrric DEVELOPMENTS IN NorTH 
WALES. 

The plans for developing the water power of 
North Wales, and thus obtaining an estimated 
annual output of about 520 million kWh, were 
described on page 639 of our 166th volume (1948). 
The objects of these plans were to relieve a situation 
in which that part of the country was importing 
more than three-quarters of its requirements from 
the Merseyside or the Midlands and to do some- 
thing towards economising the national coal con.- 
sumption. Naturally, there have been objections 
to this course by the esthetically minded; and a 
position has been reached, which seems to show 
that Lord Citrine may have been too optimistic in 
saying that he hoped means would be found whereby 
the Authority would be able to go forward with an 
agreed Bill. Actually, the North Wales (Hydro- 
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Electricity) Protection Committee, which represents 
the Standing Committee on National Parks, the 
British Mountaineering Council, and open-air organi- 
sations in Birmingham and Merseyside, have pre- 
sented a strong case against the schemes and 
have reached the conclusion that “there must 
be opposition in principle to this despoiling of the 
North Wales National Park.” As an alternative, 
it is suggested that more current should be provided 
for the wants of North Wales from new coal-burning 
stations, though the difficult question whether a 
thermal station or a water-power station is a bigger 
blot on the landscape is ignored. It is also suggested 
that further transmission lines should be erected 
from the Shrewsbury to the Aberystwyth area, 
although we had supposed that by some the neces- 
sary towers for this purpose were also an offence to 
the eye. From the ring main thus formed, it is 
suggested that lines could be laid to Snowdonia or 
rural Denbighshire or Merioneth. In reply to these 
charges, the Authority have issued a statement that 
the amount of land to be flooded will only be a 
little over three square miles, most of which is boggy 
or only suitable for rough grazing. No rivers will 
be dried up or completely diverted, fishing interests 
will be safeguarded, and, where natural water flows 
are interfered with, piped supplies giving a more 
reliable service will be provided. It is also pointed 
out that when the schemes are completed power 
will still have to be imported, but that the develop- 
ment of rural electrification will be assisted. 





LETTERS TO THE EDITOR. 
THE ELDERLY ENGINEER. 


To THe Eprror oF ENGINEERING. 


Sir,—The leading article with the above title, in 
your issue of April 21, raises a matter of great 
moment. The need and urgency of not wasting 
the accumulated knowledge of the men who are 
pensioned and retired is obvious to those who have 
given the subject any thought, though not always 
recognised by the public in general. 

Those who have pensions or small private means 
are now unable to live on their income after penalis- 
ing taxation, and with the pound sterling worth 
about 6s. When they started saving money and 
entered into pension schemes, the pound was worth 
20s. These men are not eligible for poor relief, or 
for help from their Institution benevolent funds or 
out-of-work pay from the Government. The fact 
that they have had a first-class education and also 
some 40 years’ experience should ensure for them 
some better fate than to be thrown aside as being 
of no further use. If another war takes place, all 
these men will be needed—f only to liberate younger 
men for more strenuous work—and if they are not 
kept in some suitable employment so that they may 
be able to live as they have been accustomed to, 
they will deteriorate into uselessness. 

You referred in your article to what has been 
done recently by the Old Centralians to meet this 
situation. For over a year, we have been trying to 
alter the established custom of considering such 
men unsuitable for further employment, and we 
have now formed a Pool of these men, prepared to 
take up any work of a temporary or, perhaps, even 
of a permanent, nature that is within their capa- 
bilities. The work, however, must be provided by 
the employers, and those who become aware of the 
situation can help by asking the Pool whenever 
extra help is required. Concurrently with the Pool, 
the Old Centralians Employment Bureau, which was 
started in 1929, will deal especially with men over 
55 years of age who must have permanent employ- 
ment and who, hitherto, have been unsuccessful in 
most cases in obtaining work of any kind. 

The matter is of national importance, yet the 
Government will not engage a man of over 40 years 
in their own offices and departments. Even if they 
were to raise this age limit to 60 years, it is doubtful 
whether the nature of their organisation would 
enable any work to be provided, or whether, if 
provided, it would be suitable. It requires an 


effort outside the Government’s capacity to alter 
a deeply rooted custom of “‘ too old at 40.” These 
elderly professional men require to be provided with 


suitable positions, which should be outside the ordi- 
nary business routine work and where office hours, 
supervision, taking orders from inferiors in age and 
experience, etc., are absent or need not be insisted 
upon. It should be possible to place them in any 
business concern of moderate size, in positions that 
do not interfere with the promotion of younger men, 
established salary scales, insurance stipulations, 
etc. ; for example, such a man might be deputed to 
attend the presentation of papers and lectures, 
bearing on the business concerned, at the various 
engineering societies, or to visit exhibitions at home 
and abroad, and to report any points of possible 
interest. His notes—not necessarily or preferably 
lengthy reports—would go to the technical director 
of the firm, who would be the only official with which 
the man would deal. 

The money paid for such a service would not be 
an act of charity ; it would be earned, because the 
man’s experience (which, of course, would be the 
basis of his selection) should ensure that he would 
not make the mistakes that a younger man might 
make. At the same time, it would not be expected 
that the remuneration would be on the same scale 
as that of a man in his prime of 35 years or so. 
We of the Old Centralians who have established 
this Pool have great hopes for its future. Men are 
ready now to take up any suitable work and we 
look forward to the time when we shall have avail- 
able, at call, civil, mechanical, electrical and 
chemical engineers ; and eventually, perhaps, men 
who were trained at the other two colleges at South 
Kensington. Any employers who wish to take 
advantage of the Pool may write to me at the address 
below. . 

Yours faithfully, 
C. E. R. Sams, F.C.G.I. 
Imperial College of Science (City and Guilds College), 
Exhibition-road, South Kensington, 
London, S.W.7. 
April 24, 1950. 





To THE Eprror oF ENGINEERING. 


Smr,—Your leading article on page 445, ante, 
reminds me of a meeting at the Royal Society of 
Arts, at some time in the ’30s, to which I was taken 
by a friend. At this meeting, with Lord Beveridge 
in the chair, a Mr. H. D. Henderson held forth for 
nearly two hours on the question ‘‘ Does the machine 
replace the man?” In the discussion which fol- 
lowed an admirable exposition of dodging the issue, 
I submitted that, if the machine did not replace 
the man, the engineer who was paid to bring it about 
had been taking money under false pretences. The 
attitude of both chairman and speaker to this 
commonsense point needed the pencil of a Bateman 
to do justice to it. 

Surely, the displacement of the elderly engineer 
has been, and is being, brought about by the 
demand that goods shall be produced more cheaply, 
i.e., with less labour. No basic consideration, 
however, is being given to the problem of what to 
do with the men displaced. Benevolent funds are 
only a palliative, as you have observed; super- 
annuation funds can only apply to large concerns, 
and this lead to the decline of that spirit of adven- 
ture so necessary for the maintenance of mental 
fitness and the postponement of senility. Ultimately, 
we must face the fact that, if the machine takes the 
place of the man, the man so displaced should be 
able to live out the balance of his life on that portion 
of the wages of the machine which make his labour 
unnecessary. This means, to my mind, that, at a 
given age, the man will retire on a pension based on 
his previous earnings, thus makmg way for the 
young man. I can testify to the difficulties of the 
elderly and experienced who tries to “‘ stage a come- 
back” by taking a subordinate position. When 
I was accepted for the Navy at the ripe age of 58, 
I found myself, owing to the laws of seniority, work- 
ing under the instructions of another Lieut. (E) on 
work which I counted a speciality of mine in civil 
life. I managed it, but it was hard. 

I have long held the view that an outsize country 
house could be taken over by an engineering institu- 
tion, staffed with men not required, and operated 
as a works on sub-contracts from the industry. 





I believe that, in spite of our age, and using machines 





— 


discarded by the industry as obsolete, we could give 
the operatives of to-day a run for their money, 
I started some years ago to put my thoughts into a 
paper, but was advised by a friend not to waste my 
time, as the ventilation of awkward and inescanable 
facts would not be popular with the hierarchy of the 
industry. 
I think that my friend was right, because later, 
I did read a paper on @ somewhat similar subject, 
at the invitation of an institution whose Council 
themselves chose the subject and invited me to 
handle it. While the paper was well received 
and the discussion was very thorough, the paper 
never appeared in the Proceedings and, in conse- 
quence, was not referred to in the technical Press, 
Admittedly, it was a hard-hitting effort, but, in 
my opinion, fair comment on a matter of engineering 
interest. We cannot solve difficult problems if we 
will not face inconvenient facts. 
Yours faithfully, 

Kyrie W. WILLAns. 
All Cannings, 
Devizes, Wilts. 

April 23, 1950. 





OBITUARY. 


MR. THOMAS ROWATT, 0O.B.E. 


WE have learned with regret of the sudden death 
on April 7 of Mr. Thomas Rowatt, a former Director 
of the Royal Scottish Museum, Edinburgh, and 
previously Keeper of the Technological Department. 
He was 70 years of age and had been living in retire- 
ment for the past five years. 

Thomas Rowatt was born in Kew, Surrey, on 
November 7, 1879, but came of a Scottish family ; 
his grandfather was a baillie of the city of Edinburgh 
and a pioneer of the shale-oil industry in Scotland. 
Thomas received his general education at the Ewart 
High School, Newton Stewart, after which he spent 
some time at the Wéhler Schule, Frankfurt-am- 
Main. He passed the matriculation examination of 
the University of London and then entered upon an 
apprenticeship of six years with the Edinburgh 
firm of Carrick and Ritchie, makers of cranes and 
hydro-electric plants. Concurrently, he attended 
evening classes at the Heriot-Watt College, gaining 
the College diploma in engineering, the Horner Prize 
and other distinctions. In 1902, on the completion 
of his apprenticeship, he obtained first place in 4 
Civil Service examination for the post of assistant 
in the Technological Department of the Royal 
Scottish Museum, where he spent the rest of his 
working life, apart from war service. 

As assistant, Mr. Rowatt was occupied for some 
time in converting the Museum workshops from 
gas-engine to electric drive, and in the design of 
various machines for its equipment. In 1909, he 
was promoted to the position of Assistant Keeper 
and, in that capacity, was responsible for the design 
of a new range of workshops. He also made 4 
special study of the iron and steel-making industries 
of Sheffield, the west of Scotland, and Sweden. 
In September, 1914, he joined the Royal Naval 
Division (Engineers), serving at Antwerp and 
Gallipoli, and subsequently in France, and being 
awarded the Military Medal. Early in 1918, he 
was appointed interpreter at the 63rd (R.N.) Divi- 
sional Signal School. On demobilisation, he re- 
turned to the Museum and, in 1920, became Keeper 
of the ‘Technological Department, a post which he 
held until, in 1934, he was made Director in succes- 
sion to Mr. Edwin Ward. Like the late Sir Henry 
Lyons at the Science Museum, he was imbued with 
the idea that a museum should be something more 
than a mere repository for antiques. To that end, 
he strove continuously to widen the appeal of the 
Royal Scottish Museum by extending the scope of 
the collections, enhancing their educational value, 
and arranging exhibitions, courses of lectures, and 
instruction classes on, special subjects. Mr. Rowatt 
was a Fellow of the Royal Society of Edinburgh and 
of the Society of Antiquaries of Scotland, and @ 
member of the Institution of Mechanical Engineers 
and the Newcomen Society ; and, for his successful 
efforts to extend the usefulness of the Museum, 





he was awarded the O.B.E. in 1939. 
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THE IRON AND STEEL 
INSTITUTE. 


Tx 8lst annual general meeting of the Iron and 
Steel Institute opened on Wednesday morning, 
April 26, at the Institute’s offices, 4, Grosvenor- 
gardens, London, 8.W.1, with the President, Sir 
Andrew McCance, D.Sc., F.R.S., in the chair. 

Report OF CouNcIL. 

The minutes of the previous meeting having been 
dealt with, the report of Council for 1949 was pre- 
sented. This showed that the membership of the 
Institute on December 31, 1949, totalling 4,909, was 
practically the same as that for December, 1948, 
namely, 4,903. The report added that the upward 
trend in membership, a very marked feature in 
recent years, had been checked by the resignations 
which had followed the raising of the membership 
subscription rates at the beginning of the year; 
these resignations, however, had been fewer than 
had been expected. The Council recorded with 
regret the death of 22 members which had occurred 
during 1949; these included Major A. B. H. Clerke, 
Mr. A. L. Curtis, Mr. P. W. Lee, Mr. B. W. Methley, 
Mr. J. H. G. Monypenny and Mr. F. de Wendel. 
In matters concerning education and training in 
metallurgy the report stated that satisfactory 
progress had been made, during the year 1948-49, 
by the Joint Committee for National Certificates 
in Metallurgy, in which work the Institute co- 
operated with the Ministry of Education, the Insti- 
tute of Metals, the Institution of Mining and 
Metallurgy, and the Institution of Metallurgists. 
Approved schemes for senior courses, leading to an 
Ordinary National Certificate in Metallurgy, were 
in operation at 22 technical colleges, compared 
with 18 during the previous year, and schemes for 
advanced courses, leading to a Higher National 
Certificate, at 11 technical colleges, compared with 
nine during the previous year. The Institute 
continued to provide services for the British Iron 
and Steel Research Association, and the close 
collaboration hitherto existing between the two 
organisations had been fully maintained. The 
good relations with scientific and technical institu- 
tions at home and abroad had continued. 


Report oF Honorary TREASURER. 


The statement of accounts prepared by the 
honorary treasurer, Mr. James Mitchell, C.B.E., 
showed that the total income for the year ending 
December 31, 1949, was 55,2501., and the expendi- 
ture 53,4151., giving an excess of income over 
expenditure, for the year, of 1,835/. The change 
from the previous year, when there had been a 
deficit of 2,425/., was attributable to the increase 
both in the rates of subscriptions payable by 
members and in other sources of revenue, and to 
further economies which had resulted in a reduction 
in expenditure. Another encouraging feature was 
that the total of the accumulated fund, reserves, 
and sundry provisions, including the Jife composition 
fund, was 33,302/., an increase of 2,913/. over the 
comparable figure for December, 1948. 

PRESENTATION OF AWARDS. 

The next matter on the agenda was the presenta- 
tion of the Bessemer Medal] for 1950 to Mr. James 
Mitchell, C.B.E. In making it, Sir Andrew McCance 
stated that Mr. Mitchell’s name would always be 
associated with the resumption of the manufacture 
of basic-Bessemer steel in this country using home 
ores. The step taken by Messrs. Stewarts and 
Lloyds Limited, in building an iron and steel works 
at Corby, Northamptonshire, had required decision 
as well as a great deal of technical knowledge, 
and in this work Mr. Mitchell had taken a major 
share. In returning thanks for the honour con- 
ferred upon, him, Mr. Mitchell said that, throughout 
his life, he had been particularly fortunate in being 
able to follow an occupation in which he was 
interested. He had so many friends in the firm of 
Stewarts and Lloyds that any success he had 
obtained was very much the result of joint effort. 

The other presentations of awards included that 
of the Sir Robert Hadfield Medal for 1950 to Mr. 
G. D. Elliot, of the Appleby-Frodingham Steel 
Company, Scunthorpe, in recognition of his contri- 
butions in practice and theory to the development 


of blast-furnace operation; and a Carnegie Silver 
Medal for 1949 to Mr. N. H. Polakowski, of Univer- 
sity College, Swansea, for his paper on ‘‘ The Com- 
pression Test in Relation to Cold Rolling.” Finally, 
the Williams Prize for 1949 was presented to 
Dr. D. F. Marshall and Mr. H. C. White, of the 
Park Gate Iron and Steel Company, Limited, 
Rotherham, joint authors of the paper on ‘ The 
Conversion to Oil Firing of the Open-Hearth 
Furnaces at Park Gate Works”; and the Ablett 
Prize for 1949 was handed to Mr. E. L. Diamond and 
Mr. A. M. Frankau, for their joint paper describing 
work done on behalf of the British Iron and Steel 
Research Association on ‘“‘ Present Methods of 
Open-Hearth Furnace Charging.” 


CHANGES IN CoUNCIL AND ANNOUNCEMENTS. 


The secretary then announced the changes which 
had taken place in the membership of the Council 
since the last general meeting in November, 1949. 
The following gentlemen had agreed to serve as 
honorary members of the Council during their 
presidencies of the societies named, in succession to 
their predecessors. Thus Mr. H. S. Tasker, the 
new President of the Institute of Metals, succeeded 
Sir Arthur Smout, who had recently relinquished 
that office ; Professor H. W. Swift, the new President 
of the Sheffield Society of Engineers and Metallur- 
gists, followed Mr. B. W. Doncaster; Dr. James 
White, the new President of the Sheffield Metal- 
lurgical Association, followed Mr. A. Roebuck; 
Mr. E. J. Heeley, the recently-elected President 
of the Manchester Metallurgical Society, succeeded 
Dr. D. Binnie; and Dr. 8S. J. Kennett, President 
of the Liverpoo] Metallurgical Society, became an 
honorary member of Council] on the affiliation of 
that Society. Mr. C. H. T. Williams also became 
a member of Council as the new chairman of the 
Institute’s Engineers’ Group. Furthermore, in 
accordance with by-law 10, the three vice-presidents, 
namely, Mr. W. B. Baxter, Mr. H. H. Burton and Mr. 
R. Mather, and the five members of Council, Pro- 
fessor J. H. Andrew, Mr. N. H. Rollason, Mr. R. A. 
Hacking, Mr. D. F. Campbell, and Mr. I. F. L. 
Elliot, who, as announced at the autumn meeting 
in November, 1949, were due to retire in rotation, 
were now declared to be re-elected, no other nomina- 
tions having been received. 

Among other announcements it was intimated 
that Andrew Carnegie Scholarships had been 
awarded to Mr. E. T. Turkdogan and Mr. P. L. 
Chang for research work to be carried out at the 
University of Sheffield; that a special meeting 
would be held in Glasgow from September 12 to 15; 
and that the autumn general meeting of the Institute 
would be held in London on Wednesday and 
Thursday, November 15 and 16. It was further 
stated that a symposium on “‘ High-Temperature 
Resisting Steels and Alloys for Gas Turbines” 
would be held in London on Wednesday and 
Thursday, October 18 and 19, and that, on the 
previous evening, namely, Tuesday, October 17, 
Air-Commodore Sir Frank Whittle, K.B.E., C.B., 
F.R.S., would deliver the fifth Hatfield Memorial 
Lecture, on ‘‘ The Development of the Gas Turbine 
and the Need for Special Steels and Alloys.” 


PRESIDENTIAL ADDRESS. 

At this stage of the proceedings Sir Andrew 
McCance inducted the President-elect, Mr. J. R. 
Menzies-Wilson, O.B.E., into the chair. Sir Andrew 
stated that the new President’s father and grand- 
father had both been members of the Institute for 
many years. Mr. Menzies-Wilson’s association with 
Messrs. Stewarts and Lloyds Limited was well 
known and he now occupied the responsible position 
of managing director of that concern. Mr. Menzies- 
Wilson’s first duty was to propose a vote of thanks 
to the retiring President, and, after this had been 
carried with acclamation, he proceeded to read his 
presidential address, which dealt with some aspects 
of the production, of iron ore. In the course of this, 
he stated that it was difficult to give accurate 
figures of iron-ore reserves in this country, but, with 
a consumption of home ores in the neighbourhood 
of 13 million tons per annum, it was estimated that 
our deposits were not likely to last for more than 
from 200 to 300 years. 





(To be continued) 





THE DESIGN OF CYLINDERS 
BY AUTOFRETTAGE. 


By W. R. D. Mannina, M.A. (Cantab), 
M.1.Chem.E. 


Ir has long been known that the stress distri- 
bution in thick cylinders carrying high internal 
pressures is very uneven ; there is a sharp peak at 
the inside surface from which the intensity falls 
steeply towards the outside. Engineers have usually 
applied to such problems the same policy as they 
use for other structures, namely, designing to a 
maximum, stress, which is kept well below the 
elastic limit of the materia] by a suitable factor of 
safety. A consequence of this has been the tendency 
to give the cylinder inordinately thick walls, or 
else to resort to compound construction, either by 
shrinking two or more tubes over one another, or 
by reinforcing the core tube with layers of wire 
wound on under considerable tension. The object 
in both methods was to put the inner layers into a 
state of initial compression, but the result was very 
costly with either. As long ago as the middle of the 
Nineteenth Century chemists and physicists here 
and there were studying the effects of high pressure 
in their laboratories. Many of the vessels they 
used were very lightly constructed according to the 
engineering practice of the day, but to judge by the 
published work there were few instances of failure ; 
neither does this fact appear to have excited much 
interest. 

We now know that a thick tube of ductile material 
will withstand without bursting a pressure far 
greater than that which first causes overstrain at its 
innermost layers. Moreover, for a considerable 
range beyond this initial overstraining pressure the 
swelling of the outside surface is very small, and 
probably escaped notice more often than not when 
the primary interest of the experiment was not the 
vessel but its contents. It may well have been, 
therefore, that these pioneers in high-pressure 
research believed their vessels to be stable, and if 
they gave any heed to current engineering practice, 
they probably concluded that it was wrong. This, 
however, is mere conjecture, for there is seldom any 
mention, of design methods. 

As we shall see later, knowledge of the actual 
overstrain behaviour of thick cylindrical walls is a 
fairly recent development. Much of it was dis- 
covered by ordnance designers under the stimulus of 
war, and the manufacturing process which makes 
use of it is called ‘‘ autofrettage.” As the name 
implies, it is a means of achieving a stress distri- 
bution similar to that produced by shrinking or 
wire winding, but in a simple cylinder, and without 
the costly operations they involve. 

Although the published information on the 
subject has been considerably enlarged since the 
end of the late war, it seems that little effort has 
been made to evolve a simple method of applying 
autofrettage to general problems of design. It is 
the aim of this article to show how this gap in 
knowledge may be filled. The method proposed, 
which involves the preparation of special charts, 
has yet to be tested fully by experiment, but, so 
far as can be seen, it is close enough for most pur- 
poses. Some suggestions for further research, 
however, are included. 

Autofrettage is the art of inducing elasticity in a 
tube at pressures which otherwise cause overstrain. 
As now practised, it consists of little more than 
overstraining the tube by internal pressure, and then 
annealing it at a low-temperature. The subtle- 
ties arise in estimating what wall dimensions are 
suitable, how far the overstrain should penetrate, 
and what is the best temperature for the subsequent 
treatment. When the correct conditions are chosen, 
pressure far in excess of that which overstrained 
the virgin tube can be carried with apparently 
complete elasticity ; that is to say, the expansion 
of the external surface is proportional to the internal 
pressure and disappears when it is removed. 

The original idea is attributed by Jacob* to 
Malaval, a French artillery designer, who suggested 
in 1906 that guns might be made in this way. It 


* L. Jacob, “ Résistance et Construction des Bouches 
& Feu,” Octave Doin et Fils, Paris, 2nd edition, 1920, 
page 157. 
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was taken up by the French authorities, but there 
cannot have been much energy or enthusiasm behind 
the project, for it was 1913 before a prototype was 
ready for firing. We may question whether their 
efforts may not have been stimulated by the 
appearance, at the end of 1911, of Cook and 
Robertson’s well-known paper,* which shows clearly 
the wide difference between the pressure which first 
causes Overstrain in a ductile cylinder and that 
which ultimately bursts it (see Fig. 1). Be that 
as it may, the military implications were recognised 
in France long before they were in Britain, as is 
shown by a letter which ENGINEERING published on 
page 306 of volume 99 (1915), under the heading 
Cheap and Rapid Gun Making. It was from the 
late Professor John Perry and referred to some 
experiments made at Elswick three years before, 
with the support of Sir Andrew Noble ; the essence 
of autofrettage had evidently been appreciated, but 
there is no record of its having been followed up. 
Such a disclosure in time of war is very surprising 
by modern notions of security, but it does not 
appear to have done any damage to the Allied 
cause; there is no indication that the Central 
Powers took any notice of it; neither, for that 
matter, did the British. Only in France were the 
practical advantages realised, and even there it 
seems that very few guns made by the process were 
in action in the 1914-18 war. 

The main difficulties encountered at first in apply- 
ing the process to the manufacture of guns probably 
resulted from dimensional instability. The prob- 
lem can be followed more easily by reference to a 
diagram such as Fig. 2, opposite (not to scale). If 
we steadily raise the internal pressure in a cylinder 
and measure the change in external diameter, we 
find, first of all, a straight-line relation between 
the two, as shown by the line OA. Moreover, if 
we stop and unload from any pressure less than 
that at A, the expansion will immediately disappear. 
When the pressure is further increased, however, the 
line bends over as shown along AB, in which 
range the inner layers of the tube, beginning at the 
bore, are progressively overstrained ; also, if the 
pressure is then reduced to zero, the result will be 
somewhat as shown by BC, in which it should be 
noted that the line is fairly straight and that it 
terminates at C, which represents a permanent 
stretch of the material. If it is left to stand for a 
time, there may be a slight further change in 
dimensions to a position such as C’ owing to “ elastic 
afterworking.” It is this effect (exaggerated in 
Fig. 2), which might cause trouble in a gun barrel. 
If the pressure is now reapplied, we again see a fairly 
straight line starting from C’ and extending nearly up 
to the highest intensity previously applied, but 
thereafter, as at D, bending over and continuing 
along D E in such a way that at E it is not possible 
to tell whether the process has been interrupted or 
not. 

The problem can now be stated as being to make 
the lines BC and C’D straight and coincident. 
If that can be achieved, the application of any 
pressure up to what is represented by B can be 
repeated indefinitely without affecting the dimen- 
sions of the cylinder. The possibility of failure by 
fatigue after a certain number of such repetitions 
must be considered separately ; it does not influence 
the present argument. In 1925, Langenberg,t of 
Watertown Arsenal, reported that the process was 
being used extensively by the United States Govern- 
ment for the manufacture of guns. He showed 
how the degree of overstrain was controlled by means 
of an outer casing and gave some notes on the 
generation and handling of pressures up to 60 tons 
per square inch. Much of the design detail, how- 
ever, was omitted and his theoretical treatment is 
not very helpful. Nevertheless, he mentions one 
very important point, namely that overstrain, to 
the same proportionate extent, of cylinders of 
different size, but of the same diameter ratio, achieves 
the same strengthening effect. This implies that 
scale factors are unimportant, and that design can 
be based with confidence on the principle of 
similarity. 





* G. Cook and A. Robertson, ENGINEERING, vol. 92, 
page 786 (1911). 

+ F. C. Langenberg, Am. Soc. Steel Treating, vol. 8, 
page 447 (1925). 


Meanwhile, Macrae,* at Woolwich, had been 
conducting an exhaustive research into the problem, 
and his results and conclusions give practically a 
complete solution. He shows how the required 
stabilisationcan be got by suitable low-temperature 
treatment, which varies for different materials and 
for different degrees of overstrain. He also shows 
how to calculate the progress of overstrain through 
the wall, at different amounts of strain on the 
outside surface, from a tensile-test record, although 
his method is laborious and depends on an idealised 
simplification of the tensile data. 

The actual behaviour of a cylinder, according to 
Macrae, is approximately as shown in Fig. 3, oppo- 
site. Ifthe procedure of Fig. 2 is repeated as far as 
point C, and the eylinder is then treated at the appro- 
priate temperature, there may be some dimensional 
change as represented by CC’, but on subsequent 
reloading the process will be shown by a much 
straighter line, which continues straight to a 
pressure well beyond that of B, the highest previously 
applied. The cylinder is then stable up to D 
provided the original overstraining at B was not 
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carried too far. The pressure increment represented 
by BD was called by Macrae the “elastic gain.” 
The theoretical basis is that overstrain begins 
both in a cylinder and in tension when the maximum 
shear stress reaches a critical value. This has been 
criticised by Warren,t who reviewed the subject 
in the light of experimental work done by the 
British Government during the war. It appears 
that the maximum shear strain-energy criterion{ 
gives a better agreement in many cases. This is 
also supported by Morrison.§ Other difficulties have 
arisen, especially with mild steel, owing to the 
phenomenon of the “yield point,” where in a 
tensile test a large strain takes place under a con- 
siderably lower stress than that which first started 
it.|| Cook in some careful work showed that the 
lower value gives the best results when applied to 
tubes, as determined by the strains of their surfaces. 





* A. E. Macrae, “ Overstrain of Metals,” H.M. Sta- 
tionery Office, 1930. 

+ A. G. Warren, Symposium on Internal Stresses in 
Metals and Alloys, October, 1947. 

¢ This is usually associated with the names of von Mises, 
Huber, and Hencky, but Professor van Iterson, of 
Holland, has recently pointed out (see “ Plasticity in 
Engineering,” Blackie (1947), page 68) that it was 
originally propounded by Clerk Maxwell in 1856. 

§ J. L. M. Morrison, Proc. Inst. Mech. E., vol. 159, 
page 81 (1948). 

| Morrison (loc. cit.) has observed the same pheno- 
menon in a nickel-ch molybd gun steel. 

q G. Cook, Proc. Inst. Mech. E., vol. 126, page 407 
(1934). 












He tried to get a further check by sectioning partly 
overstrained tubes and searching for the extent of 
the overstrained region with special etching reavents 
and by hardness measurements, but the results were 
inconclusive. He also discussed the longitudinal 
stress in the region of overstrain and concluded that, 
when the end load is supported by the wall, its 
value is the mean of that of the radial and tangential 
stresses. The latter problem has also been consj- 
dered by Lee, Hill and Tupper,* who have shown 
that the difficulty resulting from the apparent 
discontinuity of the longitudinal strain at the 
boundary between the elastic and overstrain revions 
can be resolved by recognising that there is still an 
elastic component of strain even in the plastic 
region. 

Macrae approximated his tensile-test diagrams 
by straight lines with abrupt changes of direction 
at the points of transition, as indicated in Fig. 4, 
opposite. Cook used much the same simplification, 
while Warren, and also Lee and his collaborators, 
used the still simpler form obtained by neglecting the 
third stage, denoted “ work-hardening” in Fiy. 4, 
The present writer has shownt that by using 
torsion instead of tension the actual record can be 
used in solving cylinder problems instead of an 
idealised form like that in Fig. 4. Furthermore, 
the torsion method, combined with Cook’s conclu- 
sion regarding longitudinal stress, gives a much 
closer similarity to the stress distribution actually 
present in the cylinder, as is explained later. It 
has yet another advantage, in that an accurate 
record of very large strains can be obtained, since, 
when suitably carried out by torsion, there is no 
sudden discontinuity as in a tensile test when the 
specimen starts to neck down. 

A recent paper by MacGregor, Coffin and Fishert 
has shown an ingenious analytical method of 
studying the problem, which has been used to 
follow the course of overstrain in an aluminium 
cylinder by means of a tensile-test record; the 
correspondence between the actual and the calcu- 
lated curves of dilatation is fairly close, but it 
would probably have been better if the analysis 
had been based on a torsion test. Bridgman§ has 
used a similar method to trace the deformation of 
tubes subjected to externa] pressure. Again the 
work was based on data from a tensile test, and 
here the results approximate quite well to the 
experimental curves. It is a little surprising that 
these two last mentioned papers did not use torsion 
curves. Perhaps the reason is the comparative 
rarity of torsion-testing equipment, although 
Morrison has called attention to the important fact 
that it is much easier to get really accurate data 
by means of the torsion test. 

In the present state of the art, as shown in 
published information, autofrettage must be limited 
almost entirely to cylinders required to carry steady 
pressure at temperatures below that at which 
“creep” becomes appreciable. It should also be 
restricted to those materials for which there is 
published experience and for which the correct 
low-temperature treatment has been established. 
These comprise mild steel and most of the low- 
alloy high-tensile steels used for guns; but not 
much else. A further gap in knowledge is the 
effect, if any, of various degrees of autofrettage on 
the ultimate bursting strength of tubes made from 
these steels. This is very important, since it limits 
the amount of overstrain which can be safely 
allowed. When the internal pressure undergoes 
periodic fluctuations, as in the walls of compressor 
cylinders, there is always the liability of failure by 
fatigue, and it is not known whether autofrettage 
can increase the endurance under such conditions. 
Warren (loc. cit.) hints that it may, but there is a 
clear need for thorough examination. Before listing 
what seems a desirable programme, it is worth 
| noting that considerable research on the subject is 
known to have been carried out by several of the 





* R. Hill, E. H. Lee and 8S. J. Tupper, Proc. Roy. Soc., 
A. 191, page 278 (1947). 

t W. R. D. Manning, ENGINEERING, vol. 159, pages 
101 and 183 (1945). 

t G..W. MacGregor, L. F. Coffin, Junr., and J. C. 
Fisher, Jl. Appl. Phys., vol. 19, page 291 (1948). 

§ P.W. Bridgman, Jl. Appl. Phys., vol. 19, page 302 
(1948). 
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belligerents during the recent war, and some of this 
has recently been released for publication. It is 
therefore quite likely that more will appear in due 
course ; in which case the proposed programme may 
become largely redundant. Until such further 
information is ayailable, however, designers are 
advised not to go beyond the range of available 
knowledge without first testing the unknown 
factors. 

The theory has been fully described already,* and 
it is only necessary here to summarise the basic 
assumptions and to outline the method. Two 
assumptions are required in addition to those 
conventionally used in studying the stresses in 
tubes; the first is that the cross-sectional area 
remains constant under strain, and the second 
demands that the relation between maximum shear 
stress and maximum shear strain is the same in a 
cylinder as it is in a torsion test. Experiment 
shows the former to be a close approximation to 
the truth. The latter is justified if it be assumed 
that the axial stress is at every point the arithmetic 
mean of the tangential and radial stresses, since 
then the loading is equivalent to pure shear with a 
negative hydrostatic pressure superimposed. Thus 
it differs from that in torsion only by the presence 
of this pressure, and it is an experimental fact that 
hydrostatic stresses produce neither permanent set 
nor strain hardening. Cook (loc. cit.) has shown 
that this required value of the axial stress is closely 
approached when the end forces are carried by the 
tube walls, i.e., when there is no external support 
in the longitudinal direction. For other conditions 
it is probable that no very serious error is intro- 
duced, provided that the wall thickness is at least, 
half the bore diameter. 

The first of these special assumptions enables the 
shear strain to be calculated at every point in the 
cross-section ; the second then gives the shear 
stress. Thus, if ¢ and p are the tangential and 
radial stresses at radius r, the static equilibrium of 
the wall demands that 

t wwe 
-—pe-r a’ . a ‘ 
and if S is the maximum shear stress at radius r, 
then 


(1) 


Sai¢—p. . . - () 
These equations combine to give 
dp = (=) dr, . ° - (3) 


from which it is seen that if the relation between 
shear stress and radius across any portion of a tube 
wall is known, the difference in radial stress between 
its boundary surfaces can be evaluated by inte- 
gration. 

In the above, the value of r should refer to the 
strained condition, so that to put equation (3) into 
terms of the original unloaded dimensions we must 
write (r+ u) for r, where w is the radial shift 
consequent upon the straining. Then if P is the 
applied internal pressure, the radial stress at 
radius r is given by 
r+u 


= ee ° 


4 
(r + wu) send 
Uj 


p=-P+2| 
“m+ 
where 7; and u; refer to the bore surface. It should 
be noted that the radial stress is always compressive 
and therefore negative in sign, but P, representing 
an applied pressure, is positive. Hence if p; is the 
radial stress at the surface 
p= —P. ° ° - (5) 
This analysis is quite general ; it applies to large 
strains for which the approximations commonly 
used in engineering calculations are no longer valid. 
For instance, the maximum shear strain o at radius r 
is given in terms of the shift and radius at the bore 
(u; and r;) by 


vai{(3*)-(eta)} = 


where a? = ui -+ 2u,;r;, and this reduces to the 
approximate form 
a? 


G@@m-= o . . . 


a 
when r is large compared with u, or 1;. 


(7) 





* W. R. D. Manning, ENGINEERING, vol. 159, pages 
101 and 183 (1945). 








It is evident from equation (6) that, no matter 
how great the bore strain, there will be a concentric 
ring in the wall (if it is thick enough), outside which 
the material is still elastic. If the radius of this 
ring is denoted by r, and the radial stress there 
by p,, we have 





e + Ue 
p--P +a, —d(r+u) (8) 
% + uf” +. 
where wu, is the radial shift at r=r,. Since, how- 


ever, the strains will be small in any meta] which 
remains within its elastic range, it is evident that u, 


can be neglected and, for the elastic portion, the ; 
shear strains can be deduced from the approximate | 
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equation (7). Thus, for any radius greater than r,> 
we can write ce for the shear stress, where G is 


the modulus of rigidity ; the value of p is then 
given by 
Gat 1 1 
P=—P. + a (a - i) . (9) 
from which we see that even an infinitely thick 
cylinder requires only a finite pressure to strain its 
bore by any finite amount. 
(Z'o be continued.) 





BRITISH RAILWAYS ROLLING Stock.—The rolling stock 
to be built for British Railways in 1950 includes 476 loco- 
motives, 2,386 passeng-r carriages, 369 brake and luggage 
vans, 979 fish vans, milk tank wagons, etc., and 33,959 
wagons. There is still an acute shortage of modern 
passenger carriages, but the building programme, which 
should have been for 4,500, has had to be reduced. 
During 1949 the number of staff employed by British 
Railways was reduced by about 24,000. 


FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


Tus list now appears regularly in the last issue of each 
month. Organisers are invited to send to the Editor 
particulars of forthcoming events. . 








Litce INTERNATIONAL Fatr.—Saturday, April 29, to 
Sunday, May 14, at Coronmeuse, Liége, Belgium. Apply 
to the Foire Internationale de Liége, 32, Boulevard de la 
Sauveniére, Liége. 

BRUSSELS INTERNATIONAL Fatlrn.—Saturday, April 29, 
to Sunday, May 14. Information from the Palais du 
Centenaire, Brussels, Belgium. 

GERMAN INDUSTRIES FaIR, HANOVER.—Heavy Indus- 
tries Fair: Wednesday, May 3, to Sunday, May 14. 
Organisers: Deutsche Messe- und Ausstellungs-A.G., 
Hanover, Germany. Agenis: Messrs. Eppac Limited, 
2, 3, and 5, Studio-place, Kinnerton-street, London, 
8.W.1. (Telephone : SLOane 8157.) 

INSTITUTION OF WATER ENGINEERS, SUMMER GENERAL 
MEETING.—Wednesday, Thursday and Friday, May 3, 
4 and 5, at Leamington Spa, with headquarters at the 
Regent Hotel. Apply to the secretary of the Institution, 
Parliament Mansions, Abbey Orchard-street, London, 
S.W.1. (Telephone: ABBey 6740.) 


INTERNATIONAL MoToR SHow, TURIN.—Thursday, 
May 4, to Sunday, May 14, at the Exhibition Palace, 
Turin, Italy. Details from Mostra del "Automobile, via 
Santa Teresa 23, Turin. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS, ANNUAL 
Tour.—Sunday, May 7, to Friday, May 12. Visits to 
vehicle manufacturers, works, and operating establish- 
ments in Scotland. Details from the secretary of the 
Institute, 174, Palace Chambers, Bridge-street, London, 
8.W.1. (Telephone: WHItehall 8971.) 

BRITISH INDUSTRIES F'aIrn.—Monday, May 8, to Friday, 
May 19, at Earl’s Court, W.14, and Olympia, W.14, 
London ; and Castle Bromwich, Birmingham. Particu- 
lars from the Director, British Industries Fair, Board of 
Trade, Horseferry House, Thorney-street, London, S.W.1. 
(Telephone: YVICtoria 6800); and general manager, 
British Industries Fair, 95, New-street, Birmingham, 2. 
(Telephone : Midland 5021.) 

VALENCIA INTERNATIONAL SAMPLES FAIR.—Wednes- 
day, May 10, to Thursday, May 25. Agent: Mr. R. H. 
Thornton, 8, Duke-street, London, S.W.1. (Telephone : 
WHltehall 6674.) 


INTERNATIONAL TRADE Fatir.—Saturday, May 13, 
to Monday, May 29, at Porte de Versailles, Paris. 
Organisers: Foire de Paris, 23 rue Notre Dame des 
Victoires, Paris. (Telephone: Gutenberg 39-20.) Agent: 
Mrs. M. Hyde, 4, Park-lane, London W.1. (Telephone : 
GROsvenor 5480.) 


INTERNATIONAL MoToR CaR EXHIBITION.—-Sunday, 
May 14, to Sunday, May 21, at Messepalast, Vienna 7, 
Austria. Information from the British-Austrian Cham- 
ber of Commerce, Incorporated, 29, Dorset-square, Lon- 
don, N.W.1. (Telephone: PADdirgton 7646.) 


ILLUMINATING ENGINEERING SocIETY, SUMMER MEET- 
Inc.—Tuesday, May 16, to Friday, May 19, at Buxton. 
Information from the secretary, 32, Victoria-street, 
London, 8.W.1. (Telephones: ABBey 5215 and 7553). 


INCORPORATED PLANT ENGINEERS, ANNUAL CONFER- 
ENCE.—Thursday, May 18, to Saturday, May 20, at 
Albert Hall Institute, Nottingham. Apply to the secre- 
tary, 48, Drury-lane, Solihull, Birmingham. (Telephone : 
Solibull 3021.) 

CONFERENCE ON ISOTOPES IN INDUSTRY.—Friday, 
May 19, to Sunday, May 21, at the University, Edgbas- 
ton, Birmingham. Organised by the Department of 
Extra-Mural Studies of the university and the Birming- 
ham branch of the Atomic Scientists’ Association. 
Further information available from the Department of 
Extra-Mural Studies, University of Birmirgham, Ed- 
mund-street, Birmingham, 3. (Telephone: Central 8541, 
Extension 12.) 

SwEpDIsH INDUSTRIES Fatr.—Saturday, May 20, to 
Monday, May 29, at Gothenburg. Organisers: Svenska 
Massan, Gothenburg, Sweden. 


INSTITUTION OF ELECTRICAL ENGINEERS, NORTH- 
WESTERN CENTRE JUBILEE.—Saturday and Sunday, 
May 20 and 21. Outing to Lancaster, Morecambe and 
Windermere in celebration of the Centre’s 50th session. 
Apply to Mr. A. L. Green, 244, Brantingham-road, 
Chorlton-cum-Hardy, Manchester, 21. (Telephone: 
BLAckfriars 6586.) 


CANADIAN INTERNATIONAL TRADE Fair, TORONTO.— 
Monday, May 29, to Friday, June 9. Representative : 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
8.W.1. (Telephone: WHItehall 8701.) British TooL, 
MACHINE-TOOL AND SCIENTIFIC-INSTRUMENT SECTION : 
Apply to Room 347, Third Floor, Victoria House, Soutb- 
ampton-row, London, W.C.1. (Telephone: HOLborn 
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NEWCOMEN SOCIETY, SUMMER MEETING.—Thursday, 
June 1, and Friday, June 2, at Sheffield. Apply to the 
assistant secretary of the Society, Miss G. Bingham, 
O.B.E., 43, King’s-road, London, S.W.3. (Telephone: 
SLOane 8883.) 


INSTITUTE OF BRITISH FOUNDRYMEN, ANNUAL CON- 
FERENCE.—Tuesday, June 6, to Friday, June 9, at the 
Spa Hotel, Buxton. (Telephone: Buxton 1261.) Full 
information from the secretary of the Institute, St. John 
Street Chambers, Deansgate, Manchester, 3. (Telephone : 
BLAckfriars 6178.) 

INSTITUTION OF GaS ENGINEERS ANNUAL MEETING.— 
Tuesday, June 6, to Friday, June 9, at Bournemouth. 
Apply to the secretary of the Institution, 17, Grosvenor- 
crescent, London, S.W.1. (Telephone : SLOane 8266.) 

MECHANICAL HANDLING EXHIBITION.—Tuesday, June 
6, to Saturday, June 17, at Olympia, London, W.14. 
Organisers: ‘‘ Mechanical Handling,” Dorset House, 
Stamford-street, London, S.E.1. (Telephone: WATer- 
loo 3333.) 


INDUSTRIAL EQUIPMENT AND ENGINEERING Fal, 
Kenya.—Friday, June 9, to Saturday, June 24, at 
Nairobi, Kenya. Apply to the secretary, Exhibition 
Promotions, P.O. Box 2485, Nairobi. 


INTERNATIONAL AERONAUTICAL EXHIBITION.—Satur- 
day, June 10, to Sunday, June 25, at the Palais du 
Centenaire, Brussels. Details from the Comité National 
d’Aéronautique, 1, rue Montoyer, Brussels. 


INSTITUTION OF MINING ENGINEERS.—Wednesday, 
June 14, to Friday, June 16, at Park Hotel, Park-place, 
Cardiff. Apply to the secretary of the Institution, 436, 
Salisbury House, Finsbury-cirous, London, E.C.2. (Tele- 
phone : MONarch 9758.) 

CANADIAN CHEMICAL CONFERENCE AND EXHIBITION.— 
Monday, June 19, to Thursday, June 22, at the Royal 
York Hotel, Toronto. Organisers: The Chemical Insti- 
tute of Canada, Box 62, Station “‘ D,”” Toronto, Ontario. 

INSTITUTION -OF MECHANICAL ENGINEERS, SUMMER 
MEETING.—Wednesday, June 21, to Friday, June 23, at 
Birmingham. Details from the secretary of the Institu- 
tion, Storey’s-gate, St. James’s Park, London, S.W.1. 
(Telephone : WHItehall 7476.) 


INSTITUTION OF NAVAL ARCHITECTS, NORTH EAST 
Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS, 
AND THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTtanD, JOINT SUMMER MEETING.—Tuesday, 
Wednesday and Thursday, June 27, 28 and 29, at 
Newcastle-upon-Tyne. Apply to the secretary, Insti- 
tution of Naval Architects, 11, Upper Belgrave-street, 
London, S.W.1. (Telephone: SLOane 4622); North 
East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle-upor-Tyne, 1. (Telephone: 
Newcastle 20289); or Lastitution of Engineers and Ship- 
builders in Scotland, 39, Elmbank-crescent, Glasgow, C.2. 
(Telephone : CENtral 5181.) 


CONFERENCE ON THE PHYSICS OF LUBRICATION.— 
Thursday, June 29, to Saturday, July 1, at the University, 
Manchester. Organised by the Manchester branch of 
the Institute of Physics and the British Rheologists’ Club. 
Particulars from Mr. D. A. Crookes, Messrs. Imperial 
Chemical Industries, Limited, Dyestuffs Division, Hexa- 
gon House, Manchester. 


INSTITUTE OF PETROLEUM, OIL SHALE AND CANNEL 
CoaL CONFERENCE.—Monday, July 3, to Friday, July 7, 
at the Royal Technical College, Glasgow. Apply to the 
honorary secretary, Mr. W. M. Stirling, c/o Messrs. 
Seottish Oils, Limited, Middleton Hall, Uphall, Brox- 
burn, West Lothian. 


CONFERENCE ON CIVIL ENGINEERING PROBLEMS IN 
THE COLONIES, 1950.—Monday, July 3, to Friday, July 7. 
Organised by the Institution of Civil Engineers. Apply 
to the secretary of the Institution, Great George-street, 
London, S.W.1. (Telephone: WHiItehall 4577.) For 
details, see page 219, ante. 


RoyvaL AGRICULTURAL SOcIETYy’s ANNUAL SHOW.— 
Tuesday, July 4, to Friday, July 7, at Kidlington, 
Oxford. Apply to Royal Agricultural Society, 16, 
Bedford-square, London, W.C.1. (Telephone : MUSeum 
5905.) 

CONFERENCE ON THE PROPERTIES OF SEMI-CONDUCT- 
ING MaTERIALS.—Monday, July 10, to Saturday, July 15, 
at the University, Reading. Under the auspices of the 
International Union of Physics in co-operation with the 
Royal Society. Communications to Dr. H. K. Henisch, 
Department of Physics, University, Reading. (Tele- 
phone: Reading 81785.) 

FourTH WORLD POWER CONFERENCE.—Monday, July 
10, to Saturday, July 15, at London. Conference office : 
414, Cecil Chambers, 76-88, Strand, London, W.C.2. 
(Telephone : TEMple Bar 1234, Extension 473.) 


StxTta INTERNATIONAL CONGRESS AND TECHNICAL 
EXHIBITION OF RaDIOLOGY.—Monday, July 24, to Friday, 
July 28, at Royal Horticultural Halls, Vincent-square, 
London, 8.W.1. Details from the Technical Exhibition 
Secretariat, British Institute of Radiology, 32, Welbeck- 
street, London, W.1. (Telephone : WELbeck 6237.) 





LABOUR NOTES. 


A DEMAND for an immediate increase in wages for 
all employees “ below a decent standard of living ” 
was made in the presidential address of Mr. William 
Pearson to the annual congress of the Scottish Trades 
Union Congress, which opened at Rothesay on April 19. 
He considered that the economic situation of the country 
was not good and that a crisis was developing rapidly. 
For those in employment, conditions were becoming 
worse and the rejection of wage restraint by several 
important unions showed that some millions of 
employed persons were dissatisfied with the present 
position. Mr. Pearson, who is secretary of the Scottish 
Area of the National Union of Mineworkers, stated 
that unemployment in Scotland had reached a level 
of around 72,000 and was likely to increase. 





Arising out of a recommendation, made at the 1949 
annual meeting of the Scottish T.U.C., that coal- 
distillation plants should be constructed in Scotland, 
some delegates at the Rothesay Congress expressed 
their strong disapproval of the view expressed by the 
former Secretary of State for Scotland, Mr. Arthur 
Woodburn. He had declared that a technical sub- 
committee of the Scottish Council on Development and 
Industry, which had investigated the proposal, had 
arrived at the conclusion that the distillation processes 
so far considered in relation to Scottish coal would be 
unlikely to pay their way, under existing economic 
conditions. He had also stated, however, that he 
understood that the Scottish Council and the Lanark 
County Council were going into the subject again, 
and that the Minister of Fuel and himself would be 
kept in touch with the progress of this re-examination. 
The importance of such projects to Lanarkshire was 
stressed by several delegates, who contested the 
suggestion that the distillation of coal would prove 
uneconomical, as being contrary to the judgment of 
various experts. It was decided that the matter should 
be considered afresh by the Scottish T.U.C. general 
council, if the proposal was finally rejected. 





Wages and devaluation were discussed at length on 
the second day of the Co The rather sharp 
debate on wages concluded with the passing, by a 
four-to-one majority, of a moderate resolution, which 
was formed by the amalgamation of thirteen original 
motions. Some of these requested that wage restraint 
should be abandoned altogether, while others con- 
demned the continued rises in prices and profits. The 
resolution, as finally carried, stated that the Congress 
was concerned at the low wages, which exist in many 
industries, and at the growing increase in prices and 
profits, which tend to reduce still further the standard 
of living of the mass of trade unionists. It called for 
“ modification of the policy of wage restraint” and 
supported “the legitimate wage claims of the unions 
and immediate increases in wages for all low-paid 
workpeople.” Mr. William Pearson, the Congress 
chairman, ruled out of order a motion to replace the 
last ‘‘and” in the foregoing sentence by the word 
“for.” The large majority in favour of this resolution 
was taken to indicate a general unwillingness to 
abandon the policy of wage restraint, coupled with a 
demand for action on behalf of lower-paid employees 
and against prices and profits. 





The views of the Congress on devaluation centred 
round a motion submitted by the general council, 
which was taken prior to the debate specifically on 
wages, referred to above. Wages, however, were, in 
fact, the main theme in both discussions. The general 
council, in its motion, re-affirmed a statement on 
devaluation and wages, published by it in December, 
1949, in which it associated itself with the reeommenda- 
tions of the British Trades Union Congress that, as a 
result of devaluation, there was a greater need than 
ever for trade unions to exercise with restraint their 
traditional right to pursue wage claims. The statement 
also recognised the need for maximum production, 
for the extension of the system of payment by results, 
and for the setting up of incentive schemes for lower- 

id workpeople. The general council’s motion went 
urther and maintained that special consideration must 
be given to lower-paid employees, either by increases 
in basic rates or by incentive schemes, or by both. 
The view of those opposed to the motion was that 
devaluation had failed, prices and profits were rising, 
and the living present of the rank and file were 
declining in consequence. After discussion, the 
resolution was approved by the narrow majority of 
169 votes to 157. 


Firm demands for purchase-tax concessions were 
made on the third day of the Congress, when a resolution 
asking that, in view of the high cost of living, the 
Government should take immediate action to reduce, 
or eliminate, purchase tax “on goods that make a 








goodly proportion of the family budget each week,” 
was passed unanimously. Among other resolutions 
approved by the Congress was one which stipulated 
that no appointment in a nationalised industry, or 
under any public board, should carry an annual 
salary in excess of 2,0001. A resolution which asked 
for the complete public ownership of the shipbuilding, 
ship-repairing, and marine-engineering industries, was 
remitted to the general council for further considera. 
tion. The concluding session took place on April 22. 





Opposition to the nationalisation of the shipping 
industry is expressed in a statement by three seafarers’ 
unions, issued on April 25. These Unions, the National 
Union of Seamen, the Navigators and Engineer Officers’ 
Union and the Radio Officers’ Union, express appre- 
ciation of an invitation from the Confederation of 
Shipbuilding and Engineering Unions to take part in 
discussions on a resolution of the Confederation asking 
that proposals be prepared for the adequate control, 
and ultimately the nationalisation, of the shipping, 
shipbuilding and ship-repairing industries, and of the 
leading marine-engineering establishments. At the 
same time, the three Unions regard it as unfortunate 
that the shipping industry was included in the Con- 
federation’s resolution without the unions primarily 
concerned being consulted beforehand. They remind 
the Confederation of the magnificent recovery which 
has taken place in the shipping industry since the end 
of the war and refer to the considerable improvements 
which have taken place, since 1945, in the economic 
and social conditions of all British sea-going employees. 





The international character of the British shipping 
industry is also stressed by the three seafarers’ Unions, 
and emphasis is laid on the extent to which the recovery 
of the industry has contributed to the maintenance of 
the nation’s standard of living. Britain’s shipping, the 
Unions state, earned approximately one hundred mil- 
lion pounds for this country as a result of their overseas 
services in 1949. They consider that there would be 
many difficulties inherent in the nationalisation of such 
an industry, some of which are probably not suffi- 
ciently realised by the Confederation. The Unions feel 
that no useful purpose would be served by their joining 
in the proposed combined discussions with the Con- 
federation and suggest that the latter body may be 
willing to delete the shipping industry altogether from 
the terms of its resolution. 





Very firm opposition to the strike or arbitration 
ballot of the Confederation of Shipbuilding and 
Engineering Unions on engineers’ was made 
known in a statement issued by the national executive 
committee of the National Union of General and 
Municipal Workers on April 25. The Union is one of 
the 37 affiliated to the Confederation. Numerically, it 
is the second strongest in the country and has been for 
some time a loyal supporter of the policy of wage 
restraint. Many of its 800,000 members are engaged 
in the labouring and lesser-skilled grades of the engi- 
neering industry. The statement of the national 
executive declares that the decision of the Confedera- 
tion to take a ballot of such members of constituent 
unions as are affiliated to the Confederation, is con- 
donation of what may result in an illegal act. 





The decision to take the ballot, the statement of the 
N.U.G.M.W. national executive continues, will also 
cause some months of unjustifiable delay in the settle- 
ment of wage anomalies especially affecting the lower- 
paid employees, “‘ whose claim for an increase is indis- 
putable and long overdue.” The Union urges the 
Confederation, “even at this late stage,” to convene 
a further conference of union executives to re-consider 
the position, with a view to that resumption of negotia- 
tions with the employers’ Federation, which is essential. 
and clearly in the interests of union memberships. 
The national executive concludes its statement by 
declaring that the position is, in its opinion, sufficiently 
grave to warrant the attention of the T.U.C. 





The appeal of the three docker members of the 
Transport and General Workers’ Union against the 
Union’s decision to expel them for acting contrary to 
Union policy and instructions during the London dock 
strike in July, 1949, was rejected on April 18 by the 
Union’s rank-and-file appeals committee. This action 
was considered by the unofficial and unrecognised 
London “ port workers’ committee” to be contrary 
to the no victimisation pledge given at the conclusion 
of last year’s strike. Some 1,800 dock employees in 
the Royal group of London docks came out on strike 
on April 19 and the strike has grown rapidly since, 
so that, on April 26, there were 81 ships idle. The 
Government at an early stage introduced servicemen 
and has declared their intention of increasing the 
number of these up to 9,000 by next Tuesday. 
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ELECTRICAL METHODS OF 
MEASURING MECHANICAL 
QUANTITIES. 


In a paper on “Some Electrical Methods of Mea- 
suring Mechanical Quantities,’ which was read at a 
meeting of the Institution of Electrical Engineers on 
Thursday, March 2, Mr. F. J. Woodcock said that these 
methods nearly always involve the detection of small 
displacements, particularly in the case of strain, and 
very often in the determination of force and accelera- 
tion. The equipment generally included ‘“ pick-up” 
units to convert mechanical into corresponding elec- 
trical changes, associated apparatus to ensure that the 
resulting electrical changes produced voltages or 
currents proportional to the quantity being measured, 
amplifiers, and indicating or recording instruments. 
The pick-up units often set limitations to a particular 
measuring method. Those used for investigating 
stress, strain, or displacement, for example, commonly 
consisted of attachments which adopted the charac- 
teristics of the test objects, but when measuring force 
or pressure intensity, elastic members were often intro- 
duced which formed vibratory systems and thus limited 
the ranges of the equipment. A transient might also 
shock-excite one of the natural frequencies, and a 
steady motion might produce resonance, and so cause 
spurious results. 

The required electrical changes were most readily 
obtained when the electrical parameter concerned was 
resistance, capacitance, or inductance ; many pick-ups 
were designed to cause changes in these quantities, 
while cyclic phenomena were often investigated by 
units employing mechanical displacements to generate 
an electromotive force. In the resistance methods, 
various schemes had been developed for varying the 
effective length of an electrical conductor. One of 
these, illustrated in Fig. 1, related piston displacement 
and crankshaft rotation; a wire resistance a was 
wound on a flat trapezoidal plate b, and a wiper arm c 
was rotated over it by the crankshaft, the dimensions 
of the plate and the radius of the arm being designed 
to make resistance changes proportional to piston 
displacement. Resistance changes due to dimensional 
variations in a conductor were also widely used for 
measuring linear strains and many early investigators 
used carbon as a strain-sensitive element. This 
material had been employed for measuring vibratory 
strains in aircraft propeller blades, but its charac- 
teristics were uncertain, and it had been almost 
superseded by the less sensitive but far more predictable 
wire-resistance strain gauge. 

Wire elements were also used in the unbonded form 
to enable small displacements or forces to be measured 
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by variations in tension, as in the case of the pick-up 
unit illustrated in Fig. 2, herewith. In this instance, 
a movable mass a was supported in the centre of 
a rigid frame b by two cantilever springs c, and Cg, 
and could move freely only along the longitudinal 
axis A A,; this movement was limited to 0-0015 in. 
by a rectangular pin d, which projected into a hole 
in a cross-piece e of the rigid Two pairs of 
strain-sensitive wires f, and f, linked the central 
mass and frame together, so that when the mass 
was displaced longitudinally, tension increased in 
one pair, and decreased in the other. The wires 
were tightened during assembly to ensure residual 
tension at maximum displacements. Unbonded ele- 
ments had also been used in accelerometers, a range 
of about +12g. being suitable for structural investi- 
gations in aeronautics ; only small masses were needed 
with such ranges, so that the complete assembly 
weighed only about 3 oz. and was housed in a con- 
tainer 1} in. long by 1} in. by 14 in. Another 
device using this principle was an extensometer in 
which the difference between gauge length and the 
initial pick-up setting produced relative displacement 
between the central mass and the fixed framework. 

Electronic resistance units were now becoming more 
popular ; they consisted of thermionic tubes in which 
the relative spacing of the electrodes was varied 
by the quantity being measured. One t included 
a double-diode valve having two elastically-mounted 
anodes which moved relatively to the rigidly-mounted 
cathode when the unit was accelerated in a particular 
direction. This movement produced a differential 
change in the two anode-cathode resistances, so 
that sensitivities of about 25 microamperes per g 
could be obtained with a unit for measuring 100 g, 
with a bridge network using a natural frequency of 
1,000 cycles per second. 

One early form of capacitor pick-up consisted of 
two polished-steel condenser plates separated by a 
variable air gap of about 0-001 in. The gap was 
varied by the displacement being measured, so that 
the sensitivity, i.e., the change of capacitance for 
a given change in gap separation, fell as gap width 
increased. Since the rate of change of sensitivity also 
fell with increasing separation, the linearity of the 
capacitance-separation characteristic was increased at 
the expense of sensitivity. Simple units based on these 
principles were still used, and had been employed to 
measure the aerodynamical loads im on an air- 
craft by a lifeboat slung underneath the bomb bay, as 
well as the variation of the electrode-tip force in a large 
light-alloy spot-welding machine. Some recent devices 
used one plate of a condenser as an elastic diaphragm 
which was deformed by the quantity being measured ; 
the general construction of one of these for measuring 
fluid pressure is illustrated in Fig. 3, herewith, the 
base a serving as the diaphragm member. Fairly 
linear characteristics could be obtained by incor- 
porating a mica insert 6, which also reduced the 
danger of short-circuit across the plates. 

Accelerometer pick-up units using change of capa- 
citance to measure forces up to + 10 g are illustrated 
in Figs. 4 and 5. The top-hat shaped piece a and the 
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ring 6 (Fig. 4) served asa mass which transmitted 
an inertia force through the central spindle ¢ to the 
diaphragm d when the unit was accelerated in the 
direction of the arrow, the diaphragm forming one 
electrode of a circular condenser element. Auxiliary 
diaphragms e, f and g positioned the mass and restricted 
its relative movement to the vertical direction ; they 
also enabled a pre-loading force to be applied by adjust- 
ing the spindle to allow the unit to respond to accelera- 
tions in the opposite sense. The device illustrated in 
Fig. 5 was suitable for measuring accelerations up to 
+ 100g; the working mass was a steel ball a, which 
pressed on the condenser electrode 6, and had its 
movement restricted to the vertical direction by the 
cylindrical housing c. Pre-loading was effected by 
adjusting the inner screwed sleeve d so as to vary the 
load maar Ae to the ball by the — e. 

Changes of capacitance had also been utilised to 
measure variations in torque, and the elements of a 
suitable pick-up unit for such p are illustrated 
in Fig. 6. In this instance the electrode surfaces 
were formed by the flat side faces a of two sets of teeth 
which in practice interlaced with small air gaps between 
them. Units in which the air gap was varied were 
intrinsically more sensitive than those in which the 
electrode or plate area was varied, but a number of 
the latter type had been made. One of these had 
coaxial inner and outer cylindrical elements with 
slotted teeth along their outer and inner peripheries 
respectively, the slots being parallel to the axis. The 
peripheral surfaces of the teeth formed electrodes, the 
effective areas of which varied as one element was 
rotated relative to the other and so produced capaci- 
tance-displacement curves almost linear for about half 
a degree. 

Capacitance pick-up units using dielectric variations 
were not widely used apparently, although they might, 
for example, be suitable for ascertaining the level of 
liquids in irregularly-shaped vessels. In aeronautical 
work, however, permittivity variations had been 
employed to measure the air content of the oil in an 
engine lubrication system under dynamic conditions, 
and in other instances, to measure the volume of fuel 
in a tank. The detecting el t consisted of two 
concentric metal tubes forming a condenser; the 
dielectric was made up of varying proportions of air 
and fuel, and the tubes were placed so that this pro- 
portionality depended almost entirely on the amount 
of fuel, Reliability was enhanced by the absence of 
moving parts, and compensation for irregularly-shaped 
containers might be obtained by slotting one of the tubes. 

Inductance type pick-up units included all those 
that functioned by modifying an exciting current either 
by mutual or self induction, and in general they were 
constructed to vary parameters such as air-gap dimen- 
sions, or permeability. A pressure-sensitive device 
for certain Admiralty equipment, and an extensometer 
unit developed by an aircraft firm depended, for 
example, on the dimensional changes in air gaps; in 
another‘form the movement of an armature in a small 
gap produced a differential unbalance between two 
t ‘orming units and altered their net output. A 
German device for measuring aerodynamic pressures 
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consisted of a circular diaphragm with a central iron 
pole situated between two iron-cored coils. Pressure 
differences. deflected the dia one way or the 
other and so increased the -inductance of one coil 
and reduced that of the other. 


The elements of one form of a torquemeter unit | rods. 


depending on air gap changes are illustrated in Fig. 7, 
on page 483. Two stator coils a, and a, were wound 
concentrically, with rotor 6, inside a housing forming 
part of a magnetic circuit completed through an attach- 
ment on the rotor. Two such circuits were formed, 
and the magnetic flux in each through three 
air-gaps ; two of these separated the rotor and stator 
and were kept as constant as possible, while the third 
¢, and c, was on the rotor and varied with the strain. 
When a torque was transmitted, relative torsional 
displacement occurred between the rotor segments 
1, 2 and 3, so that the working gap between 1 and 2, 
say, increased, while that between 2 and 3 decreased. 
The potential across one coil therefore rose and across 
the other it fell. 

Most of the units depending on permeability changes 
utilised magnetostrictive effects. One for measuring 
fuel-injection pressures in Diesel engines had a thin- 
walled steel tube which formed a branch to the fuel pipe. 
A thin-walled nickel tube surrounded by a coil was 
arranged concentrically around it and soldered to both 
ends. Variations in fuel pressure produced proportional 
extensions of the steel and nickel tube to vary the 
inductance of the coil. Magnetostrictive effects were 
also employed to make use of the fact that the circum- 
ferential stresses in a shaft could be resolved into 
mutually perpendicular tensile and com ive 
components at 45 deg. to the <ommantidaal dann. 
The device concerned consisted of two shaft-concentric 
coils in one arm of a bridge circuit ; neither coil rotated 
but one was wound so that, with suitably placed pole 
pieces, it uced a magnetic flux in the surface 
of the shaft in the direction of the tensile component. 
The other coil, which was arranged a little further along 
the shaft, produced a flux in the direction of the com- 
pressive components; changes in torque, therefore, 
varied the flux linkages between coils and the shaft 
and these changes, in turn, produced a differential 
inductance c in the coils. Comparatively large 
bending or axial stresses might be present without 


affecting the accuracy of these units, which had the| gain 


advantage of not requiring sli — 

A German recta wom, be Tor the measurement of 
torsional vibration also avoided the use of slip rings 
and brush gear ; its operating principle is represented 
diagrammatically in Fig. 8, on page 483. The zig-zag 
wire @ passed over several closed loops, represented 
by 5, ¢ and d, ing an alternating carrier-current 
and linked mechanically ; only three loops are shown. 
If the coils and the wire, and the instantaneous loop 
currents were in the position and directions shown, 
then the resulting electromotive forces induced in the 
verticals of the zig-zag cancelled, but if the loops were 
moved slightly to the right or to the left, then the 
induced electromotive forces produced a current. This 
form of unit was used to measure relative displace- 
ments between a crankshaft and a datum flywheel. 
The carrier current was electromagnetically induced 
into the ends of the loops, and the modulated carrier in 
the zig-zag, in turn, induced an electromotive force 
in a stationary output coil. 

The generator types of pick-up unit were similar 
in many respects to the inductance types, but differed 
in that the magnetomotive forces remained steady. 
They might be classified under two headings depending 
on whether the reluctance was varied or whether there 
was relative movement between a coil and a magnetic 
circuit. In the first-mentioned class was a unit for 
an engine indicator where the pick-up incorporated a 
circular silicon-iron diaphragm which was rigidly 
clamped around its edges with its centre near one pole 
of a cylindrical magnet—the diaphragm forming part 
of the magnetic circuit. The diaphragm was exposed 
po raged pressure "idine whe by means of a short 
indicator passage providing protection against the hot 
gases, and the signal coil was wound concentrically with 
the magnet. Similar units had been made for fuel- 
injection and exhaust systems. Generator types were 
also used in aeronautical work for the dynamic balanc- 
ing of pic instrument rotors, where the un- 
balance moment might have to be less than 2 x 10-* 
oz-in. 

Generator pick-up units involving relative movement 
between a coil and a tic circuit were often em- 
ployed to study mechanical vibrations and had been 
made in sizes varying from a few ounces to a few 
pounds. The basic construction of one form is illus- 
trated in Fig. 9, on page 483. The cylindrical 
@ was suspended by springs b, and 6, from an outer 
case c, and had a central core acting as a pole piece ; 
besides providing the magnetomotive force, the magnet 
also served as a “datum” or seismic mass, bei 
restricted to vertical movement by the guide rod d. 
signal coil e was wound on a hollow cylindrical former 
and projected into the annular air gap of the magnet, 





so that relative movement between the coil and the 
magnet produced the signal electromotive force. Units 
for horizontal use were of similar design except that 
the spring systems were modified, since the gravity 
loads of the datum masses were taken by the guide 


The nature of the associated equipment depended 
on the type of pick-up used. With resistance types 
a bridge circuit was usually gen, the sensitivity 
of the bridge being limited by the current-carrying 
capacity of the pick-up. Capacitance-type pick-ups 
were generally energised by high-frequency alternating 
current, although direct current could be used. The 
circuits might be broadly divided into bridge and reson- 
ance circuits; in one type, the pick-up capacitance 
formed part of a resonant circuit which was fed by 
way of a buffer from a 1l-megacycle oscillator. The 
circuit was tuned to a point on the resonance curve 
where variations in pick-up capacitance produced 
amplitude modulation of the carrier. The modulated 
signal was amplified and rectified and after suitable 
filtering was then proportional to the capacitance 
change of the pick-up unit. 

Inductance-type pick-ups could be built into sensitive 
indicating or recording equipment with a minimum 
of associated apparatus. A simple series circuit was 
widely used but differential or series opposition circuits 
were also popular, and there was a choice of either 
bridge or resonant layouts. With generator pick-up 
units it was generally desirable to obtain a signal 
proportional to displacement or acceleration, and 
simple circuits were widely used to give the necessary 
integration or differentiation. One resistance capaci- 
tive integrator was incorporated in a circuit which 
fed back a fraction of the output voltage to compensate 
for the voltage drop across the capacitor, so that the 
voltage across the resistor was virtually equal to the 
input va as required for true integration. 

The amplifiers used had to conform to rigid specifi- 
cations, especially in connection with stability and 
phase distortion, though resistance-capacity couplings 
satisfied most requirements of stability and frequency 
range. Inductors, capacitors and resistance-capacity 
networks might also be added to an amplifier to level 
its frequency response, and negative feedback might 
be employed to reduce distortion at the expense of 


In many measurements of static or slowly-varying 
quantities, the signals were indicated by simple gal- 
vanometers, moving-coil or moving-iron meters, though 
for general measurement work over a wide range of fre- 
quencies, the cathode-ray indicator remained unsur- 
L ic conditions could be recorded from 
the tube photographically. With multi-channel cathode- 
tay oscillographs, precautions must be taken to preserve 
the independence of each channel, and to provide a 
satisfactory optical system. Moreover, the phase 
delay in each item should be zero, or proportional to 
frequency, and all channels, including those handling 
marking pulses, should be identical in this respect. 
The uencies arising in aircraft flight investiga- 
tions seldom exceeded 1,000 cyles per second, so it was 
possible to take advantage of the compactness of gal- 
vanometer elements when records were required. 
One of the earlier multi-channel equipments to use 
these elements was operated with the generator t 
of pick-up illustrated in Fig. 9, the output from the 
amplifier or being ‘ormer-coupled to oil- 
damped Duddell type ——— to produce four 
records on a 70-mm. film at speeds of 12-5, 25, or 
50 in. per second. The recording unit weighed 60 lb., 
and, in common with the amplifiers, was supplied from 
a 12-volt battery. Some later forms of American 
oscillographs recorded up to 24 variables simultane- 
ously, Duddell-type galvanometers being used for the 
higher frequencies, and D’Arsonval galvanometers for 
the lower. Similar equipment was also being built 
in this country; in a six-channel recorder recently 
introduced, Duddell-type galvanometers were used, 
having resonant frequencies of about 2,000 c.p.s. when 
oil-damped. ‘‘ Pen” recorders were often used for 
dynamic work below 100 c.p.s., and recording tapes 
were available which were spark or pressure sensitive, 
or sensitive to icular metals ; these were particu- 
larly useful in field work since a record was available 
immediately for inspection. ° 





OPERATIONAL RESEARCH CLUB QUARTERLY BULLETIN. 
—The first issue of a quarterly bulletin has been published 
by the Operational Research Club. Its field will be the 
application of the scientific method to human behaviour, 
both by itself and in relation to the use of materials and 
equipment. In addition to abstracts prepared to bring 
out operational research methods and results in papers 
drawn from a wide selection of countries, industries and 
fields of study, each issue contains an article by an 
authority on operational research. The annual sub- 
scription to the bulletin is 10s. post free, and the editorial 
offices are at 25, Buckingham Gate, London, S.W.1. 





PROGRESS IN MARINE PROPULS'!)ON 
(1910-1950).* 
By K. C. Barwnasy, O.B.E., B.Sc. 
(Continued from page 458.) 


In 1925, Sir John Biles read an important pap.. on 
** Relative Commercial Efficiency of Internal Cor \us. 
tion and Steam Engines for High-speed Pass. ger 
Vessels.” Issue was joined between the advocat.; of 
the Diesel and the supporters of steam. According to 
the former, “ only Re special purposes would the 
steam engine be able to hold its place.” They ere 
especially annoyed at Sir John’s figures, which sh wed 
a saving in capital and running expenses for wha‘ was 
derided as a ‘“ hypothetical high-pressure scheme.” 

The Second Report of the Marine Oil-Engine ‘rials 
Committee ap in the Transactions for 125. 
This dealt with the Scott-Still engines of the \1.V, 
Dolius. These, it will be remembered, were a «om- 
bination of the internal-combustion engine anc the 
compound steam engine. Steam generated from the 
exhaust gases and from heat transmitted throug) the 
liners of the combustion cylinders acted on the under 
sides of the pistons, on the upper sides of which the 
ordinary combustion cycle took place. The weight of 
the installation was 775 tons for a designed power of 
2,500 shaft horse-power, i.e., nearly 700 Ib. per shaft 
horse-power. The fuel consumption for all purposes 
was 0-338 Ib. per indicated horse-power hour. The 
improvement in economy was so small in relation to 
the additional complications that the type has now 


In 1926, steam and oil engines were both represented. 
Mr. Robert Sulzer discussed the temperature variation 
and heat stresses in Diesels. He was obviously pleased 
to be able to point out that ‘in a two-cycle marine 
engine, the temperatures attained by the piston rings 
are far lower than the temperatures in a steam-engine 
cylinder fitted with a steam jacket.” Sir Harold 
Yarrow took up the cudgels on behalf of steam with 
his paper “High-Pressure Water-Tube Boilers for 
Marine Purposes.” He pointed out that steam pres- 
sures of 500 to 600 lb. and superheat temperatures 
from 700 to 750 deg. F. were in commercial use in a 
number of power stations and there was no reason why 
these figures should not be adopted at sea. Drawings 
and particulars were given of the two high-pressure 
boilers that his firm were supplying for the new Clyde 
passenger vessel King George V. 

Sir Charles fone called this ship a “‘ new pioneer 
vessel”” as the working pressure of the boilers was 
550 Ib. and the superheat temperature 750 deg., figures 
far in excess of those in marine use at that time. The 
King George V had a trial speed of 20-78 knots and a 
power of 3,500 shaft horse-power. This was the 
second time that the owning company had made 
maritime history. Just 25 years earlier, the King 
Edward—the first turbine merchant vessel—had been 
placed in service. Incidentally, the King Edward is 
still in active service. Her present owners—British 
Railways—report that the original turbines are still 
in use and in good order. : 

ineer-Captain L. M. Hobbs followed Sir Harold 
Yarrow and dealt with ‘‘ Some Recent Modifications to 
Water-Tube Boilers of the Three-Drum Type Fitted 
in H.M. Navy.” One of the changes mentioned was 
the substitution of circular lower drums for the old D 
or oval type of drum. Cracks were liable to develop 
in the D barrels. A consequent change was the aban- 
donment of the all-straight tubes which had been such 
a feature of Yarrow boilers. , 

At the Summer Meeting in the same year (1926), 
Sir John Biles returned to the attack and compared 
the relative efficiency of steam-turbine and Diesel 
machinery for cargo vessels. He gave a number of 
examples and it may be interesting to take one of 
these and substitute modern prices for fuels. For 
instance, Table II of the original paper concerned a 
cargo ship of 10,000 tons, powered with machinery 
of 3,000 shaft horse-power. The cheapest coal price 
was 23s. per ton; the cheapest boiler oil and the 
cheapest Diesel oil were both taken at 34s. per ton. 
The great difficulty in making comparisons of this 
sort is not merely the difference between various pro- 
ducing and non-producing ports, but also the enormous 
variation in handling charges. The true price of fuel 
is not what it costs in trucks, or in barges, or in storage 
tanks; it is what it has cost when the ship has been 
actually bunkered. In the case of coal, the additional 
cost may be only a few shillings or it may run into 
pounds. For example, a recent quotation was 85s. in 
trucks alongside or 130s. 6d. trimmed into the bunkers. 
Oil handling charges are generally much less. ; 

The following costs apply to a company owning 
coal-burning vessels, oil-burning vessels and motor- 





* The 14th Parsons Memorial Lecture, delivered at 4 
joint meeting of the Institution of Naval Architects and 
the Institute of Marine Engineers, held in London on 
Wednesday, March 29, 1950. Abridged. 
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shivs, and are forthe same port. They are therefore 
corparable for the particular company at the time of 
wriing, but do not necessarily apply to other ports or 
ev. for other companies with different arrangements 
at the same port. Nevertheless, they afford some 
pic’ are of the present fuel situation. 


Coal an 80s. per ton. 
Bunker oil 122s. 6d. per ton. 
Diesel oil 182s. per ton. 


The above figures result in total costs of :— 


Coal and high-pressure turbine £54,900. 
Oil and high-pressure turbine £56,500. 
Oil and Diesel ship £61,000. 


The assumed rates of 0-67 lb. and 0-42 Ib. were for 
all purposes, and probably the Diesel ship would be a 
little more economical to-day. The figures show that, 
under present conditions, a completely up-to-date 
steamer would cost less for fuel than a motorship. 
For the company in question, their steamers are, 
unfortunately, not up to date in their machinery 
arrangements, and they actually cost per mile about 
twice as much as the motorships for fuel. 

In 1928, Sir John Biles again enlarged on his favourite 
topic of steam v. Diesel and oil v. coal. One of his 
conclusions was that oil firing is more costly when 
the price per ton of oil is more than 1-4 times that 
of coal. Judging by the prices just quoted, the 
present ratio is about 1-53, but the shipowner is in a 
very difficult situation. At any moment, all his cal- 
culations about fuel costs and the most desirable 
type of vessel for his particular service may be upset 
by the follies of unbusinesslike politicians. 

In 1929, the protagonists of steam were in full force. 
There were papers on “ Modern Steam Machinery,” 
on the Bauer-Wach exhaust turbine, on powdered 
coal, and two dealing with water-tube boilers. Mr. 
John Johnson gave a very complete and well-docu- 
mented paper, comparing the service results of liners 
fitted with combination machinery, with Scotch boilers 
and low-pressure single-reduction geared turbines, with 
high-pressure water-tube boilers and single-reduction 
geared turbines, and with double-reduction geared 
turbines. He showed that the liner Empress of 
Canada, built in 1922, with Scotch boilers and saturated 
steam, operated on 1-05 Ib. per shaft horse-power hour 
or 1-13 lb. for all purposes. The corresponding 
figures for the Duchess of Bedford, built in 1928 and 
fitted with water-tube boilers, were 0-57 Ib. and 
0-625 lb., respectively. The weights of the two installa- 
tions were 380 Ib. and 282 lb. ver shaft horse-power. 
The paper was a powerful argument for high-pressure 
steam and showed that we had travelled a long way 
since Dr. Diesel’s 1912 estimate of an 80 per cent. 
saving in fuel consumption. In fact, Mr. Johnson’s 
ratios for 4,000 to 10,000 shaft horse-power installations 
on oil were as 0-63 to 0-42, i.e., 33 per cent. saving. 
Engineer Rear-Admiral W. Scott Hill dealt with the 
advantages of pulverised coal, but the system never 
obtained wide popularity and now seems to have 
been dropped. Mr. A. Spyer, in his paper on water- 
tube boilers, also looked forward to greater use being 
made of powdered coal. 

In 1930, Dr. W. M. Meijer stated that the consump- 
tion of oil on the high-pressure steam installation of 
the new liner Statendam was only 0-618 Ib. per shaft 
horse-power. An average figure seems, however, to 
be distinctly higher and nearer 0-64. It was interesting 
to compare these consumptions with those given by 
Mr. W. J. Belsey for vessels fitted with electric trans- 
mission. That on the 17,000 shaft horse-power Viceroy 
of India was put at about 0-65 at full power with a 
transmission efficiency of from 93-5 to 94 per cent. 
The Brunswick was a smaller ship, with four oil engines 
of 750 brake horse-power each. The overall trans- 
mission efficiency was 0-88 per cent. and the fuel 
consumption 0-46 Ib. for all purposes. 

In the summer of 1930, Sir Charles Parsons made 
his last appearance at these meetings. Before the 
next session, he had died at sea, on February 11, 1931. 
Charles Parsons had been, for over 40 years, the pre- 
dominant influence behind the development of the steam 
turbine. In the somewhat parallel development of the 
oil engine, one cannot trace any one individual who 
wielded a similar influence. As Dr. H. H. Blache 
pointed out, in opening his 1931 paper on ‘‘ The Present 
Position of the Diesel Engine,” several leading manu- 
facturers had each created their own special type. 
Dr. Blache described the improved results with “ high- 
pressure induction,” i.e., supercharging and with 
exhaust turbo-blowers. He gave some particulars of 
the ten-cylinder supercharged engines for the Venus, 
then building for the Bergen-Newcastle service. The 
fitting of oil engines in channel-steamer types was quite 
a new departure, and the Verius had the distinction of 
being the fastest Diesel ship afloat, excluding warships. 

Sir Harold Yarrow followed with ‘“ Water-Tube 
Boilers in some recent Merchant Ships with Service 
Results.” Some of his remarks on the limitations of 
Scotch boilers stung one of his hearers, Mr. John Reid, 


to remonstrance. Why did people wish to bury the 
Scotch boiler for high-grade ships? It “has the finest 
water-walled furnace that has ever been conceived by 
the mind of man and you cannot take that quality 
away from it.” The answer is to be found in the 
tables given in the paper by Mr. A. T. Wall and Mr. 
H. C. Carey, in the same year, on “The Effect of 
Modern Machinery on the Design of Large Ships.” 
The authors showed that, for high speeds, the cylin- 
drical boiler imposed impossible handicaps. For 
example, a 29-knot ship carrying 2,000 tons deadweight 
and designed for minimum power would have to be 
1,011 ft. in length and have 139,000 shaft horse-power 
with Scotch boilers, in lieu of only 762 ft. and 92,000 
shaft horse-power with Johnson water-tube boilers. 

The limiting speeds for vessels of the 1,000-ft. express 
Atlantic liner class may also be recalled in view of the 
present interest in this type. With Scotch boilers, 
30-8 knots could be obtained on weight, but the space 
available would be quite inadequate. With Johnson 
water-tube boilers, the limiting speed would be 36-4 
knots. It is to be hoped that no one will want to 
build such a vessel. The power needed is 362,000 shaft 
horse-power, so that the cost of oil fuel for a round 
voyage to New York and back would be of the order 
of 100,0002. As Sir Eustace d’Eyncourt said, “ This 
paper gives the coup de grace finally to the cylindrical 
boiler for very big powers.” 

e final paper in 1931 was by Mr. Paul Dumanois, 
“On the Development of Marine Internal-Combustion 
Engines.” A table of relative powers for the same size 
of cylinders was of interest. It is reproduced as 
Table V, herewith. The high ratios obtainable with 
two-cycle engines largely accounts for their present 
popularity where maximum powers are required at 


slow speeds. 


TABLE V. Relative Powers of Diesel-engine Cylinders. 
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In 1932, Mr. John Johnson took as his subject 
‘Fuel for Merchant Ships.” He instanced the case 
of a 6,500 shaft horse-power vessel and arrived at a 
daily cost of 441. for the motorship, 44]. 5s. for the 
oil-burning steamer, and 391. 15s. for the coal burner. 
If these figures are converted to present-day costs on 
the same basis as used in discussing the Sir John Biles’ 
example, we get 251/. for the motorship, 2261. for the 
oil-burning steamer, and 211/. for the coal burner. 
Mr. Johnson also stressed the advantages of either 
pulverised coal or mechanical stokers, if coal was to 
be used to full advantage. The next paper, by Mr. 
G. A. Brown, on “ Recent Improvements in the Effi- 
ciency of Small Vessels,” was a corrective to any 
undue complacency about steam—at any rate, for 
low powers. Mr. Brown was dealing with a small 
180 indicated horse-power coaster. As he took the 
coal consumption at 2} lb. per indicated horse-power 
and the Diesel oil at 0-40 Ib., it was easy to show a 
saving of about 30 per cent. in favour of the motorship. 
On to-day’s prices, the saving in favour of the motor- 
ship would be still greater and well over 50 per cent. 

In 1934, we had a paper entitled “ Development of 
the Auxiliary Propeller Drive.” The author, Mr. 
Carlton Garratt, referred to the various systems of 
improving the efficiency of the ordinary reciprocating 
engine. In such types as the Bauer-Wach, the Metro- 
politan-Vickers, etc., a low-pressure exhaust turbine is 
coupled mechanically or electrically to the main shaft. 
Mr. Garratt claimed that advantages would be secured 
by using in lieu a separate small propeller. The 
arrangement was tank-tested and, apparently, the pro- 
pulsive efficiency was quite good. 

Two more boiler papers followed in 1936. The first 
was a review by Engineer Rear-Admiral W. M. Whay- 
man of the position for large passenger liners. The 
dates of the examples chosen were from 1929 to 1935. 
With the exception of three German ships, the average 
boiler pressure was 410 1b. The most extreme instance 
given for an existing ship was the liner Potsdam, with 
Benson boilers working at 1,325 lb. per square inch. 
A somewhat similar liner, the Pretoria, had two Benson 
boilers working at a maximum pressure of 1,470 Ib. 
per square inch. Even in German hands, this pressure 
proved too high and had to be reduced to 900 lb. This 
ship is now the Empire Orwell, and has two Foster- 
Wheeler boilers working at 500 Ib. per square inch. 

In 1937, Sir Stephen Pigott provided many inter- 
esting details concerning the Queen Mary and the 
requirements that conditioned her design. The service 
power of 158,000 shaft horse-power was estimated as 
giving 29 knots, the speed necessary for crossing from 








Cherbourg to the Ambrose light vessel in 112 hours 





(by the more southerly route). The designed révolu- 
tions per minute were 180, and the working pressure 
350 lb. The gearing was single-reduction. The machi- 
nery design was thus considerably more conservative 
than on many smaller liners then in service. It must, 
however, be remembered that the design really dated 
from 1930. 

In the same year (1937), Mr. W. 8S. Burn spoke on 
the “Development of the Two-Stroke Cycle Oil 
Engine.” He claimed it to be a “ cheaper, smaller, 
lighter and more efficient engine than the four-stroke 
cycle.” He would have been a bold man in 1910 to 
have made such claims. At that date, the most 
successful engines were undoubtedly of the four-stroke 
type. The author considered that “‘ the chief immediate 
future of the high-powered two-stroke will rest with 
the large double-acting type when direct propeller 
drive is desired; for powers below 2,000 h.p., the 
single-acting engine is more directly competitive.” 
1950 has confirmed this view. 

he opening paper in 1938 was Captain Bernard 
Acworth’s extremely controversial “‘ Alternative Firing 
of British Men-of-War.” Captain Acworth had been 
carrying on a campaign for some time in favour of 
reverting to coal fuel for the Navy. His main con- 
tention was that the increased safety of fuel supplies 
in time of war was well worth a sacrifice of speed. 
In any case, he thought it was better to decrease 
and power and to put the saving of weight into arma- 
ment. It was his conviction that “‘ when the worship 
of the speed god becomes out of date among seamen, 
future British men-of-war should rely entirely on coal.” 
Captain Acworth’s arguments were soon riddled with 
broadsides from all quarters. 

In the same year, Mr. Harry Hunter described the 
“ Reheated Reciprocating Steam Engine.” Consump- 
tions of 0-8 lb. per indicated horse-power-hour were 
claimed for all purposes on oil and from 1-0 Ib. to 
1-089 Ib. per indicated horse-power-hour on coal. The 
following paper was by Mr. W. J. Belsey. A com- 
parison was made of a direct-coupled Diesel installation 
with two 12,000-shaft horse-power engines at 100 r.p.m. 
and five 5,700-brake horse-power engines at 225 r.p.m., 
with alternating-current electric transmission. Mr. 
Belsey arrived at equal costs, but a saving in weight 
of 33 per cent. in favour of electric transmission (1,394 
tons in lieu of 2,085 tons). The overall efficiency at 
full power was given as 91-7 per cent. and 90-6 per 
cent. at half power. Mr. Belsey’s paper was a useful 
reminder that if an advantage is to be gained from 
electric transmission, a light fast-running type of 
Diesel is necessary. Engine-room length can then be 
saved as well as height. 

At the International Conference of Naval Architects 
and Marine Engineers, held in 1938, Mr. John Burk- 
hardt discussed American trends. Dealing with turbo- 
electric drive, he stated that this had had most of its 
early development in the United States, but it was not 
holding its own against the geared turbine. Weight, 
space and cost were all greater and there was a small 
loss in efficiency. He foresaw a greater future for 
small geared Diesels, with either mechanical gearing 
or electric transmission. The Transactions of 1939 
record no arguments on Diesels, on turbines, or on 
reduction gears. The various protagonists were pro- 
bably far too busy to prepare technical papers. 

During the war, research proceeded on a vast variety 
of subjects, but the necessity for standardisation 
retarded its application to new designs. Let us turn, 
therefore, to the present time, when the shipowner 
has a veritable galaxy of choice instead of the two 
alternatives of 1910. The rise of the motorship was 
primarily due to its great fuel economy. The enor- 
mous gap of 1910 between the fuel consumption of an 
oil-engine and a steamer has been greatly reduced. 
It is still large and it seems unlikely that, even with 
the most modern steam machinery, the ratio can be 
less than 1 to 1-5. Unfortunately for the oil-engine, 
the differential between the cost of Diesel oil and the 
cost of bunker oil is usually of the same order. Hence 
there is no saving to the owner unless either this 
excessive differential is reduced or the engine can be 
adapted to run on boiler oil. Mr. John Lamb has 
shown that, with suitable precautions, this is usually 
possible for high powers, so the practice is likely to 
spread. The position with regard to coal burning is 
equally absurd. Owing to its excessive price, coal had 
become more expensive than oil. With devaluation, the 
position was reversed. With this rapid and enormous 
fluctuations, which can upset all calculation overnight, 
all that can be said is that, whatever type of machinery 
is employed, the very utmost economy in fuel cost is 
even more vital than in 1910. 

Fuel economy is not, of course, the only criterion 
for choice of power e. Weight, space, first. cost 
and upkeep must all be considered. For small powers 
up to, say, 2,000 brake horse-power, the Diesel seems 
in a very strong position on all these counts. It is 
only in special cases, such as harbour tugs, trawlers 
or local conditions of fuel or labour supply, etc., that 
a good case can be made out for the reciprocating 
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steam engine. Above about 2,500 shaft horse-power, 
the advantage usually lies with the geared turbine on 
weight and cost if the Diesel is direct-coupled. The 
Diesel engineer can, however, restore at any rate 
equality of cost by fitting gearing. These geared Diesels 
were largely used for landing craft, etc., during the 
war and proved very successful. For very la 
powers, the position of the geared turbine is as unassail- 
able as is that of the Diesel at low powers. For the 
liners, it has the further advantage of greater smooth- 
ness and silence. A comparatively recent innovation is 
the coupling of two or more Diesels to one shaft. For 
passenger vessels, this often enables engines to be 
tucked under an accommodation deck. The propulsive 
advantage of a single screw and its greater protection 
from ice, sloping river banks, etc., can then be retained 
with two or, in some cases, four driving units. The 
principal methods of coupling other than the full elec- 
tric are magnetic slip couplings, such as the B.T.H. ; 
mechanical, such as the S.L.M. or the “ Air-Flex ” ; and 
hydraulic couplings, such as the Vulcan. 

The gas-turbine seems to have reached a stage of 
development somewhat akin to that of the Diesel in 
1910. A number of firms are experimenting with their 
own special types, but there is hardly any service 
experience. In 1910, the new marine Diesel had the 
background of a considerable period of successful use 
on land. In 1950, the new marine gas-turbine has 
only a shorter background of successful use in aircraft. 
The gas turbine offers a very high power-weight ratio 
and, for this reason, is likely to find its chief use on 
fast naval craft. For commercial vessels, it has at 
present two handicaps : a higher specific fuel consump- 
tion than the ordinary Diesel, and the necessity of 
using Diesel or other distillate oil to prevent fouling 
and corrosion of the blades. If the latter difficulty can 
be overcome, its commercial prospects would be very 
much brighter. No astern turbine can be used with a 
gas turbine, as the windage losses would be excessive 
if it is kept running. It is necessary to have a reducing- 
reversing gear for marine use. As with geared Diesels, 
this can be full electric, mechanical or hydraulic. 

A few particulars of a marine type now on the market 
may be of interest. This is the Ruston and Hornsby, 
which has a full power rating of 1,070 brake horse- 
power. The 13-stage axial-flow compressor is driven 
by an independent two-stage turbine and not by the 
main power turbine. This separation is claimed to 
give greater flexibility and to avoid the necessity for 
a special torque-converter. The weight of the com- 
plete gas turbine is about 40 lb. per horse-power, 
and the fuel consumption 0-59 lb. per shaft horse-power 
per hour. The ultimate aim for a gas turbine, according 
to Dr. T. W. F. Brown, is of the order of 0-33 Ib. per 
shaft horse-power per hour. In order to obtain this 
high efficiency, increased gas temperatures will be 
necessary, involving the complication of cooled blades. 

It is interesting to note that Lord Fisher’s desire 
** to associate the turbine with the principle of internal 
combustion propulsion” is being realised. Both 
Messrs. C. A. Parsons and Company and the Pametrada 
Research Station are now actively interested in the 
development of gas turbines. The funnels that Fisher 
disliked may not have disappeared, but they have 
been greatly reduced in number on both warships and 
liners. Most of our destroyers have now only one 
funnel. In the two-funnelled ““ Weapon” class, the 
forward funnel is concealed in the mast structure, 
much as s by Sir Charles Parsons in 1912. 
The same thing has happened with liners. The only 
four-funnelled British liner left, the Aquitania, has 
made her last voyage. The few three-funnel liners still 
in service begin to look a little odd. This reduction in 
the number of funnels has been rendered possible by the 
enormous decrease in the number of boilers now needed 
to develop any given quantity of steam. Thus the 
Berengaria had 46 water-tube boilers, the Queen Mary 
has 24 boilers and the Queen Elizabeth only 12 boilers. 
From the naval architect’s standpoint, the reduction 
in weight and number of boilers has been fully as 
important as the introduction of geared turbines and 
heavy-oil engines. Table VI, on this page, indicates 
the changes in boilering for some large liners. 

Progress in hull and propeller design may not have 
been so clear and obvious in the last four decades as 
with the main machinery. Nevertheless, it has been 
equally real and important. Harking back to 1910, 
there were two events of great and enduring importance 
to all naval architects. The National Tank was opened 
at Teddington, with Dr. G. 8. Baker as its Superin- 
tendent ; and David W. Taylor published the first 
edition of his Speed and Power of Ships, a book that 
had an enormous influence. It gave for the first 
time the full results of a family of standard commercial 
forms. This information, which was previously only 
available for certain limited types, mainly those of 
warships, enabled designers to decide with some 
certainty on the best prismatic coefficient for the 
conditions, and on the penalty of excessive fullness. 

Looking back on the meagre data then available, 
most designers of merchant-ships seem to have been in 





a state of eppalling ignorance as to the residuary 
resistance of their products. Highly important vessels 
such as the Lusitania were, of course, tank-tested, but 
the lines of the great majority of commercial ships 
were settled by rule of thumb or by the repetition of 
past practice. One of the most common beliefs was 
that of the overriding advantage of minimum midship 
area. Another was the assumed benefit of a small 
prismatic coefficient at high speeds. Taylor shattered 
both ideas. His curves showed conclusively that, 
above a speed/length ratio of about 1-0, the optimum 
prismatic coefficient began to increase and not decrease ; 
and that, atslower speeds, it was not minimum midship 
section that mattered, but minimum prismatic coeffi- 
cient. 

Forty years ago, the frictional formulations of 
Froude, or in some cases, Tideman, were almost 
universally accepted as giving sufficient guidance for 
the calculation of surface friction. To-day, Tideman’s 
constants are completely ignored, while the supporters 
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number and the Froude number could be scvadily 
Lg 
obtained in their reciprocal forms by the law of ‘imep- 
sional similarity. If viscosity was ignored, one oly ained 
a function of the Froude number. If one ignored g 
gravity-type resistance, such as wave makine, one 
obtained a function of the Reynolds number. 


Surface friction, Dr. Stanton argued, ought therefore 
to be expressed in the form R=C S V®, where C = <i VL 


\» 
The accepted Froude formula, R = Sf V", clearly did 
not comply with this requirement, since f was an 
empirical constant depending on length and type of 
surface, while the index n was appreciably less ‘!,an 9, 
Even more important was the entirely different law of 
comparison. Sir Charles Parsons called this paper 
“a very important advance,” a view that was much 
more far-sighted and accurate than those of R. §, 
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of Froude are fighting a last rearguard action. Even 
this is not being fought on the ground that Froude’s 
method was correct, but for the dual reasons that so 
many tank and trial data have been accumulated on 
the Froude basis and because we are not universally 
agreed on a unique line to take its place. 

The first major attack on the accepted methods came 
from Dr. T. E. Stanton in 1912. In a paper on “‘ The 
Law of Comparison for Surface Friction and Eddy- 
Making Resistances in Fluids,” he reminded us that, 
many years earlier, Osborne Reynolds had demon- 
strated the difference between streamline or ‘‘ laminar ”’ 
flow and non-streamline or ‘‘ turbulent ” flow. Reynolds 
had shown that the criterion for this change was a 


Vv 
non-dimensional number = where d was the pipe 


diameter, V the velocity in feet per second, and » the 
kinematic viscosity. For ship work, the governing 
linear dimension would be length, so that this number, 
afterwards termed the ‘* Reynolds Number,” should 


~* Service power. 





be written “*. Dr. Stanton also reminded us that 


VxL 


Reynolds Number = “X+ 
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Froude and Sir Arthur Johns—accepted leaders in the 
theories of hydro-dynamics and naval architecture. 
Froude pointed out that a ship model could not possibly 
be run fast enough to a with the Reynolds law 
of comparison. On this account alone, he considered 
that the proposed method had no place in tank 
technique. 

Since Dr. Stanton’s 1912 paper, we have had a great 
many others dealing with this question of surface 
friction, notably those by Dr. G. S. Baker and Dr. G. 
Kempf, Professors T. H. Havelock, A. M. Robb and 
E. V. Telfer, and by Mr. W. G. A. Perring, Mr. M. P. 
Payne and Mr. H. Lackenby. It was a little confusing 
for the listener, because Dr. Baker and Dr. Kempf 
seemed to disagree with each other almost auto- 
matically, while quite recently, Professor Robb and 
Professor Telfer were equally unable to see eye to eye 

To-day, except for a few die-hards, we are all in 
agreement that we ought to express surface friction as 
a function of the Reynolds number, though there is still 
disagreement as to the precise friction line to 
adopted and as to the values of the additional roughness 
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correctivas that are needed. There is also a general 
acceptance of the modern boundary-layer theory, 
which was, of course, quite unknown to Froude, as was 
Rayleigh’s demonstration of the relation between the 
Reynolds and Froude numbers. It seems fair to say 
that, in 1910, naval architects had the idea that the 
decreasing value of the frictional coefficients with 
increasing length was due to an increasing frictional 
wake. We somehow pictured a ship as rubbing against 
the water near the bow at its full speed and at a reduced 
speed near the stern. 

The modern boundary-layer theory gives a much 
clearer picture of the mechanism of surface friction. 
The starting point of the theory is that a plate, however 
thin, cannot be inserted into a moving and real fluid 
without bringing to rest a thin film. This film will 
be locked to the surface, presumably by molecular 
attraction. Pitot-tube measurements taken as close 
as possible to the surface show that the velocity has 
fallen by about 50 per cent. Measurements taken 
farther from the surface show a much thicker belt of 
water, in which the velocity gradually falls to that of 
the surrounding stream. There is thus a very thin 
sub-layer of, perhaps, a thousandth of an inch or less, 
in which the flow is entirely laminar. The outer 
boundary of the layer is taken as the point where 
the velocity is 1 per cent. of that of the surrounding 
stream. Between the laminar sub-layer and the outer 
boundary, flow will be turbulent. Unless the water 
upstream from the bow is itself turbulent, the layer 
near the bow may be entirely or partly laminar outside 
the laminar sub-layer. At some point very near the 
bow, the laminar flow will break down into the thin 
laminar sub-layer and a much thicker turbulent 
portion. 

The coefficient of laminar friction is given by the 
Blasius formula as C f = 1-327 (R n)-# and is shown in 
Fig. 1, opposite. It will be noted that all the “‘ smooth- 
turbulent ”’ coefficients are far greater than the laminar 
coefficient, so that, to get true comparison between a 
model running at a low R n and a ship at a much higher 
R 2, it is obviously essential to ensure the breakdown 
of the laminar flow and the setting up of a fully turbulent 
regime. This was fully recognised by Professor K. S. M. 
Davidson when he commenced work in his small tank 
at the Stevens Institute in Hoboken, New Jersey. 
All models were run with turbulence-stimulating 
devices such as trip wires, struts or sanded strips, and 
very satisfactory results were obtained. Previously, 
the work of small tanks was regarded with grave 
suspicion, owing to apparently erratic results which 
were usually attributed to a vague “scale effect.” 
It was thought that models of from 16 to 20 ft., as 
used in the large tanks, would be quite free from 

minar flow when running at Reynclds numbers above 
about 5 x 10%. Thus the limits at the Spanish El 
Pardo tank were Rn = 3-5 x 10® for full forms and 
Rn = 6-5 x 108 for fine forms. We now know that 
such limits may be too low and it is probable that all 
slow-speed tank models will be run in future with 
turbulence stimulators. Not everyone agrees with 
this procedure. At the 1948 International Conference 
of Ship Tank Superintendents, Professor Robb re- 
marked: ‘The (Froude) method was founded on a 





dogma and extended by empiricism. The adoption 
of turbulence-producing devices is merely the piling 
of empiricism, and more complicated empiricism, on 
empiricism.” At the same conference, the United States 
delegation recommended the general adoption of the 
Schoenherr frictional coefficients in place of the Froude 
constants. They also suggested the addition of 0-0004 
to Cf as a standard roughness correction to cover the 
change from the smooth surface of a model to the much 
rougher steel plating of a ship. Agreement could not 
be reached, as many delegates preferred other friction 
“lines” such as the Prandtl-Schlichting, the Falkner 
and the Telfer “‘ extrapolator.” Fig. 1 shows the general 
relation of these “‘ lines” as compared with the values 
obtained from the Froude constants. It will be noted 
that the differences are very small for all the “‘ smooth 
turbulent ” lines, but the variation from Froude is 
considerable, especially at the longer lengths. This 
variation is largely due to the fact that the smooth- 
turbulent lines apply to hydraulically smooth surfaces, 
that is, to surfaces in which the roughnesses do not 
pierce through and disturb the inner sub-laminar layer. 

The precise variation of the roughness addition with 
different types of surface is still a matter of controversy 
and this leads to the anomalous result that the Froude 
constants have often proved to give closer estimates 
than the newer formulations. It cannot be denied that 
the Froude constants give results that are not very far 
wrong when the additional resistance due to a painted 
steel plate in lieu of an ideal surface is considered. 

In 1949, Dr. Telfer read a paper entitled “ Frictional 
Resistance and Ship Resistance Similarity,” in which he 
added to his “ extrapolator ” line a method of dealing 
with roughness additions. He also discussed his 
proposed method for comparing the total resistance of 
models and ships without having first to split the resist- 
ance into frictional and residuary resistances. The 
first proposal is less controversial than the second 
and also merits close attention. The Telfer “ extra- 
polator” line is based on the Gebers results and 
as will be seen from Fig. 1, lies just below the Gebers 
line for the middle portion of that line. | Nowthe Gebers 
values were the result of very careful tank experi- 
ments, but they undoubtedly contained a lot of laminar 
flow at the lower R n numbers. At the higher end, they 
are, like all other lines, an enormous extrapolation 
from experimental data. 

Telfer assumed, not unreasonably, that with correc- 
tion for edge effect the middle portion could be relied 
on. He therefore extrapolated this portion in both 
directions, plotting it on a basis of the inverse cube 
root of Reynolds number. The equation for this line 
is Cf = 0-0012 + 0-34 (Rn)-t. This is not only a 
simpler expression than the Schoenherr or the Prandtl- 
Schlichting, but it has the great merit of a limiting 
value of 0-0012 at Rn =o. All other formulations 
give the absurd answer of Cf = 0, when Rn=o. 
As will be seen from Fig. 1, the differences from the 
Prandtl-Schlichting and Schoenherr lines at both the 
model and ship ranges are very small. In view of these 
advantages, there seems to be a case for pressing the 
adoption of this line, or something very like it, at the 
next Ship Tank Conference. 

(To be continued.) 





CONDUCTANCE BRIDGE FOR 
CHEMICAL WORK. 


THE conductance bridge shown in the accompany- 
ing illustration has been designed by Mullard Electronic 
Products, Limited, Century House, Shaftesbury- 
avenue, London, W.C.2, for measuring certain chemical 
or concentration changes in a wide variety of indus- 
trial processes. Among its applications mention may 
be made of the measurement of the sodium-hydroxide 
content in industrial solutions, the checking of the 
alkali content in washing solutions, the testing of 
boiler-water condensate, and the determination of soil 
acidity or alkalinity and of brine concentrations. 

Basically, the instrument is a modified Wheatstone 
bridge, which operates at a test frequency of 2-9 kilo- 
cycles per second. Balance is obtained by means of 
a precision potentiometer and is indicated by a “ magic 
eye,” which is operated through an electronic amplifier. 
Multiplying factors of one, 100 and 10,000 are obtained 
by operating a range switch. Two other positions of 
this switch enable readings in parts per million of 
sodium chloride to be made and allow the bridge to be 
calibrated by means of internal standards. Two scales 
are provided, one indicating micro-mhos and the 
other 1 to 100 parts per million of sodium chloride. 
The latter is used in conjunction with a jacketed con- 
ductivity cell which contains a standard solution. 
When employed in this way the bridge is operated as a 
comparator. While such tests are being carried out 
the effect of temperature is eliminated by immersing 
the jacketed cell in the test solution so that it is at the 
same temperature as the latter. When operated as a 
comparator the accuracy of the instrument is + 2 per 
cent. For conductance measurements the correspond- 
ing accuracy is + 3 per cent. : 

As will be seen from the illustration, the instrument 
is self-contained in a metal case, which is 6} in. high 
by 5} in. wide by 7 in. long, the approximate weight 
being 8 Ib. It is operated from 110/245-volt mains 
at a frequency of from 40 to 100 cycles and its con- 
sumption is about 14 watts. To facilitate operation, 
the instrument can be mounted in an inclined position. 
It can be used in conjunction with a conductivity 
controller which includes a built-in relay and enables 
the conductance to be automatically controlled. The 
electrodes provided for insertion into the liquid under 
test consist of a pair of platinum plates which are 
rigidly mounted at a predetermined distance from 
each other and surrounded by a protective glass screen. 
For general laboratory purposes they are used in 
conjunction with the dip cell visible on the left of the 
illustration. For industrial purposes a cell with a 
heat-resistant glass body and a stainless-steel pipe 
union can be permanently installed in a vat or tank. 





ANNUALS AND REFERENCE 
BOOKS. 


The British Journal Photographic Almanac, 1950.— 
The art of photography had not advanced very far 
when this Almanac first appeared 91 years ago. It 
was then published as a wall calendar and was issued 
as a supplement to The British Journal of Photography. 
It is now a substantial volume and the current edition, 
which has been published recently by Messrs. Henry 
Greenwood and Company, Limited, 24, Wellington- 
street, Strand, London, W.C.2 (price 5s. net in paper 
board covers, or 7s. 6d. net bound in cloth) contains 
560 pages, together with a 32-page supplement showing 
some excellent examples of modern photographic work 
reproduced in photogravure. In addition, there are 
several articles by appropriate authorities on colour 
photography, medical photography, remote-control 
devices for cameras, and other subjects of interest to 
amateur and professional photographers alike. Other 
sections of the Almanac review new methods, processes 
and formule which have appeared-during the past 
year, and a useful feature is a glossary and list of 
chemicals used in photography. There are also 
instructions for using the various photographic 
processes, including sub-standard cinematography, 
colour photography, and the copying of documents. 
All these, together with numerous tables and much 
miscellaneous information, fully justify the description 
of the volume, in the sub-title, as the Photographer's 
Daily Companion. 

Annuaire de Bureau des Longitudes, 1950.—In 
reviewing this publication a fortnight ago, on page 409, 
ante, we were unable to quote the price at which it is 
published as this information is not printed in the 
volume and had not then come to hand. We have 
now heard from the publishers—Messrs. Gauthier- 
Villars, 55, Quai des Grands-Augustins, Paris, Vle— 
that the price in France is 650 fr. in paper covers and 
850 fr. in boards. The corresponding prices in English 
money are 15s. 6d. and 19s. 7d., respectively. These 
prices do not include postage, which adds 100 fr. in 
France and 110 fr. to other countries. 
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NOTES ON NEW BOOKS. 


Radio Frequency Heating Equipment. By L. L. 
Laneton, A.M.I.E.E. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 17s. 6d. net.] 


WHiE the historical introduction to this book makes 
interesting reading, a good deal of the preliminary 
material is rather unnecessarily elementary, describing 
principles and phenomenon which are familiar to 
every radio engineer, and, indeed, to many students. 
In the chapter on dielectrics, for instance, it should not 
be necessary to discuss capacitance, permittivity, 

wer factor, and capacitor losses at radio-frequencies. 

kin effect-and magnetic hysteresis, too, are so well 
known that they might have been omitted ; and it is 
improbable that those who are unfamiliar with mech- 
anical and electrical resonance would attempt to 
study radio-frequency heating. Other items which 
might have been omitted are the properties and 
efficiencies of Class A, B and C amplifiers, descriptions 
of Hartley and Colpitt oscillators, the reflected imped- 
ance of a coupled circuit, and the phenomenon and 
causes of “‘ double humping” in such a circuit. The 
four chapters dealing with dielectric heating and 
eddy-current work circuits, and the applications of 
these types of heating, are informative, but they form 
only a part of the book. Because of the close relation- 
ship between radio-frequency heating and radio 
engineering it is to be assumed that the book is addressed 
to radio engineers who are unfamiliar with the details 
of this type of heating ; but the author does not make 
it clear whether this is the intention, and p ctive 
purchasers might do well to examine the book first, 
to ascertain whether it covers the ground that they 
desire to explore. 





British Inventions. By Dr. F. SHERwoop Tay or. 
mgmans, Green and Company, Limited, 6 and 7, 
Clifford-street, London, W.1. [Price 1s. net.] 


THERE have been many attempts to present in compact 
form the course of invention in this country and others, 
but we can recall none which has succeeded so well 
as this excellent summary. Dr. Taylor is curator of 
the Museum of the History of Science at Oxford—a 
repository which is not nearly so well known to engineers 
as it deserves to be—and his selection of illustrations 
alone is sufficient to commend the booklet. The 
“ British Life and Thought ” series, of which it is one, 
covers a very wide field and is directed to an equally 
wide and varied public. In such cases, the temptation 
to “write down” to the supposed level of the un- 
instructed is strong, but in this instance, happily, 
it has not prevailed. The result is a survey which 
takes in machinery of all kinds, scientific instruments, 
chemical man radio-communication, trans- 
port, steel production, etc., and presents them and their 
effects in an admirably balanced review from which 
even the e may expect to learn something and 
to which the novice can turn with confidence as a 
source of reference. 


Aircraft Maintenance and Service. By COLONEL ROLLEN 
. Dpaxe. The Macmillan Company, 60-62, 
Fifth-avenue, New York 11,U.S.A. [Price 6 dols.}; 
and Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 42s. net.] 
Tus book, one of a series of seven text-books prepared 
by the author for aeronautical ground engineers, 
covers the servicing and maintenance of airframes. 
The other volumes in the series deal with aircraft 
woodwork ; welding ; sheet metal ; engines ; electrical 
and hydraulic systems and instruments; and the 
maintenance and servicing of aircraft engines. The 
author’s aim in this book has been to present the 
fundamentals of airframe maintenance and servicing 
in a simple form which can be appreciated by the 
layman, the technical student, and the licensed air 
mechanic, with particular attention to the servicing 
requirements of the Civil Aeronautics Administration 
of the United States. The book deals with inspection, 
general maintenance, the erection, ground handling 
and inspection of the light aeroplane, technical draw- 
ings, safety practices, glues, glued joints and plywood, 
dopes and finishes. The different kinds of wood and 
metal used are discussed, and ways in which the 
various metals can be roughly identified are described. 
There are chapters on fabric-covered and plywood 
constructions and repairs, welded repairs, drilling, 
burring, filing, and riveting in sheet. metal repairs, 
layout and bend allowances, forming sheet metal, and 
assembly. Some of the introductory matter, presum- 
ably introduced for the benefit of the layman, is very 
elementary ; it is questionable whether it is wise 
to attempt to cover the interests of such readers in a 
book intended also for the serious technical student. 
Where the text is concerned with practical details and 
not with generalisations, however, it is clearly written 


and easy to follow. Some of the definitions in the 
glossary are poor ; for instance, “ stress—any internal 
force acting within a structure.” The book is copiously 
illustrated, but some of the figures serve little useful 
purpose and could well be omitted; in fact, both text 
and illustrations would be improved by some critical 
pruning. 





Modern Locomotive Classes. By Brian REED. The 
Locomotive Publishing Company, Limited, 88, 
Horseferry-road. London, 8.W.1. [Price 7s. 6d.] 

To borrow the language of the theatre: the action of 
the book takes place shortly after the nationalisation 
of the railways and the principal characters are the loxo- 
motives of the four main-line companies, plus a few 
from Ireland, the Ministry of Supply, and the National 
Coal Board. Most of them were in service before 
the passing of the Transport Act ; others date from the 
transition period. The long-continued tradition of the 
Great Western Railway stands apart, compared with 
the strivings and searchings of the three other com- 
panies, as Mr. Reed’s selection shows: though in 1949, 
before the evolution of the British Railways standard 
designs, Mr. F. W. Hawksworth, chief mechanical engi- 
neer of the G.W.R., brought out an 0-6-0 class of tank 
engine with outside cylinders and Walschaerts valve 
gear—a break with tradition that nationalisation has 
nipped in the bud. The L.M.S. designs show many 
influences: chiefly that of the G.W.R., moulded to suit 
different conditions by Sir William Stanier, but also two 
long-lived Midland designs, the carefully-planned 
experiments in steam-turbine and Diesel-electric 
motive power, and the logical pursuit of increased 
availability which resulted in some recent variations 
on conventional steam-locomotive design. On the 
L.N.E.R., the effect of the long term of office of the 
late Sir Nigel Gresley naturally predominates, but some 
old designs of J. G. Robinson, of the Great Central, 
persist, and his influence can be discerned even in the 
innovations and modifications of Gresley’s successors. 
The: Bulleid designs of the Southern Railway, however, 
best illustrate the rearguard action of the steam loco- 
motive adherents. Each page of Modern Locomotive 
Classes is devoted to one class : a half-tone illustration, 
a line illustration, and a short description. Mr. Reed's 
book, a revision of an earlier work, gives an interesting 
cross-section of locomotive design at a critical stage in 
the history of British railways ; subsequent events in the 
historical drama, perhaps, will form the subject of a later 
edition, but whether tragedy, comedy, or farce it 
is too early to say, and, in any case, it will depend 
on the affections of the reader. 
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Theory of Machines. By Louis Torr and A. T. J. 
Kersey. Sixth edition. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kings- 
way, London, W.C.2. [Price 17s. 6d.] 


First published in 1927, this book has now become 
widely accepted as one of the standard works to be 
recommended to students studying for their university 
degrees in engineering or for the examinations of the 
Institutions of Civil and Mechanical Engineers. The 
scope of the present edition has been increased by the 
addition of a number of new sections, including the 
treatment of inertia governors, the balancing of sleeve- 
valves, the use of the gyroscope for stabilising vehicles, 
and the gyro compass. The analysis of the vibration 
of shafts and beams has been extended to cover cases 
in which the load is uniformly distributed, and the 
vibrations of the gyro compass are examined. 





 —— 





P p 
ph ginewing Precision Measurements. By A. W. JupaGE, 
A.R.C.S., Wh.Se., A.M.I.Mech.E. Second edition. 
revised. Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 30s. net.] 


Tue first edition of this compendium appeared in 1944 
and was reviewed on page 83 of our 159th volume 
(1945). The opinion that was expressed was favourable, 
though we suggested that something more might have 
been said about the faults and errors liable to develop 
even in the best instruments after some use, and the 
methods of detecting and correcting them. In the 
present edition, however, while a few minor modifica- 
tions have been made in the text of the original nine 
chapters, the principal difference between it and the 
first edition lies in the addition of a tenth chapter, 
intended to bring the book more nearly up to present 
date. This limitation of the revision, it is explained, 
has been set deliberately, to keep the cost of the new 
edition, and the time taken to prepare and print it, 
within reasonable bounds. The book is still one to be 
recommended, even though it has not been practicable 
to include in the added chapter more than a selection 
of the new instruments and devices that have come 
on to the engineering market during the past six 





years. 


LAUNCHES AND TRIAL TRIPS. 


8.8. “ Soya-CHRIsTINa.”—Single-screw oil tanker, 
built by Messrs. Short Brothers, Limited, Sunderland, 
for Rederi A/B Soya, Stockholm. Main dimensions : 
440 ft. (between perpendiculars) by 58 ft. 9 in. by 33 tt, ; 
deadweight capacity, 10,300 tons on a dranght of 
26 ft. 3 in. Triple-expansion engine of reheat design 
and three oil-burning boilers installed by Messrs. George 
Clark (1938), Limited, Sunderland, associate firm of 
the North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Tria) trip, March 28. 

M.S. “ DaREssa.”—Single-screw cargo vessel, to carry 
26 first-class, 60 second-class and unberthed passengers, 
built and engined by Messrs. Barclay, Curle and Com- 
pany, Limited, Whiteinch, Glasgow, for the British India 
Steam Navigation Company, Limited, London, E.C.3, 
Main dimensions: 399 ft. by 54 ft. 9 in. beam; dead- 
weight capacity, 4,200 tons on a draught of 21 ft. 74 in, 
Barclay Curle-Doxford five-cylinder opposed-piston 
Diesel engine to develop 4,200 b.h.p. Launch, April 3, 

8.S. “17 pE OcruBRE.”—Twin-screw cargo liner, to 
carry 96 first-class passengers, built and engined by 
Messrs. Vickers-Armstrongs Limited, Barrow-in- Furness, 
for the Instituto Argentino de Promocion del Inter- 
cambio, Buenos Aires, Argentina. Last ywssel of an 
order for three. Main dimensions: 529 ft. 6 in, by 71 ft, 
by 47 ft. 6 in. to “B” deck; gross tonnage, about 
14,500 ; draught, 27 ft. 6 in. Two sets of Parsons-t ype 
double-reduction geared turbines to develop a maximum 
of 14,500 s.h.p. and two’ Foster-Wheeler oil-burning 
controlled-superheat water-tube boilers. Speed, 19 knots, 
Launch, April 4. 

8.8. “* GouLIsTan.”—Single-screw cargo vessel, carry- 
ing twelve passengers, built and engined by Messrs, John 
Readhead and Sons, Limited, South Shields, for the 
Strick Line, Limited, London, E.C.3. Twenty-ninth 
vessel for these owners. Main dimensions: 511 ft. 6 in. 
by 62 ft. 2 in. by 33 ft. 7 in. to upper deck ; deadweight 
capacity, 11,000 tons on a draught of 26 ft.6in. Triple- 
expansion steam reciprocating engines with low-pressure 
Bauer-Wach turbine, and four oil-fired boilers, to develop 
6,000 i.h.p. and a service speed of 14 knots. Trial trip, 
April 4. 

S8.S. “* POLDEN.””—Single-screw collier, built by Messrs. 
S. P. Austin and Son, Limited, Sunderland, for the 
British Electricity Authority, London, W.1. Second 
vessel of an order for four. Main dimensions: 224 ft. by 
36 ft. by 16 ft. 3 in.; deadweight capacity, about 1,700 
tons. Triple-expansion superheated-steam engines and 
two forced-draught boilers, constructed by the North 
Eastern Marine Engineering Company (1938), Limited, 
Sunderland. Service speed, 10 knots. Trial Trip, 
April 5. 

M.S. “ BrrrisH Trust.”’—Single-screw oil tanker, built 
by Messrs. Cammell Laird and Company, Limited, Bir- 
kenhead, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 463 ft. 5% in. by 
61 ft. 9 in. by 34 ft. 034 in. to upper deck; deadweight 
capacity, 12,250 tons on a summer draught of 27 ft. 74 in. 
Harland-B. and W. six-cylinder four-stroke single-acting 
airless-injection Diesel engine, to develop 3,200 b.h.p. 
at 115 r.p.m. in service, constructed by Messrs. John G. 
Kincaid and Company, Limited, Greenock. Launch, 
April 5. 

M.S. “ ATHELMONARCH.”—Single-screw tanker for the 
carriage of molasses, oil or spirits in bulk, built and 
engined by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne, for the Athel Line 
Limited, London, W.1. Second of an order for four 
vessels for these owners. Main dimensions: 542 ft. 
(overall) by 67 ft. by 36 ft. to upper deck ; deadweight 
capacity, about 15,300 tons on a draught of 28 ft. 9 in. 
Hawthorn-Doxford four-cylinder combined -stroke engine, 
to develop 4,450 b.h.p. at about 112 r.p.m. on service and 
a speed of approximately 13 knots. Trial trip, April 13 
and 14, 


M.S. “‘ WaNDSwoRTH.”—Single-screw collier for ser- 
vice between Northern ports and upper reaches of River 
Thames, built by the Burntisland Shipbuilding Company, 
Limited, Burntisland, Fife, for the South Eastern Gas 
Board, London, 8.E.15. Main dimensions: 265 ft. 10 in. 
(between perpendiculars) by 39 ft. 6 in. by 18 ft. 6 in.; 
deadweight capacity, 2,850 tons on a draught 17 ft. 1} in.; 
gross tonnage,1,875. British Polar eight-cylinder marine 
Diesel engine of 1,180 b.h.p., constructed by Messrs. 
British Polar Engines, Limited, Glasgow. Speed, 10} 
knots. Trial trip, April 13. 

M.S. “ PLappa.”’—Single-screw cargo vessel, built by 
the Caledon Shipbuilding and Engineering Company, 
Limited, Dundee, for the service between British and 
Irish ports of the Clyde Shipping Company, Limited, 
Glasgow. Second of two sister ships. Main dimensions: 
200 ft. (between perpendiculars) by 38 ft. by 24 ft. to 
shelter deck ; deadweight capacity, abeut 1,150 tons on 
a draught of about 14 ft. British Polar seven-cylinder 
Diesel engine to develop 1,120 b.h.p. and a service speed 
of 12 knots, constructed by Messrs. British Polar Engines, 





Limited, Glasgow. Trial trip, April 17. 
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THe 29th British Industries Fair opens on 
Monday, May 8, and remains open daily, except 
Sunday, from 9.30 a.m. to 6 p.m., until Friday, 
May 19. Im accordance with custom, it is divided 
between Earl’s Court and Olympia, London, and 
Castle Bromwich, near Birmingham. The exhibits 
at Olympia and Earl’s Court will be concerned 
mainly with printing machinery, office appliances, 
clocks and watches, toys, games, publishing, etc., 
and the majority of the exhibits of engineering 
interest will be at Castle Bromwich, as usual. Part 
of Earl’s Court, however, will be set aside for the 
display of raw materials and products from Common- 
wealth countries ; there will be some 21 exhibitors 








attendance figures for the various classes of visitor 
are carefully segregated. Last year, for example, 
the number of overseas trade buyers was 17,061, who 
came from 130 different territories. The abnormally 
high attendance of overseas visitors, however, which 
has averaged three to four times the pre-war figures, 
cannot be expected to continue indefinitely. 
Nevertheless, the manufacturer’s efforts to reduce 
export prices, coupled with the etfects of the devalua- 
tion of the pound sterling, should provide additional 
inducements and the organisers hope that the 
attendance of overseas buyers will at least equal 
that for the 1949 fair. 

Although no special trade or industry has been 
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16/60 Trench Excavator ; Messrs. JOHN ALLEN AND Sons 





required for use in hot climates, a tropical-type 
radiator embodying an oil ccoler is installed, and for 
dusty conditions the engine is fitted with a large- 
capacity air cleaner. The power from the engine is 
transmitted to a single transmission assembly which 
is arranged to drive the tracks, the bucket drive, 
conveyor drive and boom hoist. The lower half 
of the transmission casing acts as a sump for the 
lubricating oil in which the lower gearwheels are 
partially immersed, the gears in the upper half 
of the casing being supplied by a small gear- 
type oil pump. The crawler tracks are 19 in. wide, 
the length between front and rear sprockets is 
7 ft. 9} in. and the total area in contact with the 











CASINL ER 


Bit 


Fig. 2. 


(OxForD), LIMITED. ° 


in this section, which will include stands representing 
Canada, India, Pakistan and South Africa, to 
mention but a few. Apart from the customary 
banquet at the Mansion House, London, the Fair 
will be opened without ceremony. According to 
preliminary announcements, it will be the largest 
since the Fair was founded in 1915, and for the 
first time exhibitors will occupy more than 1,000,000 
sq. ft. of stand space on which more than 3,000 
firm, will be showing products from 90 different 
industries grouped in 32 sections of closely-allied 
trades. 

This year, the Fair will depart from the custom 
which has grown up in post-war years in that no 
single trade or industry has been selected for special 
emphasis. Manufacturers will be concentrating on 
export needs more than ever before, but mounting 
production has made it possible to release more 
goods for the home market than in recent years 
and it is likely that the interest of the general public 
will be correspondingly greater. The Fair, however, 
is organised exclusively as a service by manufac- 
turers for buyers ; public attendance, therefore, is 
strictly limited and as the success of the Fair is 
judged by the numbers of overseas buyers, the 





selected for special emphasis at this year’s Fair, 
a number of sections will be more strongly repre- 
sented than hitherto, trade associations in many 
instances having taken a lead in preliminary 
organisation. In the civil-engineering section at 
Castle Bromwich, for example, there will be 26 
exhibitors occupying an area of 66,000 sq. ft., a 
considerable increase over previous years. It is not 
inappropriate, therefore, to commence this report 
of the Fair by describing some of the exhibits in this 
section. 

Several firms will be exhibiting trench excavators ; 
Messrs. John Allen and Sons (Oxford), Limited, 
Cowley, Oxford, for instance, will be showing their 
improved model 16/60 and 12/21 mechanically- 
propelled trenchers. The 16/60 model, which is 
illustrated in Fig. 1, on this page, has been designed, 
to cut trenches having a width of from 16 in. to 
60 in. and a depth of 14 ft. The machine is of 
sturdy construction, the main frame being made 
from heavy channel-section and angle-section mem- 
bers reinforced with gusset plates. It is driven 
by a Dorman 4 DWD Diesel engine which develops 
50 brake horse-power at 1,300 r.p.m., or by a 
Gardner 5 LW Diesel engine. If the machine is 








12/21 Trencn Excavator ; Messrs. JoHN ALLEN 


anp Sons (Oxrorp), Limrrep. 


ground is 3,528 sq. in. Heavy spring tensioners are 
fitted to the front sprockets and the assembly is 
held to the body of the machine through a three- 
point suspension system. Each track link is a 
single-piece steel casting and the track pins are 
machined, from alloy-steel drop forgings. 

The boom can be moved to each side of the centre- 
line of the machine, thereby enabling a trench to be 
cut close to a wall or fence. This operation is 
quite simple; it only calls for the removal of 
five bolts and the slackening of a collar on the 
drive shaft, after which the boom is moved to the 
required position by a hand-operated rack and 
pinion gear. As previously mentioned, the boom 
is raised and lowered mechanically ; the drive from 
the main gearbox incorporates a positive safety 
device to prevent overwinding. The buckets are 
cast from ar alloy steel, and the lips are fitted with 
forged-steel teeth designed so that the digging 
thrust is transmitted to the bucket and is not taken 
by the tooth securing bolts. The manufacturers 
recommend either 21-in. or 30-in. buckets, but 16-in., 
18-in. and 36-in. buckets can be supplied. With the 
addition of side cutters, various widths of trench 
up to a maximum of 60 in. can be cut. The side 
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cutters, however, are separate from the buckets, 
being attached’ to the chain between them. The 
bucket chain links are heavy manganese-steel cast- 
ings which are joined together by self-locking pins 
of case-hardened steel; the buckets, in turn, are 
attached to the chain by four pins, two at each side, 
which keep the buckets rigid. The machine 
is fitted with a cleaning device which automatically 
pushes the material out of the buckets on to a con- 
veyor belt. This deposits the excavated material 
at either side of the machine and can be moved 
quickly to clear any obstacles. It is permanently 
located for height but is traversed through the 
machine mechanically ; for travelling, the conveyor 
is folded and is shown in this position in Fig. 1. 
The standard machine has five digging speeds 
ranging from 4-38 in. to 35 in. per minute but, by 
changing the sprockets, twenty speeds can be 
made available up to a maximum of 169 in. per 
minute. In its standard form the machine weighs 
15 tons; the maximum height is 11 ft. 94 in., 
the width, with conveyor folded, 8 ft. 9 in., and the 
length, when prepared for travelling, 33 ft. 

The Allen 12/21 trenching machine is illustrated 
in Fig. 2, on page 489, where it is shown at work. 
It is a smaller machine than the 16/60 model, being 
designed to cut trenches having a width from 13 in. 
to 21 in. and a depth up to 6ft. It is fitted with a 
Dorman 4 DWD Diesel engine arranged to develop 
40 brake horse-power at 1,000 r.p.m., but a Gardner 
engine of similar output can be fitted as an alterna- 
tive. The crawler tracks are similar in design to 
those used on the larger machine but the width is 
only 12 in., while the length in contact with the 
ground is 6 ft. 2 in. This gives an area of 1,776 
sq. in. and a ground pressure of 94 Ib. per square inch 
when using 12-in. buckets. The boom is raised and 
lowered hydraulically, an arrangement which permits 
very accurate depth control as the operator only 
has to move a single lever. The hydraulic equip- 
ment is of straightforward design, comprising 
a pump, storage tank, control valve and two 
cylinders ; the two cylinders can be seen in Fig. 2, 
just above the crawler tracks. The buckets and 
chains are of the same general design as on the 
larger machine, the lips being fitted with removable 
‘teeth which act as cutters. Three sizes of bucket 
can be fitted, namely, 12 in., 18 in. and 21 in., but, 
as on the larger machine, the cutting width can be 

















increased by fitting side cutters; for example, 
when the machine is equipped with 18 in. buckets, 
a 21-in. trench can be cut by fitting side cutters. 
They can be fitted in less than an hour and are 
useful on contracts which require the excavation of 
trenches of varying widths. The manufacturers, 
however, do not recommend their use when long 
lengths of trench have to be cut. The buckets are 
automatically cleaned, the spoil falling on to a 
conveyor belt which discharges it at either side 
of the machine. The conveyor is of the flat type 
and can be adjusted to the required position by 
hand. There are four cutting speeds: 2 ft. 74 in., 
3 ft. 11} in., 5 ft. 8} in., and 7 ft. 6 in. per minute. 
When it is required to travel over the site, two 
road speeds are available, namely, 2} and 4 miles 
an hour. The machine has a weight of 7 tons 10 cwt. 
and an overall height of 7 ft. 3 in. The overall 
width is 5 ft. 6 in. and the length, when travelling, 
26 ft. 9 in. 

The exhibits on the stand of Messrs. Barber- 
Greene Olding and Company, Limited, Hatfield, 
Hertfordshire, will include their new Junior ditcher, 
which has been designed primarily for excavating 
house footings. It is illustrated in Figs. 3 and 4, 
on this page, where it is shown arranged for trans- 
portation and at work, respectively. The machine 
is mounted on crawler tracks of compact design 
which give a high degree of manceuvrability. Two 
sizes of boom are available which give maximum 
cutting depths of 3 ft. and 4 ft., respectively. The 
boom is hung closely against the chassis and digs 
almost straight down to any required depth within 
the maximum. The cutting widths are | ft. 6 in., 
1 ft. 8 in. and 1 ft. 10 in. for the 3-ft. boom and 
8 in., 10 in. and 12 in. for the 4-ft. boom. The 
buckets are closely spaced and are arranged so that 
they discharge to an adjustable spoil conveyor 
which can be set to deposit the spoil at either side 
of the machine. The driving mechanism is pro- 
tected by an overload release which re-engages 
automatically when the obstruction is cleared. The 
machine is fitted with a Ford industrial-type petrol 
engine which develops 19 brake horse-power at 
2,000 r.p.m. and is arranged to drive the digging 
mechanism and the crawler tracks through a single 
transmission assembly. The digging speeds are 
6 in. per minute and 12 in. per minute, while the 
travelling speeds are 10 ft. per minute and 20 ft. 














** Junior” TrencH Excavator; Messrs. BARBER-GREENE OLDING AND CoMPANY, LIMITED. 


per minute. The weight of the machine in working 
order is 34 cwt. and the overall height, with the 
boom in the travelling position, is 7 ft. The overall 
length is 10 ft. 4 in., and the width 4 ft. 7 in. without 
the operator’s seat and 5 ft. 5in. with the seat in 
position. 

The majority of the exhibits on the stand of 
Messrs. Onions and Sons (Levellers), Limited, 
Weldonia, Moxley-road, Bilston, Staffordshire, will, 
in general, be similar to those shown last year. 
They will include, however, a new 8-cubic yard 
scraper known as the ‘“‘ AK Empire ” model which, 


| although a commercial product, has been developed 


to comply with specifications drawn up by the 
Ministry of Supply Experimental Station and has 
already been approved for use by the Services. In 
spite of the limitations on both width and height 
imposed by this specification, however, it has the 
same capacity as its predecessor, the model EK. 
The new scraper is illustrated in Figs. 5 and 6, on 
Plate XV, which show its compact design. It is self- 
loading and self-tipping, two cables operated from 
a double-drum power control unit fitted to the back 
of the towing tractor effecting the hoisting and 
dumping operations. - The cutting blade is in three 
parts and has a total width of 8 ft. 6 in. ; even so, 
the overall width of the machine is only 9 ft. 4 in. 
Unloading is positive, the whole of the bucket and 
blade being swept by the pusher-tailgate assembly. 
To facilitate “ boiling up” and to reduce the time 
taken in loading, the tailgate is set at an angle and 
extra care has been taken to ensure that there are 
no obstructions on which earth could lodge on the 
inside of the bucket. The tailgate is carried on 
rollers set at three widely-spaced points, and is 
returned to its stops by four long tension springs 
suitably protected against damage. The apron is 
of cellular construction and assists in supporting the 
load ; the maximum opening is 40 in. and the apron 
is hoisted by means of a single §-in. diameter wire 
rope which works in conjunction with shuttle 
sheaves on the top tube. A large swivelling pad is 
fitted at the rear for pusher loading, the pad 
assembly being sufficiently long to protect the rear 
tyres from damage should a dozer blade be used for 
pushing. The bracket which carries the pad is 
hinged so that it can be swung out of the way for 
stowage purposes. The front yoke of the machine is 
strong so that it can withstand both the tractive 
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“ RocksizeR ” CrRusHING MacHINE; Messrs. FREDERICK PARKER, LIMITED. 
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effort of the largest tractors and the high crushing 
forces exerted by the pushing tractor when the 
towing tractor stalls. As on earlier models of this 
typ: of machine, the sheave pulleys are fitted with 
roller bearings and the wheels, which are fabricated 
from steel, run on taper-roller bearings adequately 
sealed against the ingress of dirt. The wheels are 
fitted with 16-00-in. by 20-in. pneumatic all- 
weather-tread tyres produced by the Goodyear 
Tyre and Rubber Company, Limited, Wolver- 
hampton. The Service model has to be capable of 
travelling at relatively high speeds ; it is therefore 
fitted with air brakes operated from the towing 
vehicle. Standard Clayton-Dewandre and Girling 
fittings are employed, the equipment including an 
air reservoir for emergency application. Lights 
are also fitted so that the machine conforms with 
statutory regulations, but when supplied for civilian 
use, brakes, lights and other special Service equip- 
ment are normally omitted. 

Messrs. Onions and Sons (Levellers), Limited, will 
also be showing a selection of their land-clearing 
equipment developed during the past year for use 
on agricultural projects in India and Africa, The 
equipments consist mainly of tractor-mounted rakes 
and towed root cutters. The rakes, in each case, 
are fitted in place of the usual dozer blade, and, in 
general, consist of a rigid frame into which separate 
tines forged from high-quality alloy steel are fitted. 
The frame, however, does not rely on the tines for 
rigidity and can be used separately for tree pushing 
or log rolling, and, by the addition of a stumping 
attachment, for the lifting of tree stumps. The 
root cutter is based on the firm’s heavier type of 
ripper, which is supplied in a modified form, the 
outer tines being replaced by two arms carrying a 
wide horizontal blade. This can be used at any 
depth up to a maximum of 24 in., either for severing 
roots or breaking up hard clay without bringing the 
subsoil to the surface. The modifications, however, 
do not prevent the machine being used as a plain 
three- or five-tine ripper. 

An interesting heavy-duty ‘‘ shuttle ’ dumper will 
be exhibited for the first time by the manufacturers, 
Messrs. Aveling-Barford, Limited, Grantham. This 
machine, which is illustrated in Figs. 7 and 8, 
on Plate XV, has been developed to meet the 
need for a special vehicle, more heavily con- 
structed than the normal lorry, for carrying rock, 
ore and other materials from excavators to the 
crusher or tip. As will be seen from the illustrations, 
it is of sturdy construction, and is capable of with- 
standing direct loading from an excavator. It is 
available with two types of body, one of heavy 
construction for handling rock and suitable for 
carrying loads up to 27,000 lb. and a lighter body 
for earth, built to carry loads of 30,000 Ib. It 
is fitted with a Dorman Diese] engine; this is a 
six-cylinder unit developing 128 brake horse-power 
and fitted with renewable cylinder liners, oil-bath air 
cleaners, thermostatically-controlled cooling and 
C.A.V. injection equipment. The engine is fitted 
with a generator and a starter motor which are sup- 
plied from a 24-volt battery. The clutch is of 
the multi-plate type and, unlike the majority of 
vehicle clutches, is made integral with the forward 
end of the gearbox, the drive from the engine to the 
clutch being transmitted by a short cardan shaft 
fitted with two flexible joints. The clutch is oper- 
ated hydraulically, the pedal being interlocked with 
the change-speed mechanism to discourage gear- 
changing on the speed cones in the gearbox. 

The gearbox is a constant-mesh unit designed to 
give four speeds in both forward and reverse direc- 
tions of travel. The selector mechanism is hydrau- 
lically operated and each ratio is engaged by 
separate bronze-on-steel cone-type friction clutches ; 
the gears are selected by means of a small hand 
lever fitted to the steering column. Gearbox lubri- 
cating oil is used as the working medium in the 
hydraulic circuit, the system operating at a pressure 
of approximately 275 lb. per square inch. All gears 
are made from hardened alloy steel, and are fitted 
to alloy-steel shafts mounted on ball or roller 
bearings. The differential is enclosed in the 
gearbox and the drive is transmitted to the road 
wheels through alloy-steel gearwheels. These are 
contained within hollow beams free to rock in the 
vertical plane and fitted at their extremities with 





the driving axles for the rear road wheels. The 
front axle is centrally pivoted to prevent frame 
distortion and is fitted with the usual form of 
Ackerman steering linkage. The steering column 
is provided with two wheels, as shown in Fig. 7, so 
that the vehicle can be steered with equal facility in 
both directions. The driving seat pivots about the 
vertical steering column, and the clutch, brake and 
accelerator pedals are fitted to a footplate which 
moves round with the seat. Internal-expanding 
brakes are fitted to the four rear wheels, the shoes 
being applied mechanically and released by hydraulic 
pressure. Should the vebicle have to be towed, how- 
ever, when there is no pressure in the system, the 
brakes can be released by means of a separate pump. 
A hand brake is provided for parking purposes ; this 
is of the contracting-band type and acts on the 
transmission. 

The frame is constructed from deep-section 
rolled-steel joists suitably braced by rigid cross 
members, the forward, end of the frame being formed 
into a cross stay which is fitted with a buffer beam. 
The body is tipped mechanically by two arms which 
are actuated by a chain of spur gears controlled by a 
hydraulic clutch and lowering brake. The body 
can be held at any angle up to a maximum of 70 deg., 
and its return is hydraulically controlled, a safety 
catch locking it in the travelling position. Pneu- 
matic tyres are fitted to all six wheels, those for the 
rear wheels being 14-00-in. by 24-in. 20-ply heavy- 
duty tyres, while the front wheels are fitted with 
13-00-in. by 24-in. 8-ply tyres. The overall length 
of the complete vehicle is 24 ft. 3 in., the overall 
width 8 ft. 6 in., and the height to the top of the 
cab 11 ft. When fitted with the earth-carrying 
body, the empty weight is 32,000 lb. and when 
fitted with the rock-carrying body it is 36,600 Ib. 
The speeds in the four forward gears are 34, 6, 
10, and 17 miles an hour, and in reverse, 2}, 43, 8, 
and 13} miles an hour. 

A wide range of contractor’s plant will be shown by 
Messrs. Frederick Parker, Limited, Viaduct Works, 
Catherine-street, Leicester, including their Rock- 
sizer crushing machine, Starmix portable asphalt 
and tar-macadam plant and Portabin portable 
‘storage’ unit. The Rocksizer crushing machine 
is illustrated in Fig. 9, on Plate XVI; it is a self- 
contained feeding, crushing and conveying plant 
which is completely mobile, and has been developed 
to meet the requirements of widely dispersed con- 
struction and quarrying projects. The capacity is 
from 25 to 35 tons an hour, the actual output depend- 
ing, of course, on the grades of material produced. 
The machine is mounted on a swan-necked chassis 
fitted with either six pneumatic or six steel wheels. 
To prevent vibration when pneumatic tyres are 
fitted, four hinged jacks are provided. The 
machine is driven by a Diesel engine developing 
70 brake horse-power, and comprises an apron feeder, 
a screen, the crusher and a conveyor belt. The 
apron feeder is provided with a hopper which 
receives the stone; it is actuated by a pawl-and- 
ratchet mechanism and is controlled from the 
platform by a lever situated beside the engine clutch. 
On leaving the feeder, the stone passes over the 
screen which removes pieces less than 2} in., which 
fall on to the conveyor, by-passing the crusher 
and saving wear of the crusher jaws. In addition, 
a cushion of small material is formed on the con- 
veyor belt for the stone from the crusher to fall 
op. The + 2} in. material passes over the screen 
and into the crushing unit, the crushed stone, 
as previously indicated, falling on to the conveyor 
belt. The conveyor belt, which is 20 in. wide 
and 27 ft. 3 in. long between centres, delivers 
the stone either into lorries, a stockpile, or to 
another machine for separating it into various sizes. 
The overall length of the machine is 37 ft. 2 in., 
the overall width 8 ft. 10} in., and the minimum 
ground clearance 15} in. 

The Starmix mobile asphalt and tar-macadam 
mixing plant is illustrated in Fig. 10, on Plate XVI. 
The main feature of this plant is that the drying and 
mixing units are mounted on a single chassis. The 
material is fed to the dryer by a dredger-type eleva- 
tor, the buckets of which are mounted on a malleable- 
iron-chain. It discharges the material directly into 
the drying cylinder, a tray being provided at the back 
of the elevator to return any spillage to the feed 





boot. The drying cylinder is of heavy steel-plate 
construction and is rotated by a bevel-gear ring 
and pinion assembly ; this incorporates a machined 
flange which bears against two thrust rollers to 
maintain correct meshing of the gears. An oil 
burner is installed in a combustion box at the 
discharge end of the cylinder. The oil is stored in 
an 80-gallon tank located underneath the chassis, 
and is forced to the burner by air pressure. The 
air for combustion and the fuel feed is supplied by 
a vane-type compressor situated below the chassis 
and fitted with an oil-bath air cleaner and a 
mechanical lubricator. The oil and air controls for 
the burner are grouped on a panel situated at the 
side of the unit, the panel incorporating a master 
air control for shutting off the burner. The hot 
gases are extracted from the drying cylinder by a 
rotary fan, the shaft of which runs in ball bearings. 
The fan is connected by ducting to the cylinder-feed 
end box and the air flow is regulated by a damper 
on the suction side. 

The drying cylinder discharges into a screen 
under which two storage bins collect the sand and 
stone, respectively. The two storage bins have a 
total capacity of three tons and any overflow from 
them is taken to the ground by a chute. The batch- 
weighing hopper has a capacity of 7 cwt. and is 
fitted with a hand-operated radial door for dis- 
charging into a paddle mixer. The bitumen bucket 
has a capacity of 8 gallons and both the aggregate 
hopper and bitumen bucket are suspended from 
weighing mechanisms provided with large indi- 
cating dials. The bitumen is circulated by a gear- 
type pump, the piping being arranged so that it 
circulates to the bitumen bucket and returns to the 
bitumen boiler, a three-way cock situated above the 
bucket determining the direction of flow. The 
paddle mixer is of the manufacturer’s double-shaft 
type and has a batch capacity of 7 cwt. The paddle 
arms are fitted to high-tensile square steel shafts 
and are provided with adjustable and renewable 
manganese-steel tips. Adequate provision has been 
made to prevent damage due to a stone jamming 
between the paddle and the lining, and suitable 
seals are fitted to the paddle shafts where they 
pass through the casing. The paddle mixer dis- 
charges to a steel hopper, which runs on a curved 
track and is arranged to discharge from a height 
of 7 ft. 6 in. above the ground. The hopper is 
raised and lowered by a combined clutch and 
brake assembly driven from the main power unit. 
This unit, which operates the complete plant, is a 
27-b.h.p. Diesel engine provided with a clutch and 
radiator cooling. 

The complete plant is mounted on a fabricated- 
steel chassis provided with a fixed rear axle and 
swivelling fore-carriage, both axles being fitted with 
tapered-roller bearings and twin pneumatic tyres. 
Girling brakes are fitted to the rear wheels and are 
operated from the central control platform, but 
vacuum or compressed-air brakes can be fitted if 
required. The plant is quickly and easily erected 
on site without recourse to special lifting tackle, 
and when in operation, the weight is taken by 
steel supports bolted in position. When erected, 
the overall length of the plant is 39 ft. and the 
height to the top of the feed elevator 17 ft. 6 in., 
and in the travelling position these dimensions are 
reduced to 33 ft. 9 in. and 14 ft., respectively. The 
length for the plant as erected, however, includes a 
separate feeding unit. The capacity varies, of 
course, with the duty of the plant, but when extract- 
ing 6 per cent. moisture from the aggregate and rais- 
ing it to a temperature of 500 deg. F., the capacity is 
6 tons per hour. 

The Portabin portable storage unit for quarry and 
gravel pit use is illustrated in Fig. 11, on page 492. 
It may be described as an elevating, screening 
and storing unit which combines. portability 
with the advantages usually associated only with 
fixed plants. It can be erected quite easily by 
two or three men, the complete unit being raised 
on four jacking legs to give adequate clearance. 
The jacking legs are built into the four corner 
uprights and. are operated by integral winches 
fitted with two manually-operated ratchet handles ; 
when the unit is raised, bracing members are 
bolted in position to give added strength. There 
are two principal designs of this machine, one 
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of which is: fitted with a rotary screen and the 
other with a horizontal oscillating screen. In the 
former case, the material is “‘ dredged” from the 
feed boot by a bucket-type elevator and is dis- 
charged down a chute into the rotary screen. The 
first part of the screen is fitted with a separate 
conical section which removes the oversize material 
and returns it for further crushing. The dust is 
removed through a dust jacket and is discharged 
at the side of the plant, while the remaining material 
is screened into three sizes which pass into separate 
bins. When a horizontal oscillating screen is fitted, 
the material is fed to the machine in the same manner, 
and the dust together with the three different sizes 
of material are screened out, the oversize material 
passing over the end of the screen into a chute. 
This delivers to a conveyor which returns the 
material for further crushing. There are other 
models of the Portabin but the broad principles of 
operation are the same in each case. The capacities 
vary from about 12} tons untrimmed to 28} tons 
trimmed. 

The exhibits of the Birtley Company, Limited, 
Birtley, County Durham, will be mainly from their 
range of earth-moving equipment. An outstanding 
exhibit on this stand undoubtedly will be their 
No. 80 earth scraper, a photograph of which is 
reproduced in Fig. 12, herewith. This machine has 
an overall length of 35 ft. and a width of 11 ft. 6in. ; 
the width of cut is 9 ft. 6 in. and the heaped-load 
capacity 184 cub. yards. It is self-loading and 
self-tipping, the hoisting and dumping operations 
being effected through two cables from a two-drum 
power-control unit fitted to the rear of the towing 
tractor. The cutting edge is designed so that the 
earth moves easily into the bowl and special care 
has been taken to ensure that the interior is smooth 
for easy ejection of the load. The cutting edge 
can be regulated for any desired depth of spread 
and the tailgate is arranged so that it moves 
forward to the cutting edge thereby ensuring that 
the complete load is discharged. The depth of 
cut is not limited ; the maximum depth of spread 
is 16} in., but the apron opening is sufficiently 
large to give ample clearance for bulky material. 
The cable sheaves are of large diameter and the 
cables are arranged inside the goose neck, the 
tubular front cross-member and the side-arm 
structure to protect them from damage. The 
scraper has been designed so that, when, unladen, the 
front wheels take 43 per cent. of the load and the 
rear wheels 57 per cent. ; when loaded, 40 per cent. 
of the load is taken by the front wheels and 60 per 
cent. by the rear wheels. The front wheels are fitted 
with 18-00 in.-24 in. 16-ply tyres and the rear 
wheels: with 21-00 in.-29 in. 20-ply tyres. The 
wheelbase is 21 ft. 64 in. and the width required 
for a complete turn is 28 ft. The Birtley scraper is 
manufactured under licence from the Caterpillar 
Tractor Company, Peoria, U.S.A. 

The Goodyear Tyre and Rubber Cumpany (Great 
Britain), Limited, Bushbury, Wolverhampton, will 
show a wide range of conveyor and transmission 
belting, V-belts, and industrial hose. For duty 
under severe conditions, their Compass multi- 
strand steel-cable flat transmission belting is said 
to give particularly good service. ‘‘ Compass ”’ belt- 
ing, it is claimed, does not stretch or shrink in wear ; 
creep on the pulley face is practically insignificant 
and, consequently, wear of the belt surface and of 
the pulley face is low. The tensile strength is high : 
a l-in. wide Compass belt can withstand a load of 
more than 2} tons. Among their exhibits of 
industrial hose, they will show a range of high- 
strength hose for pneumatic tools and oxy-acetylene 
welding apparatus, for use in quarries, mines, and 
other arduous surroundings. These hoses, available 
in 60-ft. lengths, consist of a smooth internal rubber 
tube, of small bore, with a light, strong, wrapped- 
ply covering and an outer covering of abrasion- 
resisting rubber. For the oil industry, tough 
heavily-armoured hose for fitting to the heads of 
oil-drilling rigs, and synthetic rubber-lined, wire- 
reinforced hose for loading tankers and ships, will 
be displayed. These reinforced hoses, designed 
to resist collapse and damage under suction, are 
now made in sizes up to 8-in. diameter for ship-to- 
ship refuelling at sea, etc. 

A comprehensive range of contractors’ plant, 
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concrete machinery and civil-engineering equip- 
ment will be exhibited by Messrs. Winget, Limited, 
Rochester, Kent. The exhibits in the contractors’ 
plant section will include an example of the 
Winget-Parsons 221 boom-type excavator of the 
type illustrated in Fig. 13, opposite. This ma- 
chine is capable of digging trenches up to 8 ft. 6 in. 
deep in widths varying from 16 in. to 36 in. It is 
fitted with a Dorman 4 DWD four-cylinder Diesel 
engine developing 55 brake horse-power at 1,500 
r.p.m. and provided. with electric starting. The 
crawler tracks, together with the bucket line and the 
conveyor for the spoil, are driven through a primary 
gearbox, which gives five speeds ranging from } mile 
to 2? miles an hour. For digging, or slow traction, 
however, a secondary gearbox is brought into 
operation. This also has five speeds, so that, in 
all, there are 30 crawler-speed variations, 25 for 
digging traction and five for travelling, the actual 
speeds for digging ranging from 2 in. per minute 
up to a maximum of 118 in. per minute. The 
crawler tracks are 16 in. wide, and the distance 
between the main sprocket centres is 7 ft. 6in. The 
crawler frame is connected to the frame of the 
machine through a three-point suspension arranged 
so that no torsional strains are imposed on the frame 
when the machine traverses uneven ground. The 
adjustment for the track tension is easily accessible 
and the load-bearing idlers are located well inside 
the edges of the track plates so as to prevent entry 
of the soil. 

The boom and carriage are raised and lowered 
by power-operated cables attached to each side of 
the carriage. The cables are wound on to twin 
drums mounted on a single shaft, which is driven 





by a worm gear, the boom being held automatically 
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in any required position. The boom telescopes to 
permit adjustments of a foot or more to be made 
easily, and the boom assembly is arranged so that it 
can be moved across the full width of the carriage 
thereby enabling trenches to be cut close up to 
walls, etc. The buckets are available in three 
widths, namely, 16 in., 20 in. and 24 in. They are 
fitted with alloy-steel cutting teeth, which are 
easily removed for sharpening and contain sufficient 
material for several reforgings. The width of trench 
can be increased by fitting oversize teeth to the 
buckets or by the use of side cutter bars, which are 
fitted between the buckets. The buckets are cleaned 
by means of a spring-cushioned ejector blade, the 
spoil falling on to a transverse conveyor belt, which 
discharges it to either side of the machine. The 
speed of the conveyor is synchronised with that of 
the bucket line so that the full bucket output is 
taken away at all times. The machine has a length 
of 25 ft. 6 in. with the boom in the raised position, 
and the width, with the spoil conveyor folded, is 
7 ft. 11 in. 

The civil-engineering plant on the stand of 
Messrs. Winget, Limited, will include the portable 
twin-trolley concrete batcher illustrated in Fig. 14, 
opposite. This is a new machine which has been 
developed so that it can be towed to the site by a 
small lorry and set up ready for operation in about 
30 minutes. As will be seen from the illustration, 
it is mounted on, a trailer chassis fitted with pneu- 
matic wheels. When required for use, the weight 
of the machine is taken by four manually-operated 
jacks, one on each corner stanchion, after which the 
bolted connections to the trailer are removed and 
the trailer wheeled away. The storage bin is divided 
into two parts, one for sand and the other for gravel, 
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and the height of the bins is arranged so that they 
can be charged by a Chaseside or similar type of 
mechanical shovel. The weigh batcher is supported 
by an overhead track ; this extends to each side of 
the machine, the centre section of the track forming 
part of the weighing gear. The batch weight is 
shown on a dial and, when made up, the weigh 
batcher is wheeled along the track to either side 
of the machine, where the contents are discharged 
into a concrete mixer. It will be appreciated that 
by extending the track at both sides of the 
machine, it is possible to feed two separate con- 
crete mixers. 

The exhibits of Messrs. Stewarts and Lloyds, 
Limited, Brook House, Upper Brook-street, London, 
W.1, will illustrate the wide variety of present-day 
applications of steel tubes. Together with two of 
their subsidiary companies, Messrs. Ernest N. 
Wright, Limited, Millfields Foundry, Ettingshall, 





Wolverhampton, who specialise in blast-furnace 
steelwork, iron castings and structural engineering, 
and the Lancashire and Corby Steel Manufacturing 
Company, Limited, Broad-street Chambers, Bir- 
mingham, manufacturers of cold-rolled steel strip, 
they will show, in a “universal” building of 
tubular-steel construction, a range of steel tubes and 
fittings for carrying steam, gas, water, sewage, etc. ; 
tubular steel coils ; examples of protective linings 
and sheathings ; hot- and cold-rolled steel strips ; 
tubular goods and welding fittings for oilfields ; coal- 
mining equipment ; foundry and basic pig irons ; 
iron and steel castings ; and a 24-ft. ship’s derrick. 
They will also show tubular-steel street lighting 
columns, for use with gas and electricity. 

Messrs. Tubewrights, Limited, Corporation-road, 
Newport, Monmouthshire, another subsidiary com- 
pany of Messrs. Stewarts and Lloyds, Limited, will 
display tubular-steel fabricated products. An 





exhibit of topical interest is one of the 48-ft. tubular 
steel struts which will be used to support the Dome 
of Discovery in the 1951 Festival of Britain. They 
will also show a tubular steel ‘‘ Brook” bridge, 
in two 11-ft. 6-in. sections, and an “‘ Usk” bridge 
for pedestrians, of 70 ft. span by 6 ft. wide, spanning 
a roadway and supported on tubular piers. Among 
their smaller exhibits will be a range of roof trusses 
for houses, a 32-ft. welded-tube crane jib, trestles 
designed for a railway-wagon repair shop, tubular 
stillages, a full-scale working model of a potato 
harvester, with a tubular frame, and an aircraft- 
engine hoist. 

The Victaulic Company, Limited, Brook House, 
113, Park-lane, London, W.1, also an associate 
company of Messrs. Stewarts and Lloyds, Limited, 
will show a range of Victaulic flexible joints, 
Johnson flange coupling adaptors, screwed Johnson 
couplings and hose couplings, in sizes ranging from 
4 in. to 100 in. diameter. Some of these joints, for 
use on steel and cast-iron pipes, are available for 
use with pressures up to 1 ton per square inch, 
and have many applications, for carrying gas and 
sewage, in the oil industry, for power-station installa- 
tions, and in the coal industry. 

Messrs. James Neill and Company (Sheffield), 
Limited, Composite Steel Works, Napier-street, 
Sheffield, 11, will exhibit a range of their Eclipse 
magnetic chucks and accessories, including a new 
and improved model, the AX 105; the Eclipse 
magnetic base, fitted with a back lug adaptor for 
taking a dial indicator of any type; a wide range 
of Eclipse permanent magnets; a display of 
hacksaw blades and tools, among which is a new 
composite “ V-vice’’ combining the functions of a 
small toolmakers’ vice with those of a V-block 
and clamp; and, in their range of tap wrenches, 
a new tap wrench is on view, in two sizes, No. 244 
for taps up to }-in. Whitworth and No. 245 for 
taps from }-in. to }-in. Whitworth. The new 
model AX 105 permanent-magnet chuck, which 
is available in the 10-in. by 5-in. size, employs 
Alcomax magnets which, it is claimed, are capable of 
storing nearly three times as much magnetic energy 
as any magnetic alloy which has hitherto been used 
in a magnetic chuck. Compared with an earlier 
model, it has a 20 per cent. greater holding area and 
an increased performance in close contact of approxi- 
mately 40 per cent.; through a gap of 0-003 in. 
the increase in performance is approximately 160 
per cent., and through a gap of 0-01 in., approxi- 
mately 240 per cent. The new chuck, therefore, 
gives a much better hold on parts with uneven 
surfaces. The weight is reduced by 25 per cent., 
and the height by 35 per cent. ; in machines where 
the head-room is limited, the lower height of the new 
chuck allows larger work to be accommodated. 
~ Reference has already been made to the exhibits 
of Messrs. Barber-Greene Olding and Company, 
Limited, and their Junior ditcher has been des- 
cribed. Other exhibits on the stand of this firm 
will include their new Junior road-finishing ma- 
chine, which has been developed for the mechani- 
cal surfacing of minor roads for which the standard 
machine is unsuitable. The purpose of the machine 
is to receive bituminous materials from lorries and 
to lay it to the required thickness in continuous 
strips. The new model is a smaller version of the 
standard road surfacer or finisher, and is capable of 
performing exactly the same type of work except 
that the maximum width of surface that can be laid 
is 8 ft. 6 in., whereas the standard machine can lay 
a surface up to 12 ft. wide. The new Junior 
finisher is illustrated in Fig. 15, on page 494, and 
an outline drawing giving the -leading dimen- 
sions is reproduced in Fig. 16, on the same page. 
It has a capacity of between 50 and 60 tons an hour 
and the normal width of carpet is 7 ft., which can 
be increased by increments of 3 in. to the maximum 
of 8 ft. 6 in. or decreased, by the addition of cut- 
off shoes, to 5 ft. 6in. Thickness of surface is the 
same as for the standard machine, namely, from 
} in. to 6 in. so the machine is quite suitable for use 
on all classes of road. In the construction of the 
Junior finisher, the maximum possible use has been 
made of the parts already used in the larger machine, 
and the speeds of laying, mechanical controls, etc., 
are the same. 

The machine is driven by a Fordson petrol engine 
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“developing 33 brake horse-power at 1,200 r.p.m. ; 
alternatively, a Perkins P6 Diesel engine may 
be fitted. The crawler tracks are independently 
driven and have a width of tread of 10 in., the two 
track centres being spaced 4 ft. 64 in. apart. The 
steering clutches are of the band type, having a 
diameter of 8 in.; they are easily accessible and 
work in conjunction with brakes. The effective 
length of the crawler tracks is 74 iv., and the nominal 
bearing pressure is 11-10 lb. per square inch with the 
machine empty. The hopper has a capacity of 
4 tons and is constructed so that the bituminous 
material can be discharged directly into it from a 
tipping lorry. The material is fed from the hoppers 
by conveyors, which are fitted with cross bars having 
a pitch of 23 in., to spreading screws which distribute 
it uniformly across the width of the machine and in 
front of the tamper. This “ strikes-off” and com- 
pacts the material to the required thickness while 
the screed, which is directly behind the tamper. 
smooths and “‘irons” the surface ready for final 
compaction by rollers. The tamper is driven by 
eccentrics having a vertical stroke of 4 in. and 
making 1,200 strokes per minute. The screed 
plate is made from 3-in. thick abrasion-resisting 
alloy steel and is fitted with replaceable steel 
segments. It is heated by hot air from an Urquhart 
low-pressure oil burner, the air being supplied by a 
Marshall-Root’s blower. 

As previously mentioned, cut-off shoes are used 
to reduce the laying width and these can be attached 
to the machine without delay. For increasing the 
width, extension pieces consisting of additional 
lengths of screed, tamper, frame, etc., are bolted 
to the standard parts. With one extension in 
position, the width is increased to 7 ft. 9 in. and with 
two, to 8 ft. 6in., but the cut-off shoes can be used 
with the extensions for reducing the width. The 
weight of the machine, including the heater unit 
and the cut-off shoes, is 16,800 Ib. while the exten- 
sions weigh, approximately, 180 Ib. each. The 
length overall is 15 ft. 2 in., the height 7 ft. 9 in., 
and the width, without extensions, 7ft.4in. There 
are two separate ranges of operating speeds ; in the 
first of these, the speed can be varied from 7-85 ft. 
per minute up to 20 ft. per minute, and in the other 
from 17-45 ft. per minute to 44-5 ft. per minute. 
The maximum travelling speeds are 1-6 miles an 
hour and 1-3 miles an hour in forward and reverse 
gears, respectively. 

The major exhibit on the stand of Messrs. Blaw 
Knox, Limited, Clifton House, Euston-road, Lon- 
don, N.W.1, will be their new self-propelled earth 
scraper. This machine was described in detail on 
page 322, ante. Other exhibits on this firm’s stand 
will include their latest design, of concrete pump and 
a new lorry-mounted concrete mixer. The pump, 
which is illustrated in Fig. 17, opposite, has been 
designed for pumping concrete directly from a 
mixing plant to the forms, thereby dispensing 
with all forms of transport and hoisting gear, 
such as cranes, elevators, etc. It will deliver con- 
crete over distances up to 1,000 ft. horizontally or 
100 ft. vertically, and when distances or heights in 
excess of the maximum are encountered, it is 
possible to introduce a second unit for relay pump- 
ing. The capacity is from 15 to 20 cubic yards an 
hour, and all well graded and proportioned concrete 
of reasonable workability and maximum aggregate 
size of 2 in. can be handled. The unit is portable, 
being mounted on pneumatic wheels, and com- 
prises a conventional horizontal crank-operated 
piston pump, the plunger of which is fitted with 
rubber cup washers. It is driven either by a 
Dorman or Perkins Diesel engine developing 31 brake 
horse-power ; alternatively, a 25-h.p. electric motor 
can be fitted. The concrete is drawn from the 
receiving hopper into the cylinder on the suction 
stroke and expelled into the pipeline on the delivery 
stroke. The valves are of the full-bore semi-rotary 
type and are mechanically operated from the crank- 
shaft, the suction valve, of course, being fitted at 
the base of the hopper. This has a capacity of 
§ cub. yard and is fitted with a. mechanical agitator 
driven by a chain from the crankshaft. The drive 
from the engine is transmitted through a clutch to 
@ right-angle drive and then by multiple V-belts 
to a two-speed gearbox situated within the frame. 
This drives the crankshaft through a pinion and 
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gear assembly, the two gearbox ratios being selected 
by a small hand lever situated at the side of the 
machine. In high ratio, the pump plunger makes 
46 strokes per minute, and in low ratio, 35 strokes 
per minute. 

The pipeline from the pump is completely filled, 
the concrete moving through it in a series of im- 
pulses. It has a diameter of 6 in. and is constructed 
from steel, mainly in 10-ft. sections, but 1-ft., 2-ft., 
3-ft. and 5-ft. sections are available for building up 
specific lengths. They are joined together by simple 
quick-acting couplings which incorporate rubber 
sealing rings, the joints being made by driving home 
two wedges, one at each side of the joint. A range of 
standard fittings such as bends, restrictor valves 
ete., is available, also a distribution chute. Pipeline 
cleaning is a simple process and entails the use of a 
plug which is propelled through the tubes by 
compressed air. The use of concrete pumps by 
Messrs. Blaw Know, in the construction of founda- 
tions for the South Bank Concert Hall, was described 
on page 389 of our previous volume. 

The portable concrete mixer, which is known as 





the Rex Motomixer, is illustrated in Fig. 18, 
opposite, where it is shown mounted on a Commer 
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short-wheelbase lorry. The mixer that will be on 
view at the Fair, however, will not be mounted 
on a vehicle. Although the illustration shpws a 
Commer lorry, the mixer can, be mounted on almost 
all short-wheelbase lorries. It is a completely self- 
contained unit, driven by a four-cylinder Ford 
industrial engine developing 25 brake horse-power, 
and fitted with a variable-speed governor, an oil- 
bath air cleaner, a petrol pump and a 6-volt electric 
starter. The transmission comprises an automobile- 
type clutch and reversing gearbox. The drum is 
driven by an all-steel roller chain and is suspended 
from three points so as to counteract any dis- 
tortion or movement of the vehicle frame when 
traversing uneven ground. The drum is fixed; 
blades discharge the concrete at a high level into 
a steel spout which can be swivelled round to 
deposit the mix at any required point. The water 
system comprises a mixing tank and a flushing 
tank, the former having a capacity of 62-5 gallons 
and the latter a capacity of 12-5 gallons. A gauge 
for measuring the quantity of water used is fitted. 
and the water is forced into the mixer by a centri- 
fugal pump having a capacity of 37 gallons per 
minute. When used as a mixer, the drum has a 
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Fig. 18. 
rated capacity of 2 cub. yards, and, when used as 
an agitator, a capacity of 3 cub. yards, the speed 
for mixing being from 4 to 12 r.p.m., and for 
agitating from 2 to 6 r.p.m. The charging hopper 
has an opening of 28 in. by 34 in. and the drum 
opening, for both charging and discharging, is 
34 in. The weight of the complete unit when 
empty and without mountings is approximately 
2 tons 11 ewt. 
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The English Steel Corporation, Limited, Vickers 
Works, Sheffield, will be showing a one-pieceecast- 
steel bogie for an electric motor coach, one of the 
first of its kind to be manufactured in the United 
Kingdom. These bogie frames are being supplied 
to the English Electric Company for electric- 
traction vehicles which they are building for the 
New Zealand Government. The cast-steel motor 
casing and bolster of this bogie are also supplied 











by the English Steel Corporation. Other exhibits 
by the Corporation will include a range of turbine 
discs for the de Havilland ‘“‘ Ghost” jet turbine 
engine in various stages of manufacture from the 
drop-forging to the finished disc with blades; a 
range of finish-machined crankshafts for commercial 
vehicles and aircraft ; coil and laminated springs for 
road and rail vehicles ranging from a coil spring 
weighing 20 oz. for the independent suspension 
system of a motor car to a 15-leaf laminated spring 
69 in. long, weighing 775 lb., and believed to be the 
largest of its type ever constructed, for a pipe- 
carrying trailer vehicle. Forged-steel drill collars 
and substitutes and a range of rock bits for the 
deep drilling of oil boreholes, made under licence 
from the English Drilling Equipment Company, 
Bilbao House, 36, New Broad-street, London, E.C.2, 
will also be on view ; in the past, equipment of this 
nature has been almost entirely a monopoly of the 
United States. 

The Yorkshire Copper Works, Limited, Leeds, 
Yorkshire, will be showing a range of their special 
corrosion-resistant Yorcalbro (aluminium-brass 
alloy) and Yorcunife (copper-nickel-iron alloy) tubes 
for marine applications. The display will include 
sections showing how Yorcalbro condenser tubes 
and ferrules are fitted into the tube plate, and the 
alternative methods of rolling in the tube ends, 
and the use of plain and check ferrules at the inlet 
and outlet ends. Other examples which will be on 
view are 70/30 cupro-nickel condenser tubes, and 
specimens of tubing for oil coolers, air coolers, 
refrigeration, evaporators, water-tight door gear, 
telemotor steering gear, voice pipes, and piston 
cooling pipes. They will also be showing working 
examples, in a vacuum pan, of tubes developed for 
the sugar industry, one of which, Yorcumi, can be 
seen to be highly resistant to corrosion by ammo- 
niacal steam, being markedly superior in comparison 
with tubes in 70/30 brass and 67/32/1 Hungarian 
alloy. Another display will show how 30-ft., 45-ft. 
and 60-ft. coils of Yorcalon copper tube can be 
laid underground by means of tractors or a winch- 
hauled mole drain plough. Yorcalon tubes, it is 
claimed, are light in weight and are easily bent ; 
their smooth bore reduces friction losses ; they are 
resistant to corrosion and have a high thermal 
conductivity. Also to be shown is the Yorkshire 
re-rounding tool, for correcting the ends of Yorcalon 
coils to ensure perfect joints with Yorkshire fittings. 
Light-gauge arsenical copper tubes, which have been 
in service in underground gas, oil and water systems 
for a number of years, will be on view to demon- 
strate their excellent powers of corrosion resistance. 
There will be a special display of refrigeration tubes, 
cut-away sections demonstrating the clean inside 
surface. During transit and in store, the ends of 
the tubes are sealed to ensure freedom from moisture 
and to preserve the internal cleanliness, Yorkshire 
refrigeration tubes are supplied in 20-ft. and 50-ft. 
coils, and in straight lengths of 20 ft. 

Messrs. Tube Investments, Limited, The Adelphi, 
London, W.C.2, will show a wide variety of seamless 
and welded tubes in steel, stainless steel, and alu- 
minium alloys, in sizes ranging from 23% in. inside 
diameter to 0-0005 in. internal diameter, believed 
to be the smallest tube in the world. Special tubes 
for scientific purposes, with non-circular and intri- 
cate composite bores, will be displayed. They are 
also to show cold-rolled metal sections used in 
house building. 

The Rawlplug Company, Limited, Rawlplug 
House, Cromwell-road, London, S.W.7, will be show- 
ing a new device for speeding up the erection and 
dismantling of timber formwork used in concrete 
construction ; the device eliminates much of the 
bracing normally required while concrete is being 
poured. Known as the Rawltie, it consists of a 
rod coiled to form a thread, a special bolt being 
provided to fit. Two or more straight rods are 
welded, at each end, to one of these coiled threads. 
The Rawltie is placed in position in the shuttering 
and the bolt is passed firstly through a flat washer 
and then through the shuttering and through a 
hardwood cone, and is tightened up in the coiled 
thread. The concrete is then poured. The shutter- 
ing is removed by unscrewing the bolts, an easy 
operation owing to the coarse pitch of the threads. 
There remains embedded in the concrete, marked 
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by the position of the cones, a means of securing 
the same formwork again at a higher level for a 
second lift, without any necessity for bracing the 
formwork from the ground. The cones are subse- 
quently removed and can be used again, the small 
cavity left in the concrete being filled in. The 
coiled thread being thus set back from the concrete 
face, rust marks cannot develop. Two other 
variants of the Rawltie are available: the Rawl- 
hanger, which uses bent rods instead of straight 
rods, and has special applications as, for instance, 
the casing of steel floor joists without strutting 
under the beams; and the Rawloop, in which a 
single rod, forming a loop, has its two ends welded 
to the opposite sides of a coiled thread; this is 
intended for use where shuttering is required on one 
side only, whereas Rawlties are for use where 
shuttering is erected on both sides of the wall. 

B.E.N. Patents, Limited, High Wycombe, Buck- 
inghamshire, will be showing, among their range of 
portable compressors, a new compressor available as 
either a wheeled or hand unit; and an insecticide 
spray unit and a range of portable paint-spraying 
equipment and stationary air compressors. The 
new Handiair electrically-driven portable “‘inflator ” 
is a robust lightweight compressor unit designed 
primarily for the motor trade, but suitable for other 
applications. The hand-held model is illustrated 
in Fig. 19; it comprises a vertical single-cylinder 
air-cooled compressor, of 2-in. bore and 1-in. stroke, 
giving a displacement of 2-5 cub. ft. per minute 
of free air when running at a speed of 1,440 r.p.m., 
at a maximum working pressure of 150 lb. per square 
inch, which is controlled by a relief valve. A pres- 
sure gauge is provided. The compressor shaft is 
directly coupled by a flange connection to the shaft 
of a }-h.p. repulsion induction electric motor which is 
suitable for operating from a standard single-phase 
electric supply. The unit is provided with a 15-ft. 
length of three-core cable and a 15-ft. air hose of 
%-in. diameter, with connections ; it is designed to 
work in conjunction either with the model “8S” 
spray gun or, as a tyre inflator, with a pressure 
controller. 

The B.E.N. Handispray equipment for agricul- 
tural and horticultural use, can be used for spraying 
insecticide, limewash, creosote, etc.; it can also 
be used for inflating tyres. A photograph of the 
Handispray is reproduced in Fig. 20 ; it consists of a 
wheeled chassis, of welded steel tube, on which are 
mounted a compressor and its power unit ; a welded 
mild-steel container for the insecticide ; the spraying 
equipment, comprising a 2-ft. 3-in. general-purpose 
spray lance fitted with an angle spray nozzle and 
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an additional nozzle for limewash, and a 25-ft. length 
of %-in. internal diameter hose for liquids’; and 
a 25-ft. air hose, of } in. bore, with a tyre-inflation 
chuck. The compressor is a single-cylinder air- 
cooled unit of 2-in. bore and 2-in. stroke, giving 
a displacement of 2 cub. ft. per minute of free 
air when operating at 700 r.p.m. It is fitted 
with an air-intake filter and a copper after-cooling 
coil. The power unit may be either a J.A.P. model 
2A air-cooled petrol engine, as shown in the illus- 
tration, or a }-h.p. repulsion induction single-phase 
electric motor, for operation from standard supplies ; 
in both cases the drive is through endless V-ropes, 
which are protected by guards. The insecticide 
container is 12 in. in diameter and 24 in. high and 
has a capacity of 10 gallons; it is designed for a 
working pressure of 100 Ib. per square inch, and is 
built to conform to British Standard No. 487-1939. 
When the unit is being used for spraying, a dia- 
phragm type of unloader operates when the pressure 
in the container rises above 100 Ib. per square 
inch. When it is desired to use the pressure 
supply direct through the air hose, air pressure to 
the container can be shut off by means of an 
isolating cock. The container is equipped with a 
strainer, integral with a 3-in. inspection plug, which 
gives access for periodical cleaning. 

Messrs. Chance Brothers, Limited, Smethwick, 
Birmingham, will show their new ‘‘ square beam ” 
airport-location beacon, a range of their portable 
Sumo submersible electric pumping units, and 
Austinlite 15/30- and 25-ampere rotary switches ; 
on another stand, demonstrations of the Flame- 
master gas hand-torch for light welding and glass- 
working. The square-beam airport-location beacon, 
for indicating the position of the airport, has been 
approved by the Ministry of Civil Aviation for stan- 
dard use at British civil airports ; the first is already 
in use at London Airport. Under the require- 
ments laid down by the International Civil Aviation 
Organisation, the beam for a land airport should 
show alternating white and green flashes, and for a 
marine airport alternating white and yellow flashes ; 
the frequency of the total flashes should be from 
12 to 20 per minute. It is specified that “‘ the time- 
intensity curve of the beacon, measured in the 
direction of the peak intensity, integrated over a 
period of not more than 0-5 second, should be not 
less than 100,000 candle seconds of white light and 
15,000 candle seconds of yellow and green light.” 
The Chance square-beam beacon, it is claimed, 
gives an integrated intensity of 300,000 candle 
seconds of white light, 60,000 candle seconds of 
green light, and 150,000 candle seconds of yellow 
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light. The peak intensity of the beam is 2-25 
million candles of white light (stationary) at'1-5 deg. 
above the horizontal, falling to approximately 
3,000 candles at 20 deg. above the horizontal. The 
flash duration is 0-2 second, an alternate white and 
green, or yellow, flash occurring every five seconds. 
In clear weather conditions, the beacon is visible 
up to a distance of 60 miles. 

The apparent intensity of a flashing light is 
determined by the stationary intensity of the light, 


t 
reduced by the Blondel-Rey oatr 


where ¢ is the duration of the flash. It will be 
appreciated that, with a circular beam of light, 
an aircraft flying near to the upper limit of the 
angle of view of the beam will observe a decreased 
duration of flash as compared with that which would 
be seen when flying along the centre of the beam ; 
the apparent intensity of the circular beam, therefore, 
is greatly reduced under these conditions. In the 
Chance square-beam beacon, a rectangular beam of 
light is projected, giving a constant duration of 
flash up to the upper limit of angle of view, and, 
therefore, the square-beam beacon gives a more effec- 
tive light in these circumstances than does a circular- 
beam beacon. 

A photograph of the Chance square-beam beacon 
with one of the access doors removed, is reproduced 
in Fig. 21, opposite. Fig. 22 is a sectional elevation 
Fig. 23 a cross-section through the focal plane, and 
Fig. 24 a section of the base. The lamp a mounted 
on top of the lantern housing is a standard Air 
Ministry obstruction light, giving a red indication. 
It will be seen that the optical system consists of 
two outer and two inner lens 6 and c, panels, the 
outer panels comprising a condensing lens system 
of 375 mm. focal length, each subtending a vertical 
angle of 90 deg. with their axes arranged at 180 deg. 
The area between the two outer panels is blanked 
with metal screens d hinged to form doors. Each 
outer lens panel consists of a central belt, nine 
upper and ten lower condensing prisms set horizon- 
tally in a gunmetal framework. This lens system 
produces a powerful distribution of light upward. 
The inner optic ¢ consists of a dioptric drum lens 
system of 187-5 mm. focal length, made up of two 
panels of fixed-section prisms ; each panel subtends 
a horizontal angle of 110 deg. and a vertical angle of 
96 deg., the axes of the two panels being arranged 
at 180 deg. Each inner optic panel consists of @ 
central belt, ten refracting prisms and two special 
reflecting prisms, mounted in the lantern with the 
focal axis horizontal. The light source e, placed at 
the common focal point of the inner and outer 
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EXHIBITS AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM. 
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systems, consists of a 2-kW 60-volt gas-filled incan- 
descent lamp. The alternating white and coloured 
flashes are obtained by revolving the whole of the 
lantern apparatus, a colour filter f being fitted on 
one of the inner optical systems. The lens assembly 
is carried on a turntable driven through reduction 
gearing h by a }-h.p. electric motor i. A friction 
clutch j is fitted to the driving pinion of the turn- 
table, so that the optical system can be turned 
by hand if necessary for servicing and maintenance. 
The lantern is ventilated by holes in the roof and 
base, covered with a fine-mesh gauze. 



































An interesting safety feature is the automatic 
lamp-changing mechanism, illustrated in Figs. 25 
and 26, opposite. The lamp changer consists of 
two lampholders n, 0, mounted on a quadrant p. 
The filament of the main lamp n, which is located 
at the focus of the lens, is connected in series with 
the relay g. A second relay r is connected across 
the terminals. If the filament of the main lamp 
should fail, the current-coil relay q is de-energised, 
and the voltage-coil relay r operates a pivoted 
bracket s causing the lever ¢ to become disengaged 
from the stop u on the baseplate. This releases the 
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quadrant, which falls, pivoting about v, until the 
second lamp o reaches the focal point. Simul- 
taneously, a mercury switch w, mounted on the 
quadrant, is tilted, causing current to be switched 
on to the second lamp just before it reaches its 
final position. The speed of the falling quadrant is 
controlled by a geared mechanical time-lag x to 
eliminate shock to the filament of the second lamp. 
The beacon is designed to operate from a 230-volt, 
50-cycle, single-phase supply, a transformer and 
the switchgear m being mounted on the base. 
(To be continued.) 














498 





ENGINEERING. 


MAY 5, 1950, 








LITERATURE. 


Calculation, Design and Testing of Reinforced Concrete. 
By K. L. Rao, M.Se., Ph.D. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 40s. net.] 

In this book, Dr. Rao’s treatment clearly reveals 

his merit as a first-class teacher, but his statement on 

page 159, that “‘ Prestressing does not increase the 
ultimate strength of structures,” can hardly pass 
without comment, though it might do so if the opera- 
tive words were not in italics, and if the accompany- 
ing diagram were drawn in conformity with the 
written statement. If this be the truth, however, it 
is certainly not the whole truth. The proposition 
may hold in a simple demonstration specially devised 
for the purpose, but the generalisation is taken too 
far. Ultimate strength may seem unambiguous 
enough in relation to a simple test-piece in tension, 
but even so, it depends on the rate of application of 
load. Once the conception of the simple test-piece 
is left behind, the determination of ultimate strength 
becomes @ more complex problem. Apart from the 
relevant question ‘“‘ What is failure?”, loading 
cycles as well as rate of loading must be considered 
in assessing the ultimate strength of structures. 

Now that the design of structural elements has 

become almost a matter of routine, increasing atten- 

tion is being focused on the development of pre- 
stressed concrete. The purpose and effect of pre- 
stressing is, broadly, to obtain lighter structures 
and longer spans, resistance to vibration, and 
increased strength under alternating loads. These 
features might have been given fuller emphasis, 
though not necessarily with detailed discussion ; 
there is no demerit in making a student aware of 
fields of interest beyond a textbook’s limited range. 

The book is well produced and clearly printed, 
and an occasional slip in proof-correcting, such as 

a false suffix in equation (i) of Chapter XV, 1, will 

not embarrass the reader. It is unusually well 

planned to cover the syllabus of degree and pro- 
fessional examinations. The first section deals 
very fully with the basic principles of design calcu- 
lations for structural components, and a short but 
adequate series of chapters describes the conven- 
tional test methods and apparatus, with the inclu- 
sion of a brief account of the deformeter method of 
model stressing. In the final section, on structural 
design, attention is concentrated on the manipula- 
tion of the structural material rather than on the 
theoretical development of elaborate stress systems, 

a method of approach which enables the author to 

outline the solutions of a particularly wide range of 

useful problems. 








Flood Estimation and Control. By B. D. RICHARDS. 
Second edition. Chapman and Hall, Limited, 37, 
Essex-street, London, W.C.2. [Price 21s. net.] 

TuE original edition of this book was published in 
1944, It embodies a theory published by the 
author in the Journal of the Institution of Civil 
Engineers in 1937 and 1939; for the first paper, he 
received the Crampton Prize. The late Mr. W. J. E. 
Binnie, a past-President of the Institution and a 
well-known water engineer, wrote an appreciative 
foreword to the first edition. There has now been 
added a synopsis of frequency and probability 
methods of flood prediction, a study of the effects 
of slope on concentration, and a suggested method 
of deducing a maximum flood from recorded minor 
floods. The formula which the author uses is 
logically deduced and expresses the run-off at the 
concentration point in terms of the average intensity 
of rainfall over the catchment ; the distance from 
the concentration point to the farthest point on the 
catchment ; the slope of the catchment ; the period 
of concentration; and certain coefficients and 
functions. 

In the British Isles, the most interesting example 
of flood prediction in recent years is provided by 
the Fenlands. So recently as 1940, the maximum 
flood run-off in the neighbourhood of King’s Lynn 
was estimated as 15,000 cusecs, but the 1947 flood 
indicated that 25,000 should be provided for. The 
frequency of such larger run-offs has been indicated 
as once in a century; but, in fact, statistics are 
utterly inadequate to provide a gauge of such 


frequency, and there was, as usual, great difficulty 
in measuring the run-off at the very time when it 
most needed to be known. Obviously, if rainfall 
data are adequate and of sufficiently long standing, 
moderately good predictions of run-off should be 
deducible, but there are many difficulties. No two 
rainstorms are identical, and the distribution of the 
rain over the catchment enormously affects the 
concentration. Small catchments necessarily are 
subject to great variations in the maximum rainfall, 
and large catchments are subject to great variations 
due to the limitations of cloud area, so that notable 
past records are almost always liable to be exceeded. 

The probability methods applied to hydrographs 
or rainfall, which are popular in the United States, 
are attractive, but they imply a very prolonged 
accumulation of data. Even the theory of proba- 
bility itself, however, is a little doubtful. It is a 
common saying—almost a proverb—that mathe- 
maticians consider this theory to have been proved 
by observations, and that practical men believe it 
to have been proved by mathematics. As applied 
to run-off, it can scarcely be compared with the 
reckoning of annuities ; yet it is notorious that the 
latter often are disappointing to insurance companies. 

Mr. Richards has produced a good book, which 
anyone interested in the subject would do well 
to read. His remarks on the effects of moving 
storms are of great value. He includes a chapter 
on floods in relation to soil erosion, but it is not 
clear what relation this has to the estimation or 
control of floods, though doubtless it is an excel- 
lent reason for endeavouring to prevent floods. 
Rather curiously, he does not say anything about 
afforestation, thought by some to have a marked 
effect on precipitation and therefore on flood 
estimation. In the case where prevalent winds are 
aligned along the axis of a long catchment area, 
Briickner has shown that this really may be true, 
however little it applies to particular cases. It 
should also be noticed that freezing is a very 
important element in run-off in this country, since it 
may greatly reduce the absorption of moisture by 
the soil and also increase temporary storage of 
water on flat areas. 





THE INSTITUTE OF 
METALS. 
(Concluded from page 468.) 

WHEN the members assembled at 4, Grosvenor- 
gardens, London, S.W.1, on the morning of Friday, 
March 31, for the fifth, and last but one session 
of the recent annual general meeting of the Institute 
of Metals, the President, Mr. H. S. Tasker, again 
occupied the chair. 


X-Ray Meruops ror Equmisrivum DracRams. 

“The Application of X-Ray Methods to the 
Determination of Phase Boundaries in Metallurgical 
Equilibrium Diagrams,” by Professor E. A. Owen 
and Mr. D. P. Morris, of the University College of 
North Wales, Bangor, was the only contribution 
for the morning. It was presented to the meeting 
by Professor Owen. The authors stated that recent 
criticisms of the X-ray powder method of deter- 
mining phase boundaries in metallurgical equilibrium 
diagrams had been found to be unfounded. Un- 
doubtedly the filing and sieving processes could 
lead to the introduction of impurities, but this 
could be remedied by careful technique. Decompo- 
sition by quenching was just as likely with solid 
as it was with powder specimens, and the effects 
of this could hardly be described as a failing of the 
powder method. Solid specimens, even after 
prolonged annealing, could not properly be regarded 
as being in a true equilibrium state, and the prepara- 
tion of metallurgical specimens for microscopical 
examination was likely to lead to further deviation 
from the equilibrium. In the light of X-ray investi- 
gations carried out on solid specimens, it was 
concluded that, in general, the study of equilibrium 
conditions was best conducted with material in 
powderform. Subsequent work had confirmed these 
findings, and, in addition, had justified the view that 
the X-ray investigator who tried to determine an 
equilibrium diagram. by the X-ray powder method 





alone was more likely, in general, to arrive at a 





diagram representing the true equilibrium state of 
an alloy system than the metallurgist who employed 
only classical metallurgical methods for whiciy solid 
Specimens were Necessary. 

The discussion was opened by Dr. W. Hump. 
Rothery, F.R.S., who stated that it was eigh( years 
since the present subject had been discussed at 
joint conference held at the Royal Institution under 
the auspices of the Institute of Metals and the 
Institute of Physics. In the intervening time those 
who used the X-ray method and those who em. 
ployed microscopical methods, had both learnt 
lessons and had gradually come to do their work 
more carefully. At the 1942 conference, the general 
impression of metallurgists had been that, at high 
temperatures in a thermal-equilibrium diagram, 
there was little advantage in the X-ray over the 
much simpler microscopical technique, but, at 
low temperatures, the X-ray method had many 
advantages and was undoubtedly showing errors in 
early work. The authors suggested, in essence, that, 
since 1942, there had been advances, and that their 
experience was that equilibrium diagrams should 
be started by working with X-ray methods and that 
microscopical methods should be drawn upon only 
when found necessary. That was a very extreme 
claim and he felt their general attack on the micro- 
scopical method to be unreasonable. The X-ray 
work at Bangor was of a very high standard, but 
they had dealt almost entirely with equilibrium 
diagrams on which microscopical methods had 
already been at work and had laid out the main form 
of the diagram, sometimes accurately and some- 
times less accurately. If they had had to start 
right at the beginning, knowing nothing of the 
diagram at all, they would have realised the extent 
to which the microscopical work had saved them 
trouble. 

The Cambridge work on microbeams was most 
promising. It was nearing the stage when an 
investigator could look down a microscope, see a 
particle which he had etched, and direct X-rays 
on to that one particle, thus obtaining its diffraction 
pattern and identify it. It was significant that 
persons who had been developing these new methods 
were uniformly sympathetic towards microscopical 
work and it might be said that the general spirit 
of distrust which undoubtedly existed in 1939 
between the X-ray and the microscopical schools 
was gradually being dispelled. The two methods 
should be used together and the paper was unfor- 
tunate in the way in which it appeared to stir up 
the old controversy. If the two sides, the micro- 
scopists and the X-ray investigators, worked to- 
gether they could produce diagrams more rapidly 
and more accurately than if they employed either 
method alone. 

Dr. A. Taylor said that the first essential in the 
elucidation of a phase diagram was to identify 
the individual phases. It did not matter how this 
was done but usually X-ray analysis was simpler 
than micrographic methods, particularly in ternary 
and quaternary systems, and this was frequently 
the only real reason why the X-ray technique was 
preferred. Once the individual phases had been 
identified, the method of determining their extent 
was usually immaterial. While X-ray diffraction 
technique was an elegant method of phase identifica- 
tion and revealed the single or poly-phase nature of 
the specimen, a single diffraction pattern revealed 
nothing at all about the state of aggregation of the 
phases, and, therefore, was of little help in ascer- 
taining the mode of formation of the phase. A 
micrographic approach, on the other hand, could 
be very helpful in deciding whether a phase had 
formed, for example, as a result of a peritectic 
reaction or had solidified as an intermediate phase 
directly from the melt. 

Professor G. V. Raynor said that the authors had 
referred to the purity of filings. It was unfortunate 
that their main experiments had been connected 
with relatively “‘ well-behaved ” metals for which 
contamination problems were not really serious. 
The fact that contamination effects had been 
absent did not mean that no such effects had been 
encountered elsewhere with other materials. The 
paper had not really convinced him that the X-ray 
method was more reliable than the microscopical 
method in general. It had convinced him, how- 
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ever, that the work at Bangor was of very high 
quality. Both methods should be used together 
and the choice of the main method of attack should 
be made when it was seen how the diagram turned 
out and what peculiarities were present. 

Dr. K. W. Andrews said that the paper seemed to 
indicate that the authors had not compared their 
latest X-ray work with the latest microscopic dia- 
grams. The next speaker, Mr. H. P. Rooksby, said 
that the paper was the work of enthusiasts for a 
particular physical method, and, he assumed, it was 
intended to provoke discussion. The authors would 
readily admit, no doubt, that any one method, used 
alone for phase-boundary determination must really 
be less satisfactory than a combination of tech- 
niques. Their claim, however, was that X-ray 
analysis itself, on the whole, was less liable to give 
misleading answers than other methods. Mr. W. B. 
Pearson, of Oxford University, who spoke next, 
said that there were, perhaps, only two ways of 
making a powder for the powder method of examina- 
tion by X-rays, namely, crushing a brittle alloy 
and using a@ file for others. In the latter case 
there was a possibility of contamination of the 
filings with iron and it was necessary to insist on 
the chemical analysis of the filings to maintain a 
check on their purity. 

Mr. J. W. Christian said that it must be emphasised 
that the X-ray method was not nearly so suitable 
with extremely reactive alloys which were liable to 
contamination by the gases, oxygen and nitrogen. 
This contamination was difficult to detect analytic- 
ally and, particularly with metals like titarium and 
vanadium, might have marked effects on the lattice 
parameters of the individual alloys. The next 
speaker, Mr. H. J. Goldschmidt, said that the major 
issue was the relative value of using powders or 
solid blocks for determining equilibria. Professor 
Owen’s conclusion that the powder method, even 
when used alone, was the most suitable for equili- 
brium-diagram investigations, was comforting. The 
broad explanation appeared to be that, in the 
mass, the constraints exercised between neighbouring 
crystals produced a tendency to resist the atomic- 
volume changes involved in the transformation. 
Dr. J. Cantrell, who spoke next, said that he had been 
amazed at the suggestion that & steel or iron file 
should be used for producing the metal powder. 
The best implement to use was a metal-bonded 
diamond file. Dr. C. H. Desch, F.R.S., who also 
spoke on this point, said that diamond was an 
expensive material and carborundum could be used 
without the slightest risk of contamination. 

In reply to the discussion, Professor Owen said 
that he did not agree with Dr. Hume-Rothery that 
the high-temperature alloys could be dealt with 
better by the microscope than by using X-rays. 
The matter had been investigated thoroughly and 
the X-ray method was as effective at high tempera- 
tures as at low. He quite agreed that, in some cases, 
if the microscopical work had been done it might 
save time and it would be foolish not to make use of 
it. The two methods, however, could be employed 
independently ; the X-ray first and the micro- 
scopical work afterwards, to see how far the X-ray 
work was wrong. With regard to apparatus, at 
Bangor, the transformers had been obtained for 
nothing, as they had been discarded by hospitals. 
The tubes had been made in their own Jaboratories 
and their cost was not high. It was not necessary 
to pay 2,000/. to carry out an investigation by 
X-ray methods. Care, of course, had to be taken 
in the technique adopted. A diamond hone had 
been proposed for the production of filings and he 
was glad of the suggestions ; and also that of Dr 
Desch regarding carborundum as the abrasive. 
At Bangor they used glass paper, and, while this 
had to be employed carefully, they did not get 
iron contamination. In reply to Mr. Christian’s 
point regarding gaseous contamination, all their 
work was done in vacuo and an attempt was made 
to get rid of the gas. The material was put in a 
tube heated to 300 deg. C., and a glycerine bath 
was sometimes employed. In conclusion, he 
considered that the discussion had been fruitful; 
it had kept well to the point of equilibrium diagrams 
In order to explain the factors which governed the 
formation of phases, it was essential to have know- 
ledge of the equilibrium conditions. Only in this 





way could metallurgy become an exact science 
and the method of trial and error be replaced by a 
strictly scientific method linked with satisfactory 
theory. The sole purpose of the work at Bangor 
was to hasten the day when this would be 
realised. 

It had been originally intended to terminate the 
meeting at 1 p.m., after the morning session on 
March 31. Owing to the time taken for the dis- 
cussion of the previous paper, however, it was 
decided to hold an afternoon session to enable 
the two remaining papers on the agenda to be 
presented and discussed. 

The last session of the annual general meeting 
was therefore held in the afternoon of Friday, 
March 31. 


MECHANISM OF DEFORMATION IN CREEP. 


The first paper considered was entitled “‘ The 
Mechanism of Deformation in Metals, with Special 
Reference to Creep.”” It was by Professor W. A. 
Wood and Mr. W. A. Rachinger, of Melbourne, 
Australia, and the paper was introduced, on their 
behalf, by Dr. C. H. Desch, F.R.S. The authors 
stated that a study had been made of the changes in 
crystalline structure produced at various tempera- 
tures when a metal was subjected to the slow rate 
of strain typical of the creep process and also to the 
relatively rapid rate associated with ordinary 
mechanical testing. Measurements had been made, 
at the same time, of the strength developed in the 
metal under various conditions of deformation. 
The object was to investigate the underlying mechan- 
isms of deformation and, in particular, the relation 
of deformation by creep to the more familiar 
deformation by slip. The results had shown that 
the grains developed a sub-structure of a size 
determined by the temperature and the rate of 
strain. The mechanism of deformation changed 
from slip to creep as the elements of the sub- 
structure exceeded a certain size. The strength and 
strain-hardening capacity of a metal decreased as 
the sub-structure became coarser. 

Dr. A. P. Greenough, who opened the discussion, 
said that the French investigators, Guinier and 
Tennevin, had concluded that the lower the tem- 
perature at which the crystals were deformed, and 
the more rapid this process, the less chance there 
was for the thermal fluctuations of dislocation to 
pull them out of dislocation “‘ traps ” in the lattice. 
Consequently, the lower the temperature and the 
more rapid the rate of deformation, the greater 
would be the dislocation left entrapped in the 
crystal. This conclusion, however, did not explain 
all the observations and, in particular, the observa- 
tion that the creep deformation at 300 deg. C. 
definitely left crystals with no strain at all, whereas 
a quick tensile test left them with some deformation. 
The next speaker, Mr. R. W. Cahn, said that his 
own explanation of the phenomena of creep lay 
rather with the opinion that active slip planes had a 
large amount of crystallisation debris than with 
explanations involving dislocations. 

Professor F'. C. Thompson said that the essence of 
the authors’ paper was that there was a different 
mode of straining at high and at low temperatures 
for a given rate of strain. If that were true, it was 
an important new fact. The evidence brought 
forward by the authors was, in the main, metallo- 
graphic. They had shown that, above a certain 
temperature and for a given rate of strain, they had 
not found normal slip bands; below it they had. 
There was, however, quite another possibility, and 
that was that what they had recorded was not 
merely the effect of strain but the effect of strain 
plus some kind of recovery at the high temperature. 
The authors had provided no evidence whatever 
that there was any difference in the mode of defor- 
mation at high and at low temperatures when the 
rate of strain was constant. 

Dr. N. P. Allen said that the significant feature of 
the present work was the demonstration that 
there was a systematic variation of the mode of 
deformation as the temperature of deformation 
changed. Furthermore, if the rate of deformation 
changed, there was also an alteration of the mode 
of deformation. The alternative was such that the 
processes taking place in slow deformation at 
one temperature were very much the same as the 





processes which took place in faster deformation 
at a somewhat higher temperature. Mr. R. W. K. 
Honeycombe, who followed, stated that there seemed 
to be no doubt that the phenomenon of fragmenta- 
tion occurring in creep specimens of aluminium at 
elevated temperatures was identical with polygenisa- 
tion. It was, however, a matter for discussion 
whether the high-temperature fragmentation could 
be extrapolated to room temperature, as the authors 
had done. Furthermore, the possibility of deforma- 
tion by slip should not be excluded merely because 
the slip lines could not be detected under the 
microscope. Dr. A. Brown, who spoke next, said 
that when slip lines were examined by means of 
the electron microscope it was revealed that, 
between the main slip lines, there were a number of 
smaller slip lines. The last speaker in this discussion, 
Mr. B. D. Burns, said that it was a pity that the 
authors had rejected the Laue technique, because it 
was the only X-ray technique wherein the conditions 
of reflection could accommodate all directions of 
rotation of grains and sub-grain units and also slight 
errors in re-setting the specimen after straining. 


RECRYSTALLISATION OF SINGLE CRYSTALS. 


The last paper considered at the meeting, namely, 
“* Recrystallisation of Single Crystals after Plastic 
Bending,” was submitted by Mr. R. W. Cahn, of 
the Atomic Energy Research Establishment, Har- 
well, Berkshire. The author stated that he had 
carried out experiments to determine under what 
conditions it was possible to procure, in deformed 
crystals, a special type of recrystallisation which 
led to discontinuous “asterisms” in the Laue 
X-ray diffraction patterns. The phenomenon known 
as asterism corresponded to a departure from per- 
fect parallelism in the crystal. Asterism occurred 
in the Laue diffraction patterns when the originally 
sharp reflections corresponding to various lattice 
planes became drawn out into streaks. It had been 
found that bent single crystals were particularly 
liable to the type of recrystallisation which had 
been observed with zinc, magnesium, aluminium, 
and rock salt. Systematic experiments with zinc 
crystals had established’ an optimum bending 
radius, annealing time, and annealing temperature. 

In the course of the discussion, Mr. R. W. K. 
Honeycombe said that he would like to confirm 
Mr. Cahn’s results that polygonisation could be 
obtained in hexagonal metals only after plastic 
bending and not after deformation in tension. The 
author’s results showed clearly that the behaviour 
of hexagonal and cubic metal crystals, on deforma- 
tion by tension, was quite different and the differ- 
ence was reflected in their behaviour on subsequent 
annealing. Cadmium, for example, deformed mar- 
kedly without the formation of deformation bands. 
Annealing resulted in no polygonisation but com- 
plete recovery. In the case of aluminium, on the 
other hand, polygonisation took place on annealing 
and complete recovery was not possible. The last 
speaker, Dr. C. H. Desch, F.R.S., said that it so 
happened that, in the war of 1914-18, very large 
plates of quartz were required for submarine 
detection apparatus. On examination, these plates 
were always found to consist of mosaics. There 
was a uniform orientation over the whole surface of 
all the plates, but embedded in them were a number 
of small areas having a different orientation. The 
problem was to obtain a perfectly homogeneous 
crystal and remove those included portions of 
different orientation. It had proved to be impos- 
sible, because quartz was an extremely rigid material 
and no mobility could be obtained until the trans- 
formation point had been passed, when the crystal 
shattered. The difference of orientation had come 
about in the original growth of the quartz crystal 
in the earth. 

In the course of his reply, Mr. R. W. Cahn said 
that Mr. Honeycombe had emphasised the differ- 
ence between the centre-faced cubic metals and the 
hexagonal metals. There did seem to be a deep- 
seated difference which required elucidation. He 
was inclined to agree with Dr. Desch’s explanation 
regarding the macro-mosaic structure produced 
during the actual growth of the quartz crystal, 

The President then thanked the authors of all 
the papers for their contributions and the proceed- 
ings terminated. 
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1,750-H.P. ELECTRIC WINDER 


AT CALVERTON COLLIERY. 


GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 








1,750-H.P. ELECTRIC WINDER AT 
CALVERTON COLLIERY. 


THe development of the extensive coal deposits 
near the existing collieries of the B. A. Collieries, 
Limited, in Nottinghamshire, was planned in 1936, 
and the sinking of Calverton No. 1 shaft was begun in 
June, 1937. The 525-h.p. electrically-driven winder 
for this pit was supplied by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, the mechanical portion being built at the firm’s 
Fraser and Chalmers Engineering Works, Erith, Kent, 
and the electrical equipment at their Witton, Birming- 
ham, factory. This winder was used during the pit- 
sinking operations and the shaft was brought into 
operation for man-riding and haulage in November, 
1939. A 525-h.p. unit was installed at the adjacent 
Cinderhill Colliery in 1943, and in 1947 a 925-h.p. 
winder was erected at Babbington, both these plants 
also being supplied by the General Electric Company. 

When the origi plans for this coalfield were 
reviewed after the war, it was decided that development 
in the easterly direction would be facilitated by sinking 
a second, and larger, upcast shaft at Calverton, and 
using it for winding coal in self-loading and disc i 
skips. It was also decided to provide for the prepara- 
tion and handling of coal by modern mechanical 
methods. Work on the new shaft was commenced in 
January, 1946, and immediately after the vesting of 
the colliery in the National Coal Board he gions 
submitted by the Area General Manager, Mr. A. Hill, 
were confirmed, and work was begun on the building 
of an engine house to accommodate a 1,750-h.p. 
winder and on sinking the shaft by the freezing process. 
This winder, for the construction of which the General 
Electric Company have also been responsible, is 
illustrated in Fig. 1, and is at present being utilised 
in the sinking operations. It is designed to raise 
400 tons of coal per hour and will be run at a rope 
speed of 1,580 ft. per minute. The winding time will 
be 80 seconds, an additional 10 seconds being allowed 
for loading and emptying the 10}-ton skips. The skip 
discharge platform is 20 ft. above ground-level and 
the overall height of the headgear is 148 ft. Winding 
will normally be carried out with the skips in balance, 
but to enable the plant to be used for sinking, provision 
has been made for winding with an unbalanced hopper 
of 10 tons capacity in addition to carrying out the 
normal duties of a sinking hoist. 

The two winding drums are 17 ft. 6 in. in diameter 
and 7 ft. wide and rotate at a speed of 28-7 r.p.m. 
They have cast-iron cheeks and 1}-in. mild-steel shells, 
which are grooved to take the ropes. One drum is 
secured to the shaft by tangential keys and the other 
is mounted in bushes and is driven through 
@ multi-tooth clutch, which is arranged to give about 
43 in. of rope travel per tooth. This arrangement per- 
mits close rope adjustment and allows either drum to 
be used for an unbalanced wind. The drum shaft, 
which is 21 in. in diameter, is of forged steel and is 


























Fie. 2. BaseMent oF WINDING HovseE. 


mounted in self-aligning spherically-seated bearings 
with ring ciling. The double hellical main gearing is ot 
the single-reduction type with a ratio cf 8-35to1l. The 
brake gear is of the parallel suspended motion pattern 
and incorporates a special linkage to ensure true 
parallel motion. Special consideration was given to 
its design in view of the arduous duty imposed on 
the equipment during the sinking operations. Each 
brake is operated by an oil engine of the inverted ram 
design, the oil pressure being generated by duplicate 
= direct-coupled pumps with which a weight- 
oaded accumulator is associated. The depth indi- 
cators are of the vertical screw type and are driven 
through gearing from their inspection drums. Lilley 
type-C loose-dial controllers are installed for overwind 
and rear one protection, in addition to the switches 
provided for the same purpcse on the electrical equip- 
ment. 

The supply of electricity for operating the winder 
is obtai at 3-3 kV through a three-phase cable 
which terminates on a cubicle-type switchboard 
facing the control cabin. The outgoing supplies from 
this board to the stator of the winder motor and the 
auxiliary transformer are controlled by 400-ampere 
manually-operated circuit-breakers with a rupturing 
capacity of 75 MVA. Each circuit is provided with a 





triple-pole isolator. The main driving motor, which 


can be seen in Fig. 1, is of the reversible slip-ring 
induction type and is rated at 1,750 h.p. root-mean- 
square when running at 240 r.p.m. Its peak rating is 
double this amount. Its construction complies with 
the firm’s usual practice for this class of work; in 
particular, the insulation of the rotor winding is designed 
to withstand the stresses imposed by reverse-current 
braking. 

The control gear consists of a stator-reversing con- 
tactor and liquid controller, which are shown installed 
in the basement of the engine house in Fig. 2. The 
stator-reversing contactor is of the heavy-duty air- 
break type and is capable of carrying out up to 
150 operations per hour in both the forward and 
reverse directions. The liquid controller is of the 
electrode weir type in which the moving electrodes 
act like a weir to retain or release the electrolyte in 
the three insulated chambers. These chambers are 
supplied with electrolyte from a common header into 
which it is pumped from a lower compartment. Owing 
to the weight of the moving parts of the controller 
they are operated by a servo-motor. This servo-motor 
is also used to determine the rate of acceleration of 
the electrodes and consequently of the winder. Its 
construction will be clear from Figs. 3 and 4, opposite, 
from which it will be seen that it consists of a fixed 
piston with a moving cylinder on which a rack is 

















MAY 5, 1950. ENGINEERING. 





501 








LIQUID-CONTROLLER SERVO UNIT FOR ELECTRIC WINDER. 


GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 


Fig. 3. 
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mounted. This rack engages with a quadrant which is | of the acceleration periods, and at the commencement 
connected tc a lever operating the controller. of the retardation period are shown diagramatically 

The positions of the various parts of this unit when |in Figs. 5 to 8. In these diagrams, a is the main 
the winder is at rest, at the commencement an4 end |shaft, to which the operating quadrant is keyed. 





Power 






“ENGINEERING” 


This quadrant is in turn operated by a rack on the 
moving cylinder f. The power lever e is keyed to the 
same shaft and is connected to a lever on the liquid 
controller. The lever 6 is loose on the main shaft, 
but is linked mechanically with the driver’s lever. 
The control piston-valve unit for moving the cylinder 
towards the left and thus bringing the controller into 
action is shown at c, while d indicates the similar 
valve for operating the cylinder in the reverse direction 
and thus putting the controller out of action. The 
fixed piston is indicated at g, and"h is an exhaust piston 
valve in which an adjustable needle valve k is embodied. 

Fig. 5 shows the gear with the liquid controller out 
of action and the winder at a standstill. On moving 
the controller into the full-on position the lever 6 is 
brought into the position shown in Fig. 6, thus operat- 
ing the piston valves c and d. Oil is introduced 
to the left-hand side of the fixed piston g, and the 
cylinder is moved towards the left until ultimately it 
takes up the position shown in Fig. 7, which indicates 
the end of the accelerating period. At the same time, 
the right hand side of the piston is opened to the 
exhaust. It will be noted that the exhaust pipe from 
valve d is connected to valve h and in the position 
shown in Fig. 6 the exhaust is fully open. The lever i, 
however, is keyed to the main shaft and therefore moves 
to the right at the same rate as lever e, with the result 
that the exhaust port of valve h is gradually closed. 
As soon as the main exhaust port has closed oil can 
only escape through the needle valve k. As the rate 
of movement beyond this point is the rate at which 
exhaust occurs, the rate of movement of cvlinder f 
and consequently the rate at which the electrodes are 
moved, depends on the regulation of needle valve k. 
The electrodes are therefore moved quickly for a pre- 
determined time while the main exhaust is open and 
then at a slower rate when the needle valve only is 
open, so that the total time occupied corresponds 
to the pre-determined acceleration period. The mech- 
anism thus takes up the final position shown in Fig. 7. 
In this way the driver is relieved of responsibility for 
acceleration and has only to move the control lever inte 
its full-on position, the rate at which the controller is 
brought into action being determined by the servo unit. 

On the other hand, the electrodes must be withdrawn 
as quickly as possible and the rate of withdrawal must 
be under the control of the driver. This aaad oa by 

ually bringing the lever 6 to its original position 
amd in Fig. . It will be seen that this operation 
opens the left-hand side of the cylinder f to the exhaust 
through the piston valve c, while oil is admitted to the 
right hand side of the piston through the piston valve d. 
As the rate of exhaust through valve c is unrestricted, 
the rate of movement of the electrodes can be con- 
trolled by the driver. All the piston valves are oper- 
ated with suitable follow-up gears, so that the position 
of the electrodes corresponds exactly with the position 
of the main control lever. 

The master controller is of the drum type and is 
mechanically interlocked with the winder operating 
lever. The equipment is fully protected against over- 
winding, backing out and oil failure, and emergency 
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tripping can be effected by a solenoid which is coupled 
to the mechanical brake gear. 

A 450-volt supply for the electrolyte and oil pump 
motors is obtained from a 20-kVA auxiliary trans- 
former, which is connected in delta-star, earth leakage 
protection being provided between the neutral point 
of the secondary winding and earth. This transformer 
is also connected to a bank of metal rectifiers from which 
direct-current is cbtained for operating the forward and 
reverse contactors. 





ASLIB ANNUAL GENERAL 
MEETING. 


Ar the annual general meeting of Aslib, held on 
Wednesday, April 25, members were able to meet 
the new. Director, Mr. Leslie Wilson, M.A., formerly 
foreign editor of The Times Educational Su » 
who been appointed in succession to Miss E. M. R. 
Ditmas, M.A. The business of the meeting was to 
receive and consider the accounts and the annual 
report, and to elect honorary officers and council mem- 
bers. It is apparent, from the annual report, that the 
period from July, 1948, to December, 1949, which is 
covered in the report, has been an eventful one for 
Aslib. Miss Ditmas, who had held office since 1933, 
retired, but has been ed to continue her 
association with Aslib on a part-time basis. The 
first five-year financial grant by the Government, 
administered through the Department of Scientific 
and Industrial Research, came to an end during 1949 ; 
the grant has been renewed for a further five-year 
period on generous terms. Conditions for the renewal 
of the grant were that Aslib should increase their 
membership and the income from members, and should 
offer a wider of services. To this end, a drive to 
increase membership and the subscriptions from existing 
members was undertaken during the latter half of 1949, 
with gratifying results; at the end of 1949, the total 
subscriptions from British and foreign members 
amounted to 4,262/., as compared with 2,955/. in 1948. 
The Department of Scientific and Industrial Research 

offered two special grants of 5,000/. to be 
spent in 1949 and 1950 on new equipment and special 
projects ; this has enabled Aslib to redecorate the new 
premises at 4, Palace-gate, Kensington, London, W.8, 
and to install new furniture and office equipment. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Backgrounds for Roof Coverings.—The Council for 
Codes of Practice for Buildings, Construction and Engi- 
neering Services, working under the egis of the Ministry 
of Works, has now issued, for comment, draft Code of 
Practice No. 141. This, which deals with “ Back- 
grounds for Roof Coverings,” has been prepared by a 
committee convened by the Royal Institute of British 
Architects. The Code specifies the requirements which 
should be fulfilled, and defects which should be guarded 
against, in connection with design, and deals with such 
matters as durability, fire resistance and combusti- 
bility, thermal insulation, condensation, choice of type 
of construction and materials, and roof design. Included 
in the main Code are Sub-codes 141.101, dealing with 
boarding as a background, and Sub-code 141.201, 
concerning wood-wool slabs as a background. Both 
Sub-codes give tables in respect of the spacing of 
supports for boards and slabs respectively, and methods 
of fixing are illustrated. Comments, which should 
be sent to the Council for Codes of Practice, at Lambeth 
Bridge House (Room 324), Albert-embankment, 
London, 8.E.1, before June 6, will be examined by the 
Code and Drafting Committees. The Code will be 
revised, where found desirable, and then published 
by the Council as part of its series of Codes. [Price 
38., postage included.] 

Packaging Glossary—The trade terms employed 
by container makers, packers and others connected 
with packaging, have given rise to confusion for a long 
time past ; even the words “ packing ” and “ packag- 
ing ” are used in widely different senses. Other terms 
which persons outside the industry might find difficult 
to define include henequen, randing, split, spyndle, 
strike, wale, and Worcester pot. A British Standards 
Institution Committee, therefore, has undertaken the 
task of compiling a glossary of packaging terms, which, 
it is hoped, will be of assistance to newcomers as well 
as to old employees in the packaging industry. Other 
organisations who may have been considering the 
question of packaging nomenclature are invited to 
collaborate with the Institution in this work, so that 
the glossary may become a work which can be accepted 
by all sections of the industry. 





CONTRACTS. 


MeEssRs. VENNER TIME SwIitcHEs LIMITED, New 
Malden, Surrey, announce that for the fifth time in 
succession they have received the contract for supplying 
the State Electricity Commission of Vietoria with time 
switches for the control of off-peak consumer loading. 
The switches concerned are of the synchronous motor- 
driven type and incorporate an auxiliary spring reserve 
mechanism which maintains the switch in operation 
during a supply failure. In addition to this contract, the 
firm’s Meter Division has received a substantial order 
for the supply of house-service meters to the General 
Netherlands Indian Electricity Undertaking. 


“The Admiralty has placed a contract with Mzssrs. 
YARROW AND COMPANY, LIMITED, Glasgow, to investi- 
gate, in association with the ENGLISH ELECTRIC COMPANY, 
LIMITED, in what direction future machinery designs for 
naval vessels should be developed. The Canadian 
Government, which is building several warships, has 
decided to adopt a United Kingdom design for anti- 
submarine frigate machinery. Messrs. Yarrow have 
received an order from Canadian Vickers, Limited, for 
the supply of a complete set of machinery for one of 
these frigates, the hull of which is to be constructed in 
Canada. Other warships of the Royal Canadian Navy 
of the same type will be supplied with similar machinery 
to be built in that country. The main turbines and 
condensers will be of English Ele tric design. 


The Ministry of Supply announces that it hus con- 
tracted to buy 96,000 metric tons of virgin aluminium 
from ALUMINIUM LIMITED, Canada, during 1950. Total 
imports of virgin aluminium from Canada during 1950 
are expected to reach about 136,000 metric tons, com- 
prising the 96,000 tons from the new contract, and about 
40,000 tons under the 1949 contract. It is stated that 
these Canadian imports, together with metal from home 
and European production, will provide an adequate 
supply of aluminium for the United Kingdom fabricating 
industry, which consumed 181,500 tons in 1949. 





BOOKS RECEIVED. 


Ladies Long Loved and Other Essays. By ARTHUR 
LLEWELYN MAaTTHISON. Cornish Brothers, Limited, 
39, New-street, Birmingham, 2. [Price 8s. 6d.) 

Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on 19th November, 1949, 
at Lime Street Station, Liverpool, in the London Midland 
Region British Railways. [Price 6d. net.] Report on 
the Collision whieh Occurred on 30th November, 1949, 
at Littlehampton in the Southern Region British Railways. 
[Price 6d. net.] H.M. Stationery Office, Kingsway, 
London, W.C.2. 

The Institution of Electrical Engineers. i for 
the Electrical Equipment of Buildings. Twelfth edition, 
1950. Offices of the Institution, Savoy-place, London, 
W.C.2. [Price 3s. 9d. post free, in paper covers; 
5s. 3d. cloth bound.] 

British Non-Ferrous Metals Research Association. Thir- 
ticth Annual Report. April, 1950. Offices of the 
Association, Euston-street, London, N.W.1. 

The Institution of Mining and Metallurgy. The Refining of 
Non-Ferrous Metals. Proceedings of a Symposium 
Held in London in July, 1949. Offices of the Institu- 
tion, Salisbury House, Finsbury-circus, London, E.C.2. 
[Price 40s., post free.] 

Productivity Team Report: Drop Forging. Report of a 
Visit to the U.S.A. in 1949 of a Productivity Team Repre- 
senting the Drop Forging Industry. The Anglo-Ameri- 
can Council on Productivity, 21, Tothill-street, London, 
S.W.1. [Price 2s. 3d.] 

In the Workshop. Volume II. By “ Duplex.” Perci- 
val Marshall and Company, Limited, 23, Great Queen- 
street, London, W.C.2. [Price 8s. 6d. net.] 

The Journal of the Imperial College Chemical Engineering 
Society. Volume 4. 1948. The Editor, Imperial 
College Chemical Engineering Society, Chemical Tech- 
nology Building, Prince Consort-road, London, 8.W.7. 
[Price 10s. net.] 

An Introduction to Aeronautical Engineering. For Students 
Engaged in all Branches of Engineering Work. Volume 
I. Mechanics of Flight. By A.C. KERMODE. Sixth 
edition. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 18s. net.] 

Co-operative Industrial Research. .A Study of the Econo- 
mic Aspects of the Research Associations Grant-aided 
by the Department of Scientific and Industrial Research. 
By Proresson RONALD S. EDWARDS. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 20s. net.] 

Mechanical World Monographs. No. 54. Practicul 
Management and Works Relations. By A. C. WHITE- 
HEAD. Emmott and Company, Limited, 31, King- 
street West, Manchester, 3. [Price 3s. 6d.] 

Gas Welder’s Tables and Data. Edited by E. Morioy. 
George Newnes Limited, Tower House, Southampton- 
street, Strand, London, W.C.2. [Price 5s. net.] 


PERSONAL, 


Sir GEORGE NELSON has been elected President of the 
British Electrical and Allied Manufacturers’ Association, 
36 and 38, Kingsway, London, W.C.2. 


Mr. C. A. P. SOUTHWELL, M.C., B.Sc., has been elected 
President of the Institute of Petroleum. 


Dr. A. G. QUARRELL, F.Inst.P., F.I.M., who has been 
research manager to the British Non-Ferrous Motals 
Research Association since 1945, has been appointed to 
fill the new chair of post-graduate physical metallurgy in 
the University of Sheffield. He expects to take up his 
new duties in October. 


Mr. EDWARD PLAYER has been elected President of 
the Aluminium Development Association, 33, Grosyenor- 
street, London, W.1, in succession to Mr. KENNETH 
Hatt. Mr. E. AUSTYN REYNOLDS has been elected 
vice-president, while Mr. F. G. WOOLLARD was re-elected 
chairman of the executive committee for a further year, 


Following the resignation of the secretary, Mayor 
C. B. THORNE, M.C., at the meeting of the Council of 
the Institution of Production Engineers, 36, Portman- 
square, London, W.1, held on Thursday, April 27, Mr. 
W. F. 8S. Wooprorp has been appointed acting secretary 
of the Institution. 


Mr. R. R. MINIKIN was invested with the insignia of 
Chevalier de la Légion d’Honneur by H.E. the French 
Ambassador at the French Embassy in London on May 2, 
The Order has been conferred upon Mr. Minikin in 
recognition of the part he took in the realisation of the 
Mulberry Harbours. 


Mr. B. G. CrEwE, assistant controller, Board of Trade 
Patent Office, retired on April 30 after nearly 50 years 
of continuous service. 


New appointments made by Messrs. W. T. Henley’s 
Telegraph Works Company, Limited, as from April 24, 
include that of Mr. G. E. Ropes to the position of 
deputy general manager and that of Mr. E. J. VIDLER to 
the post of assistant general manager. Moreover, Mr. 
F. V. VAISSIERE succeeds Mr. Vidler as sales manager, 
while Mr. R. B. Hix succeeds Mr. Vaissiere as chief 
assistant sales manager. Mr. P. G. SAMELS succeeds Mr. 
Hill as assistant sales manager (rubber-cables section). 


Mr. JoHN W. Boors has been released from his position 
as joint deputy chairman of the British Overseas Airways 
Corporation on account of calls on his services by his 
family business, Messrs. Alfred Booth and Company, 
Limited. No successor to Mr. Booth will be appointed 
and Mr. WHITNEY STRAIGHT will be the only deputy 
chairman. Mr. Booth has agreed to remain a member 
(part-time) of the board of B.O.A.C. 


Mr. E. J. BATCHELOR, who for some years has been 
assistant managing director of Brush Coachwork Limited, 
Loughborough, has been appointed managing director of 
the company. 

Dr. R. HaRGREAVES, B.A. (Captab.), who was tech- 
nical manager of the Aero Piston Ring Company, 
Limited, Leeds, from 1945 until recently, has now joined 
Tiltman Langley Laboratories Limited, Redhill, as chief 
metallurgist. 

Mr. F. W. KENpDRICK, recently acting sales manager 
for tyres to the Dunlop Rubber Company, Limited, in 
South Africa, has been appointed tyre-export manager 
to the firm in London. 


PROFESSOR ENRICO FERMI, of Chicago, has been elected 
a Foreign Member of the Royal Society. He is dis- 
tinguished for his work on theoretical and experimental 
physics, especially in statistics and the properties of 
slow neutrons. 


ALUMINIUM UNION Liutrep, The Adelphi, Strand, 
London, W.C.2, announce that their telephone number 
has been changed to TRAfalgar 7878. 


Messrs. JoHN Brooks (LYE) LimtreD have removed 
from Victoria Works, West Bromwich, to Hall-street, 
Wednesfield, Staffordshire. (Telephone: Fallings Park 
31221 ; telegrams: Anvils, Wolverhampton). 


Messrs. Vokes Limrrep, Henley Park, Guildford, 
Surrey, have formed a Canadian subsidiary company, 
‘VoKEs (CaNaDA) LimITED, Toronto. MR. J. PARKINSON, 
the former sales manager of the English company, is 
shortly taking up duty as vice-president and general 
manager of Vokes (Canada) Limited. 


The Brush Group, which comprises THE BRUSH ELEc- 
TRICAL ENGINEERING COMPANY, LIMITED, and other 
companies, has acquired an int t in SWITCHGEAR AND 
EREcTION Company (PTy.), LimtreD, Germiston, Johan- 
nesburg, South Africa. The company has beep re-formed 
under the title SWITCHGEAR AND ENGINEERING CORPORA- 
TION OF SOUTH AFRICA (SECOR). The existing directors 
are joining the new board and the management will 
remain unchanged. Mr. L. H. L. Bapuam is to continue 
as managing director. Mr. JosEPH WHITE, chairman and 
managing director of Brush (S.A.) Limited, and Mr. 
S. A. LANE, an executive director of the Brush Company 








in England, are joining the board of Secor. 
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NOTES FROM THE NORTH. 
GLasacow, Wednesday. 


Scottish Steel.—Steel-ingot production is being main- 
tained at a very satisfactory level, but a lack of balance 
in orders gives rise to some concern. The bar re-rolling 
position grows more acute week by week. Short-time 
workiug has already been experienced, and the persistent 
decline in business threatens to increase the number of 
shifts lost per week. The home demand for small bars 
remains quiet, stockholders being sated as a result 
of Belgian imports. Export orders remain scarce on 
account ef the intense competition from Continental 
makers, who are apparently desperate to secure whatever 
pusiness is available. A happier contrast prevails in 
most other branches of the industry, however. Makers 
are working to capacity to meet a strong demand for 
plates, and, although sections are less active, sufficient 
work is booked to keep the rolling mills fully operating. 
Locomotive and wagon builders are busy, the North 
British Locomotive Company, for example, being assured 
of regular employment into 1952, while the Pressed Steel 
Company, Linwood, have received orders from the 
British Railways supplementing those recently obtained 
for the Queensland Railways. Deliveries of light 
sheets from the rolling mills are at a maximum, but 
fresh bookings continue to fill up order books for several 
months ahead. A fair tonnage, mostly of galvanised 
sheets, is under contract for export, the priority demands 
at home absorbing the bulk of the black-sheet production. 


Scottish Coal.—The divisional coal production has 
taken a downward turn recently, after the traditional 
improvement towards the end of March. This has 
accentuated the problem of satisfying special require- 
ments and the difficulty has been aggravated by the 
recent cold spell, which added heavily to the space- 
heating load for both industrial and domestic purposes. 
Exceptionally, electricity works have been in receipt 
of very good tonnages. Indeed, in some cases, deliveries 
have been causing embarrassment by swamping handling 
facilities temporarily. Industrial firms are seeking 
improved supplies, especially singles and doubles, where 
boiler plant is designed for these. The steelworks’ 
requirements are comfortably met, while reduced blast- 
furnace throughputs enable a better supply of fuel to be 
maintained to the coke ovens. Gasworks are eagerly 
accepting maximum tonnages to help stock replenishment. 
Exports show signs of expansion. Plans to increase 
shipments from Ayr ports to Eire from this month, to the 
level prevailing a few months ago, have been jeopardised 
by strike losses of about 10,000 tons in the area last week. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—It was learned on the Welsh 
steam-coal market during the past week that, despite 
competition from Belgium, local shippers had been 
successful in securing the order for 10,000 tons for the 
Portuguese Railways. Business with these consumers, 
which has been on the basis of about 100,000 tons since 
the end of the war, was brought to a standstill about 
nine months ago owing to payments difficulties. It was 
then estimated that about 250,0001. was outstanding 
for coals supplied by Welsh shippers. This amount was 
recently cleared. Orders for deliveries to the foreign 
coaling depots during May have now been placed. They 
amount to 35,000 tons, slightly mcre than in recent 
months, Operations on the market are proceeding along 
quiet lines. Suppliers are again prevented from taking 
the fullest possible advantage of the volume of business 
circulating for early deliveries by the acute scarcity of 
coals of most qualities. Current productions are being 
very largely earmarked for deliveries under existing 
contracts and little fresh business can be entertained for 
the next month or so. On export account a fairly good 
activity is maintained under the existing programmes for 
France, although shippers still have considerable arrears 
of deliveries from previous months to make good. There 
is a fair interest maintained on the part of Italian con- 
Sumers, while rather more business is available for Spain. 
Trade with the Argentine, however, continues to be 
very slow. The inland market is still providing a ready 
outlet for the bulk of the production. Very substantial 
quantities are reserved for the principal consumers and 
the demand is actively upheld. Bunkers are again 
Scarce, while cokes and patent fuel remain well placed 
with forward outlets. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates, from both 
home and overseas buyers, fell off and a greatly reduced 
volume of business was transacted. Makers, however, 
have well-filled order books which will keep the industry 
fully occupied for some time ahead. There is no relaxa- 
tion in the call for steel sheets and users are unable to 
cover their requirements without some difficulty. The 
demand for iron and steel scrap is persistent, as huge 
quantities continue to be absorbed by the steel industry, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Steel and engineering works are well 
employed, and, in many instances, production is being 
increased as extensions of plant and equipment come into 
operation. Steel output is substantially greater than at 
this time last year, when the weekly average was 44,600 
tons ; present totals represent an increase of 700 tons 
a@ week over those for 1949. Only in a few departments 
is the rate of new bookings disappointing. Manufacturers, 
however, are much concerned concerning the proposed 
higher railway freights, which it is computed will repre- 
sent an additional cost of 10s. a ton on steel. Higher 
haulage charges will also add to costs, and, taken to- 
gether, the extra charges will tend to nullify the effects 
of the considerable extensions and improvements designed 
primarily to bring down costs in an effort to meet growing 
foreign competition. Messrs. Hadfields Limited have 
brought into operation their new light forge and satis- 
factory progress is being made with the new steel foundry 
project. The preparation work for the new heavy forge 
is reaching an encouraging stage, and two-thirds of the 
programme for deferred repairs to buildings have been 
completed. Some measure of the activity in local steel 
and engineering works can be taken from the arrange- 
ments made by the Chesterfield employment exchange 
to bring into the district 200 extra men, who will be 
required for a period up till the late autumn for the 
engineering industry, and 80 additional men needed for 
the iron and steel industry. The first batch will be from 
the Hull district. 

South Yorkshire Coal Trade.—Colliery employees have 
got into their stride again after the Easter break and are 
achieving higher production. The latest returns show 
that 31 of the 67 collieries in the South Yorkshire area 
exceeded their targets. Locomotive hards are in full 
request, and there is a big call for industrial steams. 
Referring to the growing demand for coal for export, the 
Master Cutler, Mr. W. R. S. Stephenson, states that 
British industry, if given the supplies, could turn the 
coal into far more money than is obtained by exporting 
it. Coal, he adds, is the nation’s greatest asset, and it 
does not pay to export it rashly. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The Government announcement— 
after long delay—of proposals to increase rail-freight 
rates is a serious matter for the North-East Coast iron 
and steel industry. The estimate is that the new rates 
represent something like 10s. a ton in the cost of steel 
production and obviously necessitate a complete review 
of the effect on selling prices of iron and steel, at a time 
when Continental competition is extremely keen. The 
requirements of customers for Tees-side products, 
however, are still heavy and indications that business 
will continue on a fairly substantial scale are not absent. 
Deliveries of raw material from home sources of supply 
remain at a satisfactory level and imports of foreign iron 
ore promise to be maintained on a substantial scale, 
but the heavy tonnages of iron and steel scrap reaching 
consuming works do not cope fully with current needs. 
Good heavy steel scrap is in brisk demand at the recog- 
nised maximum market price and there is a ready sale for 
distributable parcels of heavy mixed scrap. The com- 
plaint is still heard of pig-iron shortage and the persistent 
call for larger deliveries of certain steel commodities 
continues greater than producers can provide. 


Foundry and Basic Iron.—The position in regard to 
ordinary foundry pig iron is without new features. 
Little is obtainable except from Midland makers and they 
are unable to meet fully the demand from buyers between 
the Tees and the Tyne. The output of basic blast-fur- 
naces is flowing into direct use at adjoining steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Rather 
more tonnage of East-Coast hematite is obtainable for 
the needs of the usual buyers, but still larger deliveries 
would be acceptable. All grades of low-phosphorus 
iron are in strong request. Refined-iron firms give fairly 
satisfactory attention to the needs of regular users. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron and steel plants are occupied on quite good 
orders but, in some branches, producers could deal with 
more work than they have in hand. The total 
output of steel remains at a high level but the distribut- 
able quantities of certain finished commodities are eagerly 
taken up both for home purposes and for export. The 
heavy rolling mills are very actively engaged and the 
pressure for large deliveries of their products has not 
eased, but the demand for small bars and light sections 
is easy. Plate producers are assured of full activity at 
the rolling mills during May and June and manufacturers 
of black and galvanised steels are turning out as much 
tonnage as possible in an endeavour to keep pace with 
their delivery obligations under running contracts. 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, May 8, 7 p.m., 16, St. Mary’s Parson- 
age, Manchester. Repetition of Presidential Address on 
“Mainly About Steel,” by Mr. A. Roebuck. Sheffield 
and District Section: Wednesday, May 10, 7.30 p.m., 
Sheffield Metallurgical Club, 198, West-street, Sheffield. 
Film Evening. ‘‘ The Manipulation of Corrosion- and 
Heat-Resisting Steels,” and “Some Applications of 
Firth-Vickers Stainless Steels,” introduced by Mr. 
J. A. MacWilliam. Institution: Friday, May 12, 
7.30 p.m., Royal Society of Arts, John Adam-street, 
W.C.2. Tenth Gustave Canet Lecture on “ Hydro- 
Electric Development,” by Mr. Geoffrey F. Kennedy. 


INSTITUTION OF CIVIL ENGINEERS.—Railway Engineer - 
ing Division: Tuesday, May 9, 5.30 p.m., Great George- 
street, S.W.1. ‘“‘ Maintenance Considerations Affecting 
the Design of Railway Structures,” by Mr. L. E. Hawkins. 
Midlands Association: Thursday, May 11, 6 pm., 
James Watt Memorial Institute, Birmingham. Aundal 
Meeting. Sound Film: “ Prelude to Power” (Con- 
struction of Castelo do Bode Dam, Portugal). 


INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section: Tuesday, May 9, 5.30 p.m., Victoria-embank~ 
ment, W.C.2. Lecture on “Television Programme 
Planning and the Engineer: the Joint Dilemma,” by 
Mr. Norman Collins. Education Discussion Circle: 
Tuesday, May 9, 6 p.m., Victoria-embankment, W.C.2. 
Open Discussion Evening. Radio and Utilisation Sections : 
Wednesday, May 10, 5.30 p.m., Victoria-embankment, 
W.C.2. “ A Million-Volt Resonant-Cavity X-Ray Tube,” 
by Mr. B. Y. Mills. South Midland Students’ Section : 
Wednesday, May 10, 6.30 p.m., James Watt Memorial 
Institute, Birmingham. Annual Meeting. Institution : 
Thursday, May 11, 5.30 p.m., Victoria-embankment, 
W.C.2. Lecture on “ The Analysis of Action Potentials 
in Electromyography,” by Dr. P. Bauwens. Supply 
Section: Wednesday, May 17, 5.30 p.m., Victoria- 
embankment, W.C.2. Lecture on “A Review of 
Research in Electricity Supply,” by Mr. C. W. Marshall. 


CHEMICAL ENGINEERING GROUP.—Tuesday, May 9, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. “Silicones: Their Production and Uses,” 
by Mr. J. W. Barrett. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 9. 
5.30 p.m., 85, The Minories, E.C.3. ‘“‘ Noise in Passenger 
Accommodation of Ships,” by Dr. A. J. King. 


INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Graduate Section: Tuesday, May 9, 7 p.m., James 
Watt Memorial Institute, Birmingham. Section Chair- 
man’s Address, by Mr. R. V. Brown. Wolverhampton 
Graduate Section: Tuesday, May 9, 7.15 p.m., Wolver- 
hampton and Staffordshire Technical College, Wolver- 
hampton. Discussion on “ X-Ray Examination of 
Castings.” Western Section: Saturday, May 13, 16 a.m., 
Victoria Rooms, Bristol. Whole-Day Conference on 
“ Materials Handling.” ' ; 


RoyaL Society oF ARTs.—Wednesday, May 10, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. “ British 
Shipping,” by Sir William Currie. Wednesday, May 17, 
2.30 p.m., “ Rural Water Supplies,” by Mr. Peter 
Lamont. 


INSTITUTE OF PETROLEUM.—Wednesday, May 10, 
5.30 p.m., Manson House, 26, Portland-place, W.1. “ The 
Application of Radio-Active Tracer Technique to the 
Study of the Movement of Oil in Sands,” by Mr. S. E. 
Coomber and Mr. E. N. Tiratsoo. 


INSTITUTE OF METALS.—Wednesday, May 10, 6 p.m., 
The Royal Institution, Albemarle-street, W.1. The 
1950 Annual May Lecture: “ Industrial Gas Turbines,” 
by Dr. H. Roxbee Cox. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bradford Branch: Wednesday, May 10, 7.30 p.m., 
Midland Hotel, Bradford. Open-Discussion Evening. 


INSTITUTION OF MECHANICAL ENGINEERS.—-Western 
Graduates’ Section: Thutsday, May 11, 7 p.m., College 
of Technology, Unity-street, Bristol. Annual Meeting. 
“Some Observations on the Training of Personnel for 
Industry,” by Mr. A. R. Foster. 


INCORPORATED PLANT ENGINEERS.—Newcasile-upon- 
Tyne Branch: Thursday, May 11, 7.15 p.m., Turks 
Head Hotel, Newcastle-upon-Tyne. Discussion on 
“ Pumping Equipment.” 


Roya Instirvtion.—Friday, May 12, 9 p.m., 
21, Albemarle-street, W.1. “Famous Experiments in 
the Cavendish Laboratory,” by Professor Sir Lawrence 
Bragg, F.R.S. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPie Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 

Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be = oe, from any 
newsagent in town or country rom railway book- 
stalls, or it can be supplied +4 the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 410 0 
For Canada “A 5 0 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue. must be received not later 
than first post Wednesday. 

“Copy ”’ instructions and alterations to standing 
ohiatiamenie for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL. 168. 


The Index to Vol. 168 of ENGINEERING 
(July-December, 1949) is now ready and will 
be sent to any reader, without charge and 
postage paid, on gage being made to the 
Publisher. In order to reduce the consump- 
tion of paper, copies of the Index are 
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THE ECONOMICS OF FARM 
MECHANISATION. 


Tue introduction of the tractor into British 
agriculture began, for all practical purposes, in the 
1914 war, although, of course, the steam traction 
engine was in use much earlier, as the illustrations 
elsewhere in this issue show. Comparatively little 

progress, however, had been made by the time active 
hostilities ended ; in Cheshire, for example—mainly 
an agricultural county—the number of tractors 
under the control of the County War Agricultural 
Committee was never more than between 50 and 60, 
and a large proportion of these were usually out of 
action because the arrangements for maintenance 
and the provision of spare parts were never equal to 
the demands of the farmers, who, at that time, were 
still much more at home with horses than with any 
form of mechanical appliance. Between the wars, 
however, progress in farm mechanisation was steady, 
though slow, and by 1939 the number of tractors 
in use in Great Britain had risen to some 55,000. 
Even then, however, the general attitude of the 
farmer was to regard the tractor solely as a sub- 
stitute for the horse ; it had occurred to compara- 
tively few of them that mechanised farming intro- 
duced entirely new economic considerations, which 
would have to be studied properly if the maximum 
benefit was to be gained from the new tools that 
the motor industry had had devised for the use of the 
farmer. Lord Perry, of the Ford Motor Company, 
did much to educate farmers by placing at their 
disposal the experience gained on that company’s 
mechanised farm in Essex ; but farmers are notori- 
ously conservative, and the lessons had been only 
partly learned when, in 1939, the outbreak of war 
provided a new incentive to further study. 

The subsequent establishment of the National 





Institute of Agricultural Engineering, and the wide 





circulation of the many excellent reports and papers 
prepared by Mr. 8. J. Wright, introduced a new era 
in British agriculture and, no doubt, contributed 
materially to raise the tractor “population” of 
the country from the 55,000 of 1939 to the total, 
more than 300,000, at which it stands at the present 
time. Over the same period, it may be noted, the 
arable acreage has increased from 11,870,000 to 


_ 500 | 17,393,000 ; and, incidentally, the number of horses 


has decreased from 648,000 to about 450,000, with a 
corresponding reduction in the acreage required 
to maintain them—between three and four acres 
per horse. These figures are taken from an address 
delivered in London on Tuesday, April 18, to the 
Fuel Luncheon Club by Mr. W. H. Cashmore, B.A., 
of the National Institute of Agricultural Engineering. 

The subject of Mr. Cashmore’s address was 
“Farm Mechanisation in Relation to Fuel,” and 
in it he incorporated a number of statistics which, 
we believe, are not generally known or appreciated 
at their true importance ; for example, his statement 
that British agriculture now depends on liquid 
fuel to the extent of more than 300 million gallons a 
year. Practically the whole of this fuel must be 
imported, so that a nice problem in economics is 
presented by the consideration of whether the 
national interest is better served by importing the 
fuel to grow crops in this country or to produce the 


516 | CTops overseas—where, possibly, tractors and their 


fuel may be more readily and cheaply obtained— 


7 | and import the resultant grains and other foodstuffs. 


Mr. Cashmore quoted in his address some interest- 
ing figures from an investigation, carried out by the 
Farm Mechanisation Enquiry Section of the National 
Institute of Agricultural Engineering and covering 
66 widely varying farms, into the total hours 
worked per annum by tractors in the different 
operations required on a farm. Light, medium and 
heavy tractors were all represented, and each group 
was subdivided into rowcrop and general-purpose 
tractors; with due regard, however, to the fact 
that a rowcrop tractor is used for many other kinds 
of work, and that, in the case of horses, the main 
purpose in keeping them is usually transport, 
which occupies about two-thirds of their working 
time. It was found that, with horses, 5 per cent. 
of their time was spent in ploughing and 8 per cent. 
on other cultivation; 6 per cent. on drilling ; 
7 per cent. on rowcrop work, and an equal amount 
on harvesting. The remainder, as stated, was 
occupied in carting. Taking a mean of all types 
of tractors, both wheeled and track-laying types, the 
corresponding proportions of their working time 
were 24 per cent. on ploughing, 18-87 per cent. on 
other cultivation, 5-72 per cent. on drilling, 4-66 
per cent. on rowcrop work, 12-23 per cent. on har- 
vesting, 25-50 per cent. on carting, and 8-91 per 
cent. on “stationary and miscellaneous ” duties. 

While these tractor figures have a certain general 
interest, however, they are the means of such wide 
extremes that, by themselves, they do not provide 
a very satisfactory basis on which to form conclu- 
sions or decide policy. The three types of wheeled 
tractors considered were the light type, of 13 h.p. 
to 20 h.p.; the medium type, of 21 h.p. to 30 h.p. ; 
and the heavy type, of 31 h.p. to 42 hp. The 
percentages of time spent by these three types, 
respectively, on rowcrop ploughing and “other 
cultivators’ aggregated 29-5 per cent., 32-25 per 
cent. and 26-5 per cent. ; whereas the track-laying 
tractors spent 44-5 per cent. on ploughing and 
24 per cent. on “other cultivations,” a total of 
68-5 per cent. On harvesting, however, the three 
types of wheeled tractors spent 17-5 per cent., 
14-25 per cent. and 13 per cent., respectively, and 
the track-laying tractors spent only 3-5 per cent. 
On carting, the respective proportions were 30-5 per 
cent., 30-5 per cent., 33 per cent. and 10 per cent. 
It will be seen, therefore, that a fair comparison 
with horses, either on a cost basis or an availability 
basis, is not easily made, apart from the fact that, 
as Mr. Cashmore remarked, a team of horses can be 
subdivided and a tractor cannot. 

The operations listed in the N.IA.E. report 
quoted ranged in drawbar load from 300 Ib. to over 
2,000 Ib. Evidently, therefore, a tractor is under- 
loaded for a great part of its working time, with 
detriment to its fuel efficiency ; and the tabulated 
data showed clearly, also, that the operators were 
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not always making the best use of their gears, or 
of the speed control afforded by the adjustment of 
governor control. In the interests of fuel efficiency, 
as Mr. Cashmore observed, it is desirable that a 
tractor engine should develop its maximum torque 
at a low engine speed, and that the operator should 
work it in the highest gear possible in the current 
circumstances. This, however, introduces the 
question of wheel slip and drew the criticism that 
“the engineer is, perhaps, too much inclined to 
regard the mechanical efficiency as the final object, 
overlooking the possible effect on soil structure.” 
There has been a great improvement in the efficiency 
of tractors as a direct result of improved design of 
wheels and tyres ; the use of spade lugs in place of 
plain steel rims and strakes gradually reduced the 
tractor weight per drawbar-horse-power from 350 Ib. 
to 215 Ib. At the heavier loading, there had been 
complaints of damage to the soil structure, but 
these were no longer heard as the specific weights 
were decreased ; latterly, however, they have begun 
again to be made, because the maximum efficiency 
for pneumatic tyres is developed at a lower pull 
than with steel types. If, therefore, the drawbar 
load exceeds about 1,000 Ib. for the medium tractor 
or 2,000 Ib. for the large type, the efficiency of pull 
can only be maintained by increasing the weight 
on the back axle. This is done fairly extensively, 
either by adding weights to the wheels or putting 
water ballast in the tyres; so that the weight per 
drawbar-horse-power is again in excess of 300 Ib., 
soil compaction is causing trouble once more, deep 
ploughing is necessary to break up the compressed 
soil, and still more weight may be added to obtain 
better adhesion for the deep ploughing. 

Discussing some other factors which affect full 
economy, Mr. Cashmore drew attention to the 
advantages to be gained by attention to the adjust- 
mentof the carburettor, the maintenance of the most 
suitable radiator temperature, etc., and the correct 
setting of implements ; but he admitted that engine 
adjustments take time and, in practice, are seldom 
made. As an alternative, he said, “ one-tractor” 
farmers are now tending to employ two tractors ; 
a low-powered one for transport and light work, and 
another, of medium or large power, for ploughing, 
etc. The evidence is that this is becoming a more 
widespread practice and, as it gives both machines 
an average loading more generally suited to their 
respective types, it should result in some economy 
of fuel. Apparently, tractors using petrol or 
“tractor vaporising oil” do not differ much in 
their consumption of these two fuels; but the 
compression-ignition engine, running on gas oil, 
consumes only 0-6 pint per drawbar-horsepower per 
hour, compared with the 1-0 pint of the petrol or 
paraffin engine. The higher initial cost of the 
Diesel engine is a handicap, however, and its greater 
weight is another disadvantage. 

Mr. Cashmore’s suggested solution of the problem 
of raising the efficiency of tractor operation is to 
provide the farmer with a Diesel-engined unit of 
the tracked type, and of small to medium power, 
in conjunction with “‘ some cheap form of mechanical 
transport, if such a thing is possible.” He em- 
phasised, also, that manufacturers should con- 
centrate on simplicity of design and control, so 
that maximum efficiency can be more easily 
obtained over a range of working conditions without 
expecting too much from the necessarily limited 
engineering skill of the operators. At the same 
time, in his view, much could be done by raising 
the standard of tractor operation. These recom- 
mendations seem to make insufficient allowance for 
a tendency to place more and progressively heavier 
burdens on machines than they are initially designed 
to carry. The manufacturer is thus induced to add 
to the capabilities of each new model a “ little extra 
something” that competing machines do not pos- 
sess, 80 that the upward trend of weight and power 
gradually lifts each type into a different category. 
The alternative—to design new and special types, 
suited mainly to more or less localised conditions— 
is becoming less and less practicable in view of the 
economic conditions which now govern any kind of 
production involving a heavy initial capital outlay 
on jigs and tools, and the maintenance of an 
expensive organisation for servicing and the supply 
of spare parts. 


HEALTH AND ACCIDENTS 
IN COAL MINING. 


THE number of persons who lost their lives in 
coal mines in 1948 was the lowest ever recorded for 
any year. The same applies to the total of those 
killed or seriously injured ; and although it is the 
number of deaths which tends to attract attention, it 
is the total of the two types which is of importance, 
since it is a matter of incalculable chance whether a 
particular accident results in death or serious injury. 
The major cause of both types of fatality was falls 
of ground, either at the working faces or on roads, 
the former being the more common. The next 
cause in order of importance was haulage accidents. 
Explosions and fires underground were responsible 
for only 17 deaths and 41 cases of serious injury in 
1948, and, to a considerable extent, it is due to these 
low figures that this year shows such marked im- 
provement over the previous one. In 1947, there 
were three disastrous explosions, in Cumberland, 
Durham and Yorkshire, respectively, and the total 
toll of persons killed and seriously injured by 
explosions during that year amounted to 262. It 
cannot be hoped that serious colliery explosions 
will never occur again, but satisfaction must be 
felt at the good record of 1948 and continuous 
attention must be, and is being, directed to the 
elimination or control of the causes of explosions. 

It is the business of H.M. Chief Inspector of 
Mines and his staff, to collect statistics of accidents 
and analyse them, to see that safety regulations 
are carried out, and to make suggestions to manage- 
ments and workpeople bearing on accident preven- 
tion or reduction. An account of activities during 
the year 1948 is given in the Chief Inspector’s latest 
report.* The total number of persons killed or 
seriously injured during the year was 2,859, and 
although this is the lowest figure on record, it 
cannot be contemplated with equanimity; the 
measure of suffering and financial loss which it 
represents can but call for continuous attention 
to every aspect of accident prevention. Although 
some accidents are due to causes beyond the control 
of man, it is stated that ‘‘the majority were due 
either to human failures or to defective appliances or 
methods.” The two latter causes are to some 
extent controllable by inspection and testing, and 
by application of the results of experience, but 
accidents due to human failures present what seems 
to be an insoluble problem. 

Although the figure of 2,859 persons killed or 
seriously injured by accidents is distressingly high, 
the Chief Inspector states that “‘the elimination 
of the health hazard from airborne dust is the most 
vital problem awaiting solution in the coal-mining 
industry to-day.” Looking at the matter purely 
from the point of view of the loss of effective labour, 
the accident figure of 2,859 has to be compared with 
that of 4,291, which represents the numbers of 
persons certified during the year as suffering from 
pneumokoniosis. This latter figure cannot be 
compared directly with those of earlier years owing 
to the basis of certification having been altered by 
the coming into effect of National Insurance Regula- 
tions, but it clearly indicates the importance of the 
problems presented. The total, fortunately, does 
not directly represent loss of skilled labour, as a 
proportion of the men affected are able to continue 
at work in places with ‘‘ approved dust conditions ” ; 
but this is a melioration of the situation, not a cure. 

It is laid down in the Regulations and Orders 
relating to Safety and Health, issued by the Ministry 
of Fuel and Power under the Coal Mines Act, 1911, 
that ‘‘such measures shall be taken for the preven- 
tion, suppression, collection and removal of coal 
dust and for treating it with incombustible dust . . . 
as will ensure that on the floor, roof and sides, respec- 
tively, of every road . . . the dust which can be 
raised into the air shall contain . . . no less than 
the percentage of incombustible matter set out in 
the Schedule to these Regulations.” There are 
qualifications and instructions in connection with 
this ruling which cannot be dealt with here; the 
point concerned is that the use of stone dust to 
dilute coal dust when it is raised in a cloud is 








* Report of H.M. Chief Inspector of Mines for the 
Year, 1948. H.M. Stationery Office. [Price 1s. net,] 


Officially prescribed. As is well known, the use of 
coal dust to prevent the spread of explosions and 
fires has been investigated by the Safety in Mines 
Research Board for many years and, as a resu!i of 
its recommendations, the distribution of inert cust 
in coal workings is now common practice. There 
is no doubt about the value of such dust in limi! ing 
the spread of explosion and fire, but there is a 
possibility that it may have a deleterious effect on 
the health of the miners, 

From this aspect of the matter, the nature of 
the dust used is clearly of importance. It is stated 
in the report that particles greater than five microns 
in diameter are of little pathological significance, 
Stone dust laid for the purpose of diluting possible 
coal-dust clouds should naturally not be applied in 
such a manner that the process itself creates clouds, 
but after laying, local disturbances, having nothing 
to do with explosions or fires, may occur. The 
Chief Inspector says, however, that the stage of 
development has now been reached when if properly 
applied, such dusts would be unlikely to impair the 
miners’ health or working capacity. Apart from 
stone dust deliberately introduced into mines, the 
coal dust inevitably produced in cutting operations 
must equally be taken into consideration in connec- 
tion with the question of health ; it is much the 
more important factor of the two. Machine-mining 
operations which have been greatly extended in 
recent years and will be further extended, increasing 
the production of coal dust, and it is the condition 
which it is creating that now forms the main health 
problem in the mines. The report says, “ more 
emphasis must be laid on dust prevention without 
letting up in any way on dust suppression.” The 
main, way in which this problem is being dealt with 
is by applying water in some way during cutting 
operations at the face, in order to damp down any 
dust produced. The Regulations and Orders relating 
to Safety and Health definitely call for procedure of 
this kind in South Wales mines, either by injecting 
water into the working face, or by the use of sprays, 
or jets, of water in association with coal-cutters, 
conveyors and loaders. The apparatus illustrated 
and described on page 517 is of interest in this 
connection. 

The second main health question dealt with in 
the annual report is that of miners’ nystagmus. 
The incidence of the disease, as calculated from the 
record of compensation cases extending over a 
period of 40 years, shows wide fluctuations, but the 
guarded opinion is expressed that a downward 
trend is now indicated. Nystagmus is of slow 
onset and 20 years, or more, is the usual period 
which must be spent below ground in relatively 
poor illumination before the disease manifests 
itself. As a result of this, lighting improvements 
effected during the last five or ten years have not 
yet had time to make a marked impression on the 
accident rate. The opinion is expressed, how- 
ever, that “the improvements in lighting so 
far made are not considered sufficient to prevent 
the development of further cases of nystagmus. 
General regulations on coal-mine lighting were 
issued in 1947 and the report states that the imple- 
mentation of these regulations will be a considerable 
step forward ; but “the goal will not be reached 
until it is possible to provide a standard of illumina- 
tion at the coal face of an altogether higher order 
than is now generally possible.” 

The report suggests that very considerable im- 
provements could be made in many mines were the 
best use made of existing equipment ; illumination 
surveys have discloced many easily remedied faults. 
Some lighting fittings were fixed behind props and 
some lantern glasses were so dirty that hardly any 
light got through. It was also clear that many 
managements did not fully realise how low is the 
reflection factor of mine strata, and what great 
improvement in illumination could be obtained by 
whitewashing surfaces. It is also pointed out that 
incombustible dust, laid to prevent the spread of 
explosions, may effect an improvement in illumina- 
tion. A dust with a high reflection factor might 
well justify itself from the illumination pomt of 
view, even if it cost a little more than one with a low 
factor. Fortunately, mine dusts are seldom called 





upon toexercise their primary function, but the effect 
of their reflection factor on illumination is constant. 
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NOTES. 
H.M.S. “ Ark Royat.” 


On Wednesday, May 3, Her Majesty the Queen 
launclied the new aircraft carrier, H.M.S. Ark Royal, 
at the yard of Messrs. Cammell Laird and Company, 
Limited, Birkenhead. The new vessel is the largest 
ship that Cammell Laird have built, and was 
launched with her main turbines and boilers on 
poard, making her the heaviest they have launched. 
Wher completed she will be among the most 
powerful maritime fighting units in the world, and 
will be larger than any British carrier now in ser- 
vice. She is of the same class as H.M.S. Eagle, 
launched by Princess Elizabeth at Belfast in March, 
1946, and now being fitted out, and will have a 
displacement of 36,800 tons, compared with the 
22,000 tons of her illustrious predecessor, sunk 
during the war. Like her sister ship, the Eagle, 
she is designed to operate with all types of naval 
aircraft envisaged in the foreseeable future. She 
was launched at the weight of approximately 
24,000 tons and, with the exception of H.M.S. 
Vanguard, is the heaviest warship launched in 
the United Kingdom. The machinery will con- 
sist of a four-shaft arrangement of geared turbines. 
Electrical generating plant will include both turbo 
and Diesel units dispersed throughout the ship. 
Her overall dimensions are, length, 803 ft. 9 in. ; 
length between perpendiculars, 720 ft.; breadth at 
water line, 112 ft. 9 in. The armament will, of 
course, be mainly defensive. The keel was laid 
exactly seven years ago, but construction was post- 
poned at the end of hostilities, mainly in order to 
concentrate on the building of maritime shipping. 
Full advantage was taken of the postponement to 
bring the design up to date, and modifications were 
incorporated which involved a considerable amount 
of work. The present Ark Royal is the fourth ship 
to boar the name. The first was built at Belfast 
for Sir Walter Raleigh; the second was the first 
large seaplane carrier, a converted merchant vessel 
which served in the Gallipoli campaign; and the 
third, launched in 1937, took part in the last war. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 


The two Applied Mechanics Group papers pre- 
sented at a meeting of the Institution of Mechanical 
Engineers on Friday, April 28, gave the results of 
further work on the mechanics of strip rolling. 
“Relations between Roll-Force, Torque, and the 
Applied Tensions in Strip-Rolling,” the paper by 
Dr. Rodney Hill, M.A., was the outcome of research 
conducted at the British Iron and Steel Research 
Association ; it had been communicated some time 
ago to most of those concerned with the theory 
of rolling in this country, but was now made public 
for the first time. Expressions were derived for 
the roll force P, and torque G, in strip-rolling under 
tension, as functions of the pressure distribution on 
the rolls and of the radius of the deformed are of 
contact. By considering various artificial distri- 
butions of pressure, the ratio G: P was shown to 
depend only slightly on the precise shape of the 
“friction hill,” and a linear relation was deduced 
between G: P and T : P, where T was the difference 
of the front and back tensions. This was confirmed 
by experiments on annealed mild-steel strip, and it 
was found also that T : P was approximately equal 
to the angular arc of contact when the torque was 
zero (Steckel rolling). A more detailed investigation 
of the effects of tension, based on the simplest 
possible hypothesis, gave expressions for the effect 
of back and front tensions on torque ; the theory 
indicated that the roll force decreased linearly with 
both front and back tensions. Experiment con- 
firmed the theoretical predictions of linearity, and 
showed that the formula for the effect on torque 
was accurate over a wide range of tensions. The 
second paper, “‘ A Theoretical Investigation of Roll 
Flattening,” Mr. D. R. Bland, M.A., described a 
method of finding the distortion of the roll surface 
when subjected to a known pressure distribution. 
The method was then combined with a plastic-flow 
theory of rolling to determine the shape of the arc 
of contact and the pressure distribution over it 
when these were not known beforehand. The 
accuracy of the results was estimated to be 20 per 





cent. The paper showed that, first, it was not 
necessary to assume a parabolic pressure distribution 
to obtain a quantitative result; secondly, J. H. 
Hitchcock’s solution was within the limits of error 
of the more fundamental solution and remained the 
most suitable method, for practical p , of 
allowing for roll flattening ; and thirdly, the main 
feature of the arc of contact was the depression in 
the region of peak pressure and the compensating 
greater curvature at both ends. This was a 
theoretical confirmation of Orowan’s experiments. 
Tue Iron anp Street Instrrvre. 

In the course of his speech when proposing the 
toast of the “Iron and Steel Institute and Indus- 
try ’’ at the annual dinner of the Institute held on 
April 27, at the Dorchester Hotel, Park-lane, London, 
W.1, Field Marshal Sir William Slim, G.B.E., 
K.C.B., Chief of the Imperial General Staff, said 
that the Iron and Steel Institute was the centre 
and focus for every interest in steel and that it 
took a prominent part in the education of those 
who entered the industry. In the late war, heavy 
and exacting demands for steels had been made by 
the nation, from the point of view of quality as well 
as of quantity, but each new demand had been 
regarded as a challenge by the industry and had been 
met successfully. In his response to the toast, 
the President, Mr. J. R. Menzies-Wilson, O.B.E., 
said that the solutions to the problems which 
assailed the industry were rarely fortuitous, but 
were usually the result of much hard work. The 
industry, as far as possible, should remain fluid 
and receptive, and thus be in a position to meet 
changes in metallurgical practice and in the demands 
of its clients. The output of steel was still increasing; 
figures for March showed that the production was 
at the rate of 17,000,000 tons per annum, although 
the target lay between 15} and 16 million tons. It 
was encouraging to note, moreover, that last year 
exports of steel and of articles made from steel 
represented 47 per cent. of the total value of all 
the United Kingdom exports. The corresponding 
figure for 1938 had been 35 per cent. and while 
comparisons were rendered difficult by changed 
circumstances, the figure for 1949 was none the less 
a highly creditable one. There would come a time 
when the supply would overtake the demand for 
steel, and, to maintain its production, the industry 
could look to two factors only, namely, cost and 
quality. The question of costs was not altogether 
a matter within its province to settle, but that of 
quality was a concern of the industry and it was 
in times of stringency that the effort put into 
applied research was amply repaid. The toast of 
the guests was proposed by Mr. E. W. Senior and 
the response was made by the Rt. Hon. Lord 
Bilsland, M.C., LL.D. 


Tue Junior INSTITUTION OF ENGINEERS. 


The annual dinner of the Junior Institution of 
Engineers, which marked the 66th anniversary of 
its foundation, was held at the Connaught Rooms, 
London, on Friday, April 28, the President, Mr. A. 
Roebuck, being in the chair. The toast of “‘ The 
Institution” was proposed by Sir John Hacking, 
Vice-President of the Institution of Electrical 
Engineers, who referred to the high esteem in which 
the “ Juniors ” were held ; this, he felt, was well 
illustrated by the list of past Presidents which 
included the names of Sir Alexander Kennedy and 
Sir Charles Parsons among other eminent engineers. 
The Institution, he went on, was evidently still 
keen to help engineers entering the industry, and he 
noted that it covered all fields of engineering. He 
hoped, however, that their activities would not be 
confined to technical matters, as administrative 
ability was equally important and, in his opinion, 
it was essential that the necessary grounding 
in what was, after all, a relatively simple subject, 
should be obtained during the earlier years of 
training. Sir John concluded by referring to 
the electrical supply industry ; this, he said, was 
going through difficult times, not necessarily of 
its own making but due, in the main, to the effects 
of the war. Mr. S. J. Crispin, chairman of the 
Institution, who replied, thanked Sir John for the 
hint on administrative training, and confirmed that 
the Institution, true to its name, specifically sought 
to give the younger members ample opportunity 





to express their views. The toast of ‘‘ Steel” was 
proposed by Lord Dudley Gordon, who pointed out 
that steel was of comparatively recent introduc- 
tion and, in his opinion, was one of the most 
remarkable achievements of the engineering indus- 
try. The success of the steel industry was based 
on scientific research, and heavy expenditure was 
involved in putting the results of these researches 
into practical operation. The industry’s present 
remarkable output was the direct result of private 
enterprise and was not due to impending nationalisa- 
tion. Unfortunately, the Act which nationalised 
steel was now on the Statute Book and, unless there 
were a change of Government, would come into force 
next year; he felt that this ought not to happen, 
and many prominent trade unionists thought like- 
wise. After all, the demand for steel was dependent 
on the customer, not on the Government, and it was 
the maintenance of the customer’s confidence that 
epsured continued employment. Mr. A. Roebuck 
in reply, pointed out that, even before the war, 
there were over 2,000 different specifications for 
steel and it was, therefore, something more than 
just a material to the metallurgist. The late Mr. 
George Windeler had said that nine-tenths of the 
failures of internal-combustion engines that he had 
encountered in his engineering practice were due 
not to faulty materials, but to incorrect design. 
“The Guests ” was proposed by Mr. P. B. Hebbert 
and acknowledged by Mr. H. F. Cronin, vice- 
president of the Institution of Civil Engineers and 
chief engineer of the Metropolitan Water Board, 
who gave some interesting particulars of early 
pumping engines operated by the Board. Mr. A.C. 
Hartley, vice-president of the Institution of Mechani- 
cal Engineers, also responded. 
Tue Dreset Enorne Users ASsociation. 

The annual luncheon of the Diesel Engine Users 
Association was held at the Connaught Rooms, 
London, on Thursday, April 20, the President, 
Major-General A. E. Davidson, C.B., D.S.O., being 
in the chair. The guests were welcomed by the 
chairman who said he was glad to see so many 
founder members present. The reply was made by 
Dr. H. Roxbee Cox, chief scientist to the Ministry 
of Fuel and Power, who, after having referred to 
the foresight of those who founded the association, 
went on to discuss the three main forms of prime 
mover. The steam turbine, he thought, would not 
be displaced by the gas turbine for some considerable 
time and, as he saw it, the Diesel engine would 
retain its supremacy for comparatively small powers 
while the gas turbine would probably be most useful 
in the intermediate sizes. Although the Diesel 
engine was more efficient, the gas turbine was in its 
infancy and at present was least efficient in the 
smaller sizes. Both the gas turbine and the Diesel 
engine were using heavier fuels, and the chances of 
developing both were sufficiently good to make 
the future struggle for supremacy most interesting 
to contemplate. To be successful, however, the 
gas turbine must be developed to burn the cheaper 
fuels, such as coal and residual oils. The use of 
such fuels presented difficult problems, but he felt 
sure that present researches would lead ultimately 
to success. The luncheon was made the occasion 
for the presentation of three Percy Still medals 
which because of war conditions, had not been 
awarded previously. These were awarded to: Mr. 
A. K. Bruce and Mr. T. Hornbuckle for their paper 
on ‘The Development of the Oil Engine”; Mr. 
R. J. Welsh for his paper on “‘ Gas Turbines ” ; and 
Mr. W. A. Green for his paper on “‘ Fuel Injection 
in Modern Oil Engines.” 


THe Wortp’s SHIPBUILDING. 


That the total of the merchant shipping under 
construction in the shipyards of Great Britain and 
Northern Ireland is declining, although the figure 
for the aggregate tonnage building is still impressive, 
is indicated in the statistics contained in the ship- 
building returns for the quarter ended March 31, 
issued last week by Lloyd’s Register of Shipping. 
At the end of April there were under construc- 
tion in the shipyards of the United Kingdom 145 
steamers, comprising 721,545 tons gross and 201 
motorships, aggregating 1,173,674 tons, making a 
total of 1,859,219 tons. This shows a decrease of 
98,972 tons from the figure for the previous quarter, 
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and is 348,484 tons below the total for June 30, 
1948, which amounted to 2,243,703 tons and was 
the highest recorded since December, 1921. There 
is again a small decrease in the tonnage intended 
for registration abroad or for sale. This figure, 
which rose from about 100,000 tons on March 31, 
1946, to 766,000 tons on September 30, 1949, and 
amounted to 758,479 tons on December 31 last, now 
stands at 717,896 tons. During the quarter under 
review, 268,392 tons of steamers and motorships 
were commenced in this country, 204,440 tons were 
launched, and 360,969 tons were completed. The 
tonnage of the steam and motor merchant ships 
under construction abroad, at the end of March, 
was 2,789,455 tons gross, which figure is greater by 
388,878 tons than that recorded on December 31, 
1949, when it was noted that no figures for Germany, 
Russia and China were included. These reserva- 
tions still apply. The leading shipbuilding countries 
overseas, and the total tonnage of the shipping 
which they had under construction on March 31, 
were ;: France, 473,573 ; the United States, 441,640 ; 
Japan, 390,036; Holland, 314,752; Sweden, 
310,702 ; Italy, 264,722; Denmark, 128,239; and 
Spain, 114,387. During the quarter under consider- 
ation, 825,111 tons of shipping were commenced 
abroad, 414,838 tons were launched, and 444,587 
tons were completed. The ships being built in 
the world’s shipyards at the end of March included 
27 steamers and 13 motorzhips, each of between 
15,000 and 20,000 tons, seven steamers and five 
motorships of between 20,000 and 30,000 tons, and 
one steamer of over 30,000 tons. The latter was 
being built in the United States. The oil-tank 
steamers and motorships, of 1,000 tons gross and 
upwards, under construction in the world on 
March 31, amounted to 174 ships, aggregating 
1,929,180 tons, namely, 39 steamers totalling 
571,063 tons and 135 motorships comprising 
1,358,117 tons, representing an overall increase of 
4,847 tons since December 31, 1949. 





LETTERS TO THE EDITOR. 
THE ELDERLY ENGINEER, 


To THE Eprror oF ENGINEERING. 


Stmr,—I was very: interested in the article on 
“The Elderly Engineer” in your issue of April 21 
last, page 445. As one of the people, indirectly 
referred to, who has tried to help with this big 
problem, I would like to be allowed to comment 
on the article. I would join issue with you on two 
counts. The first is that all available evidence 
points to the trouble going much deeper than your 
article suggests, as it is not only the man between 
50 and 60 who finds difficulty in securing employ- 
ment of any sort, but also the man of between 
40 and 50, and if this absurd trend continues, he 
may soon be joined by the man of over 35. The 
second is that it is by no means the case that the 
employee is usually unable to adapt himself to new 
circumstances, but more often the employer, who 
tells a prospective applicant for the job that he 
feels he is too good or too experienced for it, and in 
consequence would not be happy doing it. This is 
obviously purely hypothetical reasoning. Much 
better use the American technique of “Try Him 
and See.” 

Whatever may be the cause, be it difficulties 
with pension schemes, internal promotion, or the 
unwillingness of men in executive positions to 
engage anyone as an assistant with experience equal 
to or better than their own, there is no question 
that this is a serious and growing problem of very 
large dimensions, for which our industrial leaders 
are mainly to blame, and which can only be tackled 
effectively by vigorous measures. The problem is 
accentuated by the return to this country of large 
numbers of skilled professional people from India, 
Burma, Malaya, China, and other parts of the 
British Empire, from which we have largely with- 
drawn. Most of these men have been prematurely 
retired with compensation for loss of employment 
and pensions, and are in competition with the 
unemployed professional man of over 40, who has 
not their financial resources to fall back on. 
Usually the larger the company, the more rigidly 


is the age bar of 40 enforced for new applicants, 
and even reduced to 35 for overseas service; yet 
in time of war, the services of men of over 40 and 
even over 50 were gladly accepted for any part of 
the world. Is our present economic situation so 
much better that we can afford to scrap such men ? 
It makes a mockery of the oft-repeated statements 
of leaders of industry that production is being held 
up for lack of skilled and experienced personnel. 
There is by no means “full employment” among 
such men. 

I have been interested in this problem for many 
years and, as an industrial consultant, have been 
appalled at the lack of experience so often possessed 
by men in such key industrial positions as works 
managers, production and planning engineers, 
buyers, etc., in the engineering and other industries. 
Far too many such jobs are held by young men of 
between 20 and 30, who, while keen and energetic 
enough, just lack the experience needed, and have 
to be spoon fed by higher executives, whose time 
could be betteremployed. Why are such youngsters 
so frequently appointed ? Is it because they will 
accept smaller salaries, or is it this fetish for promo- 
tion from within an organisation? How much 
better it would be to engage older men of 40 to 50, 
with wide experience, from outside the firm, with 
the younger men as assistants, so that they could 
be properly trained in the job and be ready to take 
over when the older men retired ? 

The solution, I think, is to be found on the lines 
of the Pool of experienced engineers, formed by 
my friend, Mr. Sams, and described by him in your 
last issue. A similar scheme was started some time 
ago in the United States, where it appears they have 
much the same problem, and a special register of 
unemployed professional men of over 40 was com- 
piled, and employers persuaded to fill a proportion 
of vacancies from this register. One industrial firm 
went even farther and agreed as an experiment ‘o 
start a branch factory staffed entirely by men of over 
40, and they were surprised to find that this factory 
became the most efficient unit they possessed. 
During the war, when I was looking for staff, I 
agreed to take several assistants of over 50, and 
found they soon proved themselves to be among the 
best people in the department. What they lacked in 
speed they more than made up by conscientiousness, 
experience and loyalty. 

Yours faithfully, 
G. Vivian DaviEs, 
A.M.I.Mech.E., F.Inst.F. 
65, Gloucester-place, 
London, W.1. 
May 2, 1950. 





DEVELOPMENTS IN BRITISH 
HYDRAULICS RESEARCH. 


To THE Eprror. oF ENGINEERING. 


Sm,—In the last paragraph of the editorial 
article in your issue of April 14, on the above subject, 
you say: “The method of automatic control of 
tides is certainly an interesting development, but 
we may be excused perhaps for wondering whether 
such a refinement is really necessary.” 
The main object of this type of tide generator is, 
however, to give maximum flexibility. In the old 
type of tide generator, two cams were required, one 
to produce the average tide of the year and the other 
to produce mean annual variations from spring 
tides to neap tides, and these cams took much time 
to shape by trial and error; but in the new tide 
generator any sequence of tidal conditions, including 
abnormal tides due to storms, can be reproduced by 
merely drawing the desired curve on a sheet of paper 
and feeding it into the mechanism. 
Yours faithfully, 
C. C. Inexis, 
Director of Hydraulics Research. 
Department of Scientific and Industrial Research, 
Rex House, 4-12, Regent-street, 
London, S.W.1. 
April 25, 1950. 
[We are obliged to Sir Claude Inglis for his letter, 
and hope that there may be an opportunity, in due 





course, to describe and illustrate the new apparatus in 
detail.—Eb., E.] 


—— 


REPORT OF DROP-FORGING 
PRODUCTIVITY TEAM. 


THE report* has been published of the team 
organised by the Anglo-American Council ov Pro. 
ductivity, which visited the United States from 
June 16 to July 27 last year to study the “ factory 
administration, organisation, layout, methous, ang 
operating conditions ” in the American drop-{orging 
industry. The report points out that the industry 
comprises 130 independent firms, 70 per cent, 
of which each employ less than 200 men, so that 
in size they are comparable with an averay« firm 
in the United Kingdom. The team visited 13 
forges. 

The American Drop Forging Association, the 
report states, compile production stat stics show- 
ing pounds weight of drop forgings produced per 
man hour, and the team suggest that similar 
statistics should be compiled in this country. Com. 
paring American and British output the team 
deprecate the insistence in this country of high 
quality regardless of the use to which a part is to 
be put. Based on a comparison of some 20 forgings, 
it is stated that an American forge will produce up 
to 400 per cent. more forgings per hour than its 
British counterpart. The report suggests that the 
reason for this is not to be found in one particular 
feature of American practice but in the combined 
effect of many features. There is room for some 
specialisation in the British industry so as to reap 
the benefit of mass-production methods; _pur- 
chasers of forgings must co-operate in this. 

In learning from American practice and suggest- 
ing ways for improving British methods, the team 
recognise that it is impossible to re-equip industry 
immediately. Their recommendations are, there- 
fore, divided into two parts : a short-term policy and 
a long-term policy. The short-term policy embraces 
the following main points. The team consider 
that the greatest factor in achieving high produc- 
tivity in America has been the acceptance by both 
labour and management of the principle that every 
blow which the forging unit can deliver should be 
utilised for the performance of useful work. The 
team recommend that British drop forgers should 
accept this principle of maximum machine utilisation 
to the full. The hammerman (or press operator), 
who alone can obtain maximum utilisation of every 
blow, should be so serviced that he performs no 
unproductive work. He must not be limited by 
having to perform the ancillary operations of fetch- 
ing bars or pieces from the furnace, passing forgings 
for clipping, etc. These operations are better per- 
formed by a helper or by mechanical handling 
devices. Where the physical effort expended by 
the hammerman and his crew is so great that it is 
impossible to maintain it continuously for an 
extended period, the introduction of an auxiliary 
crew is necessary to enable the machine to maintain 
maximum production. 

The interchange of ideas in America has most 
desirable results. Visits to competitors’ forges 
yield benefits to both parties and broaden the 
outlook of all concerned. It is recommended that 
a similar exchange of ideas and visits would be of 
great benefit to the British drop forging industry. 
The team noted, with approval, the high standard 
of “‘ housekeeping” throughout American forges, 
in contrast with the general conditions in British 
forges. This contributes in no small measure to 
orderly production. It raises efficiency and assists 
in the recruitment of suitable labour. It is the 
almost invariable practice in American drop forges 
to shear steel up to 4 in. square. The results are 
savings of steel, time and manpower. The excep- 
tion to this process is the cutting of certain alloy 
steels in large sections. As most of the steels now 
used in England for drop forgings have not, so far, 
been subject to shearing, it is recommended that 
steel producers should initiate research into, and 
make recommendations on, the ‘‘shearability 
of steel in the same way as the American Iron and 
Steel Institute have done. 


* Productivity Team Report: Drop Forging. Auvglo- 








American Council on Productivity, United Kingdom 
Section, 21, Tothill-street, London, 8.W.1. [Price 2s. 3d.] 
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Even under extreme temperature conditions, 
as high as 96 deg. F. in the shade, the shut-down of 
American drop forges is reduced to a minimum, 
owing to the efficiency of ventilation and the use of 
high power “* man-cooling ” fans in the vicinity of 
hammers. These are comparatively simple means 
to prevent exhaustion of the men and these should 
be installed in British forges to counteract summer 
conditions. For similar sizes of hammer, furnaces 
are mede larger in the United States than in Britain. 
The rete of heating is lower and the control of the 
furnace temperature and conditions is much better. 
Considerable interest was being shown in the im- 
proved insulation of furnaces. Production was rever 
hampered by lack of furnace capacity. The adop- 
tion by British drop forges of larger and better 
furnaces is a matter for urgent attention. Several 
interesting installations were seen for descaling 
bars and billets by means of high-pressure water 
jets. The system should be studied and trial 
installations of this and other devices should be 
introduced, as the absence of scale will improve the 
quality of forgings. 

A practice which impressed itself on the team 
was the use of larger hammers for the production of 
particular forgings. The practice has the following 
advantages: fewer blows to produce the forging ; 
less wear and tear on the plant ; kinder treatment 
of dies; and higher productivity, as the forging 
is completed while the steel is in its most plastic 
state. We are apt in Britain to try to get “a 
quart out of a pint pot ” by overloading the plant. 
Adoption of American ideas on the capacity of drop 
hammers would give an immediate potential for 
higher productivity. Mechanical handling is au 
important factor in high productivity. The Ameri- 
can dictum is not to put anything on the floor, as 
somebody must be paid to pick it up. In the large 
plants, elaborate conveyors are used, but even in 
the smallest shops, where little mechanical handling 
was in evidence, the intelligent use of wheelbarrows 
saved much time and cost. 

American forges have reduced the amount of die 
lubricant to very small proportions, and in most 
cases Oil is prohibited, with consequent improvement 
in the life of the die. In Britain the use of oil as a 
lubricant is often a matter of tradition. The team 
recommend that, wherever possible, lubricants 
should be eliminated in order to increase die life and 
improve conditions in the forge. Multi-impression 
dies were used whenever possible, the final impression 
being for sizing rather than shaping. It is strongly 
recommended that this type of die be used wherever 
possible as a means of giving greatly increased die 
life at the cost of one extra impression. The team 
noted the good finish on American die impressions. 
This was achieved by various means, but it un- 
doubtedly made a contribution to increased die life 
and so to productivity. ‘ 

American drop forgers use split clipping beds 
to a very much greater extent than is done in Britain, 
the reason being that adjustments can be easily 
made to cope with die growth and subsequent 
grinding is largely avoided; they proved more 
economical in the long run. It was also noted that 
the tendency in American shops was. towards 
extended use of cold clipping to obviate re-tapping 
and consequent loss of production. Many long or 
thin forgings were clipped half at a time to allow 
for variation in length and to avoid distortion. 
American opinion is that distortion of forgings is 
largely due to poor clipping tools. Investigation of 
suitable steels for clipping tools had produced good 
results. Thin flash also contributed to better 
clipping. It is recommended that research should 
be initiated into suitable steels for clipping tools, 
design of tools and the introduction of new 
methods. 

American maintenance is carried out on the 
principle that “a stitch in time saves nine.” 
Machines are overhauled at definite intervals, and 
though some of the plant: seen was over 20 years 
old, its condition was good. Breakdowns are 
regarded as unavoidable, but a distinctive feature 
of American practice is that an adequate labour 
force makes quick replacement from an ample 
stock of spares. It is. recommended that main- 
tenance be improved in England and that increased 
stocks of spares be carried wherever there is need for 





frequent replacement. In America, all tools were 
ready to hand. Nowhere were men seen leaving a 
producing unit to search for tools or dies. It is 
recommended that within each factory tools and 
equipment best suited for the various classes of 
work should be standardised and systematic store- 
keeping arranged to eliminate time wasted in finding 
tools. The team recommend that all design and 
planning staff should be kept informed of the cost 
of the various equipment and materials used, so 
that they may be better able to devise the most 
economical methods and tool designs. Similarly, 
other staff should know the cost of equipment, fuel, 
material, stores, etc., so that wastage of all kinds 
may be eliminated. 

An enormous effort has been made in the United 
States in respect of safety to eyes and limbs, 
through propaganda and co-operation. All indivi- 
duals entering a forge, be they workmen or manage- 
ment, wear safety goggles, and eye accidents have 
been reduced to a negligible number. The wearing 
of gloves, safety boots and helmets is regarded in 
much the same way. On the other hand, the team 
noted that American safety regulations for cold 
clipping presses would not pass in England, although 
the workpeople were “‘ safety conscious.” A drive 
must be made in England for the adoption of safety 
goggles, clothing and head-gear. 

The following observations and recommendations 
cover the long-term policy. These important 
matters require mature consideration and may be 
difficult to achieve in existing shops with present 
practices. When laying down new shops or re-siting 
plant in existing shops, the observations should be 
of considerable interest. In general, the layout 
of most of the American forges seen by the team 
was greatly superior to that of English forges in the 
following respects: the shops were spacious and 
well ventilated; spaciousness also allowed the 
manipulation of fork-lift trucks, etc., with conse- 
quential reduction in handling costs; and the 
grouping of items of plant ensured uniflow produc- 
tion, and, with large forgings, permitted the whole 
of the operation to be completed without reheating. 

To achieve higher productivity improved forging 
plant capable of high rates of production must be 
installed whenever replacement of existing plant 
is made. A large proportion of hammers in use in 
Britain are not suitable for high-speed production. 
Replacement of ancillary plant should also be made 
with a view to increased production. Co-operation 
between users and makers of plant will be necessary 
to ensure the development of machines fulfilling 
these requirements, and the team recommend that 
the constructional details of hammers, such as the 
tups, dovetails, and dowel holes, be standardised 
as far as possible. 

Mention has been made of mechanical handling 
in the short-term policy. The ultimate develop- 
ment of handling cannot be achieved rapidly, as its 
installation is often a matter of complete reorganisa- 
tion. Full mechanisation, if adopted, will go a long 
way to ensuring high productivity. The team 
noted, in many instances, that presses were used in 
America to set and size forgings after clipping. This 
practice obviates the necessity for passing the 
clipped forging back to the hammer for setting, and 
so enables the hammerman to maintain a con- 
tinuous rhythm of production. 

Considerable research has been undertaken in 
the American forging industry to improve its pro- 
ducts and to develop the use of new materials. This 
policy should also be pursued in Britain on as 
generous a scale as possible. Co-operation exists 
between the user and the manufacturer of drop 
forgings in the United States. This often results 
in modifications in design which, in turn, permit 
reasonable prices to be charged for articles that 
might otherwise be expensive. Itis strongly recom- 
mended that British drop forgers and their customers 
should co-operate to design forgings which will be 
cheap and easy to produce. 

In many American forges the average age of the 
hammerman is high. The fact is causing consider- 
able alarm and many firms are developing an educa- 
tional and recruitment policy. A similar policy 
could be followed in. England with advantage. 
Neglect of this matter is rapidly causing a scarcity 
of skilled workers in the industry. 





THE DESIGN OF CYLINDERS 
BY AUTOFRETTAGE. 


By W. R. D. Manntna, M.A. (Cantab), 
M.1.Chem.E. 
(Continued from page 481.) 

THE problem of evaluating the wall stresses in a 
tube of any thickness for a given bore strain is 
now solved if we have the torque-twist curve of a 
torsion test in the same material. It is only neces- 
sary to work out the shear strains in the cylinder 
from equation (6) (and for most practical cases 
equation (7) is a near approximation), and insert 
the appropriate shear stress values*; within the 
elastic range equation (9) can be plotted directly. 

For the application of autofrettage to actual 
design problems it is necessary to know the strains 
which will be set up by the given pressure in cylin- 
ders of different wall thickness. The object of the 
chart, prepared by means of the foregoing theory, 
is therefore to enable this information to be obtained 
quickly and easily. The basis of the method is 
most easily understood by considering a hypo- 
thetical case, such as is shown in Fig. 5, on page 510. 
This relates to a cylinder the outer diameter of which 
was initially ten times that of its bore. If it could 
be overstrained without bursting till its bore 
diameter was doubled, the stresses would be as 
shown. The original surfaces are represented by 
the dotted circles through A and D ; after straining, 
these pass through A’ and D’, respectively. The 
radial stress is represented by the curve EF GD’, 
the tangential stress by K L MN, and the maximum 
shear stress by PQRS. 

We can now consider two separate portions of 
the original cylinder, each with an outside diameter 
twice its bore, the innermost lying initially between 
A and B, but displaced under strain to A’ and B’ 
(in this particular case A’ coincides with B), and 
the outermost from C to D, displaced to C’ and D’. 
The material of the wall between C and D will be 
stressed and strained in precisely the same way 
whether it is part of a 10 to 1 diameter ratio cylinder 


with a bore strain of on or of a 2 to 1 cylinder 


with a bore strain of oo: the internal pressure in 


the second portion is shown by GC’, while the first 
supports a pressure difference of E H with a hydro- 
static pressure H A’ acting simultaneously.t This 
latter does not affect the shear stress, which is 
represented by PQ across A’ B’, but it must be 
subtracted from K L to give the tangential stress in 
the equivalent cylinder without hydrostatic pressure. 
Thus the tangential stress in a 2 to 1 tube with a 
bore strain equal to — carrying an internal 
pressure of E H, would be K H at the bore and LF 
at the outside. Similarly, the strains must be 
adjusted for the hydrostatic pressure acting on any 
inside portion of the cylinder but absent from the 
equivalent separate cylinder with which it is being 
compared. 

If the radial stress is now plotted against the 
unstrained radius, i.e., against r instead of r + wu, 
and if, moreover, r is plotted on a logarithmic scale, 
then all tubes of the same diameter ratio will be 
tepresented by horizontal intercepts of the same 
length. Such a diagram is shown in Fig. 6, page 510, 
where p, given by 


r+4u 
p-2( 8. 
neu” + u) 
is plotted against log,, r in the “ pressure ” curve 


d(r+u) . (10) 





* These can be extracted from the torque-twist curve 

by Nadai’s formula, according to which 
4 aT 

=o 15 +t}, 
where T is the torque, 9 the unit twist, and D the 
diameter of the specimen. Morrison (loc. cit.) has shown 
that shear data obtained in this way agree very well with 
those obtained directly from thin-walled specimens. 

t The fact that the smaller bore strain ocorre- 
sponds with the larger pressure is due to the fact that, 
in both cases, the strains are greater than that at the 
ultimate bursting pressure. The case is therefore hypo- 
thetical; the large strain values were chosen because 
they illustrated the principle more clearly. 
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DESIGN OF CYLINDERS BY AUTOFRETTAGE. 


Fig.6. 














=== =100} 


(270.8) 


crossing from the left-hand bottom corner. The 
curve marked “strain” is a plot of ~ against r; 


as will be seen, this decreases so rapidly that it is 
desirable to enlarge the scale at intervals. 

Near the middle of the diagram a vertical line 
marks the position of r,, so that everywhere to its 
left is overstrained material, while to the right 
everything is still elastic. At the top right-hand 
corner is a horizontal line representing the value of p 
for an infinite radius, derived from equation (9). 
This has been called the ‘‘ Infinite Cylinder Line.” 

From such a chart all the necessary information 
for any design problem can be extracted simply. 
The procedure is most conveniently shown by an 
example. Suppose for instance that a 2} to 1 
diameter ratio cylinder has to carry a pressure P, 
and that we want to know how much of it will 
remain élastic, and what will be the strains at the 
surfaces. By taking a card and marking off CB 
along the top, equal to the diameter ratio (2}), and 
CA along the left-hand edge, equal to P, and by 
then moving the card with its axes parallel to the 
chart until A and B fall on the pressure curve, we 
see that C F is overstrained and F B elastic, F being 
the point where C B cuts the limiting elastic radius r,. 
Next, the perpendicular from B gives, at E where 
it meets the strain curve, the appropriate strain 
for a 2} to 1 cylinder, subjected to a pressure 
difference of P together with a hydrostatic pressure 
represented by HB. If P, be the value repre- 
sented by HB, the correction to be applied to 
make the strain at E comparable with that in a 
2} to 1 cylinder without the hydrostatic pressure is 

we Pr 

rr = Ez a - 2c), 
where E is Young’s modulus and c Poisson’s ratio. 
Similarly, D is the value of ~ at the bore, which 


also needs correcting in accordance with equation 
(11). It should be noted that P,, tends to decrease 
the strains, and therefore the values given by (11) 








(11) 
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(0810.0) Diameter Ratio 
must be added to those given by D and E to make 
them applicable to a cylinder with no external 
pressure when holding the pressure P internally. 
Finally, the residual strains are found approxi- 
mately by assuming that, as it unloads from the 
autofrettage pressure, the tube = elastically. 


We need, therefore, the values of = at the outside 
and inside surfaces of a 2} to 1 elastic cylinder loaded 
with an internal pressure P. The general case for a 
cylinder of diameter ratio K, in which the longi- 
tudinal] load is not separately supported is then 


“oO 


“+ (elastic) = {(K* +1) + ¢ (K* — 2)} a2) 
% 


ae: en 
E (K? — 1) 
at the inside, and 

(2 


— ©), (13) 


P 
(K? — 1) 
at the outside. These must, of course, be sub- 
tracted from the values obtained above, which 


“o ™ 
7 elnatio) = 5 


Pressure , Tons per Sq In 





3s 

"e 

Lf 
represent the strains occurring while the internal 
pressure is acting. 

In most instances where autofrettage is contem- 
plated as a practical expedient, the ratio of the 
tube diameters will not exceed 4 to 1, and the 
chart need not extend beyond a single decade of 
log r, provided that it is based on a value of 1% 
which brings r, conveniently into the centre of the 
diagram. If §, is the limiting elastic shear stress in 


the torsion curve, the required value of 


found easily from the i siatien 
Mi Se 
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i can be 


(14) 
r% 


Since +; is normally given the value of unity, and 
since r3 should then be about 10 to make the 
best use of a single-decade chart, a bore strain of, 


say, 5 at is needed. This is small for any metal ; 


thus the strains can usually be deduced from 
equation (7), with much saving of arithmetic, even 
though the shear stresses have still to be evaluated 
graphically in the overstrained region, unless the 
curve relating shear stress and shear strain, derived 
from the torsion test, can be expressed in some 
simple algebraic form. 

In normal practice, a cylinder is subjected to 
autofrettage with extra metal on both surfaces. 
This takes care of the resulting permanent set and 
also allows any oxide scale from the low-temperature 
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treatment to be removed in the final skimming up. 
It is not possible, as a rule, to get perfectly elastic 
behaviour when the overstraining treatment pene- 
trates right through the wall, although this is 
commonly done with gun tubes; for industrial] 
plant, it seems better to retain a fully elastic layer 
on the outside and the most favourable proportions 
of this require some consideration. 

It is important to arrange for the subsequent test 
pressure to maintain the position of the boundary 
between the elastic and overstrained regions, and, 
as will be seen, the necessary information for this 
purpose can be easily obtained from the chart. 
First, however, it must be decided how far across 
the wall this boundary shall be taken. The influence 
of autofrettage treatment on the ultimate bursting 
pressure of a cylinder is probably very small, so that 
the higher the pressure at which the cylinder is 
treated the lower will be the margin between that 
pressure and the ultimate. 

In general, the more ductile a material is, the 
greater is this margin. For instance, the pressure 
necessary to carry the overstrain boundary out to 


Fig. 9. 





As an example, suppose it is required to carry a 
steady pressure of 25 tons per square inch in a vessel 
with a 6-in. bore, allowing a safety factor of 50 per 
cent. to the stabilised range. We thus need to 
produce by autofrettage a cylinder stable up to 
37-5 tons per square inch pressure without regard 
to any possible “elastic gain.” Let the material 
be the 60-ton steel already referred to, for which Fig. 
9is the chart. By increasing the vertical intercepts 
on the pressure curve between, pairs of points which 
are horizontally equidistant from the elastic-limit 
line we find the pressures which would overstrain, 
to the geometric mean radius, cylinders of which 
the diameter ratios are given by the horizontal inter- 
cepts of the appropriate points. Thus we can soon 
get the required diameter ratio for the problem, 
either by trial, or by constructing a curve of pressure 
against diameter ratio as has been done in Fig. 7, 
from which it is seen that 37-5 tons per square inch 
needs a diameter ratio of 2-20. Thus the outside 
diameter of the finished cylinder will be 13-20 in., 
while the diameter of the overstrain boundary will 
be 6 x 4/2-20 = 8-90. 

In order to allow for 
cleaning the bore and 
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the geometric mean radius in an average mild steel 
is about half the ultimate bursting pressure, but 
with a 60-ton alloy steel the ratio is not less than 
0-72. These figures apply for tubes up to at least 
3 to 1 diameter ratio. For mild steel, the ratio 
appears to remain remarkably constant for all 
diameter ratios up to 5 to 1, but with alloy steels 
it falls slightly with increasing diameter ratio; in 
the example quoted it is 0-773 for 1-5 and 0-704 
for 5 (see Fig. 7, opposite). 

It is thus seen that mild steel has enough safety 
margin between the stabilised pressure, when over- 
strained to the geometric mean, and the ultimate 
bursting pressure, to permit safe working up to 
the former level in many cases where steady loading 
is to be carried. The same thing applies to an even 
greater extent with austenitic stainless materials 
where a similar degree of overstrain is achieved with 
only about a third of the ultimate pressure. 
Hardened and tempered alloy steels, on the other 
hand, need a safety factor between the working 
pressure and the upper limit of the stabilised range. 
The test pressure can then be equal to this latter. 

If these methods of allowing for unpredicted 
overloads with the two types of material be adopted, 
we can accept the general rule and design for an 
overstrain boundary at the geometric mean radius. 
Incidentally, this means that the weight of elastic 
metal is to that of overstrained metal as the overall 
diameter is to the bore, i.e., as the diameter ratio. 
This may appear a very conservative specification, 
but it must be remembered that a progressively 
smaller increase in the resulting stable range of 
pressure results as the overstraining spreads farther 
outwards, Fig. 8, opposite, shows how the pressure 
increases with the expansion of the overstrain surface 
in a 3 to 1 cylinder of the 60-ton steel mentioned 





above, 








and B’ distant 1-497 to 
ee ae ee the vertical intercept be- 
tween A’ and B’ is found 
to be 40-3 tons per square inch, which must 
be the applied pressure. By dropping a verti- 
cal line through B’ to cut the strain line in FE’, 


we see that the value of - is given as 0-00123. This 


must be increased by an allowance for the effect 
of the external pressure, assumed by the chart, 
but not actually present in the autofrettage opera- 
tion. Its value is given by the distance of B’ 
below the “infinite cylinder line,” which is 11-9 


tons per square inch, and the addition to ~ is given 


by equation (11), taking E as 13,000 tons per square 
inch and c as 0-3, as 0-00037. Thus the increase 
in outside diameter while the autofrettage pressure 
is acting should be 13-325 (0-00123 + 0-00037), or 
approximately 0-022 in. 

By a similar process the straining of the bore can 
be followed. Let the vertical line through A’ cut 


the strain curve in D’, at which point . = 0-0067 ; 


the effect of the hydrostatic pressure on the outside 
must again be added, but as this is independent of 
radius it has the same value, namely, 0-00037, 
giving a total strain of 0-00707. Here we are mainly 
concerned with the permanent set, which can be 
found with reasonable approximation by assuming 
that the whole cylinder will behave elastically 
when the pressure is released. Thus we must 
subtract the elastic strain, as given by equation (12), 
in which K = 2-32 and P = 40-3 tons per square 
inch, giving the value ~ =- 0-00524; the per- 
manent set is represented by 0-00707 — 0-00524, 
i.e., 0-00183, so that the permanent increase in 
bore diameter is 5-75 x 0-00183, or0-010in. This 
shows that the } in. allowance is ample to take care 
of the permanent expansion of the bore, but in 





practice it is advisable not to stint this margin, 
especially if the final bore dimension is to be held to 
close limits. 

After the final machining operation, when the bore 
is 6in. in diameter and the overall diameter 13-20 in., 
the cylinder is represented on the chart by points 
A and B. We can then compute the dilatation of 
the outside surface from the elastic formula of 
equation (13), giving the value 2-20 to K and 
37-5 tons per square inch to P. We then get 


~ = 0-00124, which means a swelling of the external 


diameter by about 0-017 in. 

The job can now be finally specified as follows : 
machine the tube to a bore of 5-75 in. and an outside 
diameter of 13-325 in. ; subject it to a pressure of 
40-3 tons per square inch (under which the outside 
surface should expand by 0-022 in. approximately) ; 
maintain the pressure for at least 30 minutes, and 
then soak the cylinder for at least 5 hours at 300 deg. 
to 320 deg. C.; finally, machine to finished dimen- 
sions, i.e., 6 in. bore and 13-20 in. outside diameter 
(within whatever tolerances the job demands), and 
subject it to a test pressure of 37-5 tons per square 
inch, under which the outside should expand by 
0-017 in. without any further permanent set. It 
should be noted that the ultimate bursting pressure 
of this cylinder will be almost exactly 50 tons per 
square inch, so that there will be a safety factor of 2 
at the working pressure. 


(To be continued.) 





THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 479.) 


ConTINUING our report of the 8Ist annual 
general meeting of the Iron and Steel Institute, 
held in London on Wednesday and Thursday, 
April 26 and 27, we deal below with the proceedings 
which followed the delivery of the presidential 
address on the morning of the first day. 


Buk Hanpiine oF Scrap. 


The only paper considered before the luncheon 
interval was entitled ‘‘ Characteristics of Scrap in 
Relation to Bulk Handling.” It was by Mr. E. L. 
Diamond, assistant technical director of the British 
Standards Institution, who stated that a very 
great increase in the rate of supply of scrap to large 
melting furnaces would probably be obtainable only 
by a departure from the pan method of loading. 
An essential preliminary to the successful develop- 
ment of alternative methods of bulk handling was 
a fundamental knowledge of the relationships 
between the shape of the scrap and the packing and 
flow of large quantities of similar pieces. Laboratory 
experiments had been carried out on quantities of 
uniform cylinders ranging from thin flat discs to 
long rods. Simple relationships had been established 
between the principal dimensions (length and 
diameter) and (a) the bulk density of the pieces 
when dropped at random into a receptable, and 
(b) the ability of the pieces to flow and separate, as, 
for example, when discharged from a chute into a 
receptacle. From these experiments, a number of 
conclusions had been drawn. To ensure that scrap 
in bulk could be successfully fed, without hand 
trimming, from a chute to a charging pan or a 
charging machine, no individual piece must exceed 
a certain maximum overall dimension to be deter- 
mined for a particular type of plant, but probably 
of the order of 3 ft. Scrap preparation by bundling 
presses gave both ease of handling and good bulk 
density. The introduction of new methods of 
mechanical handling might greatly increase the 
economic advantage to be gained by bundling, and 
the installation of bundling presses of maximum 
capacity would be an essential feature of such 
methods of bulk handling. In order to handle 
rolling-mill scrap in bulk, some additional shearing 
would be necessary to ensure that no piece of plate, 
strip or bar exceeded the permitted maximum 
overall dimensions. . Arrangements could be made 
to do this while hot, at the source of the scrap. 
Folding was twice as effective as cutting in dealing 
with strip or sheet scrap, both from the point of 
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view of obtaining high bulk density and from that 
of ease of handling. Large bundling presses were 
best for the folding operation. 

The discussion was opened by Dr. D. Binnie, 
who stated that the improved size, design, lines and 
fuel of furnaces had all contributed to higher outputs, 
but there had been no similar improvement in the 
handling of scrap, which had fallen behind. The 
author, however, had placed the handling of scrap 
entirely on an engineering basis, but the functions 
of the open-hearth furnace were chemical and metal- 
lurgical rather than engineering. Scrap could not 
be added from a belt ; it had to be added when the 
furnace required it and not any more quickly or 
more slowly. The scrap put into the furnace had to 
be heated up and partly melted before any more 
could -be added, so as not to hold up production by 
chilling the bath. The segregation of the scrap 
and its sizing, handling and baling as suggested by 
the author would have to be done-by the suppliers of 
the scrap, the open-hearth operators could not do it, 
at all events in present conditions. Scrap was not 
so uniform as the author seemed to convey; men 
had to be employed who did nothing else but sort 
scrap. It was only by keen inspection that live 
shells and explosives could be kept out of scrap; 
hence the day of the complete mechanisation of 
scrap handling seemed still far off. Furthermore, 
the author had not referred to ingot ends and skulls, 
which were a form of scrap that could hardly be 
conveyed on a belt to a chute and into a furnace ; 
hence, if the new method of scrap handling were 
introduced, the old method would still have to exist 
alongside it. 

Mr. J. H. Flux said that scrap, as received, at 
most works, was such a very diverse material that 
the author’s experimental selection, upon the 
results of which he had based his conclusions, 
might well have been wider. The next speaker, 
Mr. R. W. Evans, said that the problem was that 
while it was relatively easy to get scrap out of stock 
it was not quite so easy, with particular types of 
scrap, to get enough weight into a charging box 
to avoid delay in the charging and melting operation. 
Ship-breaking scrap was often of awkward shapes 
and he wondered whether the author had any 
suggestions regarding its treatment. It was stated 
in the paper that a mass of rods bent once at right 
angles might be expected to give practically the 
same results as if they were straight. On the face 
of it, it certainly did not seem that such could 
possibly be the case. A series of bent rods would 
be almost like hooks and would tend to catch in one 
another. It would seem, therefore, that a series of 
bent objects would give considerably more trouble 
than straight ones. A subsequent speaker, Mr. 
W. B. Baxtor, said that one of the most primitive 
and archaic features of a modern melting shop was 
the method of charging scrap, and if the author had 
done nothing else but draw attention once again 
to the means adopted for charging cold metal into 
steelmaking furnaces he would deserve the gratitude 
of the Institute. The scrap should be prepared in a 
proper manner and charged into the furnace molten. 

In the course of his reply, Mr. Diamond said that 
it had been stated that scrap handling was a chemical 
and not an engineering task. There might be a 
chemical aspect but the matter was indeed an 
engineering problem and an extraordinarily difficult 
one. With the new developments taking place in 
furnaces, it appeared that it would be worth while 
to handle the bulk of the scrap by mechanical 
methods, leaving the more intractable parts to be 
handled separately. The importance of high bulk 
density had been stressed but, taking a long-term 
view, the basic problem seemed rather that of the 
attainment of very much higher rates of charging. 
Mr. Evans had said that he was not convinced that 
material bent at right angles would behave in the 
same manner as straight pieces of the same length 
to diameter ratio. In the experiments carried out, 
however, it had done so; it was true that the 
pieces could hook on to each other, but, in dealing 
with very large masses, the experiment had shown 
no difference whatever; the agreement had been 
remarkable. 

At this stage the proceedings were adjourned 
until 2.30 in the afternoon. 

(To be continued) 


LABOUR NOTES. 


A waRntnc of the probable effects of the shortage of 
man-power in the nationalised coal-mining indus 
was given at a rally of Scottish miners in Edinburg 
on May 1. Mr. A. L. Horner, general secretary of the 
National Union of Mineworkers, stated that, if the 
present trends of the labour force at collieries were to 
continue for another three months, the total strength 
of the industry would, by then, have declined to 
696,000, at which low level it stood in 1946. He 
reminded those present that it was at the time when 
employment in the coalfields stood at that figure that 
the three weeks’ coal crisis developed, a crisis which 
inflicted such grave on the country’s economic 
position. Those who refused to make mining suffici- 
ently attractive to secure recruits should accept the 
responsibility due to them, should such a crisis return. 
Mr. Horner declared that the miners” charter, which 
pro many improvements in the working conditions 
in the industry, should be brought out of cold storage. 
He asked for a “‘ living wage” for the lower-paid men, 
an increase in paid holidays, drastic improvements in 
redundancy schemes, and equal pay for equal work. 


Speaking on the same occasion, Mr. Abe Mcffat, 
President of the Scottish area of the N.U.M., expressed 
the opinion that the only way to improve the colliery 
man-power situation was to concede the demands 
contained in the miners’ charter. He considered that 
the lower-paid miners were “‘ seething with discontent.” 
At the annual conference of the South Wales area of 
the N.U.M. at Porthcawl, also on May 1, the area 
President, Mr. A. Davies, claimed that a numbers 
of men had left their: work in the mines since the 
termination of the Control of Engagement Orders in 
February, presumably for better-paid and easier forms 
of employment. He declared that miners could not 
perfcrm the impossible. Quite apart from any question 
of an increase, production could not be continued at its 
present level, unless there were additions to the labour 
force cof the industry or unless substantial improve- 
ments were made in methods of working. 


According to the official interim index, which is 
compiled by the Government’s Central Statistical 
Office, industrial production for February is provision- 
ally estimated at 142, compared with a level of 135 for 
January. Previous figures, issued on April 1, estimated 
production for February at between 139 and 140. 
The interim-index production figures for January and 
February, 1949, as given by the Central Statistical 
Office, were 124 and 130, respectively. Production 
during March last is expected to reach a level of between 
142 and 143. All figures quoted are based on the pro- 
duction attained during 1946, when this index was 
commenced. The level in that year is taken as 100. 


The strike of dock employees at the Port of London, 
which commenced on April 19, came to an end on 
May 1, on which day the National Dock Labour Board 
announced that full resumption of work had taken 
place in all parts of the London docks. This strike, 
the fourth major dock stoppage in two years, was 
sponsored by the London “ port workers’ committee,” 
in protest against the expulsion by the Transport and 
General Workers’ Union of three of its members for 
their activities in connection with the unofficial London 
dock strike in July, 1949. The “ port workers’ com- 
mittee ” arose out of the strike committee responsible 
for last year’s dispute, and, although unofficial and 
entirely unrecognised by the unions, it appears to have 
established itself on a permanent basis. 


It may be stated that the expulsion of the three men 
from the T.G.W.U. was the result of action taken at 
each stage by rank-and-file committees of that Union, 
operating in accordance with the Union’s constitution. 
Any suggestion, therefore, that the strike was against 
officials of the Union was unfounded. Mr. Arthur 
Deakin, the Union’s general secretary, declared on 
April 27 that the struggle was not a personal one with 
himself. There was more at stake than popularity ; 
the real issue was law and order. Mr. George Isaacs, 
the Minister of Labour, stated in the House of Com- 
mons on the same day that the expulsion of the men 
from the Union made no difference to their right to 
employment and that there was nothing in the dock- 
labour scheme to __ their employment. The 
three men are stated to have expressed their intention 
of applying for membership of another dock union, the 


‘National Amalgamated Stevedores and Dockers. 


Some 1,200 men ceased work on April 19, when the 
strike began, and nine ships were reported idle and 
seven others undermanned on that day. At an early 





stage inthe dispute, the Government announced that 





they would send troops to the docks in sufiicient 
numbers to maintain the work of the port. A start 
was made on April 24, the fifth working day of the 
strike, when 1,067 Servicemen commenced work on 
eight food ships, and the Government declared that this 
number would be increased by about 1,000 a day 
The stoppage ap to have reached its maximum 
intensity on April 26 when, according to the Nationa) 
Dock Labour Board, 14,441 men were on strike. Op 
the same day,.only 23 ships were being worked by 
dockers, five were undermanned, and 81 were idle, 
Troops, however, then numbered 3,046 and were 
ane ol the cargoes of 23 ships. On April 27, a few 
men returned to work and the number of strikers 
declined to 14,422. The number declined still further 
on the following day, to 14,337. 


On the evening of April 28, the London Dock Labour 
Board, which consists of five employers and five trade 
unionists, with the approval of the Government, 
declared unanimously that, unless the strikers reported 
for work on Monday morning, May 1, they would be 
deemed to have terminated their service with the 
Board owing to their continued absence from work 
without authority, and that their registrations would 
be cancelled accordingly. Some 2,000 dock employees 
returned to work on April 29. In the expectation of 
an early collapse of the strike, the Government acceded 
to a request of the London docks divisional committee 
of the Transport and General Workers’ Union and 
withdrew the Servicemen from the docks. The com- 
mittee, some members of which had themselves been 
on strike, asked that no obstacles should be placed in 
the way of an immediate and orderly resumption of 
work. 


Apart from other damage caused by this latest 
unofficial dock strike, it is estimated that not less 
than 95,000 days’ work have been lost by the strikers 
during the ten working days that the dispute lasted. 
It-may be recalled that approximately 400,000 days 
were lost in the previous unofficial stoppage in July 
last year. In answer to a Parliamentary question, 
Mr. Isaacs stated, on May 2, that the question of an 
inquiry being instituted by the Government into the 
causes of labour unrest at the docks, was under dis- 
cussion and that a statement would be made in a day 
or two. 1 , 

Some 149,000 workpeople in the United Kingdom 
received net increases in their full-time wage rates 
during March, which amounted, in all, to 27,500I. a 
week. Persons principally affected by the increases 
were employees in the heating, ventilating, and 
domestic-engineering les, and in the furniture- 
making industry. Operatives in the jute industry also 
benefited, as did persons engaged in the distribution 
of coal in Yorkshire and the North Midland region. 
Of the total increases, about 21,000/. resulted from 
a ments made by Joint Industrial Councils and 
other joint standing bodies established by voluntary 
agreements. During the first quarter of the present 
year, 1,966,500 workpeople have received net increases 
in their weekly full-time wage rates, totalling approxi- 
mately 312,6001. In the corresponding months of 
last year, there were net increases of 381,900/. in the 
weekly full-time wages of 2,942,000 employees. 


During the three months, January, February and 
March last, 8,500 employees in the engineering, ship- 
building and electrical-goods industries received small 
net increases aggregating 1,1001. weekly; 162,500 
persons engaged in metal manufacture received in- 
creases totalling 4,100/. weekly ; 5,500 operatives in 
the chemical and allied trades received increases 
amounting to 8001. weekly ; and 1,057,000 workpeople 
in the building and contracting trades received increases 
aggregating 135,0001. a week. Higher individual 
increases were accorded to employees in the distribu- 
tion trades, in which trades 476,500 persons received 
net increases totalling 123,500/. weekly, an average of 
over 5s. each. The only change in working hours, 
reported in the Ministry of Labour Gazette for April, 
occurred in the furniture-making industry, in which 
the normal working week was increased from 44 to 45 
hours. This increase, however, was associated with an 
increase in the maximum annual holiday with pay 
from one to two weeks. 


For the third month in succession, no change was 
recorded in the rates-of-wages index fi or the 
end of March. The index then stood at a level of 110 
for all employees, and at 109, 113, and 113 for the men, 
women, and juvenile classes, respectively. This index 
measures the movement, from month to month, in 
the level of full-time weekly rates of wages in the 
principal industries and services in the United Kingdom 
compared with the level on June 30, 1947, which is 
taken as 100. 
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THE BURNING OF BOILER FUELS 
IN MARINE DIESEL ENGINES.* 
By Jonn Lams, O.B.E. 


In December, 1947, a full account of an endeavour 
to burn normal grades of boiler fuel in marine Diesel 
engines was given before this Institute.t The fuels 
used were of Venezuelan origin and had a viscosity 
range of from 1,200 seconds to 1,500 seconds Red- 
wood No. I at 100 deg. F. The ship used for these 
tests was the 12-knot 12,250-ton tanker Auricula, pro- 
pelled by an eight-cylinder four-cycle single-acting 
engine of Werkspoor design, rated at 4,000 indicated 
horse-power at 115 r.p.m. The Auricula was com- 
missioned and began operating on high-viscosity fuel 
in August, 1946. Since that time, a number of tankers 
of similar tonnage, propelled by either Werkspoor, 
Burmeister and Wain, M.A.N., or Doxford engines, 
have been equipped to burn such fuels. The results 
obtained have induced many owners to equip their 
motorships so that fuels ranging in viscosity from 
40 seconds to 1,500 seconds can be used, and the purpose 
of this paper is to pass on the results of further experi- 
ence gained at sea in the burning of such fuels, and fuels 
of even higher viscosity. 

To make an engine operate satisfactorily on 1,500 
seconds fuel does not mean that it will no longer burn 
Diesel fuel of 40 to 100 seconds or any other fuel of 
intermediate viscosity. When equip in the same 
manner as the Auricula, the only effect of changing 
over from boiler fuel to Diesel fuel, or vice versa, is to 
alter slightly the revolutions of the engine. This, of 
course, is due to the lower specific gravity of Diesel 
fuel and a proportionately lower weight of fuel injected 
into the cylinders at each stroke of the pump for a 
given setting, so that the only adjustment required 
when making such a change-over is to advance the 





* Paper presented at a meeting of the Institute of 
Marine Engineers, held in London on Tuesday, April 11, 
1950. Abridged. 

t Lamb, J.. 1948. Trans.I.Mer.E., vol. 60, page 1, 
“The Burning of Boiler Fuels in Marine Diesel Engines.” 
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speed-control lever until the revolutions of the engine 
are normal for the power that is required to be deve- 
loped. For the best results it may be necessary to 
alter slightly the commencement of the fuel-injection 


process. 

The cost of equipping a 4,000 indicated horse-power 
propelling installation while under construction is in 
the region of 5,000/., but whereas, in December, 1947, 
the annual saving in the fuel bill of such an installation 
was a like amount, the difference between the purchase 
price of Diesel fuel and boiler fuel has widened so 
much that the annual saving of such an installation at 
the present time is nearer 8,000/.; consequently the 
initial outlay is regained after seven-and-a-half months’ 
operation on the cheaper fuel. The cost of equipping 
existing ships varies according to machinery lay-out 
and the arrangements originally provided fcr storing 
the fuel and heating it to pumpable temperatures, but 
in no case should it exceed 10,0001. 

In August, 1949, the Auricula completed three years’ 
continuous sea service, during which the propelling 
engine operated for approximately 95 per cent. of the 
time on fuels ranging in viscosity from 1,200 seconds 
to 1,500 seconds. For part of the first year, Diesel 
fuel was used to manceuvre in and out of port and 
during fog at sea, until certain information regarding 
conditions produced when operating at considerably 
reduced power output could be obtained. During the 
second and third years, the engine operated throughout 
on high-viscosity fuels whenever such fuel was on board. 

During the first three years’ service, the distance 
covered between pilot vessels was 217,832 miles; the 
average speed at sea was 11-46 knots; the time 
operating at full power was 18,692 hours; the total 
number of revolutions made by the main engine was 
141,000,000 ; and 9,009 tons of high-viscosity fuel 
were consumed. The average cost of the high-viscosity 
fuel was 54-1s. per ton and of Diesel fuel, 90-7s. per 
ton. While every endeavour is made to send ships 
away with at least one engineer on board who has had 
—s experience in the burning of high-viscosity 

el, this has not always been possible, and in no 
instance has the engine suffered owing to absence of 





previous experience on the part of the engine-room 
staff. The engineers prefer to operate on high- 
viscosity fuel because, they say, the exhaust valves 
do not require to be removed so frequently for overhaul , 
and the engine runs more quietly than when operating 
on Diesel fuel. At no time has the engine of the 
Auricula failed to respond instantly to telegraph 
orders from the bridge when operating on heavy fuel. 
The involuntary stops at sea during the three years 
totalled 98 hours 46 minutes, and of this total 54 hours 
and 23 minutes was the time taken to replace a faulty 
piston on one occasion and a cracked fuel-valve body 
on another occasion. Neither of these failures had 
any connection with the grade of fuel in use. The 
greater part of the remaining time that the engine was 
es a at sea was during the first year’s operation 
and was due to the high-pressure fuel-pump plungers 
jamming, the necessity to tighten the camshaft driving 
chain, the renewing of a broken cylinder relief-valve 
stud, and changing supercharge air-pump valves. 
Freeing fuel-pump plungers accounted for 6 hours 
28 minutes and this time represents the total which 
can be attributed to the engine operating on high- 
viscosity fuels. 

* The jamming of the plungers was due to the fuel 
pumps, that were designed to handle Diesel fuel at 
atmospheric temperature, being called upon to deal 
with viscous fuel heated to 180 deg. F. The trouble 
generally occurred when changing over from heated 
boiler fuel to unheated Diesel fuel and was caused by 
the sleeves contracting more rapidly than the plungers. 
Since the practice of manceuvring on Diesel fuel has 
been discontinued and the diametrical working clearance 
between plunger and sleeve was increased to 0-0003 in., 
no further trouble with the fuel-pump plungers jam- 
ming when operating on either Diesel fuel or high- 
viscosity fuel has been experienced. In order that 
what is to follow will be more clearly understood, 
sectional views through one of the cylinders of the 
Auricula’s engine are shown in Figs. 1 and 2, on this 


A report, as received from the chief engineer after 
serving for one year, reads as follows :— 

“* Fuel Combustion.—The burning of this type of fuel 
(1,500 seconds viscosity) in the main motor proved 
very satisfactory. One very noticeable feature was 
the fact that the life of the exhaust-valve lids and seats 
was much longer when burning high-viscosity fuel, 
than when the motor was burning marine Diesel oil. 
In fact, these valves were run for a period of 2,800 hours 
(ship distance 31,275 miles) without showing any sign 
of pitting. The only fault to be found with their 
condition was the fact that the valve spindles were 
furred up to a depth of } in. below the spindle guide, 
also there was quite an accumulation of greasy carbon 
deposit in the pocket of the spindle guide, as shown in 
Fig. 3, on page 514. The main motor ran with an 
even turning moment, there being an absence of that 
slight firing knock observed when running on Diesel 
oil. It was found that the control of the desired tem- 
peratures for burning the fuel was very easily main- 
tained. The fuel valves were generally run about 
600 hours, when they were removed for cleaning; 
this was mainly done to maintain the cooling water 
space in a clean condition, this fouling coming from 
the main-motor piston cooling-water m. The 
atomisers were always in good condition, all the holes 
being clear and no carbon found deposited on the tips 
of the nozzles. Carbon was at no time observed to 
have built up on the piston crowns, but there was at 
times to be seen a slight yellowish pattern of about 
8 in. diameter on the piston directly under the fuel 
valve. 

Air-Inlet Valves.—These valves were generally in 
a dirty condition when removed after 600 hours ing, 
this being due to the unsatisfactory condition of the 
under-piston supercharge spaces. 

Fuel Valves.—Some trouble was at first found with 
the atomisers but this was traced to the type of 
atomiser manufactured by ... The metal of which 
they were made was apparently not quite suitable. 
The needles were beating into the seats and so affecting 
the sharp admission and cut-off of the fuel. This type 
of atomiser was replaced by new... nozzles and 
they were found to be much more satisfactory. Trouble 
was experienced with the water-jacket housings crack- 
ing at the top flange in way of the pressure housing 
bodies down studs. The cause of this failure was 
probably due to the stress set up by the temperature 
of the independent hot-water circulating system ; this 
temperature was reduced from 160 deg. F. to 140 deg. F. 
Three such failures occurred in nine months; none 
fractured after the temperature was lowered. 

“* Pressuretite”’ Joints on Fuel-Pipe Connections.— 
These couplings, which are illustrated in Fig. 4, on page 
514, were not entirely satisfactory. After having been 
in service for about 800 hours they generally start leak- 
ing. The serrations in the cone portion of the fitting 
work slack in time and wear away the pipe on which 
they are biting. A new ferrule cannot be fitted on the 
same place again. The pipe must be cropped before 
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fitting a replacement ; 
not difficult to renew. 

Piston Cooling- Water Telescopic Pipe Packing.—The 
life of the - Tings on this motor was much shorter 
than was experienced on similar motors burning 
Diesel fuel. This may be due to acid acting on the 
canvas and deteriorating same and the oil acting on 
the rubber in the material. The fact that the water 
glands are not satisfactory allows water to be carried 
on the surface of the pipes and so into the under-piston 
supercharge space. This is probably contributory to 
the forming of the emulsified deposit found in the super- 
charge spaces; also water entering this space may 
have an adverse action on the effective lubrication of 
the liner walls and piston rings. From liner and 
piston-ring gaugings it has been observed that the 
greatest wear takes place in the athwartships direction, 
1.e., directly above the telescopic pipes and opposite 
them. 

Supercharge Air Spaces.—There is an accumulation 
of sludge formed here which builds itself up on top 
of the diaphragm plate and fouls the valves and trunks. 
It finds its way into the supercharge manifold and air- 
inlet pipes. It also finds its way past the piston-rod 
scraper packing and so contaminates the crankcasé 
lubricating oil. This sludge may be, in part, formed by 
the tarry substance, which adheres to the walls of the 
piston above the top ring, working its way past the 
rings and by the emulsification of the cylinder lubricat- 
ing oil which accumulates on the diaphragm plate. 
It may well be that an answer to the problem of this 
sludge forming could be fcund by experimenting with 
a different grade of lubricating oil for cylinder lubrica- 
tion. 

Crankcase Lubricating Oil Contamination.—The 
crankcase oil runs black and is found to accumulate a 
quantity of carbonaceous material which is removed 
by the purifier. The lubricating-oil purifier is run 
20 hours per day at sea. This carbonaceous substance 
resembles a black Vaseline with little abrasive matter 
in it and finds its way into the crankcase from the 
upper side of the diaphragm plate past the piston-rod 
packing. The condition of the bearings appears to 
be satisfactory, but if this accumulation were allowed 
to increase it is possible that trouble would be experi- 
enced with pipes choking. 

Fuel Purifying and Clarifying Plant.—No trouble 
was experienced with this installation at any time. 
The motors and purifiers were run about 13 hours per 
day at sea. The flat in which they were situated 
becomes very warm in tropical zones. The fitting of 
@ forced system of ventilation here would improve 
conditions. It would be advantageous to have a light 
portable grating fitted around this plant about 4 in. 
from the deck to maintain a clean flat. There is no 
arrangement made for access to plugs at the bottom of 
purifier sumps. 

Main Jacket Cooling-Wuter and Piston Cooling- Water 
Coolers.—Coolers scale up fairly rapidly. This is 
probably due to the higher temperatures carried in the 
fresh cooling-water system and to the practice of 
circulating the coolers with warm sea water in prepara- 
tion for starting the main motor. The coolers should 
be treated every docking or at regular intervals by 
the ship’s staff to maintain them in an efficient con- 
dition. 

Heavy Fuel Heaters.—An alternative arrangement of 
heating the engine fuel should be made available in 
event of a failure of the heater. This could be arranged 
by connecting up one of the existing boiler-fuel heating 
units. 


however, these fittings are 


Summary.—The combustion of high-viscosity fuel 
with the existing plant is a proved success. However, 
there are mechanical conditions which can be improved 
upon, such as the condition of the under-piston super- 
charge spaces, which is contributory to the contamina- 
tion of crankcase lubricating oil. The main motor 
answered to all regulations of speed perfectly ; indeed 
it was an event when a false start was registered while 
manceuvring and this was entirely due to the operator. 
It was easy to maintain a slow speed of 45 revolutions 
for quite a period of time. No trouble was ever 
experienced with the starting valves.” 

The author’s observations on certain of the foregoing 
statements are as follows :— 

The 4-in. thick deposit on the exhaust-valve spindles 
referred to did not interfere in any way with the 
proper functioning of the exhaust valves. That the 
exhaust-valve spindles had been copiously lubricated 
is evidenced by the statement ‘‘ there was quite an 
accumulation of greasy carbon deposit in the pockets 
of the spindle guide.” The location of the deposit is 
illustrated in Fig. 3, herewith. 

The failure of the fuel-valve housings occurred only 
on the Auricula, where, owing to a misunderstanding, 
the circulating water in the fuel-valve jackets was 
maintained at 160 deg. F. instead of 140 deg. F. when 
manceuvring on boiler fuel. In all other ships, where a 
temperature of 140 deg. F. was never exceeded, no 
such trouble was experienced, and no further trouble 
occurred on the Auricula after the temperature of the 


water in this particular part had been reduced to 
140 deg. F. 

The type of coupling used on the high-pressure fuel 
system, and referred to as giving trouble due to leakage 
after about 800 hours’ service, is shown in Fig. 4. 
The leakage from such couplings is due to having to 
heat the high-viscosity fuel before injection into the 
cylinders. At working temperatures the couplin 
expands to a greater degree than with unheated Diese 
fuel, and after a time the serrations become com- 
pressed and less effective. This would probably not 
occur if the couplings were tightened with only moderate 
force when cold. 

There is no doubt that high sulphur content fuels 
have an injurious effect upon the types of packings 
usually employed in piston cooling-water telescopic 
pipe glands. When the engine is burning Diesel fuel, 
such packings require only to have a certain amount of 
resilience and to be resistant to water and oil, but when 
burning high-viscosity fuels the packings should, in 
addition to having the foregoing properties, be imper- 
vious to sulphuric acid. When the engines were burn- 
ing Diesel fael, both the oil and scraper packing and 
the water packing gave satisfactory results, but when 
the fuels used resulted in a corrosive acid being pro- 
duced under slow-running conditions, and it became 
imperative that the packing should be completely 
effective, certain weak features of the packing were | 
disclosed. 

The accumulation 





of oily carbonaceous. matter in | 
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the supercharge spaces under the main-engine cylinders 
was most objectionable, because some of it found its 
way into the crankcases and contaminated the lubricat- 
ing oil. Moreover, the supercharge air spaces could 
only be cleaned manually, an operation which was 
looked upon with disfavour by the engine-room staff. 
The matter comprised a small amount of material from 
the lower ends of the cylinders, a moderate amount of 
lubricating oil which passed the piston-rod oil-scraper 
packing, and a great deal of water from the piston- 
cooling telescopic-pipe glands. The alteration made 
to the piston oil scraper packing is shown in 
Figs. 5 and 6, on this page. This alteration had for 
its purpose the prevention of sludge in the supercharge 
air spaces reaching the crankcases, but as the accumula- 
tion of sludge was obviated by the alteration to the 
telescopic pipe packing proof of the effectiveness of 
this alteration cannot be given. 

After completing three years’ service on high- 
viscosity fuels, the main-engine parts of the Auricula 
likely to be adversely affected by operating on such 
fuels, such as cylinder-head valves, cylinder liners, 
pistons, exhaust manifold and supercharge air spaces, 
were opened up and examined. The usual practice is 
to dry dock these tankers every nine months, but in 
order to preclude any suggestion of “ nursing,” the 
period for this ship was extended to twelve months. 
Moreover, while it is the practice to operate Diesel 
engines at about 5 per cent. below the rated power, the 





engine in the Auricula has developed 5 per cent. above 
the rated power. 


The official record of the condition of th. 
opened up, together with observations, is as fol!ows -_ 

Of the eight air inlet valves Nos. 2 and 7 only were 
removed. The condition of the ground faces «! these 
two valves was unchanged after 2,228 and 1,524 hours’ 
service, respectively, and after a layer of greasy matter 
had been removed from the upper surface of the valve 
lid and the inner surface of the valve seat th 
were re-fitted for further service. 

The passages through which the air passed fron the 
supercharge pumps, located under the working cylin. 
ders, to the air-inlet valves were thickly coate:| with 
greasy matter which had obviously originated in the 
supercharge air pumps. In places the matter atiained 
a thickness of { in., which is too much even after three 
years’ operation. The main objection to greasy matter 
accumulating in these passages is that a fire may be 
started in the event of an air-inlet valve jamming in 
partly open position. The effect is to choke the engine 
and bring it to rest, after which the fire is quickly and 
automatically extinguished. 

All the fuel-injection valves had been in use inter. 
mittently since the ship was commissioned, and con. 
tinuously prior to being removed on this occasion for 
the following periods :— 

Valve. Hours. 
i ee 1,524 
No.2 ... 1,736 
We. 2... 2,412 
No.4 ... 2,412 


Fig. 4. 
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Just prior to entering dry dock at Cardiff, where the 
inspection was carried out, the engine had operated 
continuously for two hours at 40 r.p.m. in order to 
avoid having to anchor until the dry dock was ready 
to receive the ship. All eight fuel valves were subse- 
quently tested and all needles were found to be per- 
fectly free and fluid-tight at 4,000 Ib. per square inch. 
Not only was every hole spraying satisfactorily, but in 
no case was there any indication of carbon lining. The 
small quantity of deposit on the nozzles in no way 
interfered with the angle or direction of the fuel sprays. 

Experience with 16 ships propelled by W erkspoor, 
Burmeister and Wain, and M.A.N. four-cycle engines, 
burning high-viscosity fuel, has proved beyond all 
doubt that, if the fuel valves and other factors which 
have an effect upon combustion efficiency are in good 
order, the fuel-valve nozzles remain at ond 
from deposit so long as the engine is operating at mo 
than canaries of its full rated power. The 
deposit occurs only when the engine operates for long 
periods at greatly reduced speeds. Moreover, when 
the engine is again operated at full power the deposit 
burns off in a fraction of the time that it takes to 

uild up. . 

The Sodas valves had been intermittently in use 
for three years, and when inspected they had been 
continuously in service for the following periods :-— 
Hours. Valve. Hours. 

533 No.5 ... 1,524 

533 No.6 ... 1,524 
No. 3 ... 1,524 No.7 ... 1,350 
No.4... 1,524 No.8 ... 533 


Valve. 
: aoe 
No, 2 ... 





In every case, the internal surfaces of the valve 
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housings and both sides of the lids were covered with 
a very thin layer of dry matter resembling ash, and in 
no instance had pitting of the ground mitre surfaces 
occurred. As a matter of routine, the spare exhaust 
valves, with the exception of No. 1, were fitted after 
the inspection, No. 1 exhaust valve was re-fitted as 
taken out, and as the condition of this valve was typical 
of all others irrespective of time in service, the action 
taken is an indication of the condition of all valves. 
No. 1 exhaust valve, together with the fuel and air- 
inlet valve, was re-fitted and will remain in service 
until defects are outwardly apparent in order to 
ascertain the greatest length of time such valves will 
remain serviceable when burning high-viscosity fuel. 
This valve, as well as the fuel-injection and air-inlet 
valves, is still giving good service, though the Auricula’s 
engine has been operating exclusively on fuel having 
a viscosity of round about 3,000 seconds since August, 
1949, 

Fig. 7, on this page, shows a dismantled exhaust- 
valve head and seat, as removed after operating for 
2,802 hours on 1,500 seconds fuel, This length of time 
represents seven trips across the Atlantic; and 322,230 
revolutions plus mancuvring in and out of seven ports. 
Apart from a trace of deposit on the spindle and around 
the inside cf the seat immediately above the mitre 
face, all parts, including the mitre faces of both the 
head and seat, were in a condition which would justify 
the entire valve being re-fitted for further service. 

On a great many occasions when more than usual 
trouble has been experienced with exhaust valves and 
piston rings leaking when burning Diesel fuel con- 
taining only a trace of sulphur, the sulphur has been 
held responsible, solely because sulphur can develop 
into corrosive sulphuric acid under certain conditions. 
Experience with the Auricula and many other ships 
operating on fuels with a high sulphur content has 
proved that the corrosive effect on any engine part is 
negligible. It has been shown that, when burning such 
fuels, the sealing qualities of the piston rings are just 
as good as when buring sulphur-free Diesel fuel ; the 
exhaust valves actually remain in continuous service 
for a longer time. There was not the slightest sign of 
corrosion of the mild-steel exhaust pipes on the Auricula 
after three years’ service, during which time the engine 
consumed over 9,000 tons of fuel having a sulphur 
content varying from 2-5 to 3-0 per cent. The Auri- 
cula’s exhaust manifold, which had received no atten- 
tion for three years, was evenly covered with a film 
of soot of a thickness sufficient only to soil rather 
than black the hand when rubbed over the surface. 
The film on the portion of the surface immediately 
opposite the gas outlet from the cylinders was no 
different in composition or thickness from the film on 
any other part. 

At the end of three years’ service, no measurable 
wear had taken place in any of the crankshaft, crankpin 
or crosshead bearings of the Auricula, and the steel 
bearing surfaces examined were of the usual brightness 
and quite free from any suggestion of corrosion. The 
inside of the crankcase, however, was rather dirty and 
the oil in a contaminated condition. This was not 
unexpected, as the engine had operated nearly two years 
before effective steps were taken to prevent some of the 
sludge in the space under the cylinders passing into 
the crankcase with the piston rod. 

The rubbing surfaces of the cylinder liners were 
entirely free from scratches or pitting. In appearance, 
there was no difference between the upper and lower 
ends, the entire surface of each liner being off-bright 
rather than highly polished. The cylinders had been 
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Fig. 8. 


No. 1 Piston Arter 1,704 Hours. 


lubricated at the rate of { gallon per cylinder per 24 
hours and the slightly oily surfaces suggested that they 
had been adequately lubricated. The parts of the 
cylinders above the rubbing surfaces were entirely free 
from lubricating oil and fuel residues and in a condition 
generally which indicated a high degree of combustion 
efficiency. 

Each of the eight 650-mm. diameter liners was 
gauged for wear at three points on the length and in the 
fore and aft and athwartships directions. As is usual, 
the greatest wear occurs at the upper end of the cylin- 
der in each case, the mean of all cylinders at the point 
of maximum wear being 1-87 mm. When these 
dimensions were obtained, the ship had operated for 
18,692 hours at full power and made a total of 141 mil- 
lion revolutions, so that the wear rates per thousand 
full-power hours and per million revolutions are, per 
thousand hours 0-10 mm. (0-00394 in.); and per 
million revolutions 0-0133 mm. (0-000524 in.). 

From information disclosed recently in Sweden, it 
would appear that some shipowners are finding that 
cylinder liners made after 1938 are less resistant to 
wear than liners made before that date. This has not 
been the experience with the fleet of over 100 motor- 
ships of which the author has intimate knowledge. 
The average is still in the region of 0-004 in. per 
thousand hours full-power operation, or 0-0005 in. per 
million revolutions, the former excluding and the latter 
including harbour steaming. In some ships, the 
average wear rate is, of course, higher, while in others 
the figure is as low as 0-050 mm. per thousand full- 
power hours. 

In comparing the cylinder-liner wear rates of the 
Auricula, which has operated on high-viscosity boiler 
fuel, with those of the Elax, which has run solely on 
Diesel fuel, there is very little difference. As the two 
ships have been running into ports where the amount 
of harbour steaming is widely different, the most 
accurate basis for comparison is on the total revolutions 
made by each engine. If the mean of the wear at the 
upper end of the eight cylinders of the Auricula be 
compared with that of the four cylinders of the Elax 
on this basis, the wear rates per million revolutions 
are, for the Auricula, 0-0133 mm. (0-00052 in.), and 
for the Elax, 0-0131 mm. (0-000517 in.). 

In the earlier paper, it was stated that there appeared 
to be a considerable difference in the wear-resisting 
properties of piston rings offered by different makers, 
and that it was the intention to make a closer study of 
this matter. Consequently, the pistons of the Auricula 
were removed more frequently during the second and 
third years than would otherwise have been the case, 
in order to gauge the rings and cylinder liners for wear. 
When, therefore, the pistons were exposed at Cardiff 
in August, 1949, the piston rings had been in continu- 
ous service for the following periods :— 


Piston, Hours. Piston, Hours. 
. 1,704 Ne. 8. +: Wa 
No.2 ... 10,612 No.6 ... 6,900 
No.3 ... 1,704 No.7 ... 10,612 
= ao 1,704 No.8 ... 10,612 


Every piston ring was not only free in its groove but 
was rotatable with the fingers, whils, in every case, 
the piston crown was entirely free from carbonised 
lubricating oil or fuel. A small quantity of carbonised 


lubricating oil was present on the sides of all pistons 
above the top piston-ring groove, and a smaller quan- 
The condition of No. 1 


tity between the grooves. 








Fic. 9. No. 5 Piston Arter 12,140 Hovrs. 


and No. 5 pistons as taken out can be seen from Figs. 8 
and 9, on this page. These two pistons are typical of 
the condition of the remaining six pistons when removed 
and before any cleaning was done. 

The remarkably clean condition of No. 1 piston 
(Fig. 8) after 1,704 hours, excluding harbour steaming, 
will be noted. No. 5 piston, shown in Fig. 9, is not 
quite so clean, but when it is remembered that this 
piston was in continuous service for 12,140 hours, 
excluding harbour steaming, which represents two 
years in the life of a tanker and 2-5 years in the case 
of a general cargo ship, it will be agreed that, if the 
engines had been operating for this length of time on 
Diesel fuel, such a quantity of deposit would not have 
caused any surprise. The photographs of these two 
pistons were selected for reproduction because they 
represent the shortest and longest periods of continuous 
service. 

It is reasonable to suppose that even better results 
as regards cylinder-liner and piston-ring wear would be 
obtained if the whole of the ash could “be extracted 
before the fuel enters the cylinders. This matter is 
being given particular attention at the present time 
and, if anticipated results are obtained, the wear rate 
of these vital parts will be reduced very considerably 
below that which is now looked upon as normal, irre- 
spective of the grade of fuel used. The aim, in other 
words, is to eliminate, so far as the fuel is concerned, 
the only cause of cylinder-liner wear when burning 
high-viscosity fuel and to obtain the fullest advantage 
of the slower burning rate of such fuels, which is con- 
ducive to the maintenance of the lubricating-oil film 
and, consequently, reduced wear. 

(To be continued.) 





THE “ DucHEss ” FLYING BoAT.—Preliminary infor- 
mation on the design of a new flying boat has been 
released by Messrs. Saunders-Roe, Limited, Cowes, Isle 
of Wight. The new aircraft, to be known as the 
Duchess, will have six de Havilland Ghost jet turbines 
and is designed for medium-range operation to cruise at 
500 m.p.h., with a load of 74 passengers. The all-up 
weight of the aircraft is estimated to be 130,000 Ib. 
The wing span is 135 ft. 6 in. and the length 124 ft, 6 in. 
Fuel will be carried in the wings. It is reported that 
Tasman Empire Airways are considering the possible 
use of the aircraft for operating over routes between 
Australia and New Zealand. 





JOURNAL OF THE ROYAL TECHNICAL COLLEGE, GLAS- 
Gow.—The first part of the fifth volume of this Journal, 
dated January, 1950. has been published recently. 
Publication was suspended during the war and the 
present is the first post-war issue ; it is hoped, however, 
to produce a volume each year and thereby to give a 
permanent record of some of the research work carried 
out in the College by the staff and the senior students. 
The contents of the current issue comprise 26 papers 
on various subjects, which may be included under the 
broad headings of engineering, metallurgy, naval archi- 
tecture, chemistry and physics; the text is illustrated 
by numerous diagrams and reproductions of photographs. 
There are 280 pages, measuring 7} in. by 102 in., and the 
printing and general production reach a sufficiently high 
standard to do credit to the College. The price of the 
Journal is 21s., and communications regarding it should 
be addressed to The Convener, The Journal Committee, 
Royal Technical College, Glasgow. C.1. 
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CENTENARY OF JOHN FOWLER 
AND COMPANY (LEEDS), LIMITED. 


Most engineering businesses of note have begun 
in a small way and, in their early years, were carried 
on with no thought of the possibility that, some day, 
the details of their beginnings might become matters 
of historic interest. As the business develops and 
papers accumulate, it happens too often that the early 
records are destroyed as ees of no further use and, in 
course of time, even the date of foundation may be 
forgotten when there is no longer anyone living who has 
personal recollections of it. An example occurs in the 
present year’; for, while 1950 is certainly the centenary 
year of the famous firm of John Fowler and Company, 
of Leeds, now an associated company in the group 
headed by Marshall, Sons and Company, Limited, of 
Gainsborough, it is not known precisely when the 
anniversary falls. 

John Fowler, who was born in 1826, was a native of 
Melksham, Wiltshire, but received his engineering 
training on the North-East Coast, though he returned 

. in the first instance to the West Country to practi:e it. 
In 1849, he invented a machine for laying tile drains, 
to be worked by horses, but almost immediately 
turned to steam power to operate it and so, by a natural 
association, conceived the idea of applying steam to 

loughing. He established his business in 1850 at 

ristol and produced his first successful steam plough 
in 1856. It was awarded a gold medal at the French 
Agricultural Exhibition in the same year, another at 
the Royal Highland Show, and, in 1858, at Chester, the 
Royal Agricultural Society’s prize of 500. A photo- 
graph of 1860, showing the method of ploughing with 
one engine, and a movable anchorage on the other 
side of the field, is reproduced in Fig. 1, on page 504 ; 
and Fig. 4, on the same page, shows the type of engine 
then used. Later in that year, Fowler developed a 
more effective system, using two engines, one on each 
side of the field; it was this improvement which 
brought the firm a world-wide name. In 1861, he laid 
out a new works at Hunslet, Leeds, where the business 
has been carried on, with many extensions, ever since. 
Fowler himself died on December 4, 1864, at the early 
age of 38. 

Fig. 2, on page 504, shows a Fowler clip-drum type 
of ploughing engine, similar in principle to that in Fig. 
4, but mounted on a barge for the purpose of cultivating 
the land between canals; the date is 1866. At about 
this time, the firm began to undertake a wider variety 
of work, some of which is illustrated in Figs. 3 and 5, 
on page 504, and Figs. 6 and 7, on this page. The 
boring machine shown in Fig. 3 is stated to be still in 
existence ; though not identified by name, it appears 
to be of the type invented by T. R. Crampton (better 
known as a designer of locomotives) and described by 
him in a paper presented to the Institution of Mechani- 
cal Engineers during their summer meeting at Leeds 
in 1882. The ploughing engine shown in Fig. 6 was 
built in 1873 and was fitted with the Head and 
Schemioth straw-burning grate ; it was described and 
illustrated in ENarvEERInG of February 13, 1874. 

The firm also built some locomotives, to Archibald 
Sturrock’s designs, for the Great Northern Railway ; 
and they were among the first to construct electricity 
generating sets, building the generators as well as the 
steam engines to drive them. Sets of their manufac- 
ture were supplied to Blackpool, Brighton, Coventry, 
Leeds and Reading, among other towns. In 1887, 
they built a steam winding engine, for a South Wales 
colliery, which was claimed to be the largest of its 
kind in the world. When, early in the first World War 
it became evident that prolonged trench warfare was 
inevitable, various inventors came forward with 
schemes for mechanical trenching appliances ; one of 
these, built by Messrs. Fowler in 1915, is ilbustrated 
in Fig. 7. During the second World War, as in the 
first, the works was fully occupied on munitions 
production ; the contracts included large numbers of 
tanks, of the Churchill, Matilda and Centaur types. 
Since the war, while maintaining the agricultural asso- 
ciaticns with which they began a century ago, Messrs. 
Fowler and Company have specialised in the construc- 
tion of Diesel engines for traction purposes. The shunt- 
ing engine illustrated in Fig. 8, herewith, which was 
supplied to the British Electricity Authority, is one of 
their latest products. 





COURSES IN ELECTRON MIcROscOoPY.—A summer 
school in Electron Microscopy is again to be held at the 
Cavendish Laboratory, Cambridge, from July 18 to 29, 
inclusive. The school is intended to provide a grounding 
in the theory and applications of the electron microscope. 
Lectures and demonstrations will be given with three 
leading types of instrument, and specimen preparation 
will be practised. Further details and forms of applica- 
tion may be obtained from Mr. G. F. Hickson, M.A., 
secretary of the Board of Extra-Mural Studies, Stuart 
House, Cambridge, to whom completed application 
forms should be returned not later than June 5. 
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Fig. 1. 


‘**WETTING’’-AGENT INJECTOR 
FOR DUST SUPPRESSION IN COAL 
MINES. 


Tue problems created by the presence of dust in 
coal mines are of immediate concern to the divisional 
dust-prevention committees of the National Coal 
Board, who keep under constant review the various 
remedial measures adopted and scrutinise all new 
proposals aiming at the suppression of coal dust. For 
many years, water has been the chief agent used for 
combating coal dust, but, when it is remembered that 
as largea quantity as five tons of water may be needed 
for dust suppression for every 100 tons of coal mined, 
it will be readily apparent that this volume of fluid 
may itself introduce new problems underground. One 
method of overcoming these is to add a “ wetting” 
agent to the water used for dust suppression ; this not 
only reduces considerably the quantity of water 
required but also increases the efficiency of the method. 
Awetting agent which, we understand, has been exten- 
sively tested under official auspices and has proved 
successful for this purpose, is ‘‘ Teepol,” this being the 
brand name of a surface-active compound produced by 
Shell Chemicals Limited, 112, Strand, London, W.C.2. 
Some of the properties of this material as a demulsifier 
for breaking up emulsions of sea water and oil were 
dealt with in our columns on page 362 of volume 167 
(1949). The success of Teepol as a wetting agent is 
due to its effectiveness in reducing the surface tension 
of water. The material is derived from petroleum and 
consists of a solution of the higher alkyl sulphate of 
sodium. In appearance it is a clear amber-coloured 
liquid miscible with water of any degree of hardness, 
including sea water, and giving clear chemically-neutral 
solutions. It is non-inflammable, non-corrosive and is 
stated to have no effect on the human skin. For use 
at the coal face in a colliery, for seam infusion, for 
wetting loose fuel, and for spraying coal at conveyor, 
transfer and loading points, the normal strength of the 
Teepol solution in the water employed is 0-2 per cent. 
It is claimed that the use of such a small percentage of 
the wetting agent may reduce by as much as 50 per 
cent. the quantity of water required. 

One of the obstacles to the utilisation of wetting 
agents in collieries hitherto, has been the difficulty of 
maintaining a constant flow of solution of the right 
strength at operation points. After considerable re- 
search and experiment, an apparatus for accomplishing 
this with ease and certainty has been developed by 
the Permutit Company, Limited, Chiswick, London, 
W.4, in collaboration with engineers and chemists of 
the Shell organisation who are acting as the dis- 
tributors. The Teepol injector, as it is called, is shown 
in Figs. 1 to 3, on this page. It consists essentially of 


® circular container connected to a Venturi tube and 





INJECTOR FOR DUST SUPPRESSION IN COAL MINES. 









































au 


~ 


tio d 
oO 


<> 


|mounted on tubular supports. The container com- 
| prises two dish-shaped vessels about 2 ft. in diameter, 
bolted rim to rim and having an internal rubber 
diaphragm which divides it into two separate compart- 
|ments. The back of the container is connected with 
| the high-pressure side of the Venturi tube while the 
|front, which is rubber-lined and holds the Teepol, is 
| connected to the throat of the Venturi. 

As water from the main flows through the Venturi 
tube, a trickle of water flows by way of a filter and 
orifice plate enclosed in e, through the inlet valve a 
(Fig. 3), into the rear or water side of the container. 
This gradually pushes the diaphragm towards the Teepol 
side of the container so that the wetting agent is 
slowly forced into the throat of the Venturi tube 
through the outlet valve 6 (Figs. 2 and 3), to mix 
with the main flow of water. The diaphragm moves 
very slowly, taking from 5 to 30 hours to complete its 
movement, according to the rate of flow of the water. 
When the last of the wetting agent has been delivered, 
the container is isolated and the water in it drained 
off. The Teepol side is then refilled through the 
funnel seen in the illustration by opening the filling 
valve c (Figs. 2 and 3), after which the injector is 
again ready for use. 

The apparatus, it is stated, operates accurately over 
a flow range of from 75 to 300 gallons an hour, stopping 
and starting with the flow of water. It is normally 
used for working pressures up to 230 Ib. per square 
inch, but it may be employed for pressures up to 
300 Ib.. per square inch, for short periods, when 
required. The container takes a charge of about 
3 gallons of the wetting agent, which is sufficient to 
mix, at the normal concentration of 0-2 per cent., with 
1,500 gallons of water. This, it is pointed out, is 
more than enough for one shift. Should the nature 
of the dust make a stronger or a weaker solution 
desirable, the dosage can be altered by inserting a 
different sized orifice plate at e, by which the trickle of 
water from the high-pressure side of the Venturi tube 
is varied. The object of the small filter, a standard 
Spirax model, provided at this point, is to maintain 
the orifice plate free from dirt. A simple test for 
ascertaining whether the Teepol injection is proceeding 
satisfactorily is to take a cupful of water at the outlet 
end of the apparatus and pour a small quantity of 
coal dust into it. If this sinks, the dosage of the 
wetting agent is adequate. 

When the injector is first placed on service, the air 
on both sides of the interior diaphragm of the container 
must be expelled. The container is isolated from the 
main water flow by closing valves a and 6 and the charge 
of Teepol is poured into the funnel. The plug f, Fig. 2, 
at the back of the container (on the water side) is 
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removed, and, at this stage, the air-release cock g, 
(Figs. 2 and 3) is opened until a small quantity of the 
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wetting agent bubbles out. 
water allowed to flow through the Venturi tube and 
into the injector to fill out the air space at the back of 
the diaphragm. When water begins to escape from 
the plug orifice f at the back of the container, the plug 
is replaced. Once a week, or whenever air is trapped 
while pouring the wetting agent into the funnel, the 
air-release cock g should be opened while valve c 
and the drain valve d (Figs. 2 and 3) are also open. 
The apparatus can be installed wherever there is a 
pressure water supply, preferably in a wall recess. 
Two methods can be used to connect the injector with 
the main. Normally, the most convenient way is to 
insert two T-pipes in the main with an isclating valve 
between them and to mount the injector on a new line 
between the ~o with a valve between each T and 
the injector. iternatively, the injector may be 
installed on the direct flow of the pressure supply, in 
which case the untreated water can continue to flow, if 
required during refilling operations, by way of the 
Venturi tube. 





CONTROL OF IRON AND STEEL ORDER.—The Minister 
of Supply has issued the Control of Iron and Steel (No. 78) 
Order, 1950, which came into operation on May 1. The 
Order amends maximum prices, the principal alteration 
being an increase in the price of basic pigiron. This, it is 
stated, is an adjustment within the steel industry and 
no increase in the price of pig iron or steel to outside 
consumers follows from it. Another alteration is the 
withdrawal from price control of railway coil springs 
and laminated springs. 





TRAINING COURSES IN CONCRETE WORK.—A series 
of courses has been arranged by the Cement and Con- 
crete Association, to take place at their training centre 
at Wexham-place, Stoke Poges, Buckinghamshire, during 
the period June to December. They will be under the 
direction of Dr. A. R. Collins, M.B.E., and under 
the administrative control of Mr. R. C. Blyth, M.A. 
Three types of course are being held: in prestressed 
concrete, in the surface treatment of concrete, and in 
high-quality concrete. The courses in prestressed con- 
crete are open to all engineers and others interested ; 
those in surface treatment are intended for architects and 
architectural students. The courses on high-quality 
concrete are of two kinds, one intended for engineers 
and the other for those concerned with the direct super- 
vision of concrete work. The lengths of the courses vary 
from 1 to 44 days. Full particulars of the courses, for 
which there is no charge, may be obtained from the 
offices of the Association, 52, Grosvenor-gardens, London, 
8.W.1. Faull hostel accommodation is available at a cost 
of 10s. per day. 
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PROGRESS IN MARINE PROPULSION 
(1910-1950). * 


By K. C. Barnaby, O.B.E., B.Sc. 


(Concluded from page 487.) 

Tue discovery that laminar flow could persist on 
large full models under normal test conditions has led 
to the expression of some mistrust of previous tank 
results. It must be admitted that experiments dealing 
with the effect of changes in bow shape or with special 
bow forms must be regarded with suspicion and should 
be repeated with turbulence stimulation. In “A 
Review of Ship Model Data,” by Mr. A. Emerson and 
Mr. N. A. Witney (North-East Coast Institution of 
Engineers and Shipbuilders, February 24, 1950), a 
start has been made with such a revision. The general 
run of tank experiments agrees so well with the actual 
trials that there cannot be much amiss. 

The question will naturally be asked, If you can 
get such an important reduction of resistance from the 
presence of laminar flow on a model, why can you not 
get a reduction on a ship, at any rate at the extreme 
bow? Aircraft designers are keen on exploring and 
obtaining its advantage. Why not naval architects ? 
The objections usually raised are that the Rn value 
at the ship is likely to be 100 to 200 times that of the 
model, so the transition would be too near the bow to 
have any appreciable influence ; and even if we could 
obtain an ideally smooth ship surface, it would soon be 
spoilt by fouling. As against these objections, laminar 
flow can be maintained over quite large areas of an 
aeroplane wing. In this case, after allowing for the 
very much greater kinematic viscosity of air (about 
13 times that of water) the Reynolds number must be 
very much greater than on the normal ship model, 
especially if a “local” Raz value is taken to the 
transition point and not over the whole length. 

It is quite true that we cannot maintain the surface 
of a ship in its pristine smoothness as we can an aero- 
plane wing or an aircraft propeller. On the other hand, 
there are certain classes of small craft where the 
question of laminar flow deserves serious consideration. 
A small racing yacht, for example, when “ ghosting ” 
at slow speed, has a Reynolds number very similar 
to that of many ship models. Its surface can be kept 
in an almost immaculate condition. With such craft, 
every endeavour should be made to get the maximum 
amount of laminar flow and to maintain the utmost 
smoothness of the hull. The conditions favouring 
laminar flow seem to be a negative pressure gradient 
extending as far aft from the bow as possible. This 
means that the flow is accelerating and this tends to 
delay the thickening of the boundary layer that occurs 
on transition from laminar to turbulent flow. 

This leads to a topical speculation concerning the 
Oxford and Cambridge Boat Race. At the 1927 
Summer Meeting, Mr. F. H. Alexander read a very inter- 
esting paper on the “ Propulsive Efficiency of Rowing,” 
He gave the typical figures for a “ racing eight ” as in 
Table VII, herewith. 


TaBLE VII.—Particulars of Typical “ Racing Eight.” 
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It will be noted that the displacement ratio is only 
3-5 and that there are 31 beams in the length. The 
draught is about 6 in. With these abnormal propor- 
tions it seems probable, or at any rate quite possible, 
that there is a certain amount of laminar flow under 
smooth-water conditions. If this extended to, say, 
6 ft. from the bow, the saving in frictional resistance 
would be about 8 per cent. If one boat is following 
closely in the wake of the other, the second boat will 
be in relatively turbulent water and may have no 
laminar flow at all. Thus the work required from the 
following crew may be well in excess of that exerted 
by the leading eight. After a race, the defeated crew 
usually “ appeared much more distressed” than the 
winners. This is always attributed to the psycho- 
logical effects of victory and defeat in producing elation 
or depression. This is, no doubt, the main reason, but 
the absence or presence of laminar flow may well be a 
factor. At an output rate of 1-09 h.p., an oarsman is 
working at very near the maximum for the human 





* The 14th Parsons Memorial Lecture, delivered at a 
joint meeting of the Institution of Naval Architects and 
the Institute of Marine Engineers, held in London on 
Wednesday, March 29, 1950. Abridged. 





frame and under such conditions will—like the camel— 
be very sensitive to a small overload.* Racing crews 
would no doubt object to the fitting of trip w res to 
their craft, but this may be about the only way of 
obtaining complete parity of effort when a following 
crew is racing just behind a leader in calm water. 

A point of interest brought out by Mr. Alexander was 
the increased speed during the return stroke, when the 
oars are out of the water. The boat is then*being 
propelled by the sternward motion of the oarsmen’s 
bodies on the sliding seats, and is actually moving 
faster than when the oars are in the water. 

When Charles Parsons was an undergraduate at 
Cambridge, he rowed in college bumping races, but we 
cannot record that he made any improvement to the 
design of either boats or oars. An amusing story of 
this period is, however, told by Sir Alfred Ewing in his 
book, An Engineer’s Outlook. To quote Sir Alfred, 
“he was enormously delighted that we had bumped 
Trinity. The reserve of the shyest undergraduate 
could not be proof against such events. Parsons was 
jubilant, and college tradition tells that after the 
bump-supper he was with difficulty disentangled from a 
lamp-post to which he clung with the tenacity that 
afterwards proved to be one of his most valuable 
characteristics.” In his early youth, Parsons had a 
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good deal of sailing and cruising in yachts belonging 
to his father, the third Earl of Rosse. In later years 
he was too absorbed in family and business*cares to 
indulge in sailing, though he seems to have retained a 
love of the sea that persisted to the end. 

Parsons was a very good mechanical craftsman 
and delighted in making elaborate toys for children. 
These contrivances included a “steam pram.” This 
could not have been a very high-pressure job, as the 
boiler was constructed from a biscuit tin. A less 
alarming invention was a model “ flying machine.” 
This was steam-propelled and really flew. 

Parsons was a convinced believer in the utility of 
experimental tanks and tested the models of the 
Turbinia in a pond at Ryton-on-Tyne. His towing 
apparatus was of a very simple character, but results 
were obtained which checked quite well with subsequent 
tests at Haslar. A postscript to a letter written in 1899 





* According to information supplied by Professor 
A. V. Hill, of the Biophysics Research Unit of University 
College, London, an output of 1-09 h.p. per man would 
appear exceptionally high and probably over-estimated. 
Professor Hill states that, for a few seconds, an energetic 
and well-trained man can develop nearly 2 h.p. (as when 
running upstairs), but 0-5 h.p. or thereabouts would be 
a normal! figure over a 20-minute period. 


to Sir Robert Ball (the astronomer and sometime ‘utor 
to the Parsons family) read as follows: “ Mr. T. Lipton 
has got his yacht too short and full-bodied fo: the 
speeds they go. They seem to design by rule of t!iumh 
in England—they should rely on model experiments 
which would put them right.” Alas, when an America’s 
Cup challenger was tank-tested, she was again defv-ated 
Her designer, G. L. Watson, is recorded as havi 
remarked sadly, ‘I wish Herreshoff had a towing 
tank.” Dr. K. S. M. Davidson, a few months ago 
told me that he had been recently examining the records 
of this test and concluded that Watson had slightly 
misinterpreted some of the results, but that he had 
been remarkably near the truth. 

It is, of course, quite useless to test sailing yacht 
models in the same way as with power vessels, tliat is, 
only in the upright condition. It is more important to 
test them inclined and to check leeway forces, etc, 
The great success of so many American yachts when 
racing against our own craft must be largely attributed 
to their forms having been tested at the Stevens ‘Tank, 
where Dr. Davidson has devised a very satisfactory 
technique. It is very unfortunate that similar facilities 
are not available in this country—the original home 
of the experimental tank. In this absence, British 
designers are working under an almost impossible 
handicap. 

The tremendous changes which have been made in 
sailing yacht design since 1910 are illustrated by Fig. 2, 
herewith, which shows in dotted lines a cruising yacht 
of 1912 and in full lines an Ocean Racer of 1949. The 
cruising yacht is Dr. Claud Worth’s Tern III and the 
Ocean Racer is Mr. Rawling’s Gulvain. Tern LI! was 
considered in 1912 to be an ideal craft for real sea-going 
and sea-keeping. Gulvain, which to the yachtsman’s 
| eye was very obviously designed by Laurent Giles, is a 
type that has to withstand a much more strenuous 
time than the average cruising yacht. Leaving aside 
the special Giles features such as the hogged sheer and 
the forward-raking transom, the other changes are 
typical. The longer bow enables the bowsprit to 
be dispensed with and an all-inboard rig obtained ; 
| and the shorter counter will avoid pounding in a follow- 
ing sea. Other changes are the light displacement, 
giving a more easily driven hull, and the Bermuda 
rig, giving a better performance to windward owing to 
the greater aspect ratio and fewer spars. 

In recent years, the Transactions have contained very 
little about sailing yachts. This is unfortunate in 
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view of the great interest taken in the design and details 
| of racing yachts. Almost the only papers have been 
| by Engineer Rear-Admiral A. Turner on his theory of 
| the ‘‘ metacentric shelf.”” This theory is in refreshing 
| contrast to the many that are so plausible on paper, 
| but which fail dismally in practice, as it can be demo- 
| lished on paper with the utmost ease, yet it works in 
| practice. The stated theory is impossible, because it 
treats a matter of dynamics with purely static methods. 

Admiral Turner is by no means alone in dealing with 
statics when he ought to be thinking of dynamics. We 
are all doing the same thing when we mark our profile 
plans with two points labelled “ C.L.R.” and “‘C.E.,” 
respectively, and calculate them in the conventional 
way. They are then merely the centroid of the lateral 
immersed area and the centroid of the sail area when 
this is sheeted hard in on the centre line. These 
centroids have no direct connection with what they 
purport to be. When a yacht is upright and not 
making leeway, the true C.L.R. is usually between 
20 per cent. and 25 per cent. of the water-line length 
abaft the stem. For a thin plate, Joessel’s early experi- 
ments give 194 per cent., while more recent experiments 
with symmetrical aerofoil sections show an initial figure 
of about 22 per cent. If we divide the immersed 
longitudinal area into a number of parallel longitudinal 
strips and consider the C.L.R. for each strip at 20 per 
cent. abaft their fore edge, we can then combine these 
separate centres as for a C.G. We shall then obtain a 
fair approximation to the true initial C.L.R. 

The position of the centre of effort is much more 
variable, since it depends on the wind direction as well 
as on the sail setting. When close-hauled, the C.E. 
is probably also about 20 per cent. from the leading 
edge of the sails and can be calculated as for the C.L.R. 
When a yacht is running, the erstwhile trailing edge or 
leech becomes the leading edge, and instead of the C.E. 
being, say, 20 per cent. from the luff, it is now a some- 
what similar amount from the leech. There is thus a 
very considerable shift of the C.E. The more important 
point of sailing is to windward, and if we calculate the 
C.L.R. and C.E. position as suggested, we shall find 
that for a well-balanced sail plan these centres will have 
changed their relative positions and a “lead” will be 
converted into a lag. This is, of course, as it should be 
for a yacht to carry weather helm. Yacht designers 
may want to keep their conventional centres for the 
sake of comparison with past designs. In this case 
they could, at all events, label their centres more 
correctly by marking them “C.L.A.” and “C.S.A.,” 

ively. These initials would then stand for 
Centroid of Lateral Area and Centroid of Sail Area. 
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A point made by Admiral Turner in describing his 
metacentric shelf theory is the relative unimportance 
of sail balance as compared with hull balance. This is 
quite true. A sailing yacht should at all times be under 
the control of the rudder at small helm angles. From 
stecring considerations, we know that the hydraulic 
side pressures that are called into play by setting 
up a drift angle must always be very much more 
powerful than the initiating rudder pressure. Otherwise, 
a ship could never be forced into, say, a port circle 
by port rudder which, by itself, would merely push the 
vessel over to starboard and away from the desired 
course. It follows that these hydraulic side pressures 
are more important than wind turning-moments, and 
it is these pressures which must be considered if the 
metacentric shelf theory is to be put on a sound 
theoretical basis. 

In 1927, Captain C. Blom read a paper on the “ Future 
of Sailing Vessels Fitted with Auxiliary Motors.” There 
were many nostalgic particulars of the old clipper 
ships, but, alas, time has belied the confident assertions 
of both Dr. Diesel and Captain Blom. Dr. Diesel 
himself said at our 1911 meeting that ‘“‘ the Diesel 
engine as an auxiliary engine will give new life to the 
large sailing vessels.” Captain Blom was equally 
unfortunate in his statement that “‘ the steamer has 
already reached its highest perfection while the motor 
sailing vessel is only at the beginning of its develop- 
ment and has big possibilities of improvement.” In 
actual fact, the marriage of sail and power has rarely 
proved successful in ships of any size. One of the few 
exceptions was the yacht Sunbeam, belonging to Lord 
Brassey. During her long career, this famous yacht 
logged over half a million miles. On her first voyage 
of length, she covered 14,979 miles under steam and 
20,396 under sail. The best noon to noon runs were 
230 miles under steam and 299 miles under sail. 

Two notable papers on fouling and corrosion appeared 
in 1943 and 1946. The earlier paper was by Dr. G. 
Bengough and Mr. V. G. Shepheard, and the second by 
Professor J. E. Harris and Mr. W. A. D. Forbes. Nature 
solved the problem of fouling many eons ago, and, with 
a few insignificant exceptions, no healthy fish ever 
acquires barnacles, seaweed or other unwanted attach- 
ments, however long it remains out of dock. Man has 
yet to master this problem. In British waters and 
with normal paints, about } per cent. a day in winter 
and about 4 per cent. a day in summer seem average 
rates of increase in frictional resistance owing to 
fouling. In the tropics the daily increase may be from 
} per cent. to as much as 1} per cent. per day. 

The serious nature of the economic consequences is 
not always realised. We are apt to assess the effect 
of fouling merely by the increase in fuel consumption 
per mile or per voyage, and to lose sight of the increased 
power actually used for the reduced speed. As a 
reductio ad absurdum, consider the case of a small 
Diesel ship which, when clean, does 12} knots on 475 
brake horse-power. The fixed-pitch propeller is absorb- 
ing the full engine power, and as soon as the revolutions 
per minute fall with the reduced speed there is a corre- 
sponding decline in the available power. With 25 per 
cent. fouling this is 436 brake horse-power, giving 
11-6 knots. The fuel consumption has now fallen to 
about 0-668 ton per 100 miles in lieu of the original 
figure of 0-678 ton. There is thus an apparent saving 
of about 14 per cent. on fuel consumption due to 
fouling. The true comparison is with what it would 
cost to run at 11-6 knots with a clean ship and 370 
brake horse-power. This would be about 0-57 ton per 
100 miles, so that there is really an increase of about 
17 per cent. and not a decrease of 1} per cent. for the 
assumed displacement. 

If we assume a flexible engine, such as the steam 
turbine, there is no need to allow for the reduced 
output at slightly fewer revolutions per minute. Fig. 3, 
opposite, has been prepared on this assumption that 
the power can be maintained with variable revolutions 
per minute, and has been worked out for a typical large 
liner. The abscisse values show the apparent increase 
of fuel consumption per mile or per voyage. The 
ordinate values show the real increase of fuel consump- 
tion per mile for the same speeds, clean and fouled. 

In the case of an Atlantic liner of 1,000 ft. length and 
28 knots speed, the power clean will be about 113,500 
shaft horse-power for the assumed displacement. If 
the fouling is such that the frictional resistance has 
increased by 50 per cent., the speed will have fallen 
to 25-6 knots for the original power. The power for 
this speed when clean is only 82,000 shaft horse-power, 
so that the real increase of power is 38-4 per cent. The 
increased time of voyage represents 9-6 per cent., and 
this is the —— increase of fuel consumption for 
the voyage. In reality, the ship is using about four 
times the apparent increase in fuel consumption. It 
is believed that this diagram applies without much 
alteration to most vessels of the liner class. As an 
example of the economic consequences, consider a 
liner of the 1,000-ft. class on the Atlantic service. If 
the service power is 150,000 shaft horse-power, and the 
apparent increase in fuel consumption per voyage is 





only 5 per cent., the vessel is really using about 20 per 
cent. more fuel than needed for the same speed when 
clean. This 20 per cent. can be taken to represent, 
say, 8 tons per hour. At present oil prices, this means 
an additional fuel cost of about 11,5001. per round 
voyage. If only half this excess be taken over a year’s 
running, the additional real cost due to fouling is of 
the order of 100,000/. for this one ship. These figures 
indicate the very urgent necessity for better anti- 
fouling paints and for the best possible maintenance of 
ship surfaces. The percentage increases are not 
abnormal. 

In 1910, the celebrated Froude-Henderson duel was 
in full swing, and, despite the difficulties, provided a 
very lively discussion. Since then, some 60 papers 
on the design, working conditions and ailments of 
propellers have been presented at meetings of the 
Institution. It is obviously impossible to refer to all 
these, and it is proposed, therefore, to offer only a few 
very general remarks. Some of the problems discussed 
at our early meetings are still with us—cavitation, for 
example—while new ones such as the singing propeller 
have arisen. The vortex theory first tentatively ad- 
vanced by Dr. F. W. Lanchester in the 1915 meeting has 
been greatly elaborated and is now generally accepted. 

In 1910, the old cast-iron built-up propeller was 
very much in vogue. It has since been generally super- 
seded by the solid bronze type, with a very appreci- 
able gain in efficiency. Details of blade design have 
been greatly improved in recent years and this has 
often enabled the incidence of cavitation to be staved 
off. The most modern development is that of controll- 
able-pitch propellers. In certain special instances, 
these offer considerable advantages. Such cases are 
tugs, trawlers, ice-breakers and mine-sweepers, where 
the speeds of advance are extremely variable. Other 
favourable instances are when several engines are 
geared on to one shaft, or there is a very great difference 
between the loaded and light displacement and it is 
desired to get the maximum engine output under both 
conditions. 

With non-reversible engines, such as gas turbines 
and certain land Diesels, they are also suitable, provided 
the revolutions per minute are not too high. On 
certain fast motorboats there was a loss of over 1 knot 
as compared with fixed-blade propellers. This was due 
to the large boss/diameter ratio and the very wide 
blades. If a controllable-pitch propeller is to operate 
without serious loss of efficiency the conditions must 
be such that it is relatively lightly loaded. This tly 
militates against its successful use at high revolutions 
per minute. If a controllable-pitch propeller is giving 
better results than a fixed-pitch propeller at the working 
condition, then a still better result can be obtained by 
a new fixed propeller with revised dimensions. 

In general, controllable-pitch propellers are only 
needed if the same, or nearly the same, power is required 
at widely varying speeds of advance. In connection 
with the power absorption of fixed-pitch screws, 
reference is often made to a supposed “ propeller 
cube law.” This is an imaginary law and is putting 
the cart before the horse. The propeller has to suit 
the ship and not vice versa. If the ship resistance is 
varying with the square of the speed or the effective 
horse-power with the cube, then the power absorbed 


TABLE VIII.—Power Absorbed by Propellers (from Trial 














Results). 

Type. | Propellers. | Result. 

Destroyer ..| Solid .. H.p. & Vq>"41 
| H.p. o (B.p.m.)>"14 

Target-towing launch | Solid .. | H.p.  Vql8 
| | H.p. « (R.p.m.)?4 

Target-towing launch | Controllable pitch | H.p. « Vgl6l 
| H.p. « (B.p.m.)2"18 





by the propeller is also varying with the cube of the 
speed of advance (Vg) or with the revolutions per 
minute. If the ship demands more thrust, the pro- 
peller will oblige by increasing its real slip and by 
absorbing more power. If, on the other hand, the 
resistance of the ship is going up at less than the square 
of the speed, the propeller will follow suit by reducing 
the slip. These points are shown by Table VIII. 





BRITISH RAILWAYS TRACK AND BRIDGE RENEWAILS.— 
Sir Eustace Missenden, chairman of the Railway Execu- 
tive, recently reviewed progress in the restoration and 
improvement of the permanent way and bridges. In 
the past two years, 3,980 miles have been partly or 
completely renewed, 707 miles being relaid with flat- 
bottom rails. This year, it is hoped to renew 1,800 miles 
of track, including 580 miles with flat-bottom rails. 
By the use of various mechanical devices, the work has 
been speeded up, and only about 2 per cent. of main 
trunk-line mileage is affected at a given time. Of 220 
bridges renewed in the past two years, 20 have enabled 
speed restrictions to be removed and six have allowed 
heavier locomotives to be used. 








FUEL RESEARCH IN SPAIN. 


Amone recent developments in Spain is the estab- 
lishment of a National Institute for Fuel, set up by the 
Patronato Juan de la Cierva de Investigacion Tecnica. 
The headquarters are in the Faculty of Science in the 
University of Zaragoza. The Institute will co-ordinate 
similar research by other existing bodies in Spain, such 
as Instituto des Carbon at Oviedo, which is to be 
further extended, the Fuel Laboratories at Zaragoza, 
the Calvo Sotelo research establishment, and that of the 
Instituto Nacional de Tecnicé Aeronautica. It is 
claimed to represent the first substantial example in 
Spain of co-operation between the State and private 
enterprise. Other organisations likely to be brought 
within its scope in due course are the Gomez Pardo 
laboratories, those of the School of Mines, and the 
central laboratory of the Compaiia Arrendataria del 
Monopolio de Petroles S.A.—all in Madrid. An illus- 
trated description of the Zaragoza headquarters and of 
the scope of the work is given by Professor V. Gomez 
Aranda, Director of the Institute, in a recent issue of Jon. 

The first meeting of the Council was held on June 19, 
1946, when some preliminaries were settled and funds 
up to 2,100,000 pesetas were voted. Among the first 
items in the programme was a thorough examination 
of Spanish coal resources, especially those of Aragon, 
including chemical analysis, calorific value, coking 
quality, yields from low-temperature distillation, etc., 
based partly on work by the Institute and partly on 
data supplied from other sources. The work accom- 
plished to the end of 1949 represents only a small part 
of that intended, but it has revealed profound differ- 
ences in the type and quality of Spanish coals, even in 
those of the same area. It is hoped to publish some 
results in due course, including those from the Aragon 
lignites, which are distinguished, among other things, 
by a markedly hygroscopic nature. Special attention 
is being directed to low-temperature distillation, gas 
purification, hydrogenation under pressure, and the 
sulphur problem. For the work on low-temperature 
distillation, two electrically-heated retorts of 5 litres 
capacity are available for use at temperatures up to 
650 deg. C. The high sulphur content of the Aragonese 
coals presents special problems. The method that it is 
proposed to employ involves the recovery of the H,S 
from the gases in the form of ammonium sulphate. 
For work on hydrogenation a 5-litre Bergius bomb is 
being used, and fairly high yields of benzene hydro- 
carbons are expected. A library and information 
department are included in the establishment. 





INTERNATIONAL RESEARCH ON 
FLAME RADIATION. 


The question of flame radiation is of importance in 
relation to the mechanism of heat transfer in furnaces 
and boilers, but much of the subject is still obscure. 
To investigate the matter it was decided, at the end of 
1948, to start a joint research at the Royal Dutch 
Steelworks, at Ijmuiden, and French, Dutch and 
United Kingdom scientists are co-operating in the 
work and will be joined later by a Swedish scientist. 
During 1949 three teams were built up in Holland from 
representatives of the British Iron and Steel Research 
Association, the United Steel Companies, Limited, and 
Pilkington Brothers, Limited, from this country ; from 
l'Institut de Recherches de la Sidérurgie (IRSID), 
l'Institut du Pétrole, la Société l’Air Liquide and the 
Laboratoire des Hautes Températures, from France ; 
and from the Royal Dutch Steelworks and the Royal 
Dutch Shell Oil Company. The latter company also 
supplied the oil used in the 47 trials so far completed. 
These are of two kinds, namely, “‘ engineering” and 
“scientific.” In the first kind, many independent 
variables, such as fuel rate; type of fuel, burner or 
port ; and excess-air ratio, are altered systematically 
and limited numbers of radiation, temperature and 
combustion properties of the flame are measured for 
each flame setting. In the “ scientific ” trials relatively 
few different flame settings are studied but the work is 
carried out in great detail. 

The research is supervised by committees set up in 
the three countries concerned and each is supported 
by many firms and other organisations in that country. 
Professor G. M. Ribaud, Membre de l'Institut, and 
director of research of the French gas industry, is the 
chairman of the French committee ; Professor O. A. 
Saunders of the Imperial College of Science and Tech- 
nology, is the chairman of the British Committee ; and 
Mr. J. E. de Graaf, chief of research of the Royal Dutch 
Steelworks, who was responsible for the design of the 
experimental furnace used, is the chairman of the 
Dutch Committee. A joint committee of the three 
countries has been set up to co-ordinate the work, with 
Professor Ribaud as chairman, and each national 
committee has appointed two representatives. Further 
information is obtainable from the secretary, Flame 
Radiation Research British Committee, care of 
B.I.8.R.A. Physics Laboratories, 140, Battersea Park- 
road, London, 8.W.11. 
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NOTES ON NEW BOOKS. 

Thermodynamics Applied to Heat Engines. By Dr. E. H. 

Lewitt. Fourth edition. Sir Isaac Pitman and 

Sons, Limited, Pitman House, Parker-street, Kings- 

way, London, W.C.2. [Price 30s. net.] 
Tue size of this book has now been substantially 
increased by a number of new chapters dealing with 
the more modern developments of steam and internal- 
combustion engineering. The characteristic features 
of the La Mont, Benson, Loeffler, Velox and mercury- 
vapour boilers are briefly described, as well as the 
Metropolitan-Vickers radial-flow condenser, the Ruths 
accumulator and other apparatus employed in connec- 
tion with steam plants. Short descriptions are also 
given of the Napier Sabre petrol engine for aircraft 
and the Ruston supercharged compression-ignition 
engine for stationary work. In another new chapter, 
the principles of the Brown Boveri, Sulzer, Escher Wyss 
and Holzwarth gas turbines are explained, the latter 
machine being apparently considered as a commercial 
type. A short account of jet-propulsion devices for 
aircraft includes the Whittle turbo-jet engine and the 
ram-jet or “ athodyd.” There is thus a fair amount 
of descriptive material in the book, which is no dis- 
advantage, though a few of the statements should be 
taken with discretion. An uninformed reader would 
understand from it, for example, that copper was the 
only metal used for locomotive boiler tubes, and that 
neither CO, nor hydrocarbons were to be found in 
ordinary producer gas. The theoretical part of the 
volume covers the ground common to all similar 
treatises, though not always so well. A student 
hardly needs to be informed, for instance, that “ the 
accuracy of the assumption that a gas would occupy no 
volume at all at_the absolute zero of temperature is 
extremely doubtful”; and most certainly he should 
not be told that van der Waal’s equation of state 
* holds for many gases,” as, by no possible adjustment 
of its constants, can it be made to agree with the actual 
behaviour of any gas whatever. Furthermore, the 
statement that a knowledge of the poy and temper- 
ature of a mixture of steam and air is sufficient to 
enable the quantity of air present to be calculated is 
untrue except when the steam happens to be in the 
saturated state; otherwise, hygrometry would be a 
much simpler matter than it is. In any case, the 
method cannot be used, as the author says it can, for 
determining the amount of air in the “ condensate ” 
of a steam plant. It may be, however, that the 
printers are responsible for this statement, as well 
as for making the single-stage supercharger of an 
aircraft engine supply air to the — at a pressure 
of 18,500 lb. per square inch. If these are misprints, 
they should not have been allowed to occur in a book 
for students. 





The Story of Steel. By Max Davies, B.A. The 
Burke Publishing Company, Limited, 180, Fleet- 
street, London, E.C.4. [Price 7s. 6d. net.] 

Durine the past few years, steel and the steelmaking 

industry have been topics of popular conversation and 

public discussion to a greater extent, probably, than 
ever before ; but, even now, it is a safe assumption that 
not one per cent. of the British electorate could define 

** steel,” or have more than the vaguest idea of the 

processes involved in its development. There is, 

therefore, a national need for some clarification of 
the public mind on the subject, and any book which can 
achieve this deserves a welcome. This little volume, 
by Mr. Max Davies, does, in our opinion, measure up 
to that standard. As a member of the staff of the 
British Iron and Steel Research Association, he is in a 
position to obtain authoritative information, and 
illustrations of suitable character and quality ; and, 
as a writer, he has the skill and experience to make 
good use of both. The technical detail should satisfy 
those in the industry—a hard test ; the presentation 
is direct and eminently readable; the historical 
approach deserves to be studied carefully—especially, 
perhaps, by politically-minded economists ; there are 
no statistics ; and the price is reasonable. If some of 
the reproductions of photographs are not so clear as 
might be desired, there is ample excuse in the unavoid- 
able difficulties attending photography in a steelworks. 

The book is one to be widely recommended, but parti- 

cularly, perhaps, to Members of Parliament. 





Ladies Long Loved, and Other Essays. By ARTHUR 
Liewettyn Martruison. Cornish Brothers, Limited, 
39, New-street, Birmingham, 2. [Price 8s. 6d.] 

Mr. Marruison has rather a gift for selecting titles 

for his books which, without being inaccurate, hardly 

indicate to a potential purchaser how varied are their 
contents or den they are likely to appeal to one 
class of reader rather than another. This volume is 
another potpourri of recollections from a long and active 
life, largely consisting of material even farther removed 
from the direct concerns of ENGINEERING than was that 
of This Desirable Residence, a notice of which appeared 
on page 336 of our 167th volume (1949); but, quite 





inconsequentially following a chapter entitled ‘‘ The 
Sentiment in Song,” there are two chapters describing 
the author’s early experiences as a Morse telegraphist 
in the Cannon-street telegraph office, between 1884 
and 1895, which are the pure stuff of history—the first 
of them ially—and a third dealing with the paint 
and varnish industry, in which he has been engaged 
for the past half century or more and which, in that 
period, has undergone changes in technique that are 
hardly less fundamental than those of telegraphy. 
The photograph of the Birmingham instrument oleey 
as it was in 1894, reproduced as a plate facing page 38, 
is worth noting by those interested in telegraph history. 


Pattern-Making for Engineers. By J. G. Hornur. 
Eighth edition, enlarged by Pure Gates. The 
Technical Press, Limited, Gloucester-road, Kingston 
Hill, Surrey. [Price 18s. net.] 

THERE are some books (for example, Unwin’s Elements 
of Machine Design) which are recognised classics and 
which, because they are dealing mainly with funda- 
mental principles, are not greatly affected by the 
passage of time. Books dealing with some handicrafts 
come into the same category because the handicrafts 
do not change materially, but we are a little doubtful to 
what extent this applies to patternmaking ; though 
it must be admit that most pattern-shop wood- 
working machines, other than lathes and millers, 
merely perform mechanically and more quickly the 
actions of hand patternmaking. It is desirable, 
however, when any old book is refurbished, that its 
full history should be revealed for the information of 
the intending purchaser. The earliest date cited in 
this edition of Joseph Horner’s Pattern-Making is 
that of the fifth edition, which appeared in 1925, two 
years before Horner died ; and very little has been 
done to the book since then, save to add a few half-tone 
illustrations of machines, some on plates and some on 
such blank spaces as happened to come at the ends of 
chapters. The main text appears to have been 
stereotyped quite a long time ago; at any rate, it 
repeats with singular fidelity (including typographical 
defects) that of the fifth edition, which was reviewed 
on page 730 of our 119th volume (1925). Mr. Horner 
was a working patternmaker for many years before 
he took to technical writing and his first book on this 
subject was published in 1885 under the pseudonym 
of “A Foreman Patternmaker”; it was based on 
articles contributed to the English Mechanic. The 
present book, while not identical, covers much the same 
ground, with the small modifications noted. While 
thoroughly dependable, therefore, it is hardly in the 
first flush of youth ; and, in our opinion, the time has 
now come when it should be largely rewritten and 
re-illustrated. Alternatively, its progress should be 
recorded from the first edition, not the fifth, in fairness 
to the intending purchaser. 








LAUNCHES AND TRIAL TRIPS. 


S.S. “F. T. Bates.”—Twin-screw tug and salvage 
vessel, built and engined by Messrs. Ferguson Brothers 
(Port-Glasgow), Limited, Port-Glasgow, for the Railways 
and Harbours Administration of the Union of South 
Africa, Cape Town. Length, 160 ft. Two triple-expan- 
sion balanced engines to develop a total of 3,000 i.h.p. 
and three marine return-tube boilers burning oil fuel on 
the Howden-Wallisend system. Speed, 13 knots. Launch, 
April 4. 

S.S. “‘ AVONRIVER.”’—Single-screw trawler, built and 
engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for the North Star Steam Fishing Company, 
Limited, Aberdeen. Main dimensions: 145 ft. 6 in. 
(between perpendiculars) by 26 ft. by 14 ft. 3 in. First 
Aberdeen-owned streamlined trawler. Triple-expansion 
steam engines and one three-furnace oil-fired Scotch 
boiler. Speed, 10} knots. Launch, April 4. 

M.S. “ Grens.”—Single-screw oil tanker, built by the 
Netherlands Dock and Shipbuilding Company, Amster- 
dam, for the A/S J. Ludwig Mowinckels Rederi, Bergen, 
Norway. Main dimensions: 495 ft. by 67 ft. 9 in. by 
36 ft. 6in . deadweight capacity, about 16,000 tons on 
a draught of 28 ft. 32 in. ; grosstonnage, 10,580. Wilton- 
Fijenoord-Doxford five-cylinder oil engine to develop 
5,500 b.h.p. and 13-65 knots in service. Trial trip, 
April 15. 

M.S. “ TRELOSKE.”—Single-screw cargo liner, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the Hain Steamship Company, 
Limited, London, E.C.3. Last vessel of an order for 
five. Main dimensions: 443 ft. (overall) by 56 ft. 6 in. 
by 29 ft.; deadweight capacity, 9,260 tons on a draught 
of about 25 ft. 104 in. Doxford four-cylinder opposed- 
piston marine oil engine of 3,300 b.h.p., to give a speed of 
13 knots in service. Trial trip, April 15. 

8.S. “ Bopmin Moor.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
the British Electricity Authority, London, W.1. Third 
vessel of an order for four. Main dimensions: 224 ft, 





—— 


by 36 ft. by 16 ft. 3 in.; deadweight capacity, «bout 
1,700 tons on a draught of 15 ft, 2in, Triple-exp.nsion 
superheated-steam engines, to develop 750 ih), at 
87 r.p.m. in service, and two forced-draught |. ilerg 
constructed by the North Eastern Marine Engicccring 
Company (1938), Limited, Sunderland. Service speed 
10 knots. Launch, April 17. ; 

M.S. “Harry RICHARDSON.”—Single-screw < \llier, 
built by Messrs. Hall, Russell and Company, Li ited 
Aberdeen, to the order of the British Electricity Aut? ority 
(London Division), London, W.1, for service be‘ween 
Northern and Welsh ports and the River Thames. Main 
dimensions: 260 ft. (between perpendiculars) py 
39 ft. 6 in. by 18 ft. 6 in.; deadweight capacity, 2,799 
tons. British Polar eight-cylinder marine Diese] ¢) gine, 
to develop 1,180 b.h.p. at 225 r.p.m., constructed by 
Messrs. British Polar Engines, Limited, Glasgow. and 
installed by the shipbuilders. Speed, about 10 knots, 
Trial trip, April 18. 

M.S. “ BRITISH DIPLOMAT.”—Single-screw oil tinker, 
built and engined by Messrs. William Doxford ang 
Sons, Limited, Sunderland, for the British Tanker 
Company, Limited, London, E.C.2. Second vessel of 
an order for four. Main dimensions: 423 ft. (overall) 
by 56 ft. by 36 ft. 1 in.; deadweight capacity, about 
8,300 tons on a draught of 25 ft. Doxford three-cylinder 
opposed -piston balanced oil engine to develop 2,250 b.h.p, 
at 100 r.p.m., and give a speed of 11 knots. Launch, 
April 18. 

8.S. “‘ SILVERELM.””—Single-screw cargo vessel, to carry 
twelve passengers, built by Messrs. Joseph L. Thompson 
and Sons, Limited, Sunderland, for Messrs, Silver Line, 
Limited, London, E.C.2. Main dimensions: 473 ft. 8 in, 
(overall) by 61 ft. 7 in. by 40 ft. 10 in.; deadweight 
capacity, 10,200 tons on a draught of 27 ft.6in. Double- 
reduction marine steam turbines constructed by Messrs. 
Parsons Marine Steam Turbine Company, Limited, 
Wallsend-on-Tyne, and two oil-burning Foster Wheeler 
water-tube boilers, to develop 6,800 s.h.p. at 110 r.p.m, 
and a service speed of 15 knots, Launch, April 18. 

S.S. ‘CLAN SINCLAIR.’”’—Single-screw cargo liner, to 
carry 12 passengers, built by the Greenock Dockyard 
Company, Limited, Greenock, for Clan Line Steamers, 
Limited, London, E.C.3. Second vessel of an order for 
three. Main dimensions; 476 ft. (between perpendicu- 
lars) by 66 ft. by 40 ft. 8 in. to upper deck ; deadweight 
capacity, 11,000 tons on a mean draught of 27 ft. 114 in.; 
gross tonnage, about 8,400, Reaction steam turbines with 
double-reduction gears, to develop 9,400 s.h.p. at 108 
r.p.m., and a speed of 164 knots in service, constructed 
by Messrs. Parsons Marine Steam Turbine Company, 
Limited, Wallsend-on-Tyne ; and two oil-fired steam- 
generating units manufactured by Messrs. Babcock and 
Wilcox, Limited, London, E.C.4. Machinery installed by 
Messrs. John G. Kincaid and Company, Limited, 
Greenock. Trial trip, April 20. 

8.8. “Eva PERON.”—Twin-screw refrigerated -cargo 
liner, to carry 96 first-class passengers, built and engined 
by Messrs. Vickers-Armstrongs Limited, Barrow-in- 
Furness, for the Instituto Argentino de Promocion del 
Intercambio, Buenos Aires, Argentina. Second vessel of 
an order for three. Main dimensions: 529 ft. 6 in. 
(overall) by 71 ft. by 47 ft. 6 in. to “B” deck; gross 
tonnage, about 14,500 ; draught, 27 ft. 6 in. Two sets 
of Parsons-type double-reduction geared turbines to 
develop a maximum of 14,500 s.h.p. and two Foster 
Wheeler oil-burning controlled-superheat water-tube 
boilers. Speed, 19 knots. Trial trip, April 20 to 24. 


M.S. “‘ MaRTETTA.”—Single-screw oil tanker, built by 
Sir James Laing and Sons, Limited, Sunderland, for 
Messrs. Thorvald Berg, Ténsberg, Norway. Main 
dimensions: 475 ft. (between perpendiculars) by 
67 ft. 44 in. by 37 ft. 4in.; deadweight capacity, about 
15,314 tons on a summer draught of 29 ft. 03 in. Doxford 
four-cylinder opposed-piston oil engine, constructed by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne, to develop a speed of 
134 knots. Trial trip, April 25. 

M.S. “‘ MomBasa,.”—Single-screw cargo vessel, to 
carry twelve first-class passengers, built by Messrs. 
Nakskov Shipyard, Limited, Nakskov, Denmark, for 
The East Asiatic Company, Limited, Copenhagen, 
Denmark. Main dimensions: 445 ft. (between perpen- 
diculars) by 61 ft. by 38 ft. 3 in. to shelter deck ; dead- 
weight capacity, 10,200 tons; cargo capacity, about 
600,000 cub. ft. Six-cylinder two-stroke single-acting 
Diesel engine, to develop 6,850 i.h.p., constructed by 
Messrs. Burmeister and Wain, Copenhagen. Speed, 
15 knots fully loaded. Trial trip, April 28. 

M.S. ‘‘ HIRONDELLE.”—Single-screw cargo vessel, 
built by Messrs. Henry Robb, Limited, Leith, for The 
General Steam Navigation Company, Limited, London, 
E.C.3. Main dimensions: 196 ft. (between perpendi- 
culars) by 35 ft. 6 in. by 20 ft. 44 in. to upper deck ; 
deadweight capacity, about 730 tons on a draught of 
12 ft. 3 in. Atlas Polar seven-cylinder Diesel engine 
of 1,120 b.h.p. at 250 r.p.m., constructed by Messrs. 
British Polar Engines, Limited, Glasgow. Speed, 
12 knots, Launch, May 3. 
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BRITISH INDUSTRIES FAIR AT 








Tue British Industries Fair opened in London and 
Birmingham on Monday, May 8, and will remain 
open until Friday, May 19. As usual, the greater 
number of the engineering exhibits are concentrated 
in the well-known building at Castle Bromwich, 
where nearly 500 firms are represented ; and there 
are already indications of satisfactory activity on 
the part of both British and foreign buyers. As the 
main object of the Fair is to create a market for 
standard and well-tried products, novelties are few. 
At the same time, there are sufficient of them 
to indicate that manufacturers are concerned 
with improving their designs, a policy which augurs 


and cautious optimism. There was first of all the 
steady increase in productivity. This was partly 
due to better methods and to increased co-operation 
between management and workers. It was also 
partly due to the heavy capital investment, which 
it had been, the object of the Government to promote 
since the end of the war. The country was still 
full of enterprise and invention. For instance, 
British colour television was now being shown, to 
enthusiastic audiences on the Continent. At the 
British motor show in America the world’s first gas- 
turbine car was being exhibited. The engineering 
industry, in all its ramifications, was very active. 




















Fic. 27. Murray OrrHocrapuic-ProsyecTion Mopet; Messrs. A. WEST AND PARTNERS, LIMITED. 


well for the future when selling is likely to become 
more and more difficult. 

As is customary, there was no formal opening 
ceremony, but a dinner was held at the Mansion 
House, London, on Monday, May 8, and was 
attended by the Prime Minister (the Rt. Hon. C. R. 
Attlee), the President of the Board of Trade (the 
Rt. Hon. J. H. Wilson) and the Secretary of Overseas 
Trade (Mr. A. G. Bottomley). Proposing the toast 
of “ British Industry and the British Industries 
Fair,” the Prime Minister first paid a tribute to the 
generous assistance received from across the Atlantic. 
Turning to British achievements, he said that 
exports had been to well over 50 per cent. above 
pre-war level, at competitive prices. The value 
in dollars of exports to the dollar area had been 
increased to just above what it was before devalu- 
ation, while in terms of sterling the value had 
risen, by nearly two-thirds. Although everything 
possible must be done to remain competitive, Mr. 
Attlee continued, there was room for a reasonable 


It had plenty of clever men engaged on research, 
but it was necessary to ensure that the results 
were widely adopted. The range of products 
must be extended. In the last resort, however, 
the test of Britain’s ability to survive as a great 
trading nation depended on the quality and price 
of her goods. The British Industries Fair was an 
annual demonstration of what could be done in these 
respects. The Government were determined to do 
all they could to promote the export trade and to 
see that a due proportion of the national resources 
was devoted to it. 

Continuing this account of the exhibits at Castle 
Bromwich, many of the latest developments in 
apparatus for radio communication are being shown 
on the stand of Marconi’s Wireless Telegraph Com- 
pany, Limited, Chelmsford. These include an 
automatic direction-finder for aircraft, particular 
features of which are light weight and small size. 
The equipment enables a visual indication of the 
relative bearing of any station, to which the receiver 








may be tuned, to be obtained. It also gives simul- 
taneous aural reception of modulated or unmodu- 
lated signals. A third characteristic is that aural 
bearings may be determined by normal null signal 
methods with remote or direct manual control of 
the loop, as well as normal “ communication ” 
reception of telephony, modulated continuous 
wave or continuous wave signals either on the loop 
or on the non-directional ship aerial, the former 
method being sometimes desirable to eliminate the 
effects of interference from precipitation. Finally, 
radio range reception with simultaneous voice 
reception is possible. 

In addition to the main receiver, the equipment 
incorporates a small electrically-controlled unit 
which allows the loop to be remotely operated when 
aerial direction finding is being used. There is also 
a device which enables the receiver, with the excep- 
tion of the tuning, to be remote controlled electrically 
and a voice/range filter by means of which the signal 
strength of the service that is not required can be 
reduced during periods of simultaneous voice and 
range working. The loop aerial is motor driven 
and rotates automatically until the bearing of the 
station is shown on the indicator without sense 
ambiguity. A wide range of broadcasting, radar 
and very high-frequency equipment is also being 
shown on the stand. 

A direct result of the closer liaison between the 
British and the American engineering industries 
which the recent war brought about has been the 
official recognition in this country of the “ third- 
angle” method of orthographic projection as an 
alternative to the “ first-angle ” projection which 
has been customary hitherto in most British drawing 
offices. The latest edition of the British Standard 
Specification (No. 308) for “ Engineering Drawing 
Office Practice’ includes both systems, and tech- 
nical colleges are now required to teach both to 
their engineering students. The British fighting 
Services have adopted the third-angle method, to 
conform with American practice, and it is being 
used more and more by the British engineering 
industry in general. Even so, many executive 
engineers as well as draughtsmen appear to find 
some difficulty in appreciating the essential differ- 
ences between the two systems and, to provide a 
ready visual means of demonstrating these differ- 
ences, an ingenious model has been devised by Mr. 
Guy L. Murray, M.I.Mech.E., and is displayed on 
the stand of Messrs. A. West and Partners, Limited, 
4, Abbey Orchard-street, London, 8.W.1. It is 
illustrated in Fig. 27, on this page, and in Figs. 28 
and 29, on page 522. 

The model consists of a rectangular box of 
laminated Perspex, as shown in Fig. 27. The object 
portrayed is mounted inside the box, the projected 
views according to the first-angle method being 
shown in colour on the back, base and one end, 
while the third-angle views appear on the top, 
front, and the other end. The panels carrying the 
third-angle views are transparent, but the other 
panels are opaque—an arrangement which em- 
phasises for the student the essential differences 
between the two systems. Both sets of panels 
can be detached and laid flat, as shown in Figs. 
28 and 29, so as to show the plan and eleva- 
tions in their correct relationship according to the 
two methods, thus enabling a comparison to be 
readily made. The planes on which the several 
views are portrayed are sandwiched between layers 
of Perspex. The model should be of material 
assistance in works where export orders may 
necessitate the use of both systems concufrently, 
and confusion between the two might lead to delays 
and expensive mistakes. 
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The mobile meter-testing equipment exhibited at 
the Fair by the Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, 17, 
and illustrated in Fig. 30, opposite, has been, designed 
for calibrating and checking single-phase meters 
with current-carrying capacities up to 100 amperes 
at 500 volts. It can be arranged for operation from 
a three-phase four-wire 50-cycle network at voltages 
of 346/200 to 440/254 volts. The voltage circuit is 
supplied from a 500 volt-ampere transformer with 
five secondary sections, three of which give supplies 
at 125 volts, one at 115 volts and one at 63-5 volts, 
the last being used to operate the power-factor indi- 
cator. An auto-transformer of similar capacity is 
connected across the 115-volt section to give fine 
control between, 0 and 135 volts. The three 125-volt 
sections can be connected in series with this auto- 
transformer to give fine control between 0 and 500 
volts. The current circuit is supplied from tappings 
on: the secondary winding of a third 500 volt- 
ampere transformer, values of 100, 50, 25, 10, 5 and 
2-5 amperes being obtainable at maximum voltages 
of 5, 10, 20, 50, 100 and 200 volts respectively, so 
that a large number of meters can be tested in 
one batch. A variable auto-transformer in the 
primary circuit of this transformer provides for 
coarse regulation and there is a small series rheostat 
for fine control. 

Power-factor control can be effected over the 
full range from zero lagging to zero leading. Two 
auto-transformers are utilised for this purpose 
and operate under one control. Since a three- 
phase four-wire supply is used, the output voltage 
of the auto-transformer can be displaced vectorially 
to any extent relative to the voltage circuit output 
by a switch which-is fixed between the red phase 
and neutral. Special provision is made for start- 
ing-current tests. A current equal to 1/200th of 
the rated full load can be applied to 2}, 5, 10, 20 
and 25 ampere meters by connecting them to a 





pair of terminals where a multi-point switch enables 
the required range to be selected. This circuit is 
connected direct to the main supply, so that a 
bank of meters may be left running on starting 
current, while others are undergoing test on variable 
load. 

A multi-range sub-standard current transformer 
with a 5-ampere secondary is incorporated in the 
equipment to operate a portable instrument as 
well as a panel ammeter. This transformer has 
ratios of 100, 50, 25, 10, 5, 2-5, 1-0 and 0-5 to 5 
amperes, and its accuracy is within the requirements 
of B.S. 81-1936 for Class AL transformers. The 
primary taps of the current transformer are auto- 
matically selected when the rotary switch chooses 
the secondary tap of the loading transformer. 
Flush-type instruments, including an ammeter, volt- 
meter and power-factor indicator, are mounted 
on the main inclined panel. An instrument well 
with a plate-glass cover is provided in the desk top, 
which will accommodate a sub-standard wattmeter. 
All the connections are made in the well. The 
equipment is constructed in the form of an all-steel 
control desk with castors and is arranged so that 
all operations can be carried out in the sitting 

ition. 

A demonstration is also being given of the elec- 
tronic control of the deposition of weld metal. 
To do this a short gantry equipped with a rail 
track for a standard carriage has been erected. 
On, this carriage are mounted an automatic welding 
head, an operator’s control panel and a reel of coiled 
electrode. The electronic control is arranged to 
regulate the feed of the electrode to suit variations 
in the arc length, and the closeness of the control 
makes it possible to use a short arc, a high rate of 
deposition of weld metal and thus a high welding 
speed. Briefly, the action of the control circuit is 
as follows : the arc voltage is opposed to a voltage 
established by a potentiometer, and applied to the 





grids of a “balance valve” in the electronic control 
unit. Thus variations in arc length regulate the 
current in the anode circuit of the valve. The 
anode current to phase-shift transductors, 
which translate the strength of the incoming signals 
into outgoing angle-of-phase displacement. The 
circuit is then continued to the grids of two thyratron 
valves in the armature circuit of the electrode feed 
motor. The duration of each “firing” cycle, 
which is the rate of power passing, is proportional 
to the phase difference between “plate” and 
“grid.” The grid phase angle is a function of the 
arc voltage and the electrode feed motor therefore 
feeds faster into a lengthening arc’and more slowly 
into a shortening arc. 

The exhibits of the British Electric Resistance 
Company, Limited, and the associated firm, the 
British Power Transformer Company, Limited, 
Queensway, Ponders End, Middlesex, include wire- 
wound resistors, variable-ratio transformers, voltage 
regulators, and transformers for rural distribution. 
Among these equipments is the 20-kVA three-phase 
voltage stabiliser illustrated in Fig. 31, opposite. 
This stabiliser is designed to maintain output 
voltages automatically within +1 per cent. of pre- 
scribed values for fluctuations up to +10 per cent. 
in the voltage of the standard 440-volt 50-cycle 
supplies. It is arranged for floor mounting, the 
various components being housed in a sheet-steel 
cubicle approximately 4 ft. 9 in. high, 2 ft. wide, 
and 1 ft. 4 in. deep. It comprises a voltage regu- 
lator of the auto-transformer type, having an 
infinitely-variable tapping formed by motor-oper- 
ated sliding brushes; the output is taken from 


fixed tappings. The control gear includes a contact-. 


type voltmeter normally connected across the 
output terminals of the stabiliser. The voltmeter 
is a direct-current moving-coil instrument supplied 
through a rectifier and therefore unaffected by any 





variations in the frequency of the supply. When the 
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output voltage rises or falls by more than 1 per cent., 
contacts are closed by the voltmeter to energise 
either a “ high” or “low” relay coil, causing the 
motor to turn and move the sliding brushes in a 
direction which restores the output voltage to its 
original value. The relays have compensating 
circuits of resistors arranged to keep the relay 
contacts closed until the voltage has been com- 
pletely restored, thus minimising sparking and 
chattering. A third relay causes the brushes to 
move to the minimum-output position should any 
of the essential circuit components fail. The brushes 
are held in die-cast holders mounted in a carriage 
which slides along a vertical tube, the position of 
the carriage being adjusted by means of a stranded 
stainless-steel cable secured to a drum driven by 
the motor through a clutch mechanism. The motor 
is usually a single-phase capacitor machine suitable 
for 200 to 250 volts, and is supplied with a grease- 
packed or oil-filled gearbox. A bucking or boosting 
transformer is mounted at the base of the cubicle, 
and its secondary voltage can be added to, or 
subtracted from, the line voltage to increase or 
decrease the throughput. 

The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, are showing 
examples of their switchgear, transformers, recti- 
fiers, fuse gear, domestic appliances and television 
equipment. Among these, special mention may be 
made of the 165-kV 3,500-MVA air-blast circuit 
breaker, an illustration of which appears in Fig. 32, 
on Plate XVII. It consists of two sets of contacts 
in series, one of which is known as the interrupter 
contacts. These contacts are of the axial-blast 
type, the air flow being in the same direction as the 
arc. The arc is thus readily transferred from the 
fixed and moving interrupter contacts to the arcing 
contacts, where the sudden expansion of the air, 
combined with its cooling effect, accelerates inter- 
Tuption by de-ionisation. The other set of con- 
tacts are known as the isolator contacts and open 
after the are has been extinguished at the inter- 
Tupter contacts, thus isolating the circuit. The 
interrupter contacts are automatically re-set after 
the isolator has opened to give the necessary 
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clearance, and the breaker is then ready to remake 
the circuit when required. 

Each single-phase unit includes an air receiver, 
which forms a base upon which the circuit-breaker is 
mounted. At one end of this base is the support 
column through which the main blast of air passes. 
The column also supports the three sets of inter- 
rupter contacts, which are arranged in series. In 
the housing at the top of the main support column 
is the operating mechanism for the isolator and 
auxiliary switch contacts and at the base is the 
main blast valve. This is enclosed in a cabinet 
along with the electro-pneumatic control valve, 
auxiliary switches and emergency trip gear. At the 
opposite end of the receiver is a low oil-content 
porcelain-clad current transformer and on the top 
cover are the isolator fixed contacts and an ice- 
breaking device. The latter consists of a pneu- 
matically-operated piston, which gives the blade a 
hammer blow and thus disperses any ice. It can be 
operated prior to closing the circuit, so as to ensure 
ice-free contacts and satisfactory closure. The 
three single-phase units are coupled pneumatically 
to form the three-phase breaker. 

Normally, the breaker is operated manually from 
a remote-control board, or automatically through 
the system protective relay scheme. Push-buttons 
for opening and closing the breaker are also pro- 
vided in the local control cabinet. Further, there 
is a button for the pneumatically-operated emer- 
gency tripping device. The operation of the remote 
control switch or local push button for opening, 
energises the coil of the tripping electro-pneumatic 
control valve and thus opens a valve, which admits 
air to the operating piston of the main blast valve. 
This piston has a larger area than the valve, so that 
when supplied with air the pressure exerted on the 
face of the latter by the air inside the receiver is 
overcome. The blast valve is normally held closed 
by the air pressure in the receiver as well as by a 
spring, which acts on the underside of the operating 
piston. When the main valve is opened a blast of 
air is admitted to the interrupter chamber through 
the hollow support insulator and causes the inter- 
rupter contacts to open. The blast then passes 
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20-KVA VottTace STABILISER; BRITISH 
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axially along the arcs, which are drawn between the 
fixed and moving interrupter contacts, and trans- 
fers them first to the arcing contacts and then to 
the cooler chamber. In the latter, the arcs pro- 
duced are expanded and cooled before escaping to 
the atmosphere. As the main blast valve operates, 
air is supplied to the ice-breaking device and the 
opening cylinder of the isolator. The isolator blade 
ig timed to open after the interrupter arc has been 
extinguished and while the moving contacts of the 
interrupter are maintained in their open position by 
the air blast. 

To close the breaker, the electro-pneumatic 
“closing” valve is energised and air is admitted 
to the appropriate cylinder of the isolator drive. 
The isolator blade is then closed, the motion being 
assisted by a spring. As the breaker closes, an 
auxiliary contact operated by the isolator drive 
opens and de-energises the closing valve, the air 
supply being cut off as the blade comes to rest in 
full contact. 

Air for operating the circuit-breaker is stored in 
solid-drawn steel receivers, which are charged from 
two electrically-driven three-stage compressors to 
a pressure twice that at which the breakers operate. 
The motors driving these compressors are started 
and stopped automatically through relays, and 
warning of falling pressure in the main receiver or 
failure of the compressor to start is given by an 
air-operated micro-switch. 

Messrs. Crompton Parkinson, Limited, Crompton 
House, Aldwych, London, W.C.2, exhibit a wide 
range of electrical equipment including generators 
and motors, switchgear, stud-welding gear, instru- 
ments and batteries. On the stand of their sub- 
sidiary, the British Electric Transformer Company, 
Limited, Hayes, Middlesex, and illustrated in 
Fig. 33, on Plate XVII, is an on-load tap-changer, 
designed to minimise deterioration of the oil and 
of the main metallic tap-changing contacts by incor- 
porating the usual type of mercury switches in the 
transfer circuits. This type of tap changer can be 
arranged to provide up to 15 steps of voltage adjust- 
ment, and is suitable for voltages up to 33 kV and 
for transformers up to 15-MVA capacity. During 
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tap changing, the mercury switches close the 
transfer circuits in advance of the main contacts, 
and open them after the main contacts have opened. 
Under normal operating conditions, the mercury 
switches are by-passed by the main contacts, these 
being rated to carry the maximum short-circuit 
current that can, flow due to a fault in the secondary 
winding of the transformer. The tap changer 
includes an upper and lower chain-driven drum 
assembly, each of which is divided into three 
sections ‘corresponding to the three phases. The 
upper drum is used for tap selection, and is con- 
trolled by the usual voltage-operated relays and 
motor in a separate box bolted to the outside of the 
transformer tank; the lower drum is used to 
transfer the electrical load from one tapping to 
another. The mercury switches, arranged just above 
the lower drum, are mounted on contact fingers 
actuated by metal tips engaging with segmental 
contacts on the drum; the contact fingers are 
designed to amplify tip movement so that only a 
small movement is required to tilt the switches. 
The intervals between the operating of the mercury 
switches and the operating of the main tap-changing 
contacts are controlled by the proportions of the 
segmental contacts. The contact fingers are clamped 
to horizontal insulating rods running between 
panels of insulating material providing the main 
insulation to earth. Each drum assembly is keyed 
to its shaft, the complete unit normally being 
enclosed in a case arranged for bolting to a facing 
on the transformer tank, the tapping leads being 
brought in through oil-tight bushings. The front 
cover has three toughened-glass port-holes to allow 
inspection of the mercury switches during tap 
charging ; it is supported on davits, and can there- 
fore be readily swung aside for inspection or adjust- 
ment of the components. 

A range of relay, low-power switching and photo- 
electric equipment for the automatic control of 
industrial processes or the protection of plant is 
being displayed by Messrs. Londex Limited, Anerley 
Works, 207, Anerley-road, London, S.E.20. One of 
the exhibits—an electrically-operated interlocking 
relay—is illustrated without its cover in Fig. 34, 
on Plate XVII. This relay, which weighs about 
14 0z., is of the hinged-armature type with a 
mechanical latch to hold the armature and its 
associated switch-contacts in the working position 
after the energising current has been interrupted by 
a push-button or appropriate external control. 
When the exciting coil, seen at the bottom in 
Fig. 34, is energised, the armature is attracted so 
as to operate the switch contacts at the top, and 
simultaneously releases the latch which keeps the 
armature in the “holding” position where it 
remains until a latch lever is raised by energising 
the smaller coil seen on the right; the armature 
then returns the contacts to their normal positions. 
The exciting coil may be wound to suit direct- or 
alternating-current supplies ranging from 2 to 500 
volts, its minimum consumption being about 
3 volt-amperes and varying with the number of 
switch contacts operated by the armature. The 
relay shown has eight contacts to control four 
separate circuits; when tungsten contact points 
are fitted, each pair can break up to 900 volt- 
amperes, corresponding figures with silver points 
being 500 and 300 volt-amperes, depending on 
the sizes used. The switching assembly can be 
replaced by a simple mercury switch to interrupt 
currents up to 30 amperes in 250-volt alternating- 
current or direct-current systems. The same firm 
also exhibit liquid-level control equipment and flow- 
indicating apparatus, as well as some pressure- 
operated switches for use with gases or non-corrosive 
liquids. These switches incorporate quick make- 
and-break contacts suitable for non-inductive loads 
and are designed for operating pressures up to 
500 Ib. per square inch. 

The sand-jet marking machine shown by Messrs. 
Funditor, Limited, Woodbridge House, 3, Wood- 
bridge-street, London, E.C.1, which is illustrated in 
Fig. 35, on Plate XVII, can be used by an unskilled 
operator for marking indelibly any delicate or pre- 
cision part made from hardened or stainless steel, 
glass, ceramic or plastic material, with flat, rounded, 
or contoured surfaces. The part to be marked is 
held against a rubber stencil, the holder for which 





can be seen on the flat upper part of the cabinet ; 
concave and specially-shaped holders are available 
for cylindrical and contoured parts. The operator 
depresses a pedal, which actuates an electric timing 
device causing a blast of fine grit to be directed 
through the rubber stencil on to the object, for a 
predetermined length of time. For operating the 
machine, any compressed-air supply giving between 
40 lb. and 150 Ib. per square inch is suitable ; the 
machine is equipped with an air filter and a pressure- 
reducing valve, the working pressure normally being 
adjusted at 30 lb. to 40 Ib. per square inch. The 
machine consumes | cub. ft. of free air for each 
second of blasting. The electric timing device can 
be set to regulate the blasting period for any length 
of time between } and 10 seconds; for special 
work, the blasting period can be prolonged, as 
desired, beyond 10 seconds, by continued depression 
of the pedal. A red warning light shows when 
the machine is switched on ; a green lamp lights up 
only during the actual marking period. The 
machine can be supplied for connecting to any 
normal lighting circuit, either alternating or direct- 
current. The maximum consumption is 200 watts. 
The maximum marking area, for flat objects, is 
3in. by 4in. The machine occupies a floor space 
of 27 in. by 18 in., the total height being 42 in. 
with the control-panel hood, shown raised in the 
illustration, lowered. The height to the rubber 
mask is 34 in. The net weight of the machine is 
200 Ib. 

Messrs. Funditor, Limited, are also showing a 
new circular saw for cutting plastics, which is 
described below, a pneumatic press for blocking 
plastics, and other marking machines. The “‘ Super- 
saw,” which has been designed for the plastics 
industry, can be used for cutting, trimming, mitring, 
and bevelling moulded or extruded plastic sections, 
either singly or in bulk. A carbide-tipped saw 
blade, of 7 in. diameter, is driven through double 
V-belts by a }-h.p. electric motor operating at 
1,425 r.p.m.; the speed of the saw spinlde is 3,500 
r.p.m. A sliding table, which runs on steel balls 
in hardened steel ways, measures 27 in. by 22 in., 
and has a working area 21 in. by 13 in. A self- 
locking clamp for holding the work can take up to 
7 in. of material ; when it is desired to saw through 
large plastic sheets, and a clear table space is 
required, this clamp can be removed, together with 
a toughened-glass safety guard through which the 
operator views the work, the saw-blade guard, the 
lighting fixture and the finger of a sliding micro- 
meter gauge. The latter attachment allows the 
length of the work to be preset accurately, the scale 
being graduated in divisions of 0-010 in. 

Senior Economisers, Limited, 11, Southampton- 
row, London, W.C.1, are showing a full-scale model 
of their welded economiser, which is used in central 
power stations and operates at pressures ranging 
from 600 Ib. to 2,100 Ib. per square inch. The model, 
which is fully cased and lined with firebrick, consists 
of 24 elements, arranged in four vertical banks of 
six, coupled by means of circulating bends, and 
fitted with a section of header at the inlet and 
outlet. Sections have been cut out to show the 
features of the elements and the construction of the 
end seals. Another exhibit is a quarter-scale model 
of the Senior ““H” economiser, for pressures up 
to 450 Ib. per square inch; it is fitted with a 
traversing soot blower. A section of the Senior 
“ Twintube ” economiser, for higher pressures, is on 
view, illustrating an alternative method of jointing 
where welding is not suitable; the elements are 
connected through steel connector boxes. All these 
economisers have straight uniform gas 
which avoid the formation of deposits on the 
heating surfaces. 

The General Chemicals Division of Imperial 
Chemical Industries, Limited, Cunard Building, 
Liverpool, 3, are showing a range of ‘“‘ Cassel” 
heat-treatment salts and furnaces, and some working 
examples of trichlorethylene degreasing plants. 
The standard, “ Cassel ” totally-enclosed molten-salt 
bath furnace, fitted with a new hand-operated 
transfer mechanism, is illustrated in Fig. 36, on 
Plate XVII. This plant has been designed for the 
heat treatment of comparatively small batches of 
work ; it will handle upto about 1 cwt. perhour. To 
ensure freedom from fumes, the furnace and quench- 
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ing tank are totally enclosed in one unit. The 
furnace, seen in the lower centre part of ‘he illus. 
tration, has an internal diameter of 10} in. and a 
depth of 15 in. ; it is heated by town gas and the 
maximum consumption is 480 cub. ft. per hour, 4 
small blowing fan provides a forced draugiit. The 
furnace is suitable for temperatures in the 

700 deg. to 950 deg. C.; automatic temperatuy 
control can be fitted, if desired. The wacte gases 
from the furnace are used in the preheater, seen op 
the right-hand side of Fig. 36. 

A door and hopper in front of the furnac: canopy 
allow the operator to transfer a scoopful of work 
from the preheater into a ladle within the furnace 
pot. Work is transferred from the furnace to the 
quenching tank by means of the work ladle and 
the basket in the quenching tank, which are oper. 
ated, through gearing, respectively by the right. 
hand and left-hand handwheels shown in the illus. 
tration. All these operations are performed within 
the totally-enclosed furnace, and therefore with no 
risk of s 

Many industrial processes require some form of 
automatic correction when there is a departure 
from a given set of conditions. This correction 
can be provided either manually or mechanically, 
but as both methods have their drawbacks interest 
attaches to the electronic equipment which is exhi- 
bited by Messrs. Ferranti Limited, Hollinwood, 
Lancashire, and is designed for such purposes as 
guiding cloth selvedges on to pin stentering machines, 
and controlling the position of a roll of printed, paper 
approaching the knives of a multiple slitting 
machine. This equipment, which is known as the 
Servopack, is illustrated in Fig. 37, on Plate XVIII. 
It consists of a detector, an amplifier and motor 
and control units. The detector may be any source 
of small electrical potential which varies when the 
standard conditions change, such as the output of a 
photo-electric cell, the unbalanced potential of a 
bridge circuit or the output of a piezo-electric vibra- 
tion pick-up. The amplifier is used to amplify the 
signal from the detector and thus to cause the motor 
unit to rotate and drive the controlling mechanism 
until the original conditions are restored. It is 
housed in a metal case attached to a mounting 
frame, as shown in the illustration. The motor 
unit, which is completely enclosed in a metal 
case, consists of a small commutator motor driving 
a direct-current tachometer generator. The motor 
provides the mechanical power necessary to drive 
the controlling mechanism for restoring normal 
conditions, while the tachometer generator feeds a 
voltage proportional to the speed of the motor 
back to the amplifier. The latter is thus stabilised 
so that the speed of response is suitably con- 
trolled and hunting is avoided. The change of 
potential necessary to give 85 per cent. of the 
maximum torque is about 40 millivolts, the time of 
response being not more than 0-25 seconds. The 
maximum torque at 1,100 r.p.m. is about 6,000 
inch-pounds and the maximum speed at no load is 
3,500 r.p.m. 

The operation of the Servopack is regulated by 
the control unit on which there is a stand-by switch 
for immobilising the motor, so that the equipment 
can be put out of commission for a short time 
without it being necessary to switch off the amplifier. 
There are also a gain control for adjusting the overall 
gain of the amplifier according to requirements, and 
a centring control for setting the standard condi- 
tions under which the Servopack is required to 
operate. Further, the speed of response and the 
stabilisation of the amplifier are controlled. 

The principal exhibit on the stand of Messrs. A. 
Reyrolle and Company, Limited, Hebburn, Co. 
Durhan, is the 33-kV 500-MVA outdoor open-type 
circuit-breaker illustrated in Fig.!39, on Plate X VII. 
This has been developed to meet the growing demand 
for substation equipment of straight-forward design 
with low capital cost and operating economy. This 
economy has been to a large extent attained by the 
use of a single, instead of two, breaks and by 
adopting a design in which the three sets of con- 
tacts and their associated turbulator arc-control 
devices require a minimum of maintenance and few 
8 " 
The top plate of the breaker is of welded steel 
and acts as the basic constructional member. 
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Fic. 41. Exvectric Starter; GENERAL illu 
ELectric Company, LIMITED. 

















Fie. 40. 6/12-H.P. Sprnninc-Frame Moror ; 
GENERAL ELectric Company, LIMITED. 
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As will be seen, it is supported on a tubular steel 
framework and carries the bushings, contacts, 
operating mechanism and tank. The bearings of 
the main shaft are also mounted in the top plate 
and the coupling projects into. the mechanism 
enclosure. The tank is of welded boiler-plate steel 
with heavy flanges and is bolted to the top plate. 
It is suspended on, wire ropes and can be raised or 
lowered by a ratchet handle. The bushings pass 
through orifices in the top plate and are disposed 
so as to give the maximum terminal clearance 
in air. The inside of the porcelain insulator is 
ground to fit over the condenser bushing, leaving a 
narrow annular space. When the porcelain has 
been clamped and sealed in position, this space is 
filled with compound in an oven, the bushing being 
kept at a temperature of 150 deg. C. The current 
transformers are mounted in air round the bushings 
and their secondary connections are taken through 
oil-tight terminals into the mechanism enclosure: 

The contacts are supported and held in alignment 
by the bushings. The three fixed contacts, each 
of which has two pairs of spring-loaded self-aligning 
fingers, are engaged by three moving blades, which 
are carried on light-alloy arms. Each arm is hinged 
to its bushing, the current passing through a flexible 
laminated connection. Both the feed and moving 
contacts are fitted with extended arc-resisting tips. 
An are-contro] turbulator is fitted at each break. 
It consists of a series of insulated plates, which 
are clamped in a moulded housing over the fixed 
contact. The operating mechanism is housed in a 
weather-proof steel enclosure bolted to the top 
plate. It has a hinged front cover with a locking 
handle to prevent unauthorised access, and is 
adequately ventilated by screened louvres. Internal 
condensation is prevented by an electric heater. 

Closing is effected by a spring, on the release of 
the latch mechanism, either by hand or by a small 
alternating- or direct-current motor, which has 
ample power at 80 per cent. of the normal voltage. 
A loose ratchet handle is provided to charge the 
closing spring by hand, which can be done when 
the breaker is open or closed. When motor charging 
is used, the motor is started through a contactor, 
and de-energised by auxiliary switches when closing 
has beenc completed. The closing-spring plunger is 
connected to the main shaft in such a way that the 
circuit-breaker is free to trip at any point during 
the closing stroke. Tripping may be effected either 
by hand or from a distance by a spring coil. In 
both cases the full force of the opening spring 
acts through its plunger, which is connected solidly 
toa crank on the main shaft. The contacts separate 
at high speed and continue moving under the 
influence of a speed-control device until the fully- 
open position has been reached. The moving parts 
are then smoothly retarded by oil dash-pots. The 
secondary wiring and service supplies to the 
circuit-breaker are brought to the mechanism 
enclosure through a single conduit from a terminal 
box on the pillar framework. The isolators are 
of the three-post type with local manual control. 
One set, which supports the fixed contacts, includes 
the cable-sealing ends. 

Messrs. Reyrolle are also showing a 3-3-kV 
150-MVA air-break circuit-breaker, of which an 
illustration with the switch withdrawn from the 
cubicle is given in Fig. 38, on Plate XVIII. At the 
Fair, one side of the sheet-steel enclosure has been 
replaced by Perspex sheets. Metal-enclosed switch- 
gear of this kind, with air-break circuit-breakers, is 
finding increasing application in both power stations 
and industry. The bus bars, current transformers 
and circuit-breaker are housed in separate compart- 
ments, and that containing the circuit-breaker js 
mounted on castors to facilitate isolation. The air- 
insulated *bus bars are supported against short- 
circuit forces by insulated end-barriers and by tee-off 
connectors mounted on cross-bracing rods and 
clamps. The circuit-breaker is completely accessible 
on removing the front cover, although this can only 
be done when the carriage is completely withdrawn 
from the enclosure. 

The isolating contacts are of the “ flexless ” 
multi-finger, self-aligning type, and engage with 
flat tongued contacts, which are connected to the 
bus bars and the cable circuit within the enclosure. 
The circuit-breaker has a single break. The moving 


contacts are hinged blades, while the fixed main 
contacts are self-aligning and self-gripping and give 
a high-pressure silver-to-silver contact, when 
engaging with specially-shaped main blades. The 
fixed arcing-contacts are fingers and are tipped at 
the point of break with special arc-resisting metal. 
A pair of intermediate fingers facilitates the rapid 
transfer of current from the main to the arcing 
contacts during circuit-breaking. A rapid break 
is obtained by means of kick-off springs operating 
on the low-inertia blade-contact assembly. The 
are chute is fitted with baffle plates of high-grade 
arc-resisting material. Effective electromagnetic 
control is obtained by a blow-out coil which only 
comes into operation during the arc period. The 
operating mechanism is trip-free and can be actuated 
by either a solenoid or a hand-charged spring. The 
spring can be charged when, the circuit-breaker is 
open or closed, but cannot be released when the 
circuit-breaker is closed. Manual closing is also 
available. Tripping can be effected either by 
alternating- or direct-current coils. 

The exhibits of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
include a scale model of part of an airport, which 
is completely equipped with lighting apparatus. 
A section of the instrument landing runway, a 
complete approach-lighting installation, a taxiway, 
a terminal area and various auxiliary services are 
shown, all of which comply with the recommenda- 
tions made at the recent meeting of the Aerodromes, 
Air Routes and Ground Aids Division of the Inter- 
national Civil Aviation Organisation. 

The engineering exhibits are confined to examples 
of the firm’s motors, motor control gear and acces- 
sories, and include a high-torque motor which has 
been designed to overcome the high inertia of 
carding engines at starting. This is a totally- 
enclosed machine with an output of 14 h.p. at 
960 r.p.m., and is hinge-mounted on a pin passing 
through two lugs on the shel]. It develops three 
times full load torque on starting, with a fairly flat 
speed-torque characteristic. This, value is main- 
tained up to about 70 per cent. of full speed. The 
windings have sufficient heat capacity to enable 
the motor to accelerate the heavy cylinder of the 
carding engine without overheating. The starter 
which has been designed for use with this motor 
is illustrated in Fig. 41, Plate XVIII. It embodies 
an isolating switch with “off,” “forward” and 
“reverse ” positions, the last being used to provide 
reverse rotation for grinding the cards. A padlock 
is provided, which may be fastened to a small 
bracket at the side of the case, so that the isolator 
switch handle cannot be moved into the “ reverse ” 
position until the lock has been removed by an 
authorised person. A mechanical interlock is also 
provided to prevent the case being opened unless the 
isolator is in the off position. The starter is designed 
to break short circuits up to 800 per cent. of the 
normal full-load current. 

Fig. 40, on Plate X VIII, shows an automatic ring 
spinning-frame motor with an output of from 6 to 
12 h.p. at 600 to 1,200 r.p.m., which is being exhi- 
bited by the same firm. On the ring-spinning frame 
the drafting, twisting and winding processes are 
concurrent, but the yarn is spun under constantly 
changing conditions, owing to the varying length of 
the balloon and the diameter of the cop. The 
tension of the yarn varies inversely as the winding- 
on diameter and directly as the square of the 
spindle speed. The effect of the balloon length on 
the tension of the yarn must also be taken into 
account. These defects can be overcome by vary- 
ing the spindle speed automatically as winding 
progresses, thus maintaining a uniform tension 
on the yarn throughout the operation. The motor 
developed to ensure these conditions is of the well- 
known Schrage type with shunt characteristics. 
It is of the totally-enclosed pipe-ventilated pattern, 
so as to prevent the access of dust and fluff, and is 
provided with openings in the base which can be 
connected to inlet and outlet ducts in the spinning- 
room floor. As will be seen from Fig. 40, an auto- 
matic speed regulator is mounted on the top of 
the machine, and a direct-to-line contactor-type 
starter with an interlocked isolating switch and self- 
resetting overload trips is fixed at the side. The regu- 





lator changes the position of the brush gear and so 


alters the speed of the motor. Starting is effected 
by the handle, which is visible in the illustration, 
and is also used to engage the speed regulator. A 
worm adjustment is provided which enables the 
operator to alter the speed at which this regulator 
comes into operation. 

The ring frame is connected to the regulator in 
two ways: in the first, the ratchet-wheel shaft of 
the builder motion drives a cam through a flexible 
shaft, so that the motor speed is varied while the 
cop is being built up. This speed is slowest when 
the base of the cop is being built up, and increases 
to a predetermined maximum at the stage in the 
spinning which gives the most favourable conditions, 
i.e., when the thread has travelled some consider- 
able way along the body of the cop after the full 
cop diameter has been reached. This speed is 
again reduced when the nose is being formed and 
the cop is nearing 20mpletion. The cyclic cam 
in the regulator varies the speed of the motor during 
every cycle of the ring rail, so that it is greatest 
when winding on to the full diameter and lowest 
when winding on to the bare tube. This cam is 
driven from the heart-cam shaft in the spinning 
frame through spur gearing. At the beginning of 
the set, when the cop base is being formed little, 
if any, cyclic variation is permissible. In order to 
control the point at which the cyclic cam begins to 
function, an adjustable hold-off stop is provided as 
part of the regulator. This controls the amount of 
speed variation at the beginning of the sets, but 
allows full cyclic variation once the base of the cop 
has been formed. By using this regulator a motor 
speed variation up to 300 r.p.m. is obtainable on 
either the basic or the cylic cams by moving levers 
along calibrated scales. 

A full range of electric power and lighting 
equipment is to be found on the stand of the British 
Thomson-Houston Company, Limited, Rugby. 
Working demonstrations of an electro-magnetic 
train-control unit, of mining electrical equipment 
and magnetos for tractors, and other heavy-duty 
internal-combustion engines, are also being given. 
The motors include a number in the fractional 
horse-power range, among which attention may be 
called to the flameproof unit illustrated in Fig. 42, 
on Plate XVIII, which has been designed particu- 
larly for petrol pumps. Motors of this kind have, 
of course, been manufactured by the firm for many 
years, but that illustrated embodies several new 
features. It is of robust construction, and the 
operating switch and lever, terminal chamber and 
capacitor are housed in the body. Easy access to 
all these parts is obtainable through an inspection 
cover. This feature simplifies the wiring and makes 
it possible for the motor to be serviced without 
detaching it from the pump or other machine to 
which it is connected. As there are few wearing 
parts, maintenance is reduced to a minimum. 

The motors are of the ball-bearing type and can 
be either base- or spigot-mounted, the former being 
standard. The switch-operating lever is provided 
with suitable stops on the frame, so that the travel 
of the pump operating rod is governed and the 
transmission of strain to the internal switch is 
prevented. A considerable saving in weight has 
been achieved by the use of aluminium alloy 
pressure die castings in construction, a change 
which has also resulted in an improved appearance. 
The base is integral with the motor, so that the 
number of parts has been reduced, an improvement 
which has been effected as the result of co-operation 
with petrol-pump manufacturers and has enabled 
the motor to be adapted to all makes of pump. 
The motors are made for connecting to either 
three-phase, single-phase or direct-current circuits, 
with an output of } h.p. on the one-hour rating 
at a speed of 1,425 r.p.m. A common frame size 
is used for both three-phase and single-phase motors. 

Another motor on this stand, of which mention 
may be made, is the 1-h.p. low-speed unit illustrated 
in Fig. 44, on page 526. As will be seen, this incor- 
porates a large gearbox, and at the Fair it has been 
arranged so that visitors can inspect the gears and 
turn the shaft by hand. Low-speed motors of this 
type constitute a complete range of machines, each 
of which is built as an integral ynit for either 
alternating- or direct-current circuits and for 





horizontal mounting. The motor itself is carried on 
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the gearbox, an arrangement which permits the use 
of gears and shafts of generous dimensions. The 
standard double-reduction gear ratios range between 
3to land 25to1l. Units of 70 h.p. are available to 
give speeds between 483 r.p.m. and 110 r.p.m., 
while the smallest standard unit is rated at } h.p. 
and its lowest speed is 29 r.p.m. For very low 
speeds, such as 1 r.p.m. or 2 r.p.m., triple-reduction 
gears are employed. 

The British Thomson-Houston Company are also 
showing the high-voltage control unit which is 
illustrated in Fig. 43, on Plate XVIII. This has 
been developed to meet the demand for a compact 
equipment for controlling the stator circuits of high- 
voltage motors which are subject to frequent starting 
or reversal and are installed where flameproof 
enclosure is necessary. As will be seen, the control 
gear is contained in a welded cylinder, so as to give 
the necessary strength with minimum weight. The 
cylinder is provided with a hinged door to which a 
special quick-release mechanism is fitted. The 
internal chassis may be withdrawn by undoing two 
bolts, the connections being of the plug-in type. 
At the upper rear part of the equipment is the 
isolating-switch chamber with an armour-plate glass 
observation window. Below this and facing the 
main supporting structure is the "bus-bar chamber. 
The contactors are of the air-break magnetically- 
operated pattern with easily removable arc chutes. 
Five or three poles are provided, depending on 
whether reversing or non-reversing service is re- 
quired. The operating coils are supplied from a 
step-down potential transformer through a rectifier. 
The isolating switch is interlocked with the front 
cover so that the latter cannot be opened until the 
switch is in the “off” position. Moreover, the 
switch cannot be closed unless the cover has been 
fully closed and the locking ring has also been 
rotated to the fully closed position. The isolator 
itself is of the rotary type. The blades are carried 
on moulded insulation dises and are self-aligning. 
All the contacts are silver-faced. The discs are 
clamped together by four high-tensile steel bolts, 
which are fully insulated throughout their length. 
The *bus-bars are aceommodated in an, air chamber 
and are provided with mechanical clamps, so that 
the units canbe joined together in switchboard 
formation and extensions easily carried out. Pro- 
tection against instantaneous short-circuit is pro- 
vided by high-rupturing capacity fuses, and against 
sustained overloads which might overheat the motor 
by an adjustable thermal relay, which is operated 
from current transformers. There is also an earth- 
fault relay which is operated from a core balance 
transformer. These units are designed for the 
control of motors up to 350 h.p. at 3-3 kV, and 
can be used for the direct starting of squirrel-cage 
motors with push-button or automatic control. 
When employed with slip-ring motors rotor control 
equipment is necessary in addition. 

On the stand of Messrs. Applied High Frequency 
Limited, Actare Works, Goldhawk-road, London, 
W.12, is a range of industrial-heating, brazing, 
hardening, soldering and annealing equipment, in- 
cluding a 25-kW induction heater designed for 
arduous industrial conditions and for all forms of 
induction heating within its power limits. It stands 
approximately 7 ft. high and is about 4 ft. 2 in. wide 
and 4 ft. 6 in. deep overall, and may be operated 
from the standard 440-volt three-phase four-wire 
supplies. Though the continuous full-load output is 
25 kW at frequencies of 250 to 600 kilocycles per 
second, it can deliver 35 kW on 50-per cent. duty 
cycles having maximum heating periods of eight 
seconds. At full load, the power consumption is 
50 kW at a power factor of 0-87, 4 kW being taken on 
standby duties. The valves are designed for natural- 
draught cooling, but a centrifugal-type blower is 
installed for cooling them and the other equipment 
with a forced draught of filtered air. The trans- 
formers are vacuum impregnated, and the high- 
tension transformer is oil-immersed. Overload 
devices with tell-tale signal lamps are provided to 
protect the valves and other vital components, in 
addition to a voltage regulator to ensure that fila- 
ment voltages remain within prescribed limits for 
large variations in supply voltage. The output from 
the heater is smoothly varied between zero and a 
maximum by means of a stepless-control knob 


Fig. 44. 


which regulates grid-controlled valve-rectifiers and 
so alters the heater output by varying the high- 
tension voltage. A variable inductor provides 
accurate load matching for a wide variety of work 
through the agency of a single control, though 
provision is also made for loading coils to meet ab- 
normal work. An automatic indicating process timer 
is also fitted and can be supplied for different ranges. 

A smaller version of their Austinlite “Sixty” 
switch, which has been successfully used for some 
time in the control of machine tools and the elec- 
trical equipment on ships and aircraft, is being 
exhibited by Messrs. Chance Brothers, Limited, 
28, St. James’s-square, London, §.W.1. This 
switch, illustrated in Fig. 45, opposite, is known as 
the Austinlite “‘ Thirty ” and has been designed for 
use on alternating-current circuits. It consists of a 
number of cells of moulded plastic material with a 
high dielectric strength and free from surface 
tracking. The fixed contacts are of heavily-silvered 
electrolytic copper and are embedded in recesses 
in the rims of these cells, which are assembled on 
two tie rods and clamped by self-locking nuts. By 
undoing these nuts, the switch can be taken to 
pieces without removing it from the panel. The 
moving contacts are silvered copper rollers and 
are so arranged that they have a combined rolling 
and sliding movement, which keeps them clean. 
A snap action incorporated in the switch provides 
an “off” position between each of the contact 
positions. These “off” positions provide a dwell 
when switching from one contact to the next, so 
that any arcing is quenched before the new circuit 
is made. 

There are four pairs of stationary contacts in 
each cell, and the rotating contact carrier has four 
grooves in its periphery. These grooves are in line 
with the fixed contacts when the switch pointer is 
set at any of the numbered or “‘on” positions on 
the indicator plate. Each groove in the carrier can 
be fitted with a contact roller, so that a single cell 
may have one, two, three or four moving contacts 
and may be used to break up to four separate cir- 
cuits simultaneously. Alternatively, the contacts 
can be paralleled by external links to increase the 
carrying capacity. Switches may also be made up 
of one, two or three cells, so that up to 12 circuits 
can be dealt with simultaneously. 

The standard switches are designed to carry an 
alternating current of 15 amperes at 460 volts or 
of 30 amperes at 250 volts. Higher currents can be 
dealt with at reduced voltages. The switch assembly 





fits against a back panel and is held by two screws, 
which also secure the metal indicating plate. 
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1-H.P. Low-Srzzep Motor; British THomson-Hovuston Company, LimiTep. 


Only three holes are required for mounting and 
these can be drilled by using the indicating plate 
as a template. The standard switches are made 
with two different lengths of shaft extension for use 
with panels up to 3 in. and 1 in. thick, respectively. 
Among the electrically-heated plant and appa- 
ratus being exhibited by Messrs. Barlow-Whitney, 
Limited, Coombe-road, Neasden-lane, London, 
N.W.10, is a compact humidity chamber intended 
primarily for testing the insulation of electrical 
equipment under tropical conditions, and enabling 
controlled-humidity tests to be carried out at 
temperatures up to 80 deg. C. The chamber is 
about 4 ft. 6 in. long, 3 ft. wide, and 2 ft. high, 
and weighs about 34 cwt. The internal dimensions 
of the testing compartment are approximately 
2 ft. 6in. by 1 ft. 6in. by 1 ft. 6 in., and the internal 
walls and fittings are of heavy tinned copper 
or brass. Two removable wire-mesh trays are 
provided, and there are small outlets to enable 
electrical leads to be connected to the equipment 
under test. A front door, hinging downwards, 
incorporates an inspection window which is usually 
covered by a hinged flap. The chamber has a 
metal-cased 1-kW heater for regulating the internal 
temperature, and a humidity unit consisting of a 
small boiler or evaporator actuated by 600- and 
500-watt heater elements; a fan circulates the 
internal air. Both the circuits of the heater and 
humidity units are controlled by dry and wet bulb 
thermometers having ranges from 20 deg. to 100 deg. 
C.; the thermometers are of the adjustable contact 
type, and operate relays to give a fine control over 
relative humidity up to a maximum value of 85 per 
cent. The thermometers protrude vertically through 
the top of the chamber and the correct settings of 
the contacts for specified conditions can be obtained 
from psychrometric charts. Both the “wet” 
and “dry” circuits can be switched in separately 
to enable equipment to be tested in dry atmos- 
pheres when required. The same firm also exhibit 
one of their smaller electric furnaces suitable 
for hardening, annealing, or tempering of small 
components, or for processes where temperatures 
up to 1,100 deg. to 1,200 deg. C. may be needed. 
Among the radio and the communications equip- 
ment being exhibited by the Plessey Company, 
Limited, Ilford, Essex, is a transmitting and receiv- 
ing set for small, or medium-sized aircraft. This set 
provides very high-frequency radio-telephone com- 
munication on any one of six crystal-controlled 
channels in the aeronautical band between 116 to 
132 megacycles per second, and has a working range 
of about 40 miles at heights of approximately 
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Fie. 45. 30-AmperE Rotary Switcu ; 
Messrs. Coance Broruers, LIMITED. 


2,000 ft. It can be hand-controlled, or used with a 
remote-control] adaptor, and can also be used to pro- 
vide intercommunication between three positions 
within the aircraft. The complete unit is illustrated 
in Fig. 46, weighs about 15 lb. and is approximately 
11 ip. long, 8 in. high, and 6 in. wide overall. 
The required frequency channel is selected by 
means of a six-position rotary switch seen on the 
right in Fig. 46, both the receiving and transmitting 
units then being condenser-tuned by the rotary 
control on the left. The spindle of this can be 
moved axially to operate a ‘‘ press to transmit ” 
switch, thus enabling the equipment to be set for 
one of the six frequencies while one hand remains 
free for controlling the aircraft. Crystals for the 
transmitter and the receiver are housed in holders 
at the front, as shown in the illustration ; additional 
frequency channels can be used if extra crystals are 
carried. Optimum tuning conditions are indicated 
by a small meter. The front panel also has an 
on-off switch and a preset audio gain control. 

The set comprises two chassis, one of which incor- 
porates the receiver and modulator, and the other 
the transmitter and power pack. The set can be 
supplied for 6-volt direct-current supplies, though 
the standard equipment is intended for either 
12- or 24-volts direct current suitable tappings being 
provided. A non-synchronous vibrator, with ‘a 
cold-cathode rectifier is used to generate the high- 
tension voltages, which are smoothed by a resist- 
ance-capacity filter. Valves and other components 
can be replaced without separating the chassis, 
and the various leads, including aerial leads, are 
brought out at the rear of the receiver. For remote 
control, an adaptor box is secured to the front 
panel after removing the meter and control knobs. 
This box contains a small electric ratchet motor 
which operates both the channel-selecting switch 
and the tuning spindle, and is used in conjunction 
with a remote-control box situated up to 10 ft. of 
cable away. The remote-control box has a meter 
and operating controls duplicating those on the 
main transmitting-receiving unit and the total 
weight of the remote control gear and its cables is 
about 7 Ib. 

Messrs. Brook Motors, Limited, Empress Works, 
Huddersfield, show a range of electric-motor con- 
trol gear and a number of fractional and higher 
horse-power motors, including down-draught drip- 
proof and splash-proof types having end shields with 
screen-protected vents to prevent the entry of oil 
or moisture from any angle greater than 120 deg. 
from the vertical. A photograph of one of these 
motors, a slip-ring type, is reproduced in Fig. 47, on 
this page. The machine may be clamped and 
adjusted along the usual form of base slots; the 
stator terminal box is at the side. The stator wind- 
ings are of synthetic-resin covered wire and are 
insulated from the stator slots by Micanite and 
leatheroid linings. The enclosed slip rings are fully 
insulated and have two brushes per ring ; the brush 


Fie. 46. Argcrarr Rapio TRANSMITTER- 
REcEIVER; Pressey Company, Limirep. 


gear is made from phosphor-bronze pressings and 
there is a horizontal gland for the leads. Roller 
bearings are fitted at the driving end, and ball 
bearings at the opposite end serve to resist end thrust 
and tolocatetherotor. Theshaft is machined with- 
out shoulders from high-tensile steel, and the bear- 
ings are fitted with screw-down grease lubricators. 

Equipment for the automatic control of tem- 
perature and fuel in gas- or oil-fired furnaces is 
included in the temperature-indicating and recording 
apparatus exhibited by Messrs. Ether, Limited, 
Tyburn-road, Erdington, Birmingham, 24. One of 
the “‘ Throttltrol” instruments for regulating the 
fuel supply to suit the heat requirements of a furnace 
load is designed to keep furnace temperatures within 
narrow limits, and to give a visual indication of the 
setting of the valve controlling the main fuel supply. 
It provides a form of two-position control, since, 
when the temperature rises or falls beyond the pre- 
scribed limits, the valve is throttled down to its pre- 
set minimum-input position, or opened to its pre-set 
.maximum-input position, these settings being 
governed by the temperatures required and the 
nature of the furnace load. The instrument is in- 
tended for use with any three-position controller or 
pyrometer having “neutral,” and “high” and 
‘*low ” switch contacts which operate electrical pilot 
circuits when the prescribed temperature limits are 
reached. Apart from the external pyrometer or 
controller, the instrument is self-contained ; it incor- 
porates relays which are actuated by the pyrometer 
to control two small reversible electric motors. 
Each of these drive worm-reduction gearing to turn 
an arm through an angle set by limit switches, one 
of the arms operating an adjustable linkage attached 
to a fuel-control valve in a short pipe near the base 
of the instrument. This linkage also turns a 
pointer to indicate valve position on a scale at the 
top. The valve itself is of the adjustable-port type 
so that the fuel supply in the fully-opened position 
can be finely adjusted to avoid undue excess ; the 
valve-operating gear is housed in the lower section 
of the instrument, and the short valve pipe can be 
inserted in any convenient position along the main 
fuel pipe. The motors and electrical equipment are 
contained in a dust-proof case above the valve gear. 

The Consolidated Pneumatic Tool Company, 
Limited, 232, Dawes-road, London, S.W.6, are 
showing a range of plant and tools for civil-engi- 
neering contractors. Their new stationary single- 
cylinder belt-driven compressor has been designed 
for under-water tunnelling and other excavation 
work in water-bearing ground ; a photograph is re- 
produced in Fig. 48, on page 528, and a longitudinal 
section of the compressor is shown in Fig. 49. 
The bore is 19 in. and the stroke is 13 in., giving a 
capacity of 1,167 cub. ft. per minute of free air 
when, operating at 275 r.p.m. ; it absorbs 122 shaft 
horse-power at a maximum discharge pressure of 
40 Ib. per square inch. The compressor has been 





designed for long periods of operation without 
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stopping, and, since men will be working in the 
compressed air discharged by the machine, par- 
ticular care has been taken to ensure that the air 
delivery is free from oil vapour and that the pressure 
is regulated within very close limits. The unloader 
fitted to the compressor will regulate the pressure 
in the workings to within 2 oz. per square inch, 
although in practice a tolerance of 4 oz. to 6 oz. per 
square inch is usually considered sufficient. 

The crankshaft is of forged steel, machined all 
over, and is balanced by two counterweights. It 
is carried in two double-row tapered-roller bearings ; 
one bearing locates the shaft axially, while the 
other bearing is free to float in order to avoid tem- 
perature stresses. The big-end bearing is of cast iron 
lined with white-metal, and the little-end bearing 
is solid bronze; both are provided with wedge 
adjustment to take up wear. The connecting rod 
has a fork end for easy dismantling without dis- 
turbing other parts. The crosshead is of box 
section, grooved to ensure even oil distribution, 
and overruns the ground crosshead guides, which 
are cast in the main crankcase frame. The crank- 
case is totally enclosed, with oil-tight covers; a 
large inspection cover allows access to the crankshaft 
and big-end bearing. To prevent oil passing from 
the crankcase to the cylinder, a false head in the 
crankcase carries metallic wiper rings working on the 
piston rod. The inner cylinder head is provided 
with a deep stuffing box, aceessible through a hand 
hole in the crankcase. The cylinder is cast from 
fine-grain grey cast iron, bored, ground, and honed 
to a mirror finish; the cylinder walls have been 
made sufficiently thick to allow for at least two 
rebores. 

To cool the air during compression, the cylinder 
and cylinder heads are water-jacketted ; the water 
jackets are fitted with cleaning covers. The firm’s 
standard inlet and discharge valves are fitted, of 
large diameter and low lift, giving large port areas 
and quiet running. Lubrication of the moving 
parts is automatic ; the main and big-end bearings, 
the crosshead and the crosshead pin are flood lubri- 
cated. The cylinder is lubricated by a force-feed 
lubricator driven from the crosshead ; this can be 
adjusted to give the minimum amount of oil neces- 
sary to lubricate the piston. The compressor is 
available also with a smaller cylinder, of 14-in. 
bore and 13-in. stroke, which gives a capacity of 
630 cub. ft. per minute of free air at 275 r.p.m. ; 
this model requires 100-5 h.p. at the shaft when 
delivering air at a maximum pressure of 100 Ib. 
per square inch. The larger low-pressure compressor 
can easily be converted to the smaller high-pressure 
unit by changing the cylinder assembly. 

Messrs. British Jeffrey-Diamond Limited, Sten- 
nard Works, Wakefield, Yorkshire, have added a 
new fine-grinder to their range of crushing, pulveris- 
ing and grinding machines, a representative selection 
of which is on view. The new machine, known as 
the “‘ Midget Atomill,” is illustrated in Figs. 50, 51 
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and 52, opposite ; it has been designed for labora- 
tory use, but it is suitable also for small batch 
production. Its construction is similar to, but 
simpler, than the “ Atomill” which was described 
in detail on page 219 of our 164th volume (1947) ; 
in the Midget Atomill, the rotor a is mounted on 
the shaft of a Klaxon }-h.p. 10,000-r.p.m. electric 
motor 6, housed within the casing of the machine. 
The grinding action is obtained by means of 12 
hinged hammers c, attached to the rotor, which 
drive the material against the serrated grinding 
liner d. The material is fed to the grinding cham- 
ber, through the funnel e, by the feeder serew f, 
which is operated by a handwheel g. After being 
ground to the desired size, the material 
through a screen A and is discharged through the 
opening + in the baseplate; oversize material is 
retained by the screen and carried round again by 
the hammers for further reduction. Air by-pass 
passages j are provided for equalising the air pres- 
sure in the grinding chamber when the machine is 
in operation, or for filling the grinding chamber 
either with an inert gas so that explosive materials 
may be reduced, or with cold air in the case of low 
melting-point materials. The Midget Atomill is 
capable of reducing materials, ranging from small 
samples weighing a few grains to samples made up 
of about }-in. cube material. For laboratory work 
it may often be necessary to clean the machine 
thoroughly several times daily, and the Midget 
Atomill has therefore been constructed so that 
it can be dismantled easily. The knob k can be 
unscrewed to release a locking bar 1, allowing the 
side of the grinding chamber to be removed to give 
access to the hammers. All the internal parts are 
heavily chromium-plated to resist corrosion and, 
excepting the motor, the whole machine can be 
immersed in @ cleansing bath. 

Messrs. Poles Limited, Nickel Works, Tyburn- 
road, Erdington, Birmingham, 24, exhibit a range 
of tapering steel tubes for radio masts, street-light- 
ing columns, and telephone and overhead electric- 
power line supports. The tubes are assembled 
telescopically, overlapping at each end to form 
tapering rigid self-supporting structures in suitable 
foundations, or long slender masts supported by 
guy ropes. Owing to their tapering sections, they 
can be nested one within the other to occupy a 
minimum of space for transport, each complete 
pole or column then being contained within the 
space of the largest tube. Hexagonal-section pole 
pieces are also shown, these being intended pri- 
marily as an alternative to circular sections for 
street-lighting columns. 

(To be continued.) 


LITERATURE. 


Progress in Metal Physics. Vol. I. Edited by Dr. B. 
CHALMERS. Butterworth’s Scientific Publications. 
Bell-yard, Temple Bar, London, W.C.2. [Price 45s.] 

Tis volume is the first of a series which it is 

intended to produce at annual intervals, reviewing 

the current state of knowledge in the field of physical 
metallurgy and metal physics. The aim is to provide 
the historical background to each subject when it 
is discussed for the first time, and, in subsequent 
articles, to cover only the more recent progress. 
Thus, in the course of time, various topics of current 
interest will have been reviewed and the more 
important aspects in which progress is being made 
will have been indicated. This first volume contains 
seven articles, dealing with a considerable range of 
subjects, and the method of approach in each case 
is such as to enable even those who lack previous 
knowledge to follow the discussion with relative 
ease. For this reason, the articles should be of 
use to readers who are interested in physical metal- 
lurgy, but who have not the time to explore the 
existing literature for themselves. The treatment 
in each case is fundamental in character ; a feature 
to be commended, since it is becoming increasingly 

clear, in all branches of metallurgy, that only by a 

thorough understanding of the basic facts can 

accurate predictions of behaviour be made and 
good design be achieved. 

In the first article, Professor G. V. Raynor outlines 
the present state of the theory of alloys. He 
shows how a better understanding of the funda- 
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mentals governing the form of equilibrium diagrams 
is making possible the prediction of the phase fields 
to be expected in ternary and quaternary diagrams 
which have not yet been investigated experimentally. 
This is obviously important work in view of the 
increasing use of complicated alloys in modern 
engineering practice, and deserves to be studied in 
detail. Professor A. H. Cottrell’s article upon dislo- 
cations illustrates the significance of this concept 
in helping to explain many of the present-day 
problems of metallurgy, such as strain hardening, 
slip-band formation, creep, ageing, and annealing. 
Dr. B. Chalmers and Mr. R. King deal with crystal 
boundaries, the nature of which, and the reasons 
for some of their known properties, are subjects of 
considerable moment because of the influence of 
boundaries upon mechanical properties, phase 
changes, etc.; this article should be useful in 
clarifying some of the views that have been expressed 
on the subject. Age hardening, dealt with by Mr. 
G. C. Smith, has been the subject of many investiga- 
tions since the pioneer work of Wilm, the discoverer 
of the phenomenon. Mr. Smith traces the develop- 
ment of the theory of ageing from the early work 
up to the present time, the experiments and theories 
of various workers being discussed in detail. Mr. 
£. H. Bucknall and Dr. W. Steven, dealing with 





the hardening response of steel, summarise the 
underlying theory and review the various test 
methods available for estimating hardenability. Dr. 
T. Ll. Richards ably surveys the preferred orienta- 
tion effects which can arise in non-ferrous metals, 
with special attention to the influence of cold rolling 
and annealing on the structure and properties of 
copper and brass strip. The final article, on the 
diffusion of metals in metals, is by Mr. A. D. le Claire. 
This topic has applications throughout the whole 
of metallurgy, many metallurgical processes and 
treatments being dependent upon atomic migration. 
It will be seen, therefore, that a great deal of useful 
information is to be found in this first volume ; 
and though, as mentioned above, the separate 
articles are not necessarily complete in themselves, 
they do provide a good general picture of the 
topics covered. 

Applied Thermodynamics Problems for Engineers. BY 
W. J. Peok and A. J. Ricumonp. Edward Arnold 
and Company, 41, Maddox-street, London, w.i. 
[Price 21s. net.] 

Tue ambition to acquire an engineering degree, OT 

the desire to qualify for membership of one or other 

of the principal engineering institutions, has made 
the passing of examinations a major interest to 
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thousands of young men on the threshold of the 
engineering profession. However well a candidate 
may have studied a subject, he is more likely to 
succeed in an examination on it if he has previously 
made himself acquainted with the kind of questions 
likely to be encountered and with the kind of 
answers an examiner requires. Most of the text- 
books on thermodynamics give some help in such 
matters, but none so directly and effectively as the 
present work, which is devoted exclusively to the 
needs of the prospective examinee. The authors, 
both of whom are engaged in teaching engineering 
at the Battersea Polytechnic, have selected over 
300 questions on thermodynamics from papers set 
by 16 universities or other examining bodies, and 
have provided completely worked-out answers to 
more than half of them, as well as short answers 
with indications of the methods of solution for 
the remainder. 

A preliminary chapter of 21 pages reviews 
concisely the fundamental knowledge that the 
student is expected to possess, and some of the 
other chapters are prefaced with a brief introduc- 
tion to the subject concerned ; otherwise the whole 
book is made up of questions and their answers. 
The ground covered is very extensive, including 
air-compressors, internal-combustion engines and 
turbines, combustion, gas producers, steam plant, 
refrigeration and heat transfer. The questions are 
grouped in 19 separate chapters each confined, as 
far as possible, to a particular subject. A good 
index at the end of the book is an additional con- 
venience to the reader. The whole work constitutes 
an admirable appendix to any of the standard 
treatises on engineering thermodynamics for stu- 
dents, and can certainly be recommended to any 
who have an examination in view. It is also likely 
to be found useful as a reference book by many 
engineers who may wish to refresh their memories 
regarding some of the calculations in thermo- 
dynamics. 





CENTENARY OF BIRTH OF OLIVER HEAVISIDE, F.R.S.— 
The Institution of Electrical Engineers is holding meet- 
ings at the Institution building, Savoy-place, Victoria- 
embankment, London, W.C.2, on Thursday, May 18, to 
commemorate the centenary of the birth of Oliver Heavi- 
side, F.R.S., 1850-1925. An address entitled ‘‘ Heaviside, 
the Man ” will be delivered at 3 p.m. by Sir George Lee, 
0.B.E., and this will be followed by a number of short 
tributes to Heaviside and his work. Tea will be served 
at 5 p.m. At 5.30 p.m., papers will be read on “ An 
Appreciation of Heaviside’s Contribution to Electro- 
magnetic Theory,’’ by Professor Willis Jackson, D.Sc. ; 
on “ Heaviside’s Operational Calculus,” by Professor B. 
van der Pol, D.Sc. ; and on “ Fifty Years’ Development 
in Telephone and Telegraph Transmission in Relation to 
the Work of Heaviside,” by Dr. W. G. Radley, C.B.E. 
The meeting will be concluded by a paper, entitled 
“Some Unpublished Notes of Heaviside,” to be read 
by Mr. H. J. Josephs. 
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LININGS FOR IRRIGATION 
CANALS. 


THERE are thousands of miles of irrigation canals 
and ditches situated in many different countries 
and the efforts which are being made to increase the 
food production of the world are likely to lead to 
extensive additions to the total. Many such canals 
are of a primitive unlined type and in which there is 
serious leakage, not only reducing the amount of 
water available at the place which it is intended to 
serve, but sometimes saturating lower lying lands 
and rendering them unsuitable for cultivation. It has 
been estimated that one-third of the water diverted 
for irrigation from rivers in the western part of the 
United States is lost by seepage, and it is known that 
in some individual cases the loss is as great as 60 per 
cent. Of the 14,600,000 acre-feet of water diverted 
during 1946, for use on 36 projects carried out by 
the Bureau of Reclamation, 37 per cent. was lost in 
transit. Of this, 23 per cent. was attributed to 
seepage from canals and laterals, and 14 per cent. 
to waste. While it is realised that there is some 
loss by evaporation, it is considered that this is 
likely to be so relatively small that it may be 
neglected in any general consideration of the situa- 
tion. In addition to water loss, unlined canals 
and distribution ditches facilitate weed growth 
which reduces effective flow capacity and encov'rages 
undesirable aquatic worms, and other animal life, 
which, in some hot countries, may become 4 serious 
menace to health. An example of the saturation 
of neighbouring land by seepage from an unlined 
canal is illustrated in Fig. 1, on page 530. The water 
lying on the surface has come from a canal 700 ft. 
away. 

In view of the increasing urgency of conserving 
the water lost from unlined irtigation canals, the 
United States Bureau of Reclamation inaugurated 
a Lower-Cost Canal Lining Programme in June, 
1946. In implementing this, a remarkable variety 
of lining methods have been examined and experi- 
mented with, laboratory investigations, surveys, 
seepage determinations and field installations having 
been made. The Portland Cement Association, the 
Asphalt Institute and manufacturers of equipment 
co-operated in the work. Survey showed that of 
125,000 miles of irrigation canal in 17 Western 
States less than 4 per cent. was lined and investiga- 
tion was particularly directed to the problems of 
the development of canal linings, or methods of 
treatment, which could be applied at sufficiently 
low cost to be economically feasible. The results 
of the work so far carried out are presented in a 
valuable report entitled Lower Cost Canal Linings 
published by the Bureau of Reclamation. This 
should be of value in many countries as well as in 
the United States. 

In any investigation designed to determine the 
desirability of lining a canal, or network of canals, 
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it is clearly necessary that information about the 
actual loss by seepage should be obtained. This 
will enable a rough estimate to be made of the 
justifiable cost of a lining ; measurement of seepage 
will also be desirable, or necessary, in determining 
the effectiveness of any novel method of lining 
which may be experimented with. The report 
describes various methods of determining seepage 

The first is the inflow-and-outflow method in which 
the quantity of water flowing into a canal section, 
and the quantity flowing out, are measured, the 
difference representing the totalloss. Measurements 
of this kind may be made by means of current 
meters, weirs, gates, etc. It is stated that current 
meters, although frequently used because their cost 
is Jow, are normally not sufficiently accurate for 
determining seepage losses. Weirs are frequently 
impracticable and even when their installation is 
possible, fluctuations in head, when using large 
volumes of water, may produce inaccurate results. 
Stream velocity, from which the quantity passing 
may be determined, can be measured by the time 
of travel of a salt cloud from one pair of electrodes 
to a second pair set at a known distance downstream, 
passage of the electrolyte being detected by an 
ammeter or other instrument. It is considered, 
however, that the special equipment and technique 
required for this method makes it unsuitable for 
ordinary field use. 

It is stated in the report that ‘‘ based on present 
information, the tappoon method is the most 
accurate means of determining seepage losses.” 
This method, however, has certain disadvantages, 
since it is necessary to take the canal being studied 
out of service, and measurements made in freezing 
temperatures, or when the subsoil is very dry, may 
introduce indeterminable errors. As the measure- 
ments are made with still water, a further error may 
possibly be introduced. .Experiment has shown 
that seepage losses may be greater with still than 
with running water. The tappoon method involves 
segregating a section of a canal with temporary 
bulkheads, filling the section with water and 
observing any decrease in volume over a given period 
of time. An alternative procedure is to maintain 
a constant head by providing for the charge of a 
known quantity of water into the isolated reach 
and measuring the outflow over a fixed crest; the 
difference between inflow and outflow representing 
the total Joss. This procedure gives results of 
considerable accuracy. 

Still another method is the use of a permeameter 
or seepage meter. In its simplest form, this instru- 
ment consists merely of a large-diameter pipe 
placed in the stream bed. This is filled with water 
and the fall in head over a specific time gives a 
measure of the seepage over the isolated area. 
Alternatively, a constant head may be maintained 
by adding water, the quantity of which will again 
be a measure of the seepage. Obvious. possible 
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sources of error with this arrangement are leakage 
around the end of the pipe and disturbance of the 
bed resulting in local change of density. This method 
has been elaborated by the design of seepage meters 
which consist of a large-diameter inverted bell 
placed on the canal bed and connected to a gauge 
above the water surface on which the fall in level 
in the bell may be read. An alternative type is 
provided with a flexible bag containing water, this 
being connected to the bell and the water lost by 
seepage being made up from the bag. By weighing 
the bag before and after an observation, the seepage 
may be measured. Instruments of this kind can 
clearly be used only in unlined canals, but it is 
stated that they are of value in the investigation of 
particularly porous sections. They may be applied 
conveniently on canal reaches which have been 
isolated on the tappoon method. 

As seepage from an unlined canal is determined 
largely by the nature of the subsoil and the height 
of the water table, it is desirable to make preliminary 
observations before expensive lining is undertaken. 
The height of the ground-water table will vary with 
the season of the year, and at times there may 
actually be a flow into the canal, or an even balance 
between the canal and the adjacent area. Further, 
silt deposited in a canal tends to reduce the seepage, 
so that observations made on a recently-constructed 
canal may not give true information about its 
performance after it has been in use for a few 
years. It is suggested that the nature of the sub- 
soil should be ascertained by sinking test holes ; 
these may also be used for field percolation tests 
which will give some indication of the probable 
destination of the lost water. Preliminary obser- 
vations of this kind and consideration of the season 
of the year in which the work is undertaken will 
form useful guidance in determining the extent and 
nature of remedial measures. 

It is desirable that a canal lining should be practi- 
cally watertight; that it should prevent the 
growth of weeds; that it should resist burrowing 
animals; that it should not be affected by the 
trampling of cattle; that it should be adapted to 
the construction of a smooth canal of proper shape 
to permit of high velocities; and that its cost 
should not be excessive. Concrete linings most 
nearly fulfil these conditions, but are probably 
the most expensive to construct. As, however, 
there are many hundreds of miles of concrete-lined 
canal in existence, it may be presumed that the cost 
is not “excessive.” The relative importance of the 
specified. requirements must depend on the size 
and nature of the canal. It does not seem likely that 
large deep main canals will be subject to trampling 
by cattle, although this may well apply to shallow 
lateral service canals; on the other hand, these 
latter would not seem to call for the high velocities 
proper to main arterial canals. 

Concrete linings are highly resistant to erosion 
and permit of the use of high velocities, which may 
be of value when the nature of the terrain calls for 
steep gradients. A high velocity naturally reduces 
costs by reducing the cross section. Such linings 
also exercise a stabilising effect on side slopes 
which may have a tendency to collapse ; they will 
also bridge smal] holes and washouts. On the other 
hand, they are subject to temperature cracking 
and may be damaged or destroyed by external 
hydrostatic pressure due to ground-water. In 
situations in which severe winter conditions are 
experienced, “frost heaving is undoubtedly the 
greatest factor in the destruction of concrete 
linings.”” The best protection is adequate drainage 
and proper preparation of the subgrade, but measures 
of this sort may add considerably to the cost. Field 
experience has shown that damage to the concrete 
itself by alternate freezing and thawing may be 
minimised by the use of an air-entraining agent. 

Cast-in-place linings are usually laid without the 
use of forms, the side slopes being sufficiently flat 
to permit of this procedure. Fig. 2, opposite, 
shows men hand-screeding a 2-in. concrete lining 
on a smal] lateral canal. The material was delivered 
from wheelbarrows from the top of the slope. For 
larger installations, more elaborate methods are 
used, the concrete being transported and dumped 
by chain-track cranes, and the surface being finished 
by a screed operated by a travelling winch on the 
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top of the bank. The average life of a properly 
constructed lining should be about 40 years, but 
there have been many failures due to defective 
construction methods, the quality of the concrete, 
subgrade conditions, frost-action, ground-water 
pressure or other cause. An example of the destruc- 
tion of a lining by alternate freezing and thawing is 
shown in Fig. 3, opposite. As already mentioned, 
the addition of an air-entraining agent has been 
found to be of value in minimising the destructive 
action of frost, but adequate drainage and proper 
preparation of the subsoil are probably the best 
preventives. In particularly unfavourable situa- 
tions, concrete linings must be ruled out as unsuit- 
able. Measurements which have been made of the 
losses from concrete-lined canals show that these 
vary Over a very wide range. Leakage through 
cracks and joints constitutes the principal source 
of loss and indicates the importance of proper 
maintenance. It is stated that the loss from a 
concrete-lined canal should not exceed 0-05 cub. ft. 
per square foot of wetted perimeter per 24 hours. 

An elaboration on the plain-concrete lining is the 
use of reinforcement, but apparently there is great 
variation of opinion about its value. Its essential 
purpose is to reduce the size and spacing of con- 
traction cracks. The formation of cracks is due to 
volume changes, resulting from differences in mois- 
ture and temperature, and is dependent on the 
degree to which volume change is resisted by 
internal and external restraint. Reinforcing steel 
gives rise to tensile stresses in the concrete, with 
the result that numerous hair cracks are formed in 
the slab. External restraint is furnished by the 
frictional resistance between the subgrade and the 
slab. Theoretically, the stress resulting from this 
restraint varies from zero at the free edge to a 
maximum at the centre of the slab. When the 
tensile stress in an unreinforced slab exceeds the 
tensile strength of the concrete, a crack results and 
the slab becomes two separate units. Had the slab 
been reinforced, however, an open crack would 
have been prevented, but the transfer of a sub- 
stantial portion of the stress to the steel would 
have resulted, owing to the elongation of the steel, 
in the formation of a number of fine cracks. 

The extensive use of reinforcement in concrete 
roadways is for the purpose not only of preventing 
open cracks, but also for holding together the sepa- 
rate parts of the pavement which exist as a result 
of hair cracks. Unequal traffic loading may tend 
to displace these separate parts. There will be no 
action of this kind on canal linings, but unequal 
loading may result from uneven, settlement of the 
subgrade, and in such an event reinforcement 





would hold together the parts of the lining. Similar 
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uneven loading may result from unbalanced hydrau- 
lic pressure under the lining, but it is pointed out 
in the report that the effect of reinforcement in 
such circumstances may result in a general failure 
which would have been avoided with an unrein- 
forced lining that might have fractured locally and 
relieved the pressure. Fig. 4, on page 536, shows a 
section of the Contra Costa Canal in California in 
which the reinforced lining was destroyed by flota- 
tion. Had there been no reinforcement, a smaller 
section of the lining might have failed and relieved 
the pressure. 

The inevitable cracking which takes place in a 
concrete slab of great length may, to some extent, 
be controlled by the use of contraction joints. 
When a concrete cana] lining is placed by hand, it is 
common, practice to construct it in alternate panels ; 
the bond between the panels, being weaker than the 
slab itself, tends to concentrate cracking in the 
construction joint. In addition, various types 
of contraction joint are employed. The most 
common is a narrow groove formed in the concrete 
to a depth of about one-third of the thickness of 
the lining. The spacing of these joints depends on 
the size of the canal, the thickness of the lining, 
climatic conditions, the type of the subgrade soil 
and the properties of the concrete used. The choice 
of spacing in practice is based on past experience. 
Almost all reinforced-concrete linings designed and 
constructed by the Bureau of Reclamation, during 
1935 and 1936 were provided with transverse 
contraction joints 8 ft. apart. This was changed 
to a spacing of not less than 8 ft. nor more than 
20 ft. for canals designed in the period 1937 to 1939. 
During 1940-41 the joint spacing was established 
at 10 ft. for reinforced-concrete linings, but since 
1941 the joint spacing has varied with the size of the 
canal. For canals of greater capacity than 500 
cusecs, the spacing has been about 15 ft., and for 
those of smaller capacity, about 10 ft. 

Until recent years very little unreinforced canal 
lining has been installed by the Bureau of Reclama- 
tion, but a considerable amount has now been placed, 
the spacing of the joints being about 3 ft. less than 
for reinforced lining in larger canals, and the same as 
for reinforced lining in smaller canals. Longitudinal 
joints, or grooves, are not necessary in smaller 
canals to control cracking, but in canals of 3,000 to 
5,000 cusecs capacity it is the practice to specify 
one or more grooves in the base slab and in each 
side-slope slab. The grooves are required to be 
filled with an, impermeable elastic material to prevent 
the loss of water through the cracks and the entry 
of sand or other incompressible material which would 
prevent expansion of the concrete. The thickness 
of the lining used varies between 2 in. and 44 in. 
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The 2-in. thickness is confined to small canals and 
laterals and the 4}-in. thickness is being employed 
for the Jarge canals of the Columbia Basin Project. 
The average thickness for other large canals is 
3} in. 

Linings formed of pre-cast concrete slabs, instead 
of cast-in-place concrete, have been used to some 
extent in the United States. In certain circum- 
stances this type of lining may possess some advan- 
tages and may be relatively economical. If the slabs 
are sealed with a flexible material and are continu- 
ous, not staggered, the lining will be able to adjust 
itself to slight movements of the subgrade. The slabs 
have to be laid and the joints sealed by hand labour, 
but if suitable block-making machinery is available, 
they may be manufactured at low cost. As little 
equipment is necessary for their installation, and 
as they may be placed by relatively unskilled labour, 
they should be suitable for work in isolated districts, 





providing that arrangements can be made for their 
distribution from a centrally-situated slab-making 
plant. Pre-cast lining of this type has advantages 
for use in the winter in localities where cast-in-place 
concrete would be in danger of freezing or in any 
situation in which the time available for installation 
is short; a lining of this type will stand up to 
flowing water without appreciable damage, imme- 
diately it is completed. Where slabs are available 
at a reasonable price, they can be used by individual 
farmers for lining their own small ditches and 
distribution channels. 

An example of a pre-cast concrete slab lining 
under construction is illustrated in Fig. 5, on page 
536. This shows a section of a 400-ft. length of a 
lateral canal forming part of the Yakima project 
in the southern part of the State of Washington. 
The installation was an experimental one, made in 
the late autumn of 1946. Two types of slab were 





used, one 2 ft. square and the other 8 in. by 2 ft. 
For part of the section, the canal was formed with a 
flat bottom made up with two square slabs side by 
side, butting with similar slabs on the flat sloping 
side banks; with the 8-in. by 2-ft. slabs a round- 
bottom form of canal was adopted, as shown in Fig. 5. 
These slabs were tongued and grooved. The square 
slabs were 2} in. thick and the others 2 in. All 
joints were sealed by hand with asphalt mastic. 
This slab construction was used only on straight 
parts of the section, curves being treated with 
Gunite and it is stated in the report that “‘ the usual 
flat slab cannot be used in curved sections.” It 
would appear, however, that it might be possible to 
employ it on curves of large radius. 

The Yakima installation has not been in service 
long enough to enable its useful life to be estimated, 
but it has already exhibited some minor defects. 
In the first winter, a bulge appeared in the flat 
bottom of the section lined with square slabs, 
owing to frost heaving; but this was apparently 
allowed to correct itself with the return of warmer 
weather. In addition, storm water entered behind 
the lining in part of the section in which 8-in. by 
2-ft. slabs were used and displaced one of the side 
slopes, as shown in Fig. 6, on page 536. This would 
appear to be a case for the local repair to which this 
type of lining is so readily adapted. The slabs 
for this installation were made by hand methods 
using metal forms. It may well be that in countries 
in which cheap Jabour is available this may be the 
most economical procedure, but in the United 
States, assuming the quantities required are large 
enough, machine manufacture should be cheaper. 

Pre-cast slabs are not likely to be used for lining 
large canals, but they have been extensively em- 
ployed by the United States Public Health Service 
for lining small drainage ditches for malaria control 
in some of the southern states. A similar procedure 
in some other parts of the world might be profitable. 
Rectangular slabs with tongue-and-groove joints 
and weighing 55 Ib., are used. They are made 
by hand using wooden forms, three men with a 
concrete mixer casting 200 a day. Another three 
men, can place 300 linear feet of lining, three slabs 
wide, in a day. The joints between the slabs are 
not sealed. It is reported that vegetation working 
through the joints is very troublesome and is the 
main factor tending to displace the slabs. Although 
it would naturally slow down, the rate of construction, 
some control over this trouble should be effected 
by sealing the joints. 

Another method of canal] lining which has been 
used to a considerable extent is the application of 
Portland-cement mortar by pneumatic pressure. 
This materia] is frequently referred to as Gunite, 
sometimes incorrectly, as that term is a trade name 
applicable only to the sand-cement product of a 
particular make of equipment. The general term 
*‘shotcrete”” has been adopted by the American 
railway, engineering and Portland cement asso- 
ciations. Shotcrete linings have been used for more 
than 30 years, and the majority of the installations 
appear to have given satisfactory service. They have 
been employed mainly in temperate climates, but the 
Southern California Edison Company have recently 
made extensive use of shotcrete for the lining and 
repair of canals in the Sierra Nevada Mountains, 
a region where the winter weather conditions are 
very severe. 

Shotcrete is applied through a flexible hose in the 
manner illustrated in Fig. 7, on page 536. A mixture 
of dry sand and cement is forced through the hose 
by pressure air, and water is added, through a 
second hose, at the discharge nozzle. The nozzle is 
held some 3 ft. away from, and normal to, the 
surface being covered. Satisfactory results depend 
on the rate of application and the adjustment of 
the mix, and it is necessary to employ skilled labour. 
The method of application results in a portion of 
the mix rebounding from the surface and the 
Bureau of Reclamation require that this shall be 
compacted and smoothed by trowel. In some cases, 
the rebound is left in place, as, for instance, in small 
farm ditches in which hydraulic considerations 
would not justify the cost of a trowelled surface. 
Experience has shown that when a curing com- 
pound is sprayed on to the surface the coverage is 
so greatly increased by trowelling that the cost of 
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this operation is off-set by the saving in curing 
compound. 

Shotcrete linings are particularly well adapted for 
work in which there are numerous laterals and farm 
ditches of different sizes and shapes. The usual 
thickness of linings varies between 1 in. and 2 in.; 
a reasonably good finish for the subgrade is neces- 

It is usual to specify that the subgrade shall 
be moist at the time of application of the shotcrete 
so that water will not be drawn from the freshly- 
placed mix. Reinforcement is extensively employed 
with shotcrete linings, wire-mesh frequently being 
used. This increases the cost by about 20 per cent., 
and the report suggests that in some cases the 
improvement in quality obtained may not justify 
the extra expense. The canal illustrated in Fig. 7 
forms part of the Columbia Basin Project in Wash- 
ington. For the purpose of comparison, part of the 
lining is reinforced and part plain. As weather 
conditions are rather severe, the installation should 
provide data on which the justification or otherwise 
of reinforcement can be based. Shotcrete linings, 
in common with all other types of canal linings 
have their record of failures. In most cases these 
have been traced to poor quality of material or 
workmanship in the original construction. Most 
shotcrete linings installed by commercial or private 
organisations have not been provided with expan- 
sion or contraction joints, it being contended that 
the filling of any cracks which may appear is a 
cheaper operation than the provision of joints. 
The Bureau of Reclamation, however, consistently 
employs contraction joints filled with asphalt 
mastic, which are usually at 6-ft. centres. Owing 
to their thinness, shotcrete linings are more 
subject to failure arising from frost heaving, or 
from hydrostatic pressure, than heavier concrete 


linings. 
(T'o be continued.) 
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PASSENGER-TRANSPORT CHASSIS 
WITH UNDER-FLOOR ENGINE. 


A FURTHER stage in the development by Leyland 
Motors, Limited, Leyland, Lancashire, of their range 
of under-floor-engine vehicles for public-service duties 
was reached recently with the introduction of their 
Royal Tiger series of single-deck chassis. This series 
is intended to supplement the Olympic range of under- 
floor-engine vehicles described on 94, ante, which, 
it will be remembered, are manufactured by Leyland 
Motors in conjunction with Metropolitan-Cammell- 
Weymann Motor Bodies, Limited, Vickers House, 
Broadway, London, S.W.1. The Olympic range, how- 
ever, is of integral construction and limited, therefore, 
to the type of body that can be incorporated into the 
design, whereas the Royal Tiger series, which are 
produced entirely by Leyland Motors, are designed to 
give the operator and body builder as much scope as 
possible. The Royal Tiger chassis are available in 
three different wheelbases. The models for the home 
market have a wheelbase of 15 ft. 7 in., with an overall 
vehicle length of 30 ft., sufficient to give room for 
44 seated passengers, all facing forward. They can be 
supplied with a width of either 7 ft. 6 in. or 8 ft., and 
can be fitted with left- or right-hand controls. Export 
models have wheelbases of 17 ft. 6 in. and 20 ft. 4 in. ; 
these are all 8 ft. wide and, like the home models, can 
be supplied with either left- or right-hand controls. 

Each classification covers two chassis, one for 
coach operation and the other for general public- 
service duties. The two types differ mainly in the 
length of frame and in the disposition of the auxiliary 
units, such as fuel tanks, batteries, spare wheel, etc. 
A photograph of the 15-ft. 7-in. wheelbase ‘bus 
chassis is reproduced in Fig. 1, on this page, from 
which it will be seen that it has a pronounced forward 
overhang, thereby allowing of an entrance door 
beside the driver. The complete range is fitted 
with the Leyland horizontal Diesel engine originally 
developed to meet the demand from Continental 
chassis manufacturers for an engine of this type. 
A photograph showing the power unit mounted 
horizontally in the chassis frame is reproduced in 
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Fig. 2, on this page. The engine was described in 
ENGINEERING, vol. 165, page 561 (1948), so it is 
only necessary to give brief details here. It is based 
on the 9-8-litre vertical Diesel engine now being fitted 
by Leyland in their heavy-goods and passenger vehicles. 
It is a six-cylinder direct-injection unit with a bore 
and stroke of 4-8 in. and 5-5 in., respectively, develop- 
ing 125 brake horse-power at 1,800 r.p.m., and a 
maximum torque of 410 lb.-ft. at 900 r.p.m. The 
minimum fuel consumption is 0-34 pint per brake 
horse-power-hour and the maximum 0-36 pint per 
brake horse-power-hour. 

The crankcase and cylinder block form a single iron 
casting, and the cylinder bores are fitted with shoulder- 
located dry-type liners. The cylinder head is formed 
from two separate units, each covering three bores; 
they are fitted with the inlet and exhaust valves, which 
are arranged to operate on Stellite valve-seat inserts. 
The fuel system comprises a C.A.V. fuel-injection 
pump, which operates in conjunction with Aphonic 
injectors, a new design of injector introduced recently 
by Leylands. The Aphonic injector operates at a 
comparatively low pressure, namely, 100 atmospheres, 
whereas those fitted previously operated at 165 atmo- 
spheres. It incorporates a new semi-flexible needle 
valve which operates in the same manner asin previous 
pattern injectors, but uses an exceptionally small 
seating area. It is claimed that the new design over- 
comes the hydraulic problems and the risk of ‘“ blow- 
back” usually associated with low-pressure fuel- 
injection systems. In practice, Aphonic injectors 
give a modified fuel spray which reduces the rapidity 
of the pressure rise when combustion commences, 
controls the flame rate and reduces both engine noise 
and shock loading of the running gear. No special 
knowledge is required for their maintenance and they 
can be used with standard fuel pumps. They are inter- 
changeable with Leyland standard injectors provided 
a complete set is fitted to an engine. 

The crankshaft is an alloy-steel forging hardened by 
the nitriding process and supported by seven main 

ings of the copper-lead indium-coated thin-shel! 
type. The connecting rods are I-section heat-treated 
alloy-steel stampings, the big ends being fitted with 
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copper-lead bearings of the same pattern as the main 
bearings and the little ends with phosphor-bronze 
bushes. The pistons are of aluminium alloy and are 
fitted with three compression rings and two oil-control 
rings; the combustion chambers are formed in the 
piston crowns. The camshaft is supported by seven 
phosphor-bronze bushes and operates the valves 
through push-rods and rocking levers in the: usual 
manner. Qil is delivered to the moving parts by a 
gear-type pump driven from the rear of the camshaft, 
the lubrication system incorporating a full flow filter. 
The coolant is circulated by an engine-driven centri- 
fugal pump, with the radiator located underneath, and 
towards the front of the vehicle. It is of the flat-tube 
stack type and is fitted with a specially-designed cowl 
in wifich a closely-fitting 19}-in. diameter six-bladed 
fan rotates at 14 times engine speed. The fan is driven 
from the engine by a forward-extending shaft, with 
the drive being transferred from the shaft to the fan by 
V-belts. A separate belt from the fan pulley drives 
the dynamo which is mounted on the frame in an 
adjustable support bracket. This arrangement can be 
seen in Fig. 3, opposite, which shows the radiator, fan, 
fan cowling and the drive shaft, together with the 
V-belts for operating both the fan and dynamo. 

The engine, clutch and gearbox are of unit con- 
struction, the complete assembly being supported by 
flexible mountings. The clutch is of the single dry- 
plate type having a diameter of 16} in. and faced on 
the flywheel side with }-in. thick linings and on the 
pressure-plate side with 3-in. thick linings. The gear- 
box is of the synchromesh type and provides four 
forward speeds and one reverse speed, the ratios being 
5-0 to 1, 2-63 to 1, 1-59 to 1, and 1 to 1 for the four 
forward speeds and 6-13 to 1 for reverse. The change- 
speed unit is fitted at the left-hand side of the driver 
and the motion is transmitted to the gearbox by light 
tubular, shafts and knuckle joints. The drive to the 
back axle is transmitted through a single tubular 
shaft fitted with Hardy-Spicer needle-roller universal 
joints. The rear axle is of composite construction, 
having a cast-steel centre and tubular ends. The 
final-drive unit is of the spiral-bevel type, with a 
reduction ratio 4-625 to 1, but alternative ratios of 
4-11] and 5-143 to 1 are available. The front axle con- 
sists of an I-section beam fitted with the usual form of 
stub axles mounted in phosphor-bronze bushes. The 
thrust is taken by hardened-steel buttons at the bases 
of the king pins and the hubs are mounted on taper- 
Toller bearings. 

The springs are of tie laminated semi-elliptical type, 
the tension sides and all edges being shot-peened to 
increase their resistance to fatigue. They are 4-in. 
wide, and the front springs are 53 in. long for the home 
model and 60 in. long on the overseas models; the 
Tear springs, however, are 62 in. long on all models. 
The frame is built up from alloy-steel channel sections, 
the side members having a maximum depth of 8 in, 
and a flange width of 3 in., the depth tapering towards 








There are ten cross members for ' 


the front and rear. 
the ’bus chassis and nine for the coach chassis, these 
members being bolted in position in each case. A 
notable feature of the frame is the provision of outrigger 
brackets ; these take the place of the usual bearers 
and enable the body floor to be built directly on to the 


top of the frame. The frame is suitably reinforced 
in the area of the engine mountings and the coach 
chassis is supplied without the rear frame overhang to 
allow for a large luggage boot. 

Marles cam and double-roller steering gear is fitted 
to all models, the turning circle depending, of course, 
on the size of the vehicle. A vacuum braking system is 
fitted to the home model and a Westinghouse com- 
pressed-air system to the overseas models, separate 
operating cylinders being located close to each brake 
drum in both systems; if required, however, the 
Westinghouse system can be fitted to the home model. 
The size of the brake drums and linings is the same on 
all models, the drum diameter being 16} in. for both 
front and rear wheels. The width of the linings is 
4 in. at the front and 6 in. at the rear, the total braking 
area being 577 sq. in. The hand brake is of the pull-on 
type and is arranged to operate the rear brakes only 
through a mechanical linkage, the effective braking 
area in this case being 342-5 sq.in. The equipment 
supplied with the chassis is comprehensive and includes 
a 24-volt lighting and starting system, which may be 
of either Sims or C.A.V. manufacture. 

As previously mentioned, Royal Tiger chassis are 
available in three different wheelbases, the home models 
having a wheelbase of 15 ft. 7 in. and the export 
models wheelbases of 17 ft. 6 in. and 20 ft. 4 in. Alter- 
native coach and ’bus chassis are available for each 
wheelbase, the main difference being in the length of 
frame. Nevertheless, the front overhang is the same 
for all types, namely, 6 ft. 5 in. and it is only in the rear 
overhang that there is any difference, the *bus models 
having an overhang at the rear of either 7 ft. 7 in. 
or 8 ft. 3 in., whereas the rear overhang for the coach is 
only 3 ft. 2} in. The positions of the fuel tank, spare 
wheel, batteries, etc., can be varied to suit individual 
requirements. Where a central entrance, for example, 
is required on the coach chassis as well as a large space 
for luggage accommodation, the spare wheel is mounted 
under the front overhang of the chassis, the batteries 
carried centrally behind the rear axle and the fuel tank 
on the outside of the chassis frame forward of the rear 
axle ; by this means, a luggage boot having a capacity 
of 90 cub. ft. can be obtained. On the other hand, 
where luggage accommodation is unimportant and 
front, central or rear entrances are desirable, the spare 
wheel can be mounted below the frame at the rear, 
the batteries on the outside of the frame behind the 
rear axle and the fuel tank to suit the actual door 
positions. In all cases, the complete running gear is 
mounted below the chassis level, thereby giving a flat 
uninterrupted floor throughout the length of the 





vehicle. 





THE TWIN-SCREW PASSENGER 
LINER ‘‘EVA PERON.,”’ 


THE twin-screw passenger liner Eva Peron, the 
second of three sister vessels being built at the Barrow- 
in-Furness yard of Messrs. Vickers-Armstrongs Limited 
for the Instituto Argentino de Promocion del Inter- 
cambio, has successfully completed her trials and 
sailed on her maiden voyage to Buenos Aires on 
Tuesday, May 9. In general, the new vessel is similar 
to the Presidente Peron, the first of the three to be 
completed, and is fitted out to carry first-class passen- 
gers only, but whereas the Presidente Peron has 
accommodation for 74 passengers, the Eva Peron can 
carry 96 passengers. Another major variation con- 
cerns the *tween deck spaces which, on the Eva Peron, 
have been arranged for the carriage of chilled meat 
should such a demand arise. The deck beams, girders 
and pillars, therefore, have been reinforced to take the 
hanging loads, the cold-air circulating system com- 
pletely redesigned and arrangements made for dividing 
the *tween decks when required. 

Apart from the alterations mentioned above, the 
two vessels are generally similar. A photograph of 
the Eva Peron, taken during her trials, is reproduced 
at the top of this page from which it will be seen that 
she has modern but attractive lines. The overall 
length is 529 ft. 6 in., the moulded breadth 71 ft., 
and the depth moulded to “B” deck 47 ft. 6 in. 
The draught is 27 ft. 6 in., and the gross tonnage 
approximately 14,500. The public rooms include a 
large “social hall” forward on “‘D” deck, which is 
flanked at each side by enclosed winter gardens. The 
lounge occupies the full width of the deckhouse and 
has large windows at each side. Aft of the lounge is a 
veranda café, which looks out over an open-air 
swimming pool, the after end of the café being pro- 
tected by a folding screen. The dining saloon is on 
““C” deck and is very large, being capable of seating 
102 persons. Other public rooms include a cocktail 
bar, writing room and a library. The ngers are 
accommodated on “ B” deck, at each side of which are 
11 double-berth and five single-berth cabins, each with 
its own private bathroom. The cabins de luxe are 
also on this deck, and the remainder of the passengers 
accommodation is on the port side of “‘C” deck. 

The vessel is propelled by twin screws, each driven 
by a set of Parsons-type geared turbines. Under 
service conditions, the machinery develops 13,500 
shaft horse-power with the propellers turning at 130 
r.p.m. The maximum output is 14,500 shaft horse- 
power and during trials the vessel achieved a speed of 
19 knots. The astern turbines have a maximum output 
of not less than 9,000 shaft horse-power. The high 
pressure turbines are of the all-impulse type with the 
impulse wheels forged solid with the rotor. The low- 
pressure turbines are of the single-flow all-reaction 
type, each turbine having 17 rows of segmental blading 
in the cylinder and 12 rows of segmental blading, 
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together with five rows of integral blading, on the solid- 
forged ae An astern three-row iondes wheel is 
incorporated in each low-pressure ahead-turbine casing, 
the wheels being forged solid with the rotor. All the 
impulse blading is of chromium iron; the reaction 
blading is of Monel metal for the segmentally-fitted 
blades and of chromium iron for the individually-fitted 
blades. The casings for the high-pressure ahead tur- 
bines are made from a molybdenum cast-steel alloy 
and the low-pressure casings from cast iron with the 
astern portion of cast steel. Thrust dummies are fitted 
to the low-pressure ahead turbine, any unbalanced 
axial thrust being carried by Michell bearings. 

Each set of reduction gearing is of the double- 
reduction articulated type and comprises two first- 
reduction gears, one for the high-pressure turbine and 
one for the low-pressure turbine which drive secondary 
reduction pinions on the main wheel. Each turbine is 
connected to the gearing by a flexible coupling of the 
claw type, the secondary pinions being driven from the 
primary gears through quill couplings. The primary 
gears for both high-pressure and low-pressure turbines 
are enclosed in fabricated-steel cases and consist of 
nickel-steel pinions which mesh with forged-steel rims 
shrunk on to cast-iron first-reduction wheels. The main 
gearwheels are also of cast iron with me rims 
shrunk in position and, like the first-reduction gears, 
are driven by nickel-steel pinions. The high-pressure 
turbines run at 5,564 r.p.m. and the low-pressure 
turbines at 3,213 r.p.m., these speeds corresponding to 
a shaft speed of 130 r.p.m. 

Steam glands of the double-pocket type are fitted 
to both ends of each turbine casing, the inner pockets 
connected to a suitable receiver and the outer pockets 
to a gland-steam condenser, supplied by Messrs. G. 
and J. Weir and is capable of handling the vapour 
from all the turbines. inall cut-out governors 
are fitted to the turbines, the shut-down gear being 
arranged to te when there is an undue drop in the 
lubricating-oil pressure as well as in the event of 
over- . The turbines and their associated gearing 
are supplied with oil by three electrically-driven 

Vertoil pumps, two working and one standby, 
each of which is capable of delivering 12,000 gallons 
an hour against a pressure of 40 lb. per square inch. 
The lubricating oil system incorporates three Auto- 
Klean strainers, two Serck oil coolers, two magnetic 
filters and the usual gravity tanks. 

The main condensers are of the Weir regenera- 
tive type, the total cooling surface being 13,500 sq. ft. ; 
this is sufficient to maintain a vacuum of 28} in. with 
& sea-water temperature of 73 deg. F., and 27} in. with 
the sea at 86 deg. F. The condenser shells are of 
mild-steel plate, and the tubes, which are of aluminium 
brass, are packed with Crane metallic packing. The 
thrust blocks and tunnel bearings are of the Michell 
self-lubricating type and all shafting is of solid-forged 
steel. The propellers have a diameter of 16 ft. 

Steam for the turbines is supplied by two water-tube 
boilers of Messrs. Foster Wheeler’s controlled-superheat 
design, arranged to give superheat control from 800 deg. 
F. down to approximately 600 deg. F. when manceuvr- 
ing, the steam pressure at the superheater outlets being 
500 Ib. per square inch. The boilers are fitted with 
economisers for a feed-water inlet temperature 
of 280 deg. F. and an outlet temperature of 376 deg. F. 
An auxiliary boiler of Messrs. Foster Wheeler’s single- 
furnace “ D ” type also is installed. This also operates 
at @ pressure of 500 Ib. per square inch and a superheat 
temperature of 750 deg. F. and, like the main boilers, 
is fitted with an economiser. All three boilers are 
arranged to burn oil fuel, the main boilers under the 
Howden balanced system of forced draught and the 
auxiliary boiler under forced draught only. All the 
forced- and induced-draught fans are electrically driven 
and were supplied by Messrs. James Howden and Com- 
pany. Air preheaters of the tubular type are fitted 
in the uptakes of the main boilers, suitable arrange- 
ments being made to by-pass these when required. 

With the exception of the two main feed pumps 
and the harbour-service feed pump, all the auxiliary 
machinery in the engine room, such as the main circu- 
lating pumps, etc., are electrically driven. The current 
for this purpose, and for the ship’s hotel services, is 
supplied by three turbo-generators arranged to run in 
parallel. Each set is capable of developing a normal 
full-load output of 550 kW at 220 volts when running 
at a speed of 1,000 r.p.m., with an overload capacity 
25 per cent. of the normal. A Diesel-engine driven 
generator is also provided. This is installed in the 
emergency dynamo room on “CC” deck forward and 
is capable of giving an output of 50 kW. This set is 
— intended for emergency use at sea and for 
imited harbour duties when the boilers are shut down. 
Other machinery installed in the engine room and 
elsewhere includes two Alfa Laval lubricating-oil 

urifiers, a Mather and Platt air compressor for the 

eupress system, two Weir turbine-driven main feed 

pumps and the usual auxiliaries, such as bilge ballast 
and fire pumps, evaporators, feed heaters, etc. 





CONTRACTS. 


Messrs. THE HUNSLET ENGINE COMPANY, LIMITED, 
Leeds, 10, have received an order for eight 10-ton, 
65-b.h.p., fully-flameproof type Diesel locomotives, fitted 
with the firm’s mechanical transmission, from mining 
interests in the Transvaal. The engines are for 2 ft. 6 in. 
gauge tracks and will operate underground at speeds of 
up to 9} miles per hour. 

MEssRs. SULZER Bros. (LONDON) LiImITED, 31, Bed- 
ford-square, London, W.C.1, have received from the 
State Electricity Commission of Victoria an order for 
six Diesel-generating sets for installation as main power 
units in Warrambool and Shepparton power stations. 
Each set is to comprise an eight-cylinder Sulzer two- 
stroke engine, type 8TPF48, normally developing 2,800 
b.h.p. at 250 r.p.m., coupled to an alternator made by 
Messrs. THE ELECTRIC CONSTRUCTION COMPANY, 
LIMITED, who are also to provide the switchgear and 
transformers. In accordance with the agreement signed 
with Messrs. RICHARDSONS, WESTGARTH AND COMPANY, 
LIMITED, some months ago, the oil engines are to be 
built for Messrs. Sulzer by Messrs. GEORGE CLARK 
(1938) Lumrrep, Sunderland. 


Messrs. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LIMITED, Marconi House, Chelmsford, Essex, have 
secured a contract from the Canadian Broadcasting 
Corporation, through the Canadian Margoni Company, 
for television equipment for two studios and control 
rooms, a master control room and a film-projector room 
in both Toronto and Montreal. Each city will have a 
large and a small studio. In the large studios will be 
three of the firm’s complete image Orthicon camera 
chains, and, in each studio control room are to be 
arranged all the vision mixing, distribution-amplification, 
power-supply, int unication and producers’ and 
engineers’ control equipment. The small studios are 
similarly equipped, but will only have two camera chains 
each. The master control rooms will contain studio 
picture monitors, waveform monitors and master-control 
switching equipment, while the film and projector equip- 
ment will enable the two stations to televise 16-mm. 
films, slides and film strips. The film projectors can be 
remotely controlled. 


During the past month the British Electricity Authority 
has placed contracts for power-station, switching and 
transforming station and transmission equipment amount- 
ing, in the aggregate, to 2,343,2111. The principal 
contracts include 3,000-volt switchgear for Deptford 
Station, with British THOMSON-HoUsTON COMPANY, 
LIMITED; a cooling tower for Chadderton station, 
Oldham, with Messrs. FRED MITCHELL AND SON, 
LIMITED ; several items for the East Yelland station, 
near Barnstaple, namely, structural steelwork for the 
main buildings, with Messrs. JOHN LYSAGHT’s BRISTOL 
Worss, LIMITED; foundations, culverts and sidings, 
with Messrs. TAYLOR WooDROW CONSTRUCTION, LiMi- 
TED; and 33 kV 750 MVA switchgear with Messrs. 
FERGUSON, PAILIN, LIMITED ; 30-MVA 132/33-kV trans- 
formers for Canterbury substation, with Messrs. BRUCE 
PEEBLES AND COMPANY, LIMITED; 60-MVA 132/66-kV 
transformers and auxiliary transformers for Doncaster 
substation, with Messrs. FERRANTI LIMITED; 60-MVA 
132/33-kV transformers and earthing transformers for 
Longton substation, Staffordshire, with METROPOLITAN- 
VICKERS ELECTRICAL COMPANY, LIMITED; 132-kV 
2,500-MVA switchgear for Capenhurst substation, 
Cheshire, with the ENGLIsH ELECTRIC CoMPANY, LIMI- 
TED ; and 45-MVA 132/33-kV transformers and earthing 
transformers for Macclesfield substation, Cheshire, with 
Messrs. HACKBRIDGE AND HEWITTIC ELECTRIC Com- 
PANY, LIMITED. 








BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 18. Concrete Kerbs. 
Causes and Prevention of Failures. By J. A. LOE. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 9d. net.] 

Government of India. Central Waterpower Irrigation and 
Navigation Research Station, Poona. Research Publi- 
cation No. 13. The Behaviour and Control of Rivers 
and Canals (with the Aid of Models). Parts I and ITI. 
By Sm CLAUDE CAVENDISH INGLIS. Central Water- 
power Irrigation and Navigation Research Station, 
Poona. [Price 16 rupees 8 annas, or 25s. 6d.] 

British Intelligence Objectives Sub-Committee Surveys. 
Report No. 29. Tel ications and Equipment 
in Germany During the Period 1939-1945. Prepared 
by the General Post Office. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 1s. 6d. net.] 

Ministry of Works. Working Party Report. Building. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 2s. 6d. net.] 

The Royal Institute of Technology, St Trans- 
actions. No. 30. Buckling of Compressed Steel Mem- 
bers. By GEorRG WASTLUND and SvEN G. BERG- 
STROM. Offices of the Institute, Stockholm, Sweden. 
[Price 10 kr.] 
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PERSONAL. 


Str ROWLAND Sir, M.I.Mech.E., F.R.S.\., has 
been elected chairman of the Ford Motor Company, 
Limited, Dagenham, Essex. 

VICE-ADMIRAL Sir CLauD B. Barry, K.B.E., C.B,, 
D.S.O., Director of Dockyards since 1946, retired op 
May 1 and was promoted to Admiral on the Retire’ List, 

Mr. E. L. CHAMPNESS, M.Se., M.I.N.A., managing 
director of Palmers Hebburn Company, Limite , hag 
been elected chairman, for 1950-51, of the Dry Dook 
Owners and Repairers Central Council. Mr. D. McCauz, 
M.I.N.A., has been elected senior vice-chairman and 
Mr. A. P. TRAILL, O.B.E., junior vice-chairman. 


Mr. WILLIAM MCCLELLAND, C.B., O.B.E., M.L.E.E.,a 
director of Messrs. W. T. Henley’s Telegraph Works 
Company, Limited, since 1934, has retired from the board. 
Mr. A. W. C. McARTHUR, M.I.E.E., M.I.R.1., has been 
appointed a director of the company as from May 5. 
Mr. McArthur recently completed 50 years of service 
with the firm. He has been works manager of the 
North Woolwich cable factory since 1939. 


Mr. T. FERGUSON, consulting engineer on traction 
matters to the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, has retired after 
48 years of service with the company exclusively devoted 
to the development of electric traction. 

Tbe Gold Medal of the Institution of Mining and 
Metallurgy, the highest distinction which the Council has 
power to grant, has been awarded to Mr. RoBERT 
ANNAN, a past-president of the Institution, in recognition 
of his distinguished services to the mining industry and 
the mining profession. 


The Overseas Food Corporation announces that Mr. 
D. L. ANDERSON, C.B.E., T.D., M.1.C.E., M.L.Struct.E., 
has been appointed regional general manager of the 
Southern Province Region of its Tanganyika project. 

Mr. F. M. G. WHEELER, B.Sc., M.I.Mech.E., 
M.I.Loco.E., has been appointed head of the railway 
sales division of British Timken Limited, Duston, 
Northampton. 

The Ministry of Transport announces that Mr. J. C. 
Poo.Le, C.B.E., M.C., has been appointed a member of 
the Transport Tribunal for a period of six years from 
May 4, 1950, in succession to Mr. H. E. PARKEs, C.B.E., 
whose appointment expired on May 3, and that Mr. 
W. H. NEVILL has been appointed a member of the 
Transport Arbitration Tribunal in succession to Mr. B. G. 
CATTERNS, who has resigned. 

Mr. W. P. S. CockLe, B.Sc. (Eng.) (Lond.), M.I.C.E., 
who is in ge of the sch , parliamentary plans and 
design section in the new works engineer’s office, London 
Traasport Executive, bas been appointed a principal 
executive assistant. 

Dr. J. W. Bonpt, Mr. BoswortTH E. MONCKE, 
A.M.I.Mech.E., and Mr. J. T. RYMER, M.I.Prod.E., have 
been elected directors of Associated British Oil Engines 
Limited, Duke’s Court, 32, Duke-street, St. James’s, 
London, S.W.1. 

Mr. E. M. PackHaM has been appointed secretary of 
the London Generating Division of the British Electrical 
Authority in succession to the late Mr. BERNARD 
HIGGINs. 

In view of the impending retirement of Mr. C. COOPER, 
Mr. J. Harvey, A.M.I.Mech.E., has been appointed to 
succeed him as station superintendent at Woolwich 
generating station, London Division, British Electricity 
Authority. 

Messrs. The United Steel Companies Limited, Sheffield, 
announce that Mr. T. S. KILPATRICK has been appointed 
a director of the Workington Iron and Steel Company. 

Mr. G. W. BRAZENDALE, formerly Board of Trade 
Regional Controller in Manchester, has taken up duties 
as Trade Commissioner, Grade I, at Calcutta. 

Messrs. FLEXIBOX LiMiTED and MEssRS. VOKES 
(CANADA) LIMITED, a new subsidiary company of Vokes 
Limited, particulars of which were given on page 502, 
ante, have recently concluded an agreement whereby 
Messrs. Vokes (Canada), Limited, will act as agents for 
the sales and servicing of Flexibox mechanical seals in 
Canada. 

The West London and Western district office of the 
Exports CREDITS GUARANTEE DEPARTMENT of the 
Board of Trade has been removed from Stratton-street 
to Victory House, 99-101, Regent-street, London, W-1. 
(Telephone : REGent 0682-4.) 

Messrs. THE ENGLISH ELECTRIC COMPANY, LIMITED, 
Queen’s House, Kingsway, London, W.C.2, have pur- 
chased a controlling interest in MEssrS. JOHN INGLIS 
CoMPANY, LIMIrep, Toronto, Canada, of which the 
ENGLIsH ELECTRIC COMPANY OF CANADA, LIMITED, St. 
Catherine, Ontario, is a wholly-owned subsidiary com- 
pany. The existing President of the John Inglis Com- 
pany, Masor J. E. Hawn, has agreed to retain that 
position and will continue to administer the activities of 
the group. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The smooth operation of the steel 
industry is ruffled by the slackness of business in the 
par re-rolling section, but the aggregate demand for steel 
is sufficient to absorb the continued heavy output of 
ingots from the melting shops. The amount of short- 
time working at re-rolling works is increasing. Stock- 
holders’ warehouses are well filled with material imported 
from Belgium, and as some consumers have also accu- 
mulated a fair tonnage, the home demand is quiet, while 
the severe competition from Continental makers precludes 
the possibility of much belp from the export section, 
although the recent reductions for small bars and light 
sections are proving of some value. Other branches of 
the trade, however, are busy. Heavy, medium, and 
light plates are in strong demand. During the first four 
months of the year, the number of vessels launched in 
Scotland totalled 41, as compared with 46 a year ago, 
the respective gross tonnages being 128,666 and 164,826, 
but despite this decline, the t of work on hand at 
the yards is still ample to keep the rolling mills of the 
steelmakers well supplied with orders. The export 
position is encouraging, all the tonnages allocated for 
Period 2 being taken up readily. Plates and sheets bulk 
largely in the specifications, with a fair demand also for 
large sections. The number of inquiries for reinforcing 
bars is increasing. Black sheets are more eagerly sought 
after, but most of the tonnage quotas are filled by 
galvanised sheets. Sheetmakers are well supplied with 
semies, occasional quantities of sheet bars being shipped 
to Scottish firms from the Continent. 

Scottish Coal.—The trend of man-power in the Scottish 
Mining Division has moved upward slightly since the 
beginning of the year—from 81,700 to 81,900 a week— 
but remains below the average of 83,200 a year ago. 
The corresponding figure in 1948 was 82,200. Output 
of coal during the first four months of 1950 totalled 
7,777,000 tons, against 7,987,400 tons in the correspond- 
ing period of last year, and 8,080,500 tons in 1948. The 
decline in productivity was offset only by the relatively 
good weather, but even with that aid the supply position 
has been generally tight. At the moment, fuel is scarce 
as a result of the two days’ holiday last week, but con- 
sumers are in receipt of sufficient for their immediate 
requirements. Singles and doubles fall far short of the 
demand, but dross is reasonably plentiful. The overall 
stringency is reflected in a strong trade in gum, which 
for the time of the year clears with remarkable prompti- 
tude. The cessation of deliveries at the commencement 
of last week witnessed a further reduction in merchants’ 
depot stocks of house coal, which are now meagre. The 
demand, however, has been comparatively light, although 
it fluctuates with daily temperature changes. Steady 
tonnages are moving into railway stockyards. The 
scarcity of coal is reflected in the very slow improvement 
in the rate of export shipments. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday, 

Iron and Steel.—Steelmakers have decided not to 
increase the prices of steel, and products of steel, despite 
the higher railway freights, which are due to operate from 
May 15. It is felt that it would be better for the industry 
to shoulder the burden rather than raise prices to a 
point which would make all the difference between retain- 
ing and losing export trade. Foreign competition is 
growing, especially from the Continent, and it is regarded 
as essential that selling prices should be kept down. 
In addition to the railway-freights advance, Sheffield 
manufacturers are affected by the decision of South- 
Yorkshire road hauliers to raise charges by 10 per cent. 
to offset, in part, higher operating costs occasioned by 
the Budget proposals. Protests have been made by 
steel firms concerning the shortage of industrial overalls 
for their men. By law, some steelworks employees 
have to wear a special type of overall which is now 
unobtainable because overall makers cannot obtain the 
“ utility’ material they require. Good headway is 
being made by agricultural steel firms in dealing with 
many orders for machine parts for agricultural-machinery 
makers. They also have on hand numerous orders for 
edge tools. Makers of engineers’ small tools continue 
to be well employed, and there is a full call for magnet 
steels and permanent magnets. 

South Yorkshire Coal Trade.—The demand for coal is 
in excess of the supply. Production has fallen off after 
the initial spurt on resumption after the Easter break. 
One reason is the weekly loss of colliers leaving the 
industry now that the Control of Engagement Order 
does not apply to them. Locomotive hards are in full 
request, ari there is an insistent call for industrial 
steams of better quality than that now being delivered. 
Coking coal is actively sought, and the make of hard coke 
satisfies the requirements of the heavy industries. 
House ooal is in fair request, but the supply is rather 
short. Patent fuel is active and firm. 


NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Sbipments of coal for the 
Argentine Railways have been brought to a standstill 
owing to payment difficulties. South-Wales shippers 
hold about 80 per cent. of the contracts placed by these 
consumers for the supply of about 750,000 tons of British 
coals during 1950. At present, a state of stalemate 
exists in this trade, with payments held up by the 
Argentine Railways and shippers disinclined to add to 
the amounts already owing to them. It is stated locally 
that the coal exports to these important users are being 
linked to the discussions now proceeding between the 
two countries concerning meat prices. Negotiations 
have been proceeding with Irish consumers for the 
supply of coals over the second half of the present year. 
T™ the first half, local shippers have not been able to 
satisfy, in full, the needs of their Eireann clients, and, 
consequently, Polish shippers have been able to increase 
their trade in this market. In addition, some cargoes 
of Belgian coals have been bought while trial cargoes of 
French coals have been received. No details have 
become available as yet concerning the latest talks. 
Contracts have been signed, in the past week, for the 
supply of between 70,000 and 100,000 tons of Portuguese 
pitwood for the Welsh mines. This trade came to a 
standstill nearly a year ago owing to payment difficulties. 
Its resumption follows closely upon the re-appearance of 
the Portuguese Railways as buyers of Welsh:coals after 
a hold-up lasting nine months. The renewal of this 
trade followed upon protracted negotiations. Trading 
conditions were again difficult on the steam-coal market, 
last week, owing to the lack of supplies. Current 
outputs are again being very largely concentrated upon 
the home trade. The demand from inland districts is 
actively maintained and already orders from this source 
are very substantial for some time to come. A fair 
activity is maintained on export account under existing 
programmes, with steady supplies going to France, 
while Italian consumers are showing interest. 

The Swansea Steel-Sheet Indusiry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate, both home and 
overseas, was relatively quiet, as purchasers had placed 
the bulk of their requirements for the current period. 
Steel sheets are in firm demand and, as makers are 
heavily booked with orders, the industry will be fully 
employed for some time ahead. Iron and steel scrap is 
sought after as there is no relaxation in the pressure from 
the steel industry for supplies of all grades of material. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers are 
delivering as much tonnage as possible before the in- 
creased railway rates become operative on Monday, 
15th inst., and are also taking up freely the large distri- 
butable quantities of raw materials from home and over- 
seas sources of supply. Imports of foreign iron ore have 
been maintained at a high level, but at a greater cost 
than prior to the devaluation of the pound. Good 
qualities of iron and steel scrap from home-providing 
quarters are reaching foundries and melting shops in 
very substantial quantities and unloadings of foreign 
scrap continue extremely heavy. Complaints of pig-iron 
scarcity are stil! heard and the huge production of certain 
finished descriptions of material does not cope fully with 
the enormous requirements. The demand for material 
for home needs continues considerable and further 
expansion in export trade is expected notwithstanding 
the increasing keenness of Continental competition. 

Foundry and Basic Iron.—Ordinary foundry pig iron 
is still wanted by users in the Tees-side area in con- 
siderably larger quantities than are coming forward, and 
the hope is expressed of increased delivery of Midland 
brands to North-East Coast consuming plants. Supplies 
of foundry pig from other producing centres are meagre, 
while all the output of Middlesbrough basic blast furnaces 
is absorbed by the needs of adjoining steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Regular 
customers for East-Coast hematite would appreciate a 
continued expansion in delivery, and the available 
parcels of the various grades of low-phosphorus iron are 
readily taken up; refined-iron firms have a ready sale 
for their products. 

Manufactured Iron and Steel.—While some semi- 
finished and finished-iron and steel works are not fully 
occupied, most producing plants are very actively 
engaged and have substantial commitments for delivery 
to the end of the next month. Stocks of some types of 
semi-finished steel are about as large as consumers care 


give early attention to orders for certain commodities, 
but the heavy rolling mills have extensive commitments 





to carry and purchasers are few. Re-rolling mills could 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of themeeting. 





RoyaL AERONAUTICAL SOCIETY.— Monday, May 15, 
5.30 p.m., 4, Hamilton-place, Piccadilly, W.1. Annual 
Mecting. (For members ouly.) Thursday, May 25, 
6 p.m., The Royal Institution, 21, Albemarle-street, 
W.1. 38th Wilbur Wright Lecture on “ Some Aspects 
of Expenditure on Aviation,” by Sir Richard Fairey. 


RoyaL Socrery OF ARTs.—Wednesday, May 17, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. “‘ Rural 
Water Supplies,” by Mr. Peter Lamont. Wednesday, 
May 24, 2.30 p.m., John Adam-street, Adelphi, W.C.2. 
“The British Motor Industry,” by Sir William Rootes. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Supply 
Section: Wednesday, May 17, 5.30 p.m., Victoria- 
embankment, W.C.2. Lecture on “A Review of 
Research in Electricity Supply,” by Mr. C. W. Marshall. 
London Students’ Section: Monday, May 22, 7 p.m., 
Victoria-embankment, W.C.2. Annual Meeting.: Films: 
(i) “‘ A Harbour Goes to France ” ; (ii) “‘ The Failure of 
the Tacoma Narrows Bridge ” ; and (iii) “‘ Fault-Throw- 
ing Tests on the 132-kV System.” Institution : Thursday, 
May 25, 5.30 p.m., Victoria-embankment, W.C.2. 
Annual Meeting. (For Corporate Members and Asso. 
ciates only.) 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Wednesday, May 17, 7 p.m., Royal Society of Artes, 
John Adam-street, W.C.2. “‘ Applications of Specialised 
Plant to Gas-Turbine Research Development,” by Mr. 
R. S. Wilkins. West and East Yorkshire Branch: 
Monday, May 22, 7.30 p.m., The University, Leeds. 
“Some Problems in Structural Engineering,’ by Pro- 
fessor R. H. Evans. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—WNorth- 
West Centre: Wednesday, May 17,7 p.m., Adelphi Hotel, 
Liverpool. “‘ £lectrical Equipment for Road Transport 
Vehicles,” by Mr. W. A. Bevis. Midlands Centre: 
Friday, May 26, 7 p.m., Crown Inn, Broad-street, 
Birmingham. Open-Discussion Evening. 


WOMEN’S ENGINEERING SocieTy.—London Branch : 
Wednesday, May 17, 7 p.m., 35, Grosvenor-place, S8.W.1-. 
Discussion on ‘‘ Women and Radio.” 


SocleTy OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Thursday, May 18, Road Research 
Laboratory, Department of Scientific and Industrial 
Research, Harmondsworth, West Drayton, Middlesex. 
3 p.m., Inspection of Laboratory. 5.45 p.m., Annual 
Meeting. (i) “The Non-Destructive Testing of Road 
Materials,” by Dr. R. Jones ; and (ii) “‘ Dynamic Testing 
of Road Constructions,” by Mr. C. Van der Poel. 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
May 18, The Geological Society, Burlington House, 
Piccadilly, W.1. 4 p.m., Annual Meeting (for members 
only). 5.15 p.m., Presidential Address, by Colonel L. Cc. 
Hill. 

Junior INSTITUTION OF ENGINEERS.—Friday, May 19, 
6.30 p.m., 39, Victoria-street, S.W.1. Film: “ The 
Locomotive.” Friday, May 26, 6.30 p.m., 39, Victoria- 
street, S.W.1. Extraordinary General Meeting and Film 
Display. 

Roya InstiruTion.—Friday, May 19, 9 p.m., 21, 
Albemarle-street, W.1. “Friction,” by Dr. F. P. 
Bowden, F.R.S. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
May 23, 6 p.m., Caxton Hall, Victoria-street, West- 
minster, S.W.1. “The Moon and Drainage,” by Mr. 
John T. Calvert. 


BrItTIsH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Thursday, May 25, 6.30 p.m., London School 
of Hygiene and Tropical Medicine, Keppel-street, W.C.1. 
“ Multi-Station Very-High-Frequency Communication 
Systems Using Frequency Modulation,” by Mr. E. G. 
Hamer and Mr. W. P. Cole. 





COURSE ON WORK STUDY AND OPERATIONAL RESEARCH. 
—aA twelve-day residential course for production mana- 
gers, industrial engineers, and time-study executive 
officers will be held at the University Centre for Continued 
Studies, at Primrose Hill, Bristol-road, Birmingham, 29, 
from Sunday, July 2, until Friday, July 14, under the 
direction of Professor T. U. Matthev’, assisted by specialist 
lecturers. The purpose of the course is to survey basic 
principles and existing practice in engineering production 
and management, with particular reference to work 
study and operational research and to provide an oppor- 
tunity for full discussion on the practical problems 
involved. Further particulars may be obtained from 
the secretary, Department of Engineering Production, 
The University, Edgbaston, Birmingham, 15. Application 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
ee Se 

For Canada Pee ee f 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the b Paper two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The es are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “Situations 
Wanted,” “‘ Tenders,”’ etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 








INDEX TO VOL, 168. 


The Index to Vol. 168 of ENGINEERING 
(July-December, 1949) is now ready and will 
be sent to any reader, without charge and 
postage paid, on application being made to the 
Publisher. In order to reduce the consump- 


tion of paper, copies of the Index are 


a distributed only in response to such 


tions, 
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THE ‘ B.I.F.’’ 


THE opening of the British Industries Fair, 
rightly enough, has not been made the occasion 
for an excess of showy ceremonial. In London, as 
reported on another page, the customary banquet 
was held at the Mansion House, where the Prime 
Minister and the President of the Board of Trade 
made the only kind of speeches that anyone could 
have made in the circumstances. In Birmingham, 
where the so-called ‘‘ heavy section ” of the exhibits 
is displayed at Castle Bromwich, the Fair was opened 
by the Lord Mayor (Alderman Hubert Humphreys), 
who was supported by Mr. James Leek, President 
of the Birmingham Chamber of Commerce, and 
Mr. J. M. Tully, Agent-General for New South 
Wales. It may be remarked that, at Castle Brom- 
wich, the stands were in a commendably advanced 
state by the time of the official opening; not 
entirely complete, of course—no fair or exhibition 
is ever wholly ready by the opening day, or is ever 
likely to be—but with few obvious gaps in the 
long vistas of exhibits. Of the exhibits themselves, 
and the stands whereon they are displayed, it can 
be said that they are well up to the standard set 
in previous years. Not all of the exhibits are newly 
introduced to the market, but the Fair does not 
set out to be an exhibition of novelties only. 

Having said that much, however, and having 
had the opportunity to discuss the 1950 Fair and 
its immediate predecessors with a number of exhi- 
bitors, overseas and other buyers, and members of 
the general public, we feel that there are certain 
points on which some comment may legitimately 
be made. Not all of them are peculiar to the British 
Industries Fair, but it is certainly the most 
important annual event of its kind in this country, 
and receives the most widespread publicity abroad. 
The overseas buyer or potential buyer who wishes 
to visit the Fair and notifies the fact to the British 
Commercial Attachés or other official representa- 
tives in his home country receives very prompt and 





efficient attention ; so we are informed by various 
visitors from overseas who could speak from first- 
hand knowledge. The railway service by special 
train from Euston directly to Castle Bromwich 
and back is good ; though Euston is by no means 
the most attractive terminus in London, it is pro- 
bably the most generally accessible. The exhibits 
are well displayed, and the stand attendants 
are courteous and usually (though not invariably) 
well-informed regarding the products they are 
presenting ; quite often publicity matter is available 
in more than one language. Add to these observa- 
tions the official returns of the rising numbers of 
Overseas visitors at the Fair, and a modicum of 
complacency may seem to be in order. 

While admitting, however, that there have been 
various improvements in detail—as there should 
be, with the experience of 28 previous Fairs as a 
guide—we feel that the B.I.F. is by no means all 
that it might be. As a function of which the daily 


540 | Press takes cognisance, it suffers some handicaps 


which may not be easy to overcome ; in the eyes 
of the average newspaper reporter and editor, 
everyone who gets in on a trade card becomes auto- 
matically a “‘ buyer,” just as those who attend the 
British Association meetings automatically become 
“scientists.” A little more candour in this respect 
would be a good start. Last year, as we have 
recorded, the Fair was visited by 17,061 overseas 
trade “buyers”; at least half of whom were 
probably not buyers at all, but were seeking agencies 
—though, if they are good agents, this ameunts to 
the same thing in time. So far, there has been a 
slight increase this year from overseas, but a 
decrease in the number of home traders who have 
visited the Fair. This fluctuation is really imma- 
terial, but if it should prove that, in 1950, 20,000 
overseas buyers passed through the turnstiles, and 
80 per cent. of them went to Castle Bromwich, the 
total represents only 1,000 buyers per mile of 
stands in 11 days of 8} hours each—hardly enough 
to justify headlines about buyers queuing up to 
get into the Fair. The number ought to be at 
least doubled, and we see no good reason why it 
should not be trebled. 

Those portions of the Fair which are displayed 
at Earl’s Court and Olympia are advantageously 
situated, in that most of the overseas visitors 
probably make for London in the first place ; cer- 
tainly, the special trains from Euston were not 
filled on the opening day, and we take this to be 
one of the main reasons. Castle Bromwich is still 
not notably accessible, even from Birmingham, 
compared with the ease of access to Earl’s Court and 
Olympia. There is no particular point in com- 
plaining that it is not somewhere else, but much 
more might be done to render the approach more 
pleasing. After all these years, the visitor who 
arrives by train should not have to alight at a 
singularly shabby station, climb up a flight of stairs 
and over a bridge that looks as though it was 
originally only temporary, down another flight of 
stairs, unprotected against the weather, and then to 
proceed along a sodden cinder path to reach the 
entrance to the Fair—an unattractive shed covering 
a row of turnstiles, only two of which were in use 
when the special train arrived on the opening day. 
It does not appear to have occurred to anyone that 
the train might be run into the Fair building, and 
hauled from the main line by an electric or other 
locomotive which would itself be an exhibit. Those 
who leave the Fair at the end of the day have to 
share the station with a jostling crowd of workmen 
and, if they are bound for Birmingham by the local 
train service, will be lucky if they can get a seat. 

The Castle Bromwich part of the Fair, which 
includes the heavier engineering exhibits, electrical 
engineering, contractors’ plant, etc., suffers from the 
disadvantage that it is at once too big and not big 
enough; too big to explore thoroughly on foot 
(which is the only way that it can be explored) but 
not nearly big enough to house truly comprehensive 
displays of the several branches of industry that 
it purports to represent. Those visitors whose 
interests lie in the engineering section have a long 
walk before they reach it, as access is from one 
end of the building instead of being in the middle. 
Numerous as the engineering exhibits are, they 
are not nearly as numerous as they might be. 
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For this year’s Fair, the building has been extended, 
but the extension is on the more remote end. It 
would have been better on one side. We would go 
farther, and suggest that one gangway should be 
made wider so as to permit the provision of some 
form of transport to enable Sections C and D to be 
reached more easily. A service of electric battery 
trucks, provided with seats, would be a welcome 
amenity ; it should be free to wearers of badges. 

Another disability, which the British Industries 
Fair shares with practically every exhibition in this 
country, is the inadequacy of the catering arrange- 
ments. There are, it is true, various salons, 
quaintly designated “clubs,” admission to which 
may be achieved on presentation of sundry special 
badges—provided, however, that the holders do 
not seek to enter at the peak hour, when they are 
likely to be turned away by a commissionaire or 
invited to line upin a queue. Unfortunately, most 
people do want to eat a meal at about the same time 
of day; and most visitors to exhibitions, and 
especially trade exhibitions, want facilities for a 
talk, a smoke, and a communal quenching of thirst 
at any hour when the exhibition is open. The 
general décor of the ‘“‘clubs,” to borrow a con- 
venient term from the theatre, is pleasant enough, 
but none of them is planned on a maximum-demand 
basis ; and the facilities for those who have no 
access to a “club” are definitely poor. There 
seems no reason why the catering arrangements 
should not be an integral part of the Fair, the club 
rooms and the kitchens being furnished with equip- 
ment that can be ordered from the exhibitors’ 
stands and suitable gangways provided for interested 
visitors to inspect the kitchens without interfering 
with the serious business of feeding and being fed. 
The crockery, glass and cutlery should represent 
good-quality products that can be bought, and that 
Britain wants to sell abroad. The usage of years 
of war-time austerity has accustomed the people 
of this country to “ making do” with coarse-grade 
crockery and household utensils, and “service ” 
that is a travesty of the word, but it is poor sales- 
manship to expect visitors to accept conditions so 
far below what they receive as a matter of course 
in their own countries. 

These points to which we have drawn attention 
could be attended to without a great deal of difficulty, 
and the expenditure involved should be more than 
covered by an increased volume of business. There 
is, however, another and more fundamental criticism 
to be made ; and, in making it, we are not expressing 
merely a lone and individual opinion, but one that is 
held by many exhibitors, especially in the engineer- 
ing section. It is that the Fair is not, and never has 
been, as widely representative of British industry 
as its all-embracing title suggests and appears to 
claim. If it were, admittedly, it might become 
unmanageably and perhaps uneconomically big, 
though we believe that it could be considerably 
increased in size without overstepping the limits in 
either of those directions. At present, however, 
large and very important sections of the engineering 
industry are not represented at all; others are 
represented only in part, and the overseas visitor 
has not, therefore, a complete picture of the field 
of choice open to him; and certain “restrictive 
practices ” among manufacturers’ associations ham- 
per to some extent the selection of exhibits that can 
be shown by firms who do take stand space. For 
example, Britain makes some of the best machine 
tools in the world, but few of them will be found at 
the B.I.F.; and an exhibitor who wants to show 
some portable equipment mounted on a motor- 
vehicle chassis will find that he cannot do so if the 
chassis is made by a member firm of the Society of 
Motor Manufacturers and Traders. It may be that 
some of the difficulties could be solved by having two 
Fairs, one for capital goods and the other for con- 
sumer goods, though this might not suit the large 
electrical-engineering firms, who supply both 
categories and each on a very large scale. As things 
are, however, the Fair is mainly concerned with 
consumer goods. The time appears ripe for a 
round-table discussion by all the manufacturing 
and trading interests concerned, on the general 
questions whether the Fair is or is not achieving 
all that it might do, and what can be done to extend 
its appeal and its usefulness. 





PROFESSIONAL ENGINEERS 
IN NEW ZEALAND. 


New ZEALAND is a little larger than the United 
Kingdom of Great Britain and Northern Ireland, 
the respective areas being 103,000 sq. miles and 
93,000 sq. miles. In population, the difference 
between the two countries is of a very different 
order. That of New Zealand was estimated, last 
year to be 1,873,301, against something over 
50 million for the United Kingdom. New Zealand 
is mainly an agricultural country, sheep raising 
and dairying being the leading industries, with 
crop growing and forestry also of importance. As 
in many other countries, efforts are being made to 
develop manufacturing industries, and mining is 
a further non-agricultural activity, but the general 
position is such that it might reasonably be sup- 
posed that New Zealand does not offer a promising 
field for more than a small proportion of professional 
engineers. The census of 1911 showed, however, 
that the country had 750 professional engineers 
per million inhabitants; in the United Kingdom, 
in 1933, the number was 795. 

These figures, no doubt, give an indication of the 
general position, but they should be accepted with 
some reserve. They are based on census returns, 
and a householder filling in a census form has been 
left to exercise his own judgment in determining 
what constitutes a professional engineer. Figures 
collected in the United States in 1946 indicated 
that, in that country, there were 2,250 professional 
engineers per million inhabitants. In view of the 
remarkable industrial productivity of the United 
States, and the very extensive constructional works 
of many kinds which are constantly in progress, it 
may be taken as certain that the percentage of 
professional engineers in active service is high, but 
the basis on which the status is rated may well be 
different from that used in this country or New 
Zealand. In the latter country a Committee 
appointed by the Minister of Education to 1eport 
on the Education, Training and Supply of Profes- 
sional Engineers adopted as a definition of a pro- 
fessional engineer “‘one who has the examination 
qualifications and the experience required by the 
Engineers Registration Board for registration.” 

Comparison with the United States is perhaps 
not of much value in indicating desirable steps to 
be taken to improve the supply and qualifications 
of professional engineers in New Zealand ; considera- 
tion of conditions in Great Britain may be more 
useful. It is somewhat surprising to find the 
proportions relative to population not greatly 
different in the two countries. The reason possibly 
is that, although New Zealand is not at present 
highly industrialised, the development of new 
activities, which is being pressed forward, may call 
for a higher proportion of professional engineers 
than is necessary in a country in which similar 
industrial activities have been established for 
many years ; the same may apply to civil engineer- 
ing developments. In other words, the establish- 
ment of a mechanised civilisation will require 
more trained engineers per unit of work than are 
needed in a more developed country. 

Without in any way questioning the figures 
given in the Committee’s report, it may reasonably 
be asked if the figures of 750 for New Zealand and 
795 for the United Kingdom represent the same 
thing. It should be said here that the proportion 
of 750 professional engineers per million of popula- 
tion in New Zealand refers to the year 1911; by 


1948, it had fallen to 630. Even with this diminu- | The 


tion, however, it is of the same order with that for 
Great Britain. The make-up of the New Zealand 
proportion was indicated to some extent by the 
replies to a questionnaire which the Committee sent 
out to 994 Government departments, local bodies, 
consultants and private firms. From the figures 
given in detail in the report, those for civil engineers 
may be quoted. Of a total of 535, there were 212 
with university degrees, 220 holding associate 
membership of one of the three leading British 
engineering institutions, and 103 without either of 
these qualifications. There is no need to question 
the ability of the members of this latter class, but 
it may be asked if they can be correctly described 
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as professional engineers-; if the recommendations 
made by the Committee are carried, they wil! not 
be so rated in the future. 

Whatever the reason, it seems clear that New 
Zealand offers and will continue to offer favour ible 
prospects to professional engineers. The ques ion. 
naire asked for information about probable require- 
ments in the next five years and the replies indicated 
that for civil engineering an increase of 48 per cent, 
on the present total would be called for; in elec. 
trical and mechanical engineering, 73 per cent. in 
each class. The question of wastage was examined 
and the conclusion come to that this was of the 
order of 4 per cent. per annum. Some witnesses 
examined by the Committee considered that this 
figure was too low, but, as the wastage duc to 
retirement was of the order of 3 per cent., it was 
thought that 1 per cent. was sufficient to cover 
transfer to other professions and emigration overseas, 
In view of the opportunities offered to professional 
engineers in New Zealand, it was considered that 
a number of those going overseas might ultimately 
return and that ‘unsettled world conditions ” 
might bring in more graduates trained elsewhere. 

The main business of the Committee was to 
make recommendations about the supply and 
training of professional engineers. They put 
forward various proposals. One of these was that 
‘“‘in future all civil and electrical engineers should 
qualify by way of a University degree.” This 
requirement necessarily raises the question of 
university facilities. There are at present two 
schools of engineering forming part of the University 
of New Zealand; they are situated at Auckland 
and Canterbury. Both provide training for and 
award degrees in engineering and both are consi- 
dered to be inadequate and require extension. 
There is also a School of Mines and Metallurgy, 
forming part of the University of Otago, which 
awards degrees in mining and metallurgy. The 
Committee did not consider that this establishment 
came within its terms of reference and, in any case, 
thought that the training it provided was satis- 
factory. The extensions suggested at Auckland and 
Canterbury are concerned more with equipment and 
facilities than with student places, which are at 
present considered to be adequate in number. 

It will have been noted that mechanical engineers 
are not included among those for whom 4 university 
degree is considered desirable, or essential. A 
distinction of this kind would certainly not be 
accepted in this country and the reasons for its 
adoption in New Zealand are of interest. It is 
considered that in this branch of work early contact 
with industry is essential, but under existing arrange- 
ments this has not been possible for those taking a 
degree course. Further, most firms in New Zealand 
are small and are not likely to employ more than 
one professional engineer; they tend to select 
men on account of character and leadership, and 
who have grown up with them, rather than basing 
their choice on technical qualifications. In reference 
to graduates, it is stated that ‘‘ New Zealand indus- 
try did not appear to want them.” There is no sug- 
gestion that the technical education of men of the 
selected class should be neglected. It would be 
provided in “institutes of technology,” which 
would provide “diploma courses.” It is not sug- 
gested that no mechanical engineers should take 
degree courses, but that, for the majority, they are 
unnecessary at present in New Zealand. 

The Engineers Registration Board, mentioned 
earlier, assesses the qualification of candidates 
applying for registration as professional engineers. 
minimum standard required in examination 
qualifications are those of Sections A and B of the 
Institutions of Civil, Mechanical and Electrical 
Engineers. Apparently, it is not proposed that this 
basis should be abandoned, but that, in addition, the 
possession of a Diploma in Professional Engineering 
would qualify. The examination standard for this 
would be at least as high as that of the British 
institutions ; and the diploma would not be awarded 
solely on examination success, but also on the 
satisfactory completion of a course approved by the 
Education Department. Recommendations are made 
to increase the number of bursaries and scholarships, 





thus widening the field from which professional 
engineers may be drawn. 
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NOTES. 


INDUSTRIAL Gas TURBINES. 


Tne fortieth May Lecture of the Institute of 
Metals was delivered on May 10 by Dr. H. Roxbee 
Cox, Chief Scientist to the Ministry of Fuel and 
Power. In thecourse of his lecture, Dr. Roxbee Cox, 
who had chosen as his subject ‘‘ Industrial Gas 
Turbines,” stated that the history of the gas turbine 
appeared to begin with John Barber’s patent of 
1791, but its practical development belonged wholly 
to this centruy. The present widespread activity 
in gas turbines could fairly be thought of as 
mainly a development of the past 15 years. To 


, examine whether metallurgical progress had stimu- 


lated the gas-turbine designers, or the gas-turbine 
designers the metallurgists, was profitless, but of 
the magnitude of the metallurgical contribution to 
the rapid progress in the current gas-turbine epoch 
there could be no doubt. It had been in 1936 that 
Whittle’s great effort, which had resulted in the 
jet-propulsion gas turbine for aircraft, had truly 
got under way, and it was in the same year that 
serious experiments on axial compressors had been 
put in hand at the Royal Aircraft Establishment: 
Also, in or about 1936, serious interest in the gas 
turbine had revived on the Continent, where, 
except in Germany, the industrial gas turbine had 
been the main objective. Development towards 
this objective had been largely frustrated by the 
war everywhere but in Switzerland, where progress 
had been uninterrupted. The result was that the 
Swiss advance in the industrial field had been as 
significant as our own in the aircraft field. Probably 
the first modern gas turbine to go into service in 
a power station was the 4,000-kW stand-by set 
built by Messrs. Brown, Boveri & Co., Baden, 
Switzerland, and installed in 1938 at Neuchatel. 
This, like all Brown-Boveri gas turbines, worked 
on the open-cycle principle. There were four quite 
large electricity generating plants now under 
construction in this country. Two of them, each of 
15,000-kW capacity, were to the order of the British 
Electricity Authority, one from Messrs. C. A. 
Parsons and Company, Limited, and the other 
from the Metropolitan-Vickers Electrical Company, 
Limited. Messrs. C. A. Parsons were also making a 
10,000-kW plant for the National Gas Turbine 
Establishment. These were all open-cycle gas 
turbines. The fourth was a 12,500-kW set which 
was being made by Messrs. John Brown and Com- 
pany, Limited, on the Escher-Wyss closed-cycle 
principle, to the order of the North of Scotland 
Hydro-Electric Board. This plant would probably 
be the first of the four large sets now building to be 
placed in service. 


British ELEcTRICAL PowER CONVENTION. 

The second British Electrical Power Convention 
will be held at Harrogate from Monday, June 19, 
to Friday, June 23, under the presidency of Sir 
Vincent de Ferranti; and will be attended by 
representatives of the member bodies, which include 
the Area Boards and the majority of the electrical 
and allied trade associations. On the opening day, 
an exhibition will be inaugurated in the Sun Pavilion 
by the President and a reception by the Mayor and 
Mayoress of Harrogate will be held in the Royal 
Hall. On Tuesday morning, June 20, the conven- 
tion will be formally opened in the Royal Hall, 
when the delegates will be given a civic welcome and 
the President will deliver his address. In the after- 
noon there will be a meeting at which Sir Henry 
Self, Deputy Chairman (Administration) of the 
British Electricity Authority, will read a paper on 
“The Economics of Electricity Supply,” and in 
the evening there will be a reception by the Presi- 
dent. On Wednesday morning, a paper on 
“‘ Advances in Lamps and Lighting,” will be pre- 
sented on behalf of the Electric Lamp Manufac- 
turers’ Association by Mr. L. J. Davies, while on 
Thursday, June 22, there will be two meetings, at 
which the three following papers will be presented 
and discussed: ‘‘ Operation of Power Stations,” 
presented by Mr. J. D. Peattie, Deputy Chief 
Engineer (Generation), British Electricity Autho- 
tity, on behalf of the Authority; ‘‘ Boiler Plant— 
Present and Future,” presented by Mr. W. F. 
Simonson on behalf of the Water-Tube Boiler- 


makers’ Association; and ‘‘ Large Modern Steam 
Turbo-Generating Plant,’’ presented by Mr. J. T. 
Moore on behalf of the British Electrical and Allied 
Manufacturers’ Association. The arnual dinner 
will be held in the evening. On Friday morning, 
June 23, there will be a general meeting of the 
delegates and in the afternoon visits will be paid 
to the headquarters of the Yorkshire Electricity 
Board at Scarcroft, Leeds, and the new Skelton 
Grange power station. 


Tue InstTiTUTION oF Gas ENGINEERS. 

Until this week, the Institution of Gas Engineers 
have had no premises of their own since 1919, but 
have shared office accommodation with other 
national gas organisations ; for the last 13 years they 
were at Gas Industry House, 1, Grosvenor-place, 
London, 8.W.1. They have now acquired their own 
well-equipped and beautifully furnished headquar- 
ters at 17, Grosvenor-crescent, London, 8.W.1; the 
new premises were opened on Thursday, May 4, by 
Mr. Alfred Robens, Parliamentary Secretary to the 
Ministry of Fuel and Power, deputising for the 
Minister, Mr. Philip NoeJ-Baker, who was delayed 
by a cabinet meeting. During the opening cere- 
mopy, presentations were made by Sir Edgar 
Sylvester, Chairman of the Gas Council, to Dr. 
Harold Hartley, D.Sc., a past president of the 
Institution and chairman of the House Appeal 
Committee who organised the appeal for funds 
for the premises so successfully that only about 
half of the amount collected was required for pur- 
chasing and furnishing the house, the other half 
being used to establish a sinking fund ; and to Mr. 
C. H. Chester, O.B.E., President of the Institution 
for the current year. Although the idea of establish- 
ing an institution of gas engineers was first suggested 
more than 100 years ago, in 1849, it was not until 
1863 that a meeting held in Manchester resolved to 
form an association, to be known as the British 
Association of Gas Managers, to “‘ devote itself to 
the encouragement and advancement of all matters 
connected with gas engineering, manufacture and 
finance—being established to facilitate the exchange 
of information and ideas among its members.” In 
1864, Mr. Thomas Hawksley was elected as the first 
president of the new association. In 1881 the name 
of the association was changed to the Gas Institute. 
There was, however, a marked difference of opinion 
among gas engineers concerning membership of the 
Gas Institute, and this led to the creation on 
March 1, 1890, of a new body, for promoting the 
advancement of the gas industry, called the Incor- 
porated Institution of Gas Engineers, full member- 
ship of which was exclusive. In July of the same 
year, the Gas Institute also became incorporated, 
by registration with the Board of Trade, and con- 
ditions of membership were tightened up consider- 
ably. The two technical institutions of gas engineers 
continued to exist until a reconciliation and amal- 
gamation was brought about on November 29, 1902, 
and the united organisation became the Institution 
of Gas Engineers, with a membership of 684. On 
May 23, 1929, a Royal Charter was granted ; the 
membership had then grown to 1,430; it has con- 
tinued to increase and, in 1949, was 2,572. Among 
the activities of the Institution have been the 
administration of the Education Scheme for the 
gas industry, in close co-operation with the Ministry 
of Education and the technical colleges ; and the 
initiation in 1939, in conjunction with the Society 
of British Gas Industries and with the active support 
of the Department of Scientific and Industrial 
Research, of the Gas Research Board, to organise 
co-operative research work for the gas industry. 
Previously, the Institution had been responsible, 
in close co-operation with the University of Leeds, 
for co-operative research. The Institution was 
largely responsible for the foundation of the Inter- 
national Gas Union, the members of which are the 
principal technical organisations in each country. 


WorkInG Party ON BUILDING. 

Among the conclusions and recommendations of 
the Working Party on Building Operations, ap- 
pointed by the Minister of Works in July, 1948, 
which are given in their report, published on May 1 
(H.M. Stationery Office, price 2s. 6d. net), itis stated 
that, during 1946 and 1947, productive efficiency in 





the building industry was about two-thirds of the 


pre-war level; by the end of 1948 it had risen to 
about three-quarters, and there are signs of a further 
improvement. However, owing to the policy of full 
employment, the industry can no longer count on a 
large reserve of unemployed labour, and, it is 
believed, “incentive payments are essential if 
output is to be adequately increased”; it is 
desirable also that there should be greater inter- 
changeability between the crafts, and the need for 
developing further training schemes, at all levels, is 
emphasised. Planning controls may be expected 
to continue; the Working Party have called 
attention to the variety of licences and permits 
which have to be obtained from a number of different 
authorities, and the excessive delays which often 
occur in obtaining permits ; such delays and uncer- 
tainies make it impossible to plan and carry out a 
building job efficiently and, it is concluded, “a 
determined effort must be made to remedy this ” ; 
it is also pointed out that frequent changes of the 
official building programme have had “a disturbing 
effect on the general morale of the industry.” Some 
relief from these difficulties will be gained from 
the new Order, made this week under the Town and 
Country Planning Act, which relaxes planning 
controls and simplifies the procedure for securing 
planning permission. To raise productive efficiency 
above its pre-war level, greater use should be made, 
the report states, “of the appliances, methods and 
materials which scientific and technical advances 
place at their disposal” ; the Working Party advo- 
cate advance planning of the programme of work and 
the organisation on the site of building operations 
of any size; and building research should be effi- 
ciently organised and the results made widely 
known. The main responsibility for carrying out 
research should be with the Building Research 
Station. The Ministry of Works should confine 
their research activities, broadly, to the manage- 
ment and organisation of building work, and to 
providing opportunities for large-scale field trials. 
Although the Ministry of Works Advisory Council 
on Building Research and Development have been 
giving special attention to publishing research 
developments, and regional and technical informa- 
tion services are being set up, many of the witnesses 
who gave evidence thought that research results 
were still not reaching those concerned. 
Tur Mavupsiay SCHOLARSHIP. 

The Junior Institution of Engineers announce 
that applications may now be made for the 1950 
Maudslay Scholarship, and should be in the hands 
of the secretary of the Institution, Mr. G. W. Ger- 
main, not later than July 31. The scholarship was 
established by the Maudslay Society last year, the 
first award being made in December, as was recorded 
in our columns at the time. The purpose is to 
commemorate Henry Maudslay (1771-1831), the 
inventor of the screw-cutting lathe and founder of 
the engineering firm of Maudslay, Sons and Field ; 
and the selection of the recipient is made by a 
committee consisting of representatives of the 
Society and of the Junior Institution of Engineers, 
which began in 1884 as an association of apprentices 
in the Maudslay works. Candidates must not be 
more than 25 years of age, and must be engineers 
(or training to be engineers) wholly or mainly inter- 
tested in mechanical engineering. The amount of 
the Scholarship award has been increased this year 
to 1251. and is payable in cash, to be expended in 
any way that the recipient may desire, subject to 
the approval of the Council of the Junior Institution 
of Engineers and the Committee of the Maudslay 
Society. Full particulars of the conditions are 
obtainable on application to the secretary of the 
Junior Institution of Engineers, 39, Victoria-street, 
Westminster, 8.W.1. 


Tur LonpoN ASSOCIATION OF ENGINEERS. 


The ‘Anniversary Festival” of the London 
Association of Engineers, which was founded in 
1852, was held at the Connaught Rooms, London, 
on Friday, May 5, with Sir Harold Bowden, Bart., 
G.B.E., in the chair. Sir Patrick Hannon, F.R.G.S., 
proposing the toast of “‘ The Engineering Industry,” 
spoke of the importance of the Government afford- 
ing the fullest opportunities for expansion and 
development without State interference, and Sir 





Tan Stewart-Richardson, Bart., who responded to 
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the toast, referred to the difficulty that engineering 
firms are experiencing in having to work with an 
unreasonable proportion of obsolescent plant and 
machinery. Mr. F. J. Erroll, M.P., A.M.LE.E., 
A.M.I.Mech.E., said that those who talked of an 
impending slump should realise that the difficulties 
would be felt in the “‘ consumption ” industries, not 
in heavy engineering. What this country lost in the 
market for commodities, must be gained by the 
engineering industry, which, he believed, might anti- 
cipate a great period of prosperity. Many people in 
industry, he said, were of left-wing tendencies : 
looking to the past they feared for the future. 
Leaders in engineering, however, should assure them 
regarding the future. Sir Harold Bowden, Bart., 
G.B.E., who also spoke, said that all the advances 
of engineering could not compare with the works of 
Nature. He had read that 40 per cent. of the 
Nation’s income was taken in taxes ; the consequent 
lack of incentive was damaging and should be 
eliminated. 

Tue Royat Corrs or Navat ConstTRUcToRs. 

Sir Charles S. Lillicrap, K.C.B., M.B.E., the 
Director of Naval Construction, presided at the 
annual dinner of the Royal Corps of Naval Con- 
structors, which was held at the Connaught Rooms, 
London, W.C.2, on Friday, May 5. The principal 
guest was the Third Sea Lord and Controller of the 
Navy, Vice-Admiral M. M. Denny, C.B., D.S.O., to 
whom, in his capacity of Controller, a toast was 
proposed by Sir Charles Lillicrap. Tracing the 
development of the office of Controller from the 
time of Queen Elizabeth, Sir Charles recalled that 
it had been held by some of the most outstanding 
naval officers. The function of the Controller he 
defined as “‘ producing the maximum number of 
bricks with the minimum amount of straw—some- 
times with no straw at all.” There were some who 
held that the Navy was obsolete in an age of atomic 
energy; but that was a dangerous view to take. 
Admiral Denny had found time to give a good deal 
of attention to the affairs of the Royal Corps, and 
he (Sir Charles) only wished ihat, in conclusion, he 
could quote with aptness the lines of Whitman : 
“O Captain! my Captain! our fearful trip is done, 
The ship has weathered every wrack, the prize we 
sought is won.” In his reply, which developed into 
a toast to “The Royal Corps of Naval Construc- 
tors,” Vice-Admiral Denny spoke of the difficulty 
of reconciling the Navy’s requirements with the 
available resources and quoted Mr. Winston 
Churchill’s description of how, 40 years ago, when 
the state of the Navy was causing anxiety, “a 
curious and characteristic solution was reached. 
The Admiralty had demanded six ships ; the econo- 
mists offered four; and we finally compromised on 
eight.”” The Royal Corps, he continued, was very 
good at squeezing a quart into a pint pot; the 
Navy was very good at specifying requirements ; 
but it was the naval architect who had the real 
problem, in having to avoid either designing a ship 
that could not be built or one that the Navy Votes 
could not finance. The toast of “‘ The Guests ” was 
proposed by Mr. C. J. W. Hopkins, C.B.E., Deputy 
Director of Naval Construction, who (as His Honour 
Sir Tom Eastham, K.C., was to reply) took the 
opportunity to refer to the recommendations of 
the Eastham Committee for the improvement of 
salaries and other conditions of employment in 
the Royal Corps, and the dissatisfaction felt with 
the Admiralty’s new salary scales, bestowed in lieu 
of those proposed by the Eastham Committee. 
The total cost of the R.C.N.C., he pointed out 
represented only one eighth of 1 per cent. of the 
current year’s Navy Estimates. Sir Tom Eastham, 
who was greeted with loud and prolonged applause, 
described very briefly the constitution of the East- 
ham Committee, their terms of reference, and the 
wide field over which their inquiry extended. The 
problems submitted to the Committee, he said, 
were dealt with as a whole, and each part of their 
report depended on the other parts. Few people 
realised the standard of the training that a man 
must undergo to become a member of the Royal 
Corps of Naval Constructors; for example, a 
graduate of Cambridge University, possessing a 
first-class honours degree in Mechanical Science, 
who wished to become a member of the R.C.N.C., 
would have to spend a further 18 months in the 





Dockyards, six months at sea, and two years at 
the Royal Naval College, on the intensive study of 
naval architecture, ending with a severe examina- 
tion. How could such a man be expected to spend 
four years on this intensive study, in order to join 
the R.C.N.C. for less remuneration than he might 
expect if he had not joined the Corps? It was 
common knowledge, Sir Tom Eastham continued, 
that the private builders of warships also were not 
satisfied with the conditions in the Corps, because 
they realised that, unless there was some improve- 
ment, first-class men would be no longer attracted 
to join it. “If,” he said, “‘the authorities are 
unable or do not wish to implement the unanimous 
recommendations of the Eastham Committee, then 
I suggest that the question whether or not the 
Royal Corps should be formed into a separate Branch 
of the Navy, similar to the Engineering Branch and 
the new Electrical Branch, might be reconsidered. 


Tue InstrruTe oF FUEL. 

Last year a ‘‘ Sub-Committee on the Education 
Scheme” was formed under the auspices of the 
Institute of Fuel, with Dr. D. T. A. Townend, the 
President, as chairman, and, in addition to members 
of that Institute, a representative of the Institution 
of Gas Engineers and another of the Institute of 
Petroleum were subsequently co-opted, on the 
nomination of these bodies. It is stated in the 
report of Council of the Institute of Fuel, for the year 
1949, presented at the annual corporate meeting, 
held at the Connaught Rooms, London, W.C.2, on 
April 27, that this Sub-Committee, in collaboration 
with the Fuel Technology Syllabus Sub-Committee 
of the City and Guilds Institute, aims at preparing 
a scheme which will utilise, to the maximum extent, 
training courses and examinations suited in common 
to the needs of the Institute and of other representa- 
tive bodies in closely-related fields. It is intended 
to publish a complete report on the new education 
scheme during the present year. In addition to 
questions on publications, finance and other matters, 
the report of Council shows that the total number 
of members on the roll of the Institute on Decem- 
ber 31, 1949, was 3,550, against 3,400 in December, 
1948. Among those lost to the Institute by death 
during 1949 were Dr. C. H. Lander, Sir Archibald 
Page, Mr. W. A. Woodeson, Professor Douglas Hay, 
Dr. J. R. Campbell, and Mr. A. Glynne Lobley. At 
the annual luncheon, held after the meeting at 
the Connaught Rooms, the President, Dr. Townend, 
when, proposing “‘The Guests,” emphasised that, 
as was the case with other professional bodies, 
education was a responsibility of the Institute 
which had a strong desire to be constructive in this 
direction. In the course of his reply to the toast, 
Engineer Vice-Admiral Sir Harold Brown, G.B.E., 
K.C.B., Engineer-in-Chief of the Fleet from 1932 to 
1936 and chairman of the Fuel Research Board 
since 1947, said that close and intimate relations 
existed between the Department of Scientific and 
Industrial Research and the research organisations 
of the nationalised industries. If this co-ordination 
were carried out in a wise manner, the duplication 
of effort and overlapping in research work would be 
avoided. 





NEw REGULATIONS FOR GRINDING METAIS.—Under 
the Factories Acts, new regulations amending the 
Grinding of Metals (Miscellaneous Industries) Regulations, 
1925, are to come into force on June 1, 1950; the new 
regulations, designated S.I. 1950 No. 688 and entitled 
the Grinding of Metals (Miscellaneous Industries) (Amend- 
ment) Special Regulations, 1950, may be obtained from 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 2d. net ; 3d., post free,] 


THE LATE M. MAURICE TRAVAILLEUR.—We regret to 
record the death of M. Maurice Travailleur, which occurred 
in Brussels on Wednesday, May 3, at the age of 79, 
M. Travailleur, who was appointed electrical engineer 
to the King of the Belgians in 1897, was for many years 
connected with the radio side of the industry, He wason 
the board of the Marconi International Marine Communi- 
cation, Limited, from 1900 until 1906 and again from 
1912 to 1917. He was appointed to the board of the 
Société Anonyme Internationale de Telegraphie sans 
Fils in 1913 and at the time of his death was President 
Honoraire. He was also a director of Marconi’s Wireless 
Telegraph Company, Limited, from 1911 to 1914, and 
of the Société Belge Radio-electrique from 1922 onwards. 





OBITUARY. 


DR. H. SHAW. 


WE regret to record the very sudden death of Dr. 
Herman Shaw, Director of the Science Museum, 
which occurred in London on Thursday, May 4, at 
the age of 59. Dr. Shaw was born in Huddersfield on 
October 14, 1891, and was educated at Bradford 
Grammar School and at the Imperial College of 
Science and Technology, where he obtained a Royal 
Scholarship in 1911. Two years later he was 
awarded an Aeronautics Research Scholarship at 
the same institution and received its diploma in 
1914. He served in the Navy and Royal Naval 
Air Service during the 1914-18 war, and, on the 
conclusion of hostilities, joined the staff of the 
Science Museum, South Kensington, where in due 
course he became Deputy Keeper and Keeper of 
the Department of Physics and Geophysics, attaining 
the latter position in 1935. He was made acting 
Director in 1940 during the absence of Colonel 
E. E. B. Mackintosh on war service, and succeeded 
him as Director five years later. During his 
time of service at the Museum he undertook a 
number of geophysical surveys in this country and 
South Africa and received the D.Sc. cf London 
University for his researches in this branch of science. 
He was a Fellow and honorary treasurer of the 
Physical Society and a Fellow of the Institute 
of Physics, and a Governor of the Imperial College 
of Science and Technology. He was the author of a 
text-book on aeronautics and of a number of papers 
on applied geophysics, as well as of various official 
publications of the Science Museum. 





MR. MAURICE S. GIBB, C.B.E. 


Tue death is also announced of Mr. Maurice 
Sylvester Gibb, who was for many years one of the 
best-known engineering industrialists on the North- 
East Coast. He had been living in retirement for 
some years and died in Guildford, Surrey, on May 6. 

Mr. Gibb was 72 years of age, having been born 
on March 28, 1878. His general education was 
received at private schools in London and at the 
King Edward VI Grammar School at Retford. On 
leaving school in 1892, he spent a year in the Leeds 
goods office of the North Eastern Railway before 
entering upon an engineering apprenticeship at the 
Central Marine Engine Works, West Hartlepool 
On the conclusion of his apprenticeship, he went 
to sea in the ships of the Aberdeen Line, and obtained 
a Board of Trade first-class certificate. He then 
returned to the North Eastern Railway, and, in 
April, 1903, was promoted to take charge of the 
outside machinery department. In this post, which 
he held for four years, he was concerned with 
pumping plant, dock machinery, electric and 
hydraulic power generation, and, among other 
work, with the design and installation of the electric 
machinery for the Sculcoates swing bridge—one of 
the earliest, and possibly the earliest, to be operated 
electrically. In January, 1907, Mr. Gibb left the 
North Eastern Railway to becomeassistant manager 
of Messrs. W. Gray and Company’s Central 
Marine Engine Works. He became general manager 
in October of the same year, and managing director 
in 1913, a position which he retained until 1936, 
when he was made managing director of the Special 
Areas Reconstruction Association, eventually be- 
coming one of the liquidators. He was an active 
participant in most professional engineering acti- 
vities on the North East Coast, being President of 
the North-East Coast Institution of Engineers and 
Shipbuilders from 1927 to 1929, a member of the 
Institution of Mechanical Engineers and the Insti- 
tution of Naval Architects, a member for 20 years 
of the Technical Committee of Lloyd’s Register of 
Shipping, and chairman, in 1937, of a special com- 
mittee appointed by the Board of Trade to review 
the examination requirements for marine engineers. 
He was also a past-President of the Hartlep ol 
Chamber of Commerce, and, during the 1914-18 
war, was in charge of the Birtley shell factory of 
the Ministry of Munitions, in which he had been 
previously the Director of Munitions Supply. For 
these services, he was awarded the C.B.E. in 1920. 
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LETTERS TO THE EDITOR. 


THE HEAT TRANSFER 
COEFFICIENT FOR FLUIDS IN 
LAMINAR MOVEMENT. 


To THE Eprror oF ENGINEERING. 


Sirn,—In 1883, Graetz calculated the heat-transfer 
coefficients between, a fluid in laminar movement 
through a circular tube and the tube wall. Nusselt 
repeated these calculations independently. Both 
authors assumed the same limit conditions, namely, 
that the fluid, flowing at constant temperature 
through one tube, suddenly enters another tube 
with a different constant wall temperature. The 
heat-transfer coefficient, after a very short length 
of the second tube, attains a constant value, which is 
generally given in the form 

«D 
= 5) = 3-66 
where a = the coefficient of heat transfer; D = 
the diameter of the tube; A= the coefficient of 
conductivity of liquid, and N, = Nusselt number 
(non-dimensional). The calculations of Graetz and 
Nuscelt are rather laborious, and the above value 
of N, is often quoted by authors of text-books 
simply as the ‘‘ coefficient of heat transfer at laminar 
flow,” as if it were generally valid, regardless of 
limit conditions. This is not so, as will be seen 
from the following calculations. 

The differential equation of temperature distribu- 
tion in a circular tube is 

a 


0 =A ad + 1 00 > me 

Oz Oz* ~ r@r  Or* 
where pe = the specific heat per unit volume; 
u = velocity; §= the temperature of the fluid; 


2 =the axial co-ordinate, and r = the radial co- 
ordinate. In laminar flow, the velocity is 


«=m (+-(9)) 


where u, = the mean velocity and R = the radius 
of the tube. Instead of the limit conditions of 
Graetz and Nusselt, we assume that a constant rate 
of heat flow g—either positive or negative—be main- 
tained over the whole inner surface of the tube. Then 
00 


— must be constant : 
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From this it follows, that a = 0 and we find the 
following differential equation for @, as a function 


ofr: 
146 #0 _4eR1(,_(r 
rdr dr A x ( - (z)) 
or, integrated, 
2qaR/f/i1/r\? 1/r\* 
o- 6 = 25" (5 (5) -§@) 


% = 9% ao= temperature at tube axis. The mean 
temperature of the fluid is : 








B 
tm = aa | Ore 
or 
2@R7 
Om = 9 +—— Bi 
whereas the temperature 6, at the tube wall is : 
2qR3 
pian: 
and the difference, consequently 
On — Oy we RE _ 7) Pe 
ae a a A 48° 
Now a = “Gq ond D=2R, and from this it 
follows that 


From this it follows that the value of the Nusselt 
number of 3-66, as calculated by Nusselt, is only 
valid for the special limit condition which he used, 
namely, that the temperature of the tube wall be 
kept constant. Other limit conditions may give 





other values and, in any case, the value of 3-66 is 
not universally valid. 
A. MELDAHL, 
Professor of Mechanical Engineering. 
Institute of Technology of Denmark, 
Copenhagen. 
March 30, 1950. 





TORSIONAL STRESS IN CLOSE- 
COILED HELICAL SPRINGS. 


To THE Eprror oF ENGINEERING. 


Smr,—In connection with the article on spring 
stresses by Dr. Morley, on page 231, ante, but more 
particularly with reference to the comment on this 
article by Mr. D. G. Sopwith, in your issue of 
March 31, on page 360, I should like to add the 
following. 

The spring-stress formula in common use in the 
United States is the well known one due to Wahl. 
I was very interested to note the suggested simplifi- 
cation for the stress concentration factor given by 
407), because I had 
arrived at almost this figure by an elementary 
method of analysis. 

It will be recalled that the transverse shear stress 
in Wahl’s formula (also in Dr. Morley’s article) was 
obtained by using the exact value from the theory 
of elasticity, i.e., 1-23 times the average shear stress. 


Mr. Sopwith, namely, 
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But this figure applies to a straight circular bar, 
It seems to me that the direct shear-stress problem 
has exactly the same stress-raising conditions in it 
as the torsion-stress problem. With this in mind, 
the following approximate method was used to find 
the maximum direct shear stress : 
The deflection of a circular bar due to shear is 

given by the approximate theory as: 

40Wwil 

on eG" 


In the torsion problem, the assumption of the 
twist not being greatly altered by the stress varia- 
tion was found to give good results. It is not un- 
reasonable, therefore, to assume that the direct 
shear deflection is similarly unaffected. If an 
element of the spring wire is treated as a bar, its 
length can be written as Rd@ (see accompanying 
diagram). The shearing strain at any radius r is 
then : 
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This is greatest at the inside of the spring, i.e., 
when r = R — ; ; therefore 
40WR 


n° is written as C, the maximum direct shear 
stress becomes : 


qa 


s0WR 
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The maximum torsion stress which occurs at the 
same place and has the same sign is given by Wahl 
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If these two stresses are added, the total shear 

stress at the inner surface of the spring is 

16W Re + i) Ls row (e +06) 
e-—1_]}’ e-1 f° 
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This is in good agreement with most of the 
formule, but gives a somewhat higher result than 
the best known methods. However, since it is 
intended to allow for a further stress-concentration 
effect, it is entirely reasonable that it should give a 
higher value. For comparison, the following 
figures are repeated from Mr. Sopwith’s letter. 


ec = 10 c=65 c=3 

Géhner 1-134 1-292 1-554 
Wahl 1-128 1-310 1-580 
Freiberger ... 1-136 1-293 1-552 
Above method 1-145 1-326 1-653 

Yours truly, 
FrankK R. ARCHIBALD, 
Assistant Professor. 
School of Engineering, 


John C. Green Foundation, 
Princeton University, N.J., U.S.A. 
April 18, 1950. 





ATOMIC ENERGY IN 
RESEARCH AND INDUSTRY. 


THE interest that is being taken by the public in 
atomic energy, unfortunately, but perhaps not un- 
naturally, has been directed mainly to its possible 
applications in warfare. Consequently, its employ- 
ment for more useful, and certainly for more 
peaceful, purposes has been overlooked by some. 
The Ministry of Supply are therefore to be con- 
gratulated on, utilising space at ti: Olympia section 
of the British Industries Fair to display a work- 
ing model of British Experimental Pile (Bepo) 
at Harwell and to indicate a number of ways in 
which the radioactive isotopes produced at the 
Atomic Energy Research Establishment are being 
utilised in industry. In addition, they have issued 
a useful pamphlet, entitled ‘“‘ Atomic Energy Re- 
search,” in which, after explaining how an atomic 
pile works and giving details of the construction of 
Bepo, they have set out the applications of radio- 
active products in considerable detail. A study of 
this pamphlet should enable the reader to appreciate 
the present position in its correct perspective. 

- It may be recalled that an atomic pile of the 
Bepo type consists essentially of a structure of 
graphite blocks through which run a large number 
of regularly spaced channels, the whole being 
surrounded by a concrete shield with a steel facing 
to give protection from the neutrons and other 
harmful radiations. Cylindrical uranium rods lie 
in the channels in the graphite and produce neutrons 
and heat when the pile is working. This heat is 
removed by passing air through the channels. The 
actual pile at Harwell is in the form of a cube with 
30-ft. sides, while the model at Olympia is about 
9 ft. high with the faces cut away to show the 
interior. It is thus possible to see the uranium rods 
which lie horizontally in aluminium cases, so as to 
prevent the radioactive atoms escaping into the 
cooling air, and the connection between the pile 
itself and the 200-ft. chimney into which the air is 
exhausted. 

The uranium rods are loaded into one face of the 
pile and unloaded through the opposite face. Both 
these operations, as will be clear from an inspection 
of the model, are effected by hoists, while lead con- 
tainers, known, as “‘ coffins ’ are placed opposite the 
discharge holes to receive the radioactive material. 
Of the other two faces, one is used for experimental 
work. This is pierced by 40 holes to give access 
to the interior of the pile. The fourth face carries 
the control mechanism, which is used to keep the 
power output of the pile at constant level by insert- 
ing or withdrawing neutron-absorbing control rods. 
These rods are operated electrically by the current 
which is produced by the neutrons passing through 
the internal ionisation chambers and are shown 
in action on the model, as are the second sets of 
rods which are lowered into the pile by compressed 
air when it is necessary to shut it down for any 
reason. The current is also used to measure and 


record the power level. 
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Although Bepo normally operates for long periods 
at a constant power level, the model simulates the 
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starting up and shutting down of operations once 
about every five minutes, according to the following 
cycle. The shut-off rods and control rods are with- 
drawn and the power is allowed to rise to a pre-set 
value. The pile power is then kept at constant 
level by small adjustments of the control rods. 
The latter are next allowed to move too far, thus 
simulating a fault in the mechanism, so that the 
power rises to the pre-set safety limit. The con- 
sequence is that the shut-off rods are automatically 
inserted, so that the pile is shut down, and the 
control rods are also returned to their off position. 
While the pile is shut down, the hoist is moved 
up to the unloading face to simulate the operation 
of unloading, while the method of loading appro- 
priate materials in aluminium cases into the graphite 
blocks by pneumatic tube equipment, similar to 
that sometimes used in shops for delivering change, 
is also demonstrated. 

The working material in the pile is natural 
uranium metal, which is made up of 99 per cent. 
uranium 238 and 1 per cent. uranium 235, the 
latter being the active agent. When a neutron 
collides with an atom of uranium 235, it breaks 
into two parts with the release of considerable heat 
as well as two or three more neutrons, the process 
being known as fission. These neutrons may be lost 
by escaping from the pile or by being captured by 
impurities in the pile material. They may also be 
lost by being captured by the uranium 238 (whereby 
plutonium is formed) or in causing fission in another 
uranium 235 atom. Finally, they may be employed 
for experimental ‘purposes or for the production of 
radioactive isotopes. Of the two or three neutrons 
liberated in each fission, one or two will escape or 
be used for the production, of plutonium or isotopes. 
On the average, however, one neutron at least must 
cause fission, if the nuclear reaction is to continue at 
a constant level. If more than one, on the average, 
is left over, the surplus must be removed to prevent 
the nuclear reaction increasing in intensity, a 
condition which is ensured by use of the neutron- 
absorbing control rods mentioned above. 

Several ways in which radioactive isotopes are 
being employed in industry are being demonstrated 
at Olympia. In the first place, it is shown how the 
static electricity, which frequently interferes with 
production in paper-making and other industries, 
can be dispersed by making the air surrounding 
the machinery radioactive. A method using iso- 
topes for measuring the thickness of materials 
manufactured in a continuous moving web is also 
shown, as well as for the detection of empty packets 
on automatic fillmg machines. The detection of 
dangerous dusts by a “tracer” technique and the 
ways in which y-ray radiography can be employed 
in industry are also being demonstrated. 





“ THE DESIGN AND USE OF PHOTO-EXTINCTION SEDI- 
MENTOMETERS ”: ERRATA.—Our attention has been 
drawn to the following errors in the concluding portion 
of the above article, in our issue of April 14. In the 
graphs Figs. 11, 12 and 13, on page 406, the description of 
the abscisse should read “ Dia. in cm. of Equivalent 
Aperture at 20 om.” At the foot of the first column on 


B H \t 
the same page, in the equation d, = 7(# + 7) , tin 


EXPLOSIVE CHARGE FOR RESCUE FROM CRASHED 
AtroraFrT.—The Department of Scientific and Industria) 
Research, Rex House, 4 to 12, Regent-street, London, 
S.W.1, have announced the development of a method 
for enabling rescue workers to break into the fuselage of 
a crashed aircraft to release passengers and crew, by 
means of an explosive line charge. The explosive is 
enclosed in the centre of a tube or a cord, formed into a 
rectangular loop, and held in a framework on the end of a 
long arm, by means of which the looped charge can be held 
against the side of the aircraft and fired from a distance, 
blowing out a panel through which passengers and crew 
can escape. The line charge can be specially shaped to 
give a punching effect in a particular direction ; for 
instance, if the charge is given a V-groove, it will punch 
forward on the grooved side. The shaped charge can be 
embedded in a semi-circular cover, the flat side being 
coated with an adhesive to give close contact. When 
fired, such a charge gives a much better cutting perform- 
ance than a similar round charge. The explosion, it is 
said, will not cause injury to anyone inside the fuselage 
unless he were leaning against the panel, and even then 
the injuries would not be serious. 


the denominator should be V ‘. 





THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 512.) 


CoNTINUING our report of the 8lst annual general 
meeting of the Iron and Steel Institute, held in 
London on Wednesday and Thursday, April 26 and 
27, we now deal with the second session of the 
meeting. 


OVERHEATING OF STEEL. 


The first four papers considered in the afternoon 
of April 26, all of which dealt with the overheating 
of steel, were discussed jointly after presentation. 
The first of these contributions, entitled ‘The 
Overheating and Burning of Steel. Part III.—The 
Influence of Excessive Reheating Temperatures on 
the Mechanical Properties and Structure of Alloy 
Steels,” by Professor A. Preece, Dr. J. Nutting and 
Mr. A. Hartley, described an extension of work done 
for the Alloy Steels Research Committee of the 
British Iron and Steel Research Association. The 
authors stated that mechanical tests had been used 
to follow the changes induced in a range of alloy 
steels after treatment at temperatures up to 
1,425 deg. C. A survey had been made of the 
influence of cooling rate on the development of the 
overheated condition. A statistical examination of 
the effect of steel composition upon overheating 
temperature had indicated that carbon and sulphur 
were important constituents, but the influence of 
oxygen was doubtful. The conclusions drawn were 
that overheating was a result of some change in 
composition at the boundaries of the austenite 
grains existing at the high temperature. Burning 
occurred as a result of partial melting and a subse- 
quent segregation of phosphorus, accompanied by 
the precipitation of sulphides from the molten 
metal. 

The second paper dealt with ‘‘The Detection of 
Overheating and Burning in Steel by Microscopical 
Methods” and was by Professor A. Preece and 
Dr. J. Nutting. In this, the authors gave a review 
of the etching reagents which had been used to 
detect overheating and burning in steel. An elec- 
trolytic ammonium nitrate etch had been found 
very selective in its action. The saturated nitrate 
solution was used as the electrolyte and a stainless- 
steel plate as the cathode. The specimen to be 
etched was made the anode and the current density 
employed ranged from 0-2 to 1-0 ampere per 
square centimetre. Black boundaries were pro- 
duced in burnt steel while, in overheated steel, the 
boundaries were left unattacked. With burnt steels 
the nitrate preferentially attacked the grain boun- 
daries, which suggested that the change in com- 
position produced by burning was entirely different 
from that obtained by overheating. 

Like the second paper, the third contribution, on 
“‘Grain-Boundary Phenomena in Severely-Heated 
Steel,” by Dr. T. Ko and Professor D. Hanson, of 
the University of Birmingham, described work 
carried out for the Alloy Steels Research Committee 
of the British Iron and Steel Research Association. 
The authors stated that a study had been made of 
the structure and tensile properties of carbon steels 
which had been, quench-hardened after being heated 
to very high temperatures in the austenitic range. 
It was coxcluded that precipitation of sulphide 
inclusions occurred at the austenite grain boundary 
when a steel was overheated : the amount of inclu- 
sions so precipitated increased with increasing 
temperature. The segregation of phosphorus to the 
grain boundaries occurred when iron-rich sulphide 
inclusions were preSent at the grain boundaries 
with a eutectic structure, or when a sulphur-free 
Fe-C-P alloy had been heated to temperatures 
above the solidus. Slow cooling through the over- 
heating range or long annealing at temperatures 
just below the overheating temperature reduced the 
number of inclusions at the grain boundaries, and 
removed the overheating effect in the steel. On the 
basis of these observations, a theory was put 
forward that overheating was due to the precipi- 
tation of sulphide inclusions at the austenite grain 
boundaries existing at the temperature to which the 
steel had been heated. 

The fourth and last ‘paper in the series on the 





overheating and burning of steel was by Dr. E. (, 
Rollason and Mr. D. F. ¥ A Roberts, of Murex 
Welding Processes, Limited. It was entitled “A 
Note on the Overheating of Steel,” and the authors 
stated that, from existing published data on over. 
heating it had been concluded that the amount of 
manganese sulphide present in a steel was an 
important criterion of the minimum overheating 
temperature. A new graphical presentation of the 
data showed that the overheating temperature was 
a function of the sulphur content and the man- 
ganese : sulphur ratio, and this helped to elucidate 
anomalous results. 

The discussion was opened by Mr. J. Woolman, 
who stated that increasing evidence was being 
brought forward to show the importance of sulphur 
in overheating. It was very gratifying to see the 
confirmation of the suggestion, which Mr. H. W. 
Kirby and he had put forward in 1946, that over- 
heating effects were due to the precipitation, on 
cooling, of sulphides at the grain boundaries. They 
had also indicated that the phenomenon might be 
expected to be influenced by the manganese content 
of the steel. The papers by Ko and Hanson, and 
by Rollason and Roberts, brought more concrete 
evidence in support of this theory. It must be 
remembered, however, that there were factors 
other than the manganese and sulphur contents 
which affected the overheating temperature. Alu- 
minium had an important influence and other 
elements might be of some significance. The next 
speaker, Dr. J. H. Whiteley, stated that he was not 
entirely in favour of the view that overheating was 
due to the precipitation of sulphur particles at the 
grain boundaries. It was probably partly true, in 
that sulphide particles were precipitated and 
weakened the boundary, but, probably, that was 
not the sole cause. He felt that the surface-tension 
effect caused the sulphur to increase at the grain 
boundaries, and it was the sulphide dissolved at the 
boundaries rather than that which was precipitated 
which gave rise to the trouble. 

Dr. J. Nutting said that it appeared that two 
theories had been advanced to account for the 
phenomenon of overheating. Ko and Hanson 
believed in the precipitation of sulphides at the 
austenite grain boundaries; Preece, Hartley and 
he (Dr. Nutting) invoked the help of a diffusion 
process. An endeavour should be made to reconcile 
these two viewpoints, which did not seem to be 
mutually exclusive. Precipitation could account 
for some of the phenomena recorded in the present 
papers, and so could diffusion. There was one 
particularly important effect, however, which could 
not be accounted for by the precipitation theory. 
That effect was the action of the ammonium nitrate 
etching medium. Ko and Hanson stated that the 
electrochemical behaviour of the matrix in the 
neighbourhood of these inclusions must be affected 
by their presence, and that this might give rise to 
the etching effects observed with ammonium nitrate. 
If this were the case, an ammonium-nitrate etch 
would show a white band round any sulphide 
inclusion found in overheated steel, whether it was 
a sulphur inclusion formed during precipitation or 
a massive sulphide inclusion formed when the 
ingot solidified ; but that had not been observed. 
Another important effect was that steels slowly 
cooled from a high temperature did not show white 
ingot solidified ; but that had not been observed. 
to the ideas put forward by Ko and Hanson, sulphide 
inclusions were still present at the grain boundaries, 
and white boundaries should be obtained. They 
were not, however, and so it appeared that the 
ammonium nitrate showed an effect which could 
not be accounted for by precipitation. 

Dr. T. Ko stated that the analysis of Rollason 
and Roberts had provided further indirect evidence 
that the precipitation of sulphide was the cause of 
overheating. Professor Hanson and he agreed 
with almost all the important observations regarding 
polished sections made by Preece and his co-workers 
and it was only with their interpretation that they 
might disagree here and there. The theory that 
overheating was due to segregation of alloying 
elements in solid solution in the grain boundary 
region on heating to high temperatures, had been 
advanced for sulphur and for other elements, such 
as silicon and phosphorus. Undoubtedly, the segre- 
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MESSRS. CAMMELL LAIRD AND COMPANY, LIMITED, BIRKENHEAD. 
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gation of some element could exist at the grain 
boundaries. 

In the course of his reply, Professor A. Preece 
said that he was not yet convinced that a simple 
precipitation theory would provide an explanation 
of all the phenomena which were known to be 
associated with overheating. For example, it 
appeared that increasing the sulphur content of a 
steel must increase the amount of sulphides which 
would be precipitated at the grain boundaries. For 
that reason it was difficult to understand why an 
increased sulphur content also increased the tem- 
perature at which overheating took place ; in other 
words it decreased the susceptibility of a steel to 
become overheated. It had been found that con- 
secutive casts of steels made from identical raw 
materials, in the same furnace, could show very 
different overheating properties, although the speci- 
fied composition was very similar indeed. These 
wide variations in overheating properties would not 
be expected if the simple precipitation theory could 
be believed. 


EXTENSION OF AR, RANGE IN STEEL. 


The last paper considered on Wednesday after- 
noon was entitled ‘‘ The Extension of the Ar, Range 
with Carbide Formation in Mild Steel due to High- 
Temperature Treatment’? and was by Dr. J. H. 
Whiteley. In presenting it he stated that isolated 
areas, containing large amounts of massive or free 
carbide, seen in two mild-steel ingots, had led to 
the carrying out of some tests on coalescence. It 
was eventually found that when this steel was cooled 
slowly from a very high temperature, the Ar, range 
was widely extended and that the free carbide was 
formed directly from the residual austenite. The 
length of the extended range was determined by 
the temperature of heating above 1,200 deg. C., and 
the manganese content of the steel. As the latter 
was increased, the end of the transformation was 
progressively lowered until, with 1-5 per cent. of 
Mn, it was well below 450 deg. C. When specimens 
were rapidly cooled to 1,200 deg. C., and then slowly 











cooled, the extension was not so great. These 
effects appeared to be confined to mild and low- 
carbon steels. The distribution of the residual 
austenite was always extremely uneven. Some of 
it could persist for very long periods, even below 
550 deg. C. When tests were repeated on a sample, 
the quantity of carbide produced from the residual 
austenite often varied considerably, and for no 
apparent reason. It was suggested that ferrite was 
the active nucleus in this carbide formation. Lastly, 
the S-curve for the end of the transformation had 
been examined. When a mild steel was slowly 
cooled from 1,430 deg. C., the upper part of the 
S-curve, representing the end of the transformation 
in mild steel, had been moved well to the right. 
Below that point, however, no appreciable shifting 
of the curve had been observed. 

Dr. T. Ko, speaking in the discussion, said that 
Dr. Whiteley had found that (a) the Ar, range of 
mild steels was widened by heating the steel to high 
temperatures, up to 1,430 deg. C. (6) the widening 
effect increased with increasing manganese content. 
(c) This effect increased with increasing temperature 
between 1,200 deg. and 1,430 deg. C., but was 
smaller if the specimen were rapidly cooled through 
this range. (d) The distribution of austenite was 
not even. (e) Massive carbide was formed from 
the austenite below 650 deg. C., sometimes together 
with pearlite, on slow cooling. The mechanism by 
which this massive carbide was precipitated from 
austenite below 650 deg. C., was rather obscure. 
When ferrite was formed from the austenite, both 
carbon and manganese would move into the residual 
austenite, but it seemed that the carbon would 
diffuse much faster than the manganese, and the 
austenite would become saturated first with carbon. 
The difference in the diffusion rates would therefore 
cause the residual austenite to become hyper-eutec- 
toid at a later stage, with the consequent precipita- 
tion of carbide during cooling. 

After a brief reply by Dr. Whiteley, the President 
adjourned the meeting until the following morning. 

(To be continued.) 





H.M. AIRCRAFT CARRIER 
‘**ARK ROYAL.”’’ 


As briefly recorded on page 507, ante, the new aircraft 
carrier H.M.S, Ark Royal was launched successfully 
at the yard of Messrs. Cammell Laird and Company, 
Limited, Birkenhead, on Wednesday, May 3, the 
launching ceremony being performed by Her Majesty 
the Queen. The Ark Royal is the largest vessel that 
Messrs. Cammell Laird have built, and was launched 
with all her main turbines and boilers on board. The 
launching weight was approximately 24,000 tons 
which, with the exception of H.M.S. Vanguard, made 
her the heaviest warship launched in the United King- 
dom. Nevertheless, the operation was accomplished 
without incident and the vessel was soon under the 
control of tugs. A photograph of the Ark Royal going 
down the ways is reproduced on this page. 

The keel was laid exactly seven years before her 
launch, but construction was delayed at the end of’ 
hostilities as the Admiralty considered it advisable 
for Messrs. Cammell Laird to concentrate on their 
merchant shipbuilding programme. Full advantage 
has been taken of the delay, however, and modifications 
have been incorporated from time to time which will 
ensure that, when finally commissioned, she will be 
the most modern carrier afloat. She is of the same 
class as H.M.S. Eagle launched at Belfast in March, 
1946, and now being fitted out. When completed, the 
Ark Royal will have a displacement of 36,800 tons, and 
although not as large as the U.S. carrier Franklin D. 
Roosevelt, which has a displacement of 45,000 tons, 
she will be larger than any British carrier now in service. 

Like her sister ship the Eagle, the Ark Royal will 
be able to carry jet, turbine-propeller and piston- 
engined aircraft of the most advanced types and it 
will be possible for her to fly-off the largest and heaviest 
aircraft in service in the Royal Navy. The hangars 
will accommodate several flights of aircraft, and many 
specially equipped workshops will be located close to 
the hangars for servicing and maintenance. Fuel for 
the aircraft will be stored in groups of tanks dispersed 
throughout the ship to reduce the risk of fire. Maga- 
zines for storing the various types of airborne weapons 
will be similarly dispersed in protected parts of the 
vessel and the aircraft torpedoes will be stowed in 
tacks in workshops where the precision mechanisms can 
be properly maintained. 

Considerable use of electric welding was made in 
the construction of the hulls of both the Eagle and the 
Ark Royal, and it is probably safe to say that the two 
ships embody the greatest application so far of 
electric welding applied in shipbuilding. The overall 
length of the Ark Royal is 803 ft. 9 in., the length 
between perpendiculars 720 ft. and the breadth at the 
waterline 112 ft.9in. Her length, therefore, is slightly 
in excess of that for the previous Ark Royal (685 ft.) 
which, when launched, was the longest ship ever built on 
the Mersey. She will be propelled by a four-shaft arrange- 
ment of geared turbines, and the electrical generating 
plant will include both turbo and Diesel units dis- 
persed throughout the ship. The armament will 
include sixteen 4-5-in. guns and 57 other guns, her 
batteries of turret mountings providing long-range 
defensive armament and large numbers of other 
weapons will be used for close-range work. The radar 
and wireless-telegraphy equipment will be capable of 
tracking and communicating with all the ship’s aircraft 
when they are operating out of sight, and the radar 
installation will also enable her to steam at high speed 
through fog. 

The present Ark Royal is the fourth ship to bear the 
name. The first was built at Deptford for Sir Walter 
Raleigh and had a displacement of nearly 1,500 tons, 
approximately that of a modern destroyer. She was 
commissioned as the flagship of Lord Howard of 
Effingham and took a leading part in the destruction 
of the Armada. The second was the first large seaplane 
carrier, a converted merchant vessel, which served in 
the Gallipoli campaign and was renamed Pegasus in 
1935 when the Admiralty decided to build another 
Ark Royal. The third had her keel laid on September 
16, 1935, and was launched from Messrs. Cammell 
Laird’s yard in 1937; her subsequent career, before 
she was sunk in the second World War, aroused world- 
wide interest. 





THE INSTITUTION OF ELECTRICAL ENGINEERS.— 
ANNUAL REPORT.—We are asked to state that copies of 
the annual report of the Council of the Institution of 
Electrical Engineers, for the session 1949-50, and of the 
accounts for the year ended December 31, 1949, can be 
obtained by members on application to the secretary at 
Savoy-place, Victoria-embankment, London, W.C.2. The 
report and accounts will be presented at the annual 
general meeting, which is to be held at 5.30 p.m. on 
Thursday, May 25. 
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SCOTTISH LABORATORIES OF 
BRITISH CAST IRON RESEARCH 
ASSOCIATION. 


Wiru the object of furthering the study of cast iron 
and the application of technical control methods to 
foundry practice, the National Light Castings Associa- 
tion, which subsequently became the British Ironfoun- 
ders Association, some 32 years ago established 
laboratories, under the name of the Foundry Technical 
Institute, for carrying out chemical analyses, phy- 
sical and mechanical tests and other investigations, 
under the guidance of a committee of management. 
The laboratories, which were housed in a building 
covering an area of 1,350 sq. ft., rented from the 
Stirlingshire Education Authority and situated in 
Falkirk, were opened in December, 1918. Some seven 
years later, by ment with the committee of 
management, the British Cast Iron Research Associa- 
tion, which had been founded in 1921, took over the 
Falkirk laboratories, and the Foundry Technical Insti- 
tute became the Scottish Laboratories of the Association 
in 1925. Research work on cast iron in Scotland 
continued to increase and, in 1944, the interior of the 
Laboratories was completely remodelled to provide 
additional laboratory space and clerical and adminis- 
trative office accommodation. In 1948, however, the 
need for larger premises to accommodate the growing 
demands on the Scottish Laboratories began to make 
itself felt, and finally it was decided to acquire new 
premises on the Blantyre Industrial Estate, Glasgow. 
The building chosen is a recently-erected single-storey 
unit in one of the standard estate blocks. It occupies 
a floor area of 5,000 sq. ft., and has been adapted to 
meet the special p for which it is required by 
substantial internal alterations and additional building. 
The new laboratories were formally opened on May 5 
by Lord Bilsland of Kinrara, M.C., D.L., LL.D., who 
was introduced by the President of the Association, 
Mr. P. H. Wilson, O.B.E., M.I.Mech.E. The ceremony 
was attended also by Dr. J. G. Pearce, 0.B.E., 
M.1I.Mech.E., F.I.M., the director and secretary of the 
Association, Mr. A. D. MacKenzie, O.B.E., of the 
Scottish Ironfounders’ Association, Mr. W. Rennie, J.P., 
chairman, Federated Foundries Limited, and Mr. W. 
Barr, A.R.T.C., F.1.M., executive director of Messrs. 
Colvilles Limited, all of whom spoke at the luncheon 
held subsequently at the Central Hotel, Glasgow. 

The various laboratories, comprising chemical, 
metallographic, hanical-testing, and fuels and 
refractories laboratories, offices and a machine shop, 
are arranged on both sides of a main central aisle which 
runs from the front entrance to the development 
laboratory, a large room occupying the whole width 
of the building at the rear of the premises. The 
chemical laboratory is equipped with an “island” 
fume cupboard divided into sections housing hot 
plates, which are of Hiduminium, a Wild-Barfield 
electric muffle furnace, and other apparatus. The 
equipment provided in this laboratory also includes an 
electric still for producing distilled water, supplied 
by Messrs. Manesty Machines Limited, Liverpool. 
A balance and furnace room, where carbon and sulphur 
analyses are made, adjoins the chemical laboratory. 
Also adjoining the chemical laboratory is a small room 
containing a Hilger Spekker photo-electric absorptio- 
meter and ancillary apparatus for the speedy and 
accurate determination of alloy additions and residual 
elements in cast iron. : h 

The metallographic laboratory is suitably equipped 
for the preparation and microscopic examination of 
samples, and the apparatus includes a Vickers projec- 
tion microscope. Two dark rooms adjoin this labora- 
tory, one being used for the development of negatives 
and the other for the production of prints. Tensile, 
transverse, compression, bend, impact and hardness 
tests can be carried out in the hani 
laboratory, which contains a 25-ton Amsler universal 
testing machine, a 3,000-lb. machine for testing strip 
and wire, supplied by Messrs. Samuel Denison and Son, 
Limited, Leeds, an Avery Izod impact machine, a 
diamond indenter and Brinell hardness-testing machines, 
and other apparatus. Test pieces for mechanical and 
physical testing and samples for chemical analysis 
and microscopical examination are re gree in the 
machine shop, the equipment of which includes a 
}-in. Denbigh electric drilling machine, a 14-in. double- 
ended pedestal grinding machine, a 7-in. double-ended 
bench grinding machine, a “ Rapidor” mechanical 
saw supplied by Messrs. Edward G. Herbert Limited, 
Manchester, and a Soag-Oxford 6}-in. centre screw- 
cutting lathe. ‘ 

The usual physical tests on moulding and core sands 
and core bin are conducted in the fuels and refrac- 
tories laboratory, while other work includes the exami- 
nation of foundry facing materials and the analysis and 
determination of the calorific value of fuels. The 
“ development laboratory ” has an area of 1,350 sq. ft., 
and is the largest room in the building. It is at present 
unoccupied, but we understand that it is proposed to 
eatablich an experimental foundry in this room. 
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LABOUR NOTES. 


CoMPREHENSIVE pension schemes for the two million 
or so employees in the nationalised industries formed 
the subject of discussions at the House of Commons 
on May 8 between the Lord President of the Council, 
Mr. Herbert Morrison, and Ministers concerned with 
these industries, and the economic committee of the 
Trades Union Congress. Proposals for pensions, addi- 
tional to those granted under the national insurance 
scheme, were placed before the Government by the 
T.U.C. in 1948, and the question has been raised 
afresh at intervals since then. Some unions, including 
the Electrical Trades Union and the Associated Society 
of Locomotive Engineers and Firemen, are understood 
to be strongly in favour of such supplementary pension 
schemes. The reaction of the Government originall 
was that the whole matter needed careful investigation. 


The Government’s view appeared to be that, if one 
nationalised industry secured the adoption of such a 
pension scheme, pressure by the other nationalised 
industries for similar concessions would be very strong. 
The case for the general adoption of similar schemes, 
outside national insurance, would then become almost 
irresistible throughout the whcle industrial field. The 
T.U.C. took the view that individual unions should be 
at liberty to negotiate on labour questions, such as 
pensions for their members, in their own nationalised 
industry, irrespectively of what might happen in other 
industries. The T.U.C. attitude was that it was an 
interference with the trade-union right of free collective 
bargaining for Government policy to influence decisions 
made by nationalised undertakings. Although the 
result of the conversations on May 8 appears to have 
been inconclusive, Mr. Morrison is understood to have 
indicated to the trade-union leaders that the Govern- 
ment did not reject the suggestion that pension schemes 
in the nationalised industries might become possible. 


The possibility of an inquiry by the Government 
into conditions in the dock ind: » 88 @ result of the 
recent London dock strike, was referred to in a state- 
ment issued by Mr. Arthur Deakin, general secretary 
of the Transport and General Workers’ Union, on 
May 3. Mr. George Isaacs, Minister of Labour, an- 
nounced in Parliament on April 28, in reply to a ques- 
tion whether an inquiry would be held into arrange- 
ments at the docks, with a view to removing any 
legitimate grievances, that this would be done. On 
May 2, Mr. Isaacs declared in Parliament that the 
question of holding such an inquiry was under dis- 
cussion and that a statement by the Government 
would be made shortly. The dispute involved some 
14,000 dock employees, mostly belonging to the 
T.G.W.U., and was the result of a domestic quarrel in 
that Union concerning the expulsion of three members 
of it, by rank-and-file committees, for the part they 
played in the unofficial dock strike in July last year. 


In his statement, Mr. Deakin said that his Union 
had no knowledge of the purpose of such an inquiry. 
The recent unofficial strike had not arisen by reason 
of any disagreement in relation to either the dock- 
labour scheme or working agreements. In fact, it 
could not be said that any stop during the last 
three years had any relation to the administration or 
working of the dock-labour scheme. The T.G.W.U. 
had always upheld its agreements and, during the 
recent dispute, the Union took its stand on the vital 
princi of whether discipline and constitutional 

ure should prevail. In view of this clear policy, 
the executive council of the Union would view with 
alarm any proposal by the Government to hold an 
inquiry without prior consultation with the two parties 
to the national agreement, the employers and the dock 
unions. The executive felt obliged to reserve its 
position until some consultation took place, which 
would make clear the purpose of the inquiry. Dock 
employees at other ports “would rightly resent” 
action which arose merely from something which 
happened at a single port. 


Speaking at Sunderland on May 6, Mr. Deakin 
stated that unofficial strikes, and any other inter- 
ruptions of work in industry, were completely unjusti- 
fiable at present. In fact, they retarded the country’s 
economic recovery at a time when the maximum effort 
was essential. He said that he knew, from international 
contacts, that there was constant agitation at an 
international level to disrupt Britain’s national eco- 
nomy. It was noteworthy that stoppages had occurred 
in the transport industry in Australia, New Zealand, 
France and Italy, as well as in other places. With 
reference to the wage claims presented by employees 
in the engineering and shipbuilding industries, Mr. 
Deakin expressed the view that adjustments in the 
wage structures of those industries must be made, to 
give something more to the lower-paid workpeople. 





A plea for better conditions for non-manual em. 
ployees was made by Miss B. Anne Godwin in her 
presidential address to the National Federation of 
Professional Workers, the annual conference of which 
was held in London on May 6. Miss Godwin, who ig 
assistant general secretary of the Clerical and Adminis. 
trative Workers’ Union, one of the larger organisations 
affiliated to the National Federation, stated that 
non-manual employees had fared badly in the changing 
economic circumstances of recent years. It had been 
shown that, after allowing for the increase in the cost 
of living, non-manual and professional employees had 
had their purchasing power reduced by some 16 or 17 
per cent., while wage earners were about 20 per cent, 
better off than in pre-war days. The incomes of 
farmers had increased fourfold since 1938. Manual 


ly | workpeople had improved their position slightly, but 


non-manual employees had lost ground to a considerable 
degree. 


Many aspects of the Government’s policy on wage 
stabilisation, prices, and profits were discussed at a 
meeting of the T.U.C. special economic committee on 
May 9, but no definite conclusions appear to have been 
reached on the difficulties which confront the committee 
Another meeting of the committee is expected to be 
held in about a week's time, in order that a report 
on these matters may be prepared for submission to 
the next meeting of the T.U.C. General Council, which 
is due to take place on May 24. Conversations between 
representatives of the General Council and Sir Stafford 
Cripps, the Chancellor of the Exchequer, will probably 
follow a few days later. It may be recalled that a 
conference of trade-union executive officials in January 
last agreed, by a small majority, to continue to support 
the policy of wage stabilisation, but conferences held 
by individual trade unions since that date have, in 
several instances, reversed the support given by their 
officials on that occasion. At the same time, many 
trade-union leaders remain convinced that restraint 
on wages is in the best interests of the majority of their 
members. 


It was recognised when the policy of wage restraint 
was first introduced that its success depended on the 
voluntary co-operation of the unions, and the subse- 

uent claims of several unions with large memberships 
or wage increases, often for substantial sums, have 
done much to weaken the ability of the T.U.C. to give 
continued support to the Government’s wage policy. 
The need to satisfy the desire of many sections of indus. 
try for increases for the lowest-paid wage earners is 
generally regarded as being one of the most pressing 
of the wage problems before the General Council. 
Much patience and tact may be required to find a 
solution to this problem, if wage increases over wide 
areas of industry are to be prevented. Skilled crafts. 
men and semi-skilled workpeople generally are opposed 
to any further alterations in the differences which now 
exist between the wages of their groups and those of 
unskilled employees. They claim that these differen- 
tials have already been narrowed sufficiently. The 
absence of Budget concessions, particularly the hoped- 
for removal of purchase tax, have added to these 
difficulties. 


Industrial disputes in progress in the United King- 
dom during March last totalled 167, and, in theee, 
29,500 wor —_ were involved and 124,000 working 
days were lost. ing the as month, 124 
strikes were in being, in which 22,100 employees were 
concerned and 91,000 days lost. Comparative figures 
for March, 1949, show that 180 stoppages were then in 
progress, in which 19,800 persons were involved and 
70,000 days were lost. oF the 167 disputes during 
March last, no fewer than 97 occurred in the coal- 
mining industry. These lost 33,000 days and 14,200 
miners took in them. Only six of the month’s 

isputes occurred in the metal-manufacturing industry, 
and eight in the shipbuilding and ship-repairing indus- 
tries combined. In these, 1,400 and 1,000 persons, 
respectively, were involved, but 15,000 and 3,000 days, 
respectively, were lost. 


The number of industrial disputes which began during 
January, February and March, inclusive, according to 
statistics published by the Ministry of Labour Gazette 
for April, was 381. In these disputes, and in some 
others which were already in progress when the current 
year began, a total of 65,900 persons took part, and 
they lost, in all, 280,000 working days. Strikes which 
commenced during the first quarter of 1949 numbered 
409. Altogether, 91,500 workpeople were involved in 
strikes during January, February and March last year 
and, as a result, an gate of 242,000 days were lost. 
During the first three months of 1950, there were 236 
stoppages in the coal-mining industry, in which 29,300 
miners were concerned and 65,000 days lost. 
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Fie. 3. UNDERSIDE oF BripGeE. 


CALENDAR.—We have received from Messrs. Bruce 
Peebles and Company, Limited, East Pilton, Edinburgh, 
5, @ large-size wall calendar with detachable sheets, each 
of which covers three months. The calendar is current 
from May, 1950, to May, 1951, inclusive. 





BULK BUYING oF LEAD.—The Minister of Supply, 
M1. G. R. Strauss, stated in Parliament on May 1 that 
he was not prepared at present to abandon the bulk 
buying of lead, as the relative abundance of lead, which 
now exists, might prove to be only temporary. Existing 
arrangements enabled the Government to obtain the 
maximtm supplies of sterling metal and effectively to 
control the expenditure of dollars and other hard cur- 
rencies. The selling price of virgin metal, Mr. Strauss 
informed the House, was no higher in the United King- 








dom than in the United States and the chief Continental 
countries. 

COURSES ON PROTECTIVE GEAR.—Two courses on the 
planning and operation of protective gear have been 
arranged by the British Electricity Authority, Great 
Portland-street, London, W.1, for engineers in the 
electricity-supply industry. These lectures have been 
organised by the staff of the College of Technology, 
Manchaster, and sre being held at the Electricity Hall, 
Buxton. The dates of the first course were from Sunday, 
May 7, to Friday, May 12, and, of the second, from 
Wednesday, June 14, to Monday, June 19. Each series 
of lectures is being attended by 42 engineers, drawn from 
areas and divisions of the Authority and from head- 
quarters. 








PRESTRESSED-CONCRETE BRIDGE 
OVER RIVER TAME. 


TuHE illustrations on this page are of an 80-ft. pre- 
stressed-concrete bridge which has been built, on the 
Freyssinet principle, at Denton sewage-treatment 
works, near Manchester, to link the existing sewage 
plant east of the river with the sludge-disposal exten- 
sions now being installed on the west bank. It pro- 
vides a 10-ft. carriageway for 10-ton lorries, and is 
laid with a 24-in. gauge railway track along the centre 
of the tarmac surfacing. The clear span over the 
River Tame is 78 ft., and the span from the rocker 
bearing on one abutment to the roller bearing on the 
other is 80 ft. In designing the bridge, the underside 
had to be set rather high to give sufficient clearance 
for floating debris when the river is in flood. There 
was thus a depth of only 3 ft. 9 in. between the 
clearance line and the road level, but this difficulty 
was overcome by the use of prestressed concrete. 

The bridge consists of two concrete beams, 18 in. wide, 
3 ft. 9 in. deep, and 7 ft. apart, cast monolithically 
with a 6-in. thick road slab 12 ft. 6 in. wide, and a 
series of transverse ribs at 10-ft. centres. Each beam 
contains 18 prestressing cables of the Freyssinet type, 
arranged in parabolic form with the extreme ends 
distributed over the full depth (3 ft. 9} in.) of a precast 
anchor block, in which they are held by wedge cones, 
and with the cables clustered together at mid-span in 
the lower part of the beam. Fig. 1 shows the general 
appearance of the bridge ; Fig. 2 shows the cables being 
placed in position; and the underside of the bridge, 
including some of the ribs, is shown in Fig. 3. The 
Freyssinet method, as applied to a concrete bridge, 
was described, with drawings, on page 608 of our 
165th volume (1948). 

Prestressed work requires a concrete of high quality, 
and in this case a minimum cube strength of 6,000 lb. 
per square inch at 28 days was specified. In practice, 
the seven-day cube tests showed an average strength 
well above this figure. The beams were cast first, in 
10-ft. sections, with vertical working joints between 
each section. As these joints will always be under 
compression, due to the prestressing, there is no danger 
of them weakening the structure. The ribs were cast 
as short separate sections, a procedure which was 
advantageous since each section could be vibrated 
thoroughly without affecting the setting of adjoining 
parts. The vibrators were fixed to the framework. The 
cables were tensioned and fixed at the ends, after the 
concrete had matured, by means of Freyssinet jacks 
of a “ double-acting ” type, i.e., the jack first tensions 
the cable and then drives a wedge cone into a socket, 
thus securing the end of the cable. Oil under pressure 
was fed to the jacks from Tangye pumps. The ten- 
sioning of the 36 cables to a total force of 900 tons 
took about five days, using one pair of jacks, although 
such work could easily be done in two or three days, 
with an additional pair of jacks as a stand-by. 

No measurement was made of the hogging of the 
structure under prestressing, but it was noticed that 
the beams were raised approximately § in. free of the 
centring at the centre line. The quantities of steel 
used in the main beams was about 36 cwt. for the 
cables and 6 cwt. for the auxiliary mild-steel reinforce- 
ment, which was provided solely to facilitate the fixing 
of the cables on a bolic curve. 

The joint consulting engineers for the work were 
Messrs. G. B. Kershaw and Kaufmann, 1, Victoria- 
street, London, S.W.1, and Messrs. L. G. Mouchel 
and Partners, Limited, 38, Victoria-street, London, 
§.W.l. The contractors were Messrs. R. and T. 
Howarth, Limited, and the engineers and surveyors 
to the Denton Urban District Council are Mr. Duncan 
S. Graham, B.Sc., and Mr. J. B. Cooke. 
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THE BURNING OF BOILER FUELS 
IN MARINE DIESEL ENGINES.* 
By Jonn Lamp, O.B.E. 

(Continued from page 515.) 


Dunne the Auricula’s first year of service, the piston 
rings in each of the eight pistons were supplied by the 
same maker and, ably, were of the same com- 
position and physical properties. At the end of the 
year, the amount of wear that had taken place in a 
radial direction was found to be excessive, and during 
the second and third years piston rings from various 
sources were tried out. It is the author’s experience 
that piston-ring wear varies considerably, not only 
between ships having exactly similar engines, but in 
the cylinders of the same engine. This suggests that 
the rate of wear does not depend solely upon the com- 
position or physical properties of the rings and the liners 
against which the rings bear. The effectiveness of the 
lubricating oil film in preventing metallic contact is of 
prime importance and the thickness of an oil film can 
be reduced by unequal power distribution, late injection 
of fuel, improper spraying of the fuel, insufficient 
injection of lubricating oil or leakage of water into the 
cylinder or on to the liner, any of which faults can occur 
in one or more cylinders of a multiple-cylinder engine. 
If, therefore, a true comparison in the wear rate of 
piston rings from various sources is to be made, par- 
ticular care must be taken to prevent these faults, and, 
when they do develop, the rings in the cylinder affected 
must be eliminated from the test and only those rings 
compared which are known to have operated under 
apparently normal conditions. 

After the first year’s service, the rings in each of the 
eight pistons of the Auricula were replaced by new rings 
from the same source as the original rings, because it 
was concluded that, although the original rings had 
worn excessively, the conditions under which they had 
operated were abnormal. After a few voyages, during 
which the piston rings operated under normal sea 
conditions, the resistance to wear of the rings fitted at 
the end of the first year’s service had been determined, 
and rings obtained from other sources were then fitted. 
When the ship arrived at Cardiff in August, 1949, after 
three years’ service, and two years after the careful 
investigation into the wear-resisting properties of 

iston rings had begun, the pistons contained rings 

m four different sources. All these rings were 
removed and the radial thickness measured at nine 
equally spaced points to ascertain the extent of wear. 
The mean wear of each set of rings is shown in Table I, 
herewith, together with the number of hours in con- 
tinuous service and the wear rate thousand hours 
ofeach set. The radial thickness of the rings when new 
was 21 mm. and the depth 13-8 mm. 
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Considering that all these piston rings served in 
cylinder liners of the same composition and operated 
under normal conditions, the great difference in their 
wear-resisting properties is, to say the least, enlighten- 
ing. A study of the results discloses that, although the 
rings W1 and Z1 have approximately the same Brinell 
hardness figure, the wear rate of the Z1 rings is two- 
and-a-half times that of the W1 rings ; that the rings 
V1 and V2, from the same source and presumably of 
the same composition and physical properties, and 
which had been in service for the same length of time, 
showed the wear rate of the latter to be 50 per cent. 

ter than that of the former set of rings ; the rings 

1 and V4 had been in service for the same length of 
time and the wear rate of the harder rings was 1-2 
times that of the softer rings; and that, although the 
rings V4 had been in service for a very much longer 
period than the rings V1 and V2, from the same source, 
the wear per 1,000 hours was almost as good as that of 
V1 rings and better than that of V2 rings. 

From the results of these tests, one is forced to the 
conclusion that users of piston rings have as yet no 
yardstick by which to judge the wear-resisting proper- 
ties of such vital parts, and that some manufacturers 





* Paper presented at a meeting of the Institute of 
Marine Engineers, held in London on Tuesday, April 11, 
1950. Abridged. 





might make a closer study of the conditions to which 
their products are subjected in order that shipowners 
may get better value for money. 

The wide-spread belief that piston rings should be 
made of cast-iron somewhat softer than that of the 
— liners, so that the rings rather than the liners 
shall wear, cannot, it is suggested, be substantiated 
either by experience or logical reasoning. If piston- 
ring material is purposely made so that the - will 
readily wear, the manufactures of the rings will cer- 
tainly benefit, but there is no such certainty that the 
cylinder liners will also benefit. Surely, if fine particles 
of cast-iron are mixed with oil, a very effective grinding 
paste is formed. The author me that, during the 
~~ days of the marine Diesel engine, when numerous 
small case-hardened engine parts such as fuel-pump 
plungers, fuel-valve spindles, etc., became worn and 
required attention on see the most effective way of 
trueing-up was to revolve the part at high speed in the 
lathe and lightly press the end of a soft copper rod 
against the part while feeding-in fine carborundum 
ce and oil. Copper was selected for the purpose 

use of its softness, since the softer the material 
thg more readily did the carborundum become em- 
bedded and the more effective was the grinding tool. 

Grey cast-iron has long been the standard material 
for cylinder liners and piston rings of Diesel engines, 
and, judging by the results generally obtained, its 
popularity is well deserved. Close observation over 
many years and in countless instances, however, sug- 
gests that rather less attention is given to its wear- 
resisting properties than is given to such matters as 
design to avoid fracture, and structure to ensure easy 
and accurate machining. It would seem that greater 
attention could be given to wear-resisting properties 
without sacrificing strength. Instances can be quoted 
where cylinder-liner wear was negligible after 20 years, 
and in others the liners have had to be renewed after a 
quarter of that time. In one case, the ship has traded 
for 23 years and the maximum wear of the most 
worn liner is 1-5 mm., whereas, in another ship, the 
wear after only twelve months is half that amount. 
That there are excellent wear-resistant irons available 
is well known, but difficulty in machining has hindered 
their application. Wear-resistant cast iron, however, 
is so important to the shipowner that these difficulties 
should not be allowed to interfere with the desired 
properties of the finished article. 

Reduction in rate of wear due solely to the polishing- 
down of the initial slight surface i ities — 
during machining would be expected, but the develop- 
ment of a hard skin implies a definite change in the 
character of the outer structure. This may be due to 
work hardening of the surface by plastic flow, or even 
the production of a ly transformed martensitic 
structure. The possibility of some such surface 
would go a long way to explain the exceptionally long 
life obtained with some engine cylinders. It is often 
found that a smooth surface develops a skin or glaze 
more rapidly than does a rougher surface. It may be 
that surface oxidation of one or more of the elements 
present—for example, silicon—produces a skin of in- 
creased resistance, not. only to mechanical abrasion, 
but also to corrosion. Wear is observed to decrease 
with decreasing roughness for purely mechanical 
reasons, but there is some reason to believe that there 
may be an optimum value beyond which it is unneces- 
sary or even undesirable to go. Whether the important 
factor here is poorer retention of the lubricating film or 
the increasing degree of metallic bonding and pick-up 
between the mating surfaces, it is difficult to say. 

While it is advisable for cylinder liners and piston 
rings to be made of a material which has the highest 
possible wear-resisting properties, it is necessary to take 
all possible measures to prevent these parts from 
making actual contact, by the formation and mainten- 
ance of an efficient oil film. The formation and 
maintenance. of the film depend upon several factors, 


including the quality of the lubricating oil, the point | all 


of injection, the arrangements provided to distribute 
the oil and the exclusion of water from the cylinders. 
Moreover, if the desired results are to be obtained the 
maintenance of the oil film during inoperative periods 
must be given due consideration, as there is little doubt 
that much liner and piston ring wear occurs during the 
first few hours after a period of idleness, owing to 
inefficient lubrication. 

The importance of using a high-grade lubricating oil 
needs no emphasis, use oil for cylinder lubrication 
has to do more than merely lubricate rubbing surfaces. 
A cylinder oil that has.proved satisfactory has the 
following physical properties: specific gravity at 
60 deg. F., 0-895 ; flash point (open), 500 deg. F. ; pour 
~ 5 deg. F. ; viscosity, Redwood No. 1 at 140 deg. 

-, 425 ; viscosity, Redwood No. 1, at 212 deg. F., 98 ; 
kinematic oe at 100 deg. F. (centistokes), 360 ; 
Ramsbottom, Coke No., 0°35. To establish and 
maintain an efficient film, it is essential that the points 
at which the oil is injected should be correctly placed 
and sufficient in number, and that the oil should be of 
suitable viscosity. The viscosity must be high enough 





to enable the oil film to resist breakdown, yet : 
high that the oil cannot spread evenly and easil: 
the cylinder walls. A further requirement is th: 
passage of oil through the working clearances a: 
ge functioning of the rings should not be hin 
y asphaltenic, resinous or carbonaceous de; 
Formation cf such matters in substantial quantit 
most likely be due to incomplete combustion of th: 
The lubricating oil is also, however, a possible sou 
such material, since the oil is spread in a thin fil: 
metal at high temperature, and in the presence of 
ing gases to which more air has been supplied t! 
theoretically necessary to burn all the fuel. © 
quently, the oil is exposed to severe oxidation and 
some of it cannot escape combustion. Cylinder !ubri- 
cating oil should, therefore, be sufficiently volatile to 
burn away cleanly, without forming excessive am nts 
of residue. Also, it should possess high oxidation 
stability, so that it will not contribute to the accumu. 
lation of gummy ne. 

It is now generally agreed that, in the case of single. 
acting engines, the lubricating oil should be injected 
near the lower end of the cylinder, the position mostly 
favoured being between the two uppermost piston rings 
when the crank is on bcttom dead centre. tisfactory 
results are obtained when injection takes place at four 
equally spaced points in cylinders of from 25 to 30 in. 
diameter, and present-day lubricators can be relied 
upon to deliver regularly and consistently quantities as 
low as one-eighth of a gallon per 24 hours. With the 
arrangements outlined, the great bulk of the oil finds 
its way between the piston rings and automatically 
spreads uniformly around the piston, but if the oil is 
to be put to the best possible use provision must be 
made to assist it to leave the annular spaces between 
the piston rings and build up a film on the cylinder 
liner. This is accomplished by rounding off the outer 
corners of the piston rings. The amount of metal 
removed should not only be substantial, but the outer 
corners should be rounded and not merely rubbed off 
with a file before a ring is fitted on the piston. 

Generally speaking, good attention is given to the 
factors which affect piston-ring and cylinder-liner wear 
while an engine is running, but observations indicate 
that the importance of taking steps to maintain the cil 
film while the engine is being manwuvred and while 
at rest is not fully appreciated. When an engine is 
being started and stopped, and operates at various 
speeds ahead and astern, the cylinder lubricators 
directly connected to the engine cannot be expected 
to deliver regularly and consistently. | Moreover, 
moisture-laden starting air is not conducive to the 
maintenance of the film of oil between the rubbing 
surfaces. During such operations, therefore, the output 
of the cylinder lubricators should be greatly increased. 
In order that the rubbing surfaces will be left well coated 
with oil, each crank in turn should be placed on bottom 
centre and the respective cylinder lubricator operated 
by hand after the ‘‘ Finished with engines” order has 
been received. The same procedure should be — 
out prior to the engine being again put into operation 
and the quantity of oil injected reduced to the normal 
quantity only after the engine has attained normal 
speed and cylinder temperatures. 

The greatest cylinder-liner wear takes place at the 
upper end of the cylinder and the least at the lower end. 
Generally, the wear at the upper end is greatest in an 
athwartship direction. Wear at the lower end is also 
greatest in an athwartship direction, but the per- 
centage difference is less than at the upper end. The 
reason why cylinder liners develop a tapered form is 
obviously due to the lubricating-oil film at the upper 
end being thinner and less effective in keeping the 
rubbing surfaces apart than the film at the lower end. 
Also, if any abrasive matter results from the combustion 
of fuel or burning of lubricating oil, its detrimental 
effect will be mostly shown at the upper or combustion 
end of the cylinder. The reason why the wear is gener- 
test in an athwartship direction, however, is 
much less obvious. One view is that it is due to the 
reversal of pressure on the crosshead guides during each 
revolution, but, as this phenomenon has been observed 
in engines with finely adjusted crosshead guides, it 1s 
not easy to accept such an explanation. : 

Any investigation into the various causes of cylinder 
liner wear is rendered difficult by the great variation in 
the wear rates of exactly similar liners, working under 
apparently identical conditions. Recent experiments 
on liner wear carried out in America, using laboratory 
apparatus and in which every factor was under good 
control, gave results that showed appreciable variation, 
and the investigators concluded that “‘ in actual engines, 
where the conditions are under less control than in the 
wear-test machine, even greater variations in friction 
and wear may be wa gece Nevertheless, there 
must be reasons for such variation, and as operating 
costs can be substantially reduced and conditions in 
the engine room made more congenial for the attendants 
by reducing the rate at which cylinder liners and piston 
rings wear, the matter deserves careful consideration. 

The engines that have provided the information on 
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which the following remarks are based are all of the 
four-cycle single-acting airless-injection type, 650 mm. 
bore and 1,400 mm. stroke. The cylinder-liner 
gaugings of 14 engines have been analysed at service 
periods of from 5,000 to 20,000 hours operation ; 
unfortunately, in many cases the total number of full- 
power hours’ operation cannot be given, as it was 
necessary during the war, for security reasons, to omit 
steaming time from deck and engine log-books. How- 
ever, it is known that all liners of each of the ships 
selected have been in use for the same number of hours, 
and this makes it possible to assess the differences 
between the liners of a particular engine. 

In a ship with several years’ service, it is not unusual 
for the ratio of wear at the top of the most badly worn 
liner to the corresponding wear for the least worn liner 
to be as much as two to one, and the ratio of one-and-a- 
half to one is quite common. In over 90 per cent. of 
cases, the reason is obscure, since unequal wear takes 
place when all liners and piston rings are of the same 
material, the power developed and combustion effici- 
ency are the same in all cylinders, and equal quantities 
of lubricating oil are injected. If the wear in one 
cylinder is greater than in another, there must be 
some difference in the conditions prevailing in each, 
and the cylinder in which the least wear occurs is the 
cylinder that is operating under normal conditions, 
assuming, of course, the wear rate in that cylinder to 
be not greater than 0-004 in. per thousand full-power 
hours. In all other cylinders, forces which make for 
excessive wear are at work. Unfortunately, such forces 
act silently and secretly and may be present in an engine 
which is maintained in an exemplary manner. 

A further matter for reflection is the manner in which 
wear occurs in the different parts of the same liner. 
In all marine single-acting Diesel engines (leaving out 
of consideration opposed-piston engines), wear occurs 
more rapidly at the upper end of the liner than at the 
lower end. The admission of starting air, not always 
free from moisture, may contribute to the higher wear 
rate at the upper end. In the case of nine ships usin; 
Diesel fuel, the average wear at the upper end of a 
liners to the average wear at the lower end was in the 
ratio of 2-2:1. In the Auricula, however, in which the 
engines have operated on various grades of boiler fuel 
ever since she was built, this tendency to wear in a 
tapered form is less marked. The proportionately 
greater wear at the lower ends was most pronounced 
when the ship was new, and the ratio of wear at the 
up) end to the wear at the lower end has now 
stabilised at a figure of about 1-5:1. Recent gaugings 
of the four-cycle engines in the M.S. Dromus, which 
has been using boiler fuel since December, 1948, but 
which for the previous ten years had used Diesel fuel, 
provide interesting corroboration of this fact. The 
wear ratio was 2-3: 1 for the period on Diesel fuel and 
2:1 :1 for the subsequent twelve months’ operation 
on heavy fuel; and, judging from experience in other 
ships, the ratio will be reduced as time goes on. 

When cylinder liners wear in a tapered direction, the 
conditions imposed on the piston rings are more severe 
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than is the case with a parallel bore. Also, when new 
rings are fitted into a tapered cylinder liner, the gap, 
or end clearance, must be governed by that necessary 
when the rings are in the lowest or least worn part of 
the cylinder; this means, that, in the upper or high- 
pressure part of the cylinder, they are less effective as a 
gas seal. As the maximum wear rate is no greater 
when burning boiler fuels containing up to 3 per cent. 
of sulphur than when burning Diesel fuel, this peculiar 
feature when burning boiler fuel is not undesirable, 
since it may result in the rings giving longer service. 

As to the cause of this unusual feature, the following 
theory is put forward. With Diesel fuels, cylinder- 
liner wear is wholly due to abrasion, but when sulphur- 
containing fuels are used a proportion of the oe eer 
ment is due to corrosion. Most of this corrosion will 
take place when the engine is stopped or operating at 
comparatively low temperatures, such as when manceuv- 
ring in and out of port. The higher surface tempera- 
tures of the cylinder liners of the large slow-speed 
marine engine, as com with those of small high- 
speed engines, due to the greater thickness of the liner 
material, make the former class of engine much less 
susceptible to the t of corrosion wear described, 
and it is unlikely that the wear resulting from this 
cause will ever exceed the maximum resulting from 
abrasion wear with fuels containing a much higher 
sulphur content than 3 per cent. 

A further noticeable feature in the engines which 
formed the basis for this analysis is that, in almost all 
cases, the liner wear in the athwartship direction is 
greater than that in the fore and aft direction, the ratios 
in the liners measured ranging from unity to 2-3, the 
average for 112 liners gauged being 1-3 ; that is to say, 
the wear in an athwartship direction was 30 per cent. 
greater than in a fore and aft direction. This relation- 
ship was not affected to any noticeable extent by the 
grade of fuel used. This ovality was not due to the 
side thrust of the pistons as a result of the ship rolling 
in a seaway. Careful examination of a large number 
of pistons failed to provide any evidence to support this 
theory. Moreover, if the bearing pressure between 
piston and liner, due tc the lateral component of the 
weight of the piston and piston rod produced by even 
so severe a condition as a permanent 20 deg. list is 
calculated, it will be found much too small (in com- 
parison with the bearing pressures of the piston rings) to 
produce the observed athwartship wear on the liners. 

It was evident that some other explanation must 
be sought and, accordingly, a survey was made to deter- 
mine the constructional differences of the engines in 
which the greatest and least athwartship wear oc- 
curred. It was found that ovality does not occur in 
two-cycle op -piston engines to any great extent. 
This type of engine, however, differs so widely from 
the four-cycle single-acting type that the number of 
possible explanations is not appreciably reduced by 
the fact that, while the maximum wear rate is no 
less than in other types of engines, the athwartship 
wear is not appreciably greater than the wear in a 
fore and aft direction. The liner gaugings for a number 
of four-cycle engines which differed from each other 
only in certain details were then examined. This 
brought out a significant fact, namely, that the engines 
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which showed greatest ovality had their pistons cooled 








by water conveyed to and from them by telescopic 
pipes sliding in double glands. The engines in which 
the least ovality occurred have their pistons either 
cooled by lubricating oil, or the water is conveyed 
to and from the pistons by a method which precludes 
any possibility of water splashing on to the liners. 

Thus evidence points strongly towards the telescopic 
pipes as being responsible for the ovality in the liners 
of engines having pistons cooled by water, and the 
most reasonable explanation of excessive wear in an 
athwartship direction seems to be that small quantities 
of water carried past the glands on the outside of the 
reciprocating conveying pipe during the up-stroke of 
the piston were being deposited on the part of the liner 
nearest the pipes, thereby decreasing the effectiveness 
of the lubricating oil film in that area. Leakage of 
water through the gland when the packings become 
worn was known to occur, and, if this was the cause 
of the ovality, it follows that the wear in an athwart- 
ship direction would take place mostly on the star- 
board side of the liner, i.e., the side adjacent to the 
cooling-water telescopic pipes. To find out if this was 
so, a used liner was set up on a boring machine and 
readings taken with a dial indicator to determine the 
wear at 72 points of the liner’s inner surface. The 
results for the forward, aft, port and starboard direc- 
tions over the entire length are shown in Fig. 10. This 
test disclosed that the athwartship wear was pre- 
dominantly on the starboard side, or the side nearest 
to the piston cooling-water _— pipes, and that 
the wear approached, parallelism along the length of 
the liner to a marked degree. This liner was from an 
engine that had been operating on boiler fuel. 

In order that excessive cylinder-liner wear can be 
reduced to a minimum, the following points which 
were brought out in this investigation are worthy of 
consideration. (1) A piston should be in perfect 
alignment when the engine is constructed, and whenever 
it is n to fit a new liner or — piston on 
alignment should be checked before the engine is 
working. When a liner is removed and afterwards 
refitted, the alignment of the piston should be checked. 
(2) Oil should be used for cooling pistons. If water 
must be used, it should be conve to and from the 
pistons by means that will preclude any possibility of 
water reaching the rubbing surfaces of liners. (3) The 
lubricating oil must be of suitable quality and be 
injected regularly and consistently at a pressure which 
will avoid the oil being spurted beyond the surface 
of the liner. (4) Distribution of oil should be assisted 
by the provision of oil-ways of suitable length and 
direction at each point of injection. (5) Piston-ring 
material should be the most suitable precurable and 
the upper rings should be renewed before the gap 
between the ends becomes so great that the gas pressure 
can build up behind them to any appreciable extent. 
(6) Carbonaceous matter should not be allowed to 
accumulate at the bottom of piston-ring grooves; 
otherwise, when new rings are fitted, the outer surface 
of the rings may protrude beyond the surface of the 
piston and excessive wear result when the engine is 
started. (7) Piston rings should be carefully sprung 
over pistons so that distortion during the process is 
reduced to a minimum and permanent set avoided. 
(8) The quantity of lubricating oil injected should be 
greatly increased for a time before stopping and after 
re-starting an engine. 

It cone at the present time to add to the 
fresh water used to cool pistons and cylinder jackets a 
small quantity of potassium bichromate, to prevent 
corrosion of metal parts. This chemical is a very 
efficient inhibitor when used in correct proportion. 
The amount to be added depends mainly upon the 
temperature and impurity content of the water. A 
rise in temperature calls for an increase in the amount 
of potassium bichromate and it is roughly true to = 
that doubling of the temperature, in deg. C., 
require doubling of the amount of bichromate needed. 
In the presence of salts such as chlorides and sulphates, 
which would almost certainly be present in the event 
of contamination by, say, sea-water, the amount of 
bichromate required is increased to an even greater 
extent. The effect of potassium bichromate on liner 
and piston ring wear in the event of any cooling water 
reaching these parts is, therefore, worth considering. 
The quantity of potassium bichromate in a small 
leakage of water may be almost microscopic, but, no 
matter how small the amount which finds its way to the 
cylinder liners, it would probably continue to function 
as a corrosion inhibitor as long as it remained in 
solution, but ultimately, as it became more concen- 
trated, it might revert to its solid form. 5 

Consideration of the effect of adding potassium 
bichromate to cooling water, in the event of small 
quantities of the water reaching the inner surface of 
cylinder liners, was a by one or two liners 
overheating due to water leaking from piston-cooling 
telescopic-pipe glands. On each occasion the upper 
piston rings were found quite free in their grooves, 
while the lower rings were jammed and, in some cases, 
broken into a number of pieces. In view of the above, 
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it is the intention to consider the question of inhibitors 
by means of soluble-oil additions to cooling water. 

The price advantage when using fuels of a viscosity 
greater than 1,500 seconds is relatively small, but until 
it could be definitely stated that the marine Diesel 
engine would operate satisfactorily on any fuel normally 
used under boilers, the author could not claim to have 
achieved his aim. It was therefore decided to continue 
the experiments with a view to covering the whole range 
of fuels used at sea, i.e., fuels having a viscosity of from 
40 seconds to 6,500 seconds. While, therefore, the 
Auricula and other ships were operating successfully 
at sea on 1,500-seconds fuel, the “ae limitation imposed 
being that the fuel shipped did not have a viscosity 
greater than 1,500 seconds at 100 deg. F., endeavours 
were made to burn 3,000-seconds fuel in the experi- 
mental engine at St. Peter’s Works, Newcastle-on-Tyne. 
This experimental engine is an exact duplicate of one 
unit of a standard Werkspoor marine-type super- 
— four-cycle engine, the principal particulars of 
which are: cylinder diameter, 650 mm.; piston 
stroke, 1,400 mm.; revolutions per minute, 120; 
indicated horse-power, 500. The cylinder is cooled 
by fresh water, and the piston by lubricating oil. 
The engine has airless injection, by mechanically- 
operated pump, and there is an under-piston super- 
charge pump. The first consignment of fuel received 
for the second stage of these experiments was found to 
have the following characteristics: specific gravity at 
60 deg. F., 0-971; flash point (Pensky-Martin closed 
test) 204 deg. F.; viscosity Redwood I at 100 deg. F., 
2,260 seconds; sediment by extraction, per cent. 
weight, 0-08; water, per cent. vol., 0-1; pour peint, 
15 deg. F.; ash per cent. weight, 0-08; carbon 
residue (Conradson test), per cent. weight, 11-9; 
asphaltenes, per cent. weight, 7-6; sulphur, per cent. 
weight, 2-44. 

Although this fuel was less viscous than that re- 
quested, it was decided to proceed with the tests. 
For the first run, the fuel was purified at temperatures 
and in the manner which has been found most suitable 
for 1,500-seconds fuel and no alterations were made 
to the engine ; that is to say, the engine during the first 
test was adjusted for the burning of fuels ranging from 
40 to 1,500 seconds viscosity. The only difference was 
that, in view of the higher viscosity of the fuel about 
to be tested, it was decided to raise the temperature 
of the fuel at the moment of injection from 180 deg. F. 
to 200 deg. F., so that the viscosity of the fuel as it 
entered the cylinder would be about the same as, and 
the injection pressure of the 2,260-seconds fuel not 
yi a different from, that of the 1,500-seconds 

el. 

_ During the first test, when the engine was run con- 
tinuously for 40 hours at approximately full power, 
the temperature of the fuel at the moment of injection 
fluctuated between 180 and 230 deg. F. Alterations 
were made to remedy this before the next test. When 
the fuel-injection temperature was varying so widely, 
it was observed that, at temperatures between 220 and 
230 deg. F., the running of the engine was somewhat 
erratic and that, at a temperature of 230 deg. F., the 
engine speed was steadily less than the rated speed. 
The fuel in use was of the blended variety and the loss 
in speed was presumed to be due to the lighter con- 
stituents being vaporised and partly gassing the high- 
pressure fuel pump. This indicated that 200 deg. F. 
was about the limiting fuel-injection temperature for 
engines of this make and that, if the injection pressure 
at this temperature was too high, other means would 
have to be found to avoid excessive injection pressures 
without sacrificing combustion efficiency. 

For the next test, a further consignment of fuel was 
received and the viscosity of this was found to be 3,020 
seconds at 100 deg. F. During this second test, the 

_engine was run continuously for 48 hours with an 
injection temperature of 200 deg. F. The engine 
operated re ly and to all outward appearances 
entirely satisfactorily, but the data collected indicated 
that the combustion efficiency was below that obtained 
when operating on fuel of 1,500 seconds viscosity. After 
further tests had been run, it was found that, so far 
as the characteristics of 1,500 and 3,000 seconds 
fuel were concerned, there was very little difference. 
The fuel-valve nozzle used was the one that had been 
found most suitable for 1,500-seconds fuel when 
injected at about 6,000 lb. per square inch and a 
temperature of 180 deg. F. This nozzle had eight 
equally-spaced holes of 0-85 mm. in the same plane, 
disposed to give an angle of spray of 28 deg. to the 
horizontal. When burning 3,000 seconds fuel at 200 
deg. F. with this nozzle, the greater injection tempera- 
ture reduced the viscosity of the fuel at the moment of 
injection sufficiently to avoid an increase in the injection 
pressure, but the combustion efficiency left much to be 
desired. The indications were that this was due to the 
fuel not being atomised sufficiently. The most suitable 
nozzle was found to be the one with eight equally spaced 
0-75 mm. holes. Two tests of 48 hours each were then 
run, the first on 3,000-seconds fuel and the second on a 
normal grade of Diesel fuel. So far as full-power opera- 





tion was concerned, the results obtained were consi- 
dered sufficiently satisfactory to make a test under 
service conditions, but before doing so, a half-power 
test of 48 hours’ duration was run to see what effect 
reduced-power operation would have upon the fuel- 
valve nozzles. The first ship selected to burn this grade 
of fuel was the Auricula. The bunkers shipped had 
a viscosity of 2,920 seconds at 100 deg. F. 

The ship left the berth at Curacao burning 1,500- 
seconds fuel and, after passing outside the islands, the 
engine was stopped to fit the new fuel-valve nozzles, 
after which the engine was re-started and changed 
over to the more viscous fuel, which was injected at a 
temperature of 193 deg. F. The injection pressures at 
this temperature varied between 6,500 and 7,000 Ib. 
per square inch. The temperature of the fuel was 
lowered to 180 deg. F., but the exhaust became visible 
and the temperature was again raised to 190-200 deg. F. 
During the passage to Dover, very heavy weather was 
encountered and when the sea temperature fell to 65 deg. 
F. it became necessary to heat the fuel in the cross- 
bunker to 90 deg. F. The purifier and clarifier were run 
for eleven hours each day and the former extracted 
21 Ib. 2 oz. of matter and the latter 12 oz. from each 
day’s supply of 13} tons. 

After running most satisfactorily for ten days on 
2,920-seconds fuel, the engine was stopped to examine 
Nos. 4 and 5 fuel-valve nozzles, which were found 
perfectly clean. The weather having moderated some- 
what, the engine was run ahead and astern at varying 
speeds for a few minutes, and responded perfectly. 
The performance particulars at that time were as 
follows, the speed being 116 r.p.m. : 

Air temperature 

Sea temperature ... ses 46 deg. F. 

Fuel injection temperature 190 deg. F. 

Fuel injection pressure, average... 6,815 Ib. per sq. in. 

Mean effective pressure, average... 125-2 Ib. per sq. in. 

Total i.h.p. - see 4,155°8 

Daily fuel consumption ., 13-4 tons 

Fuel consumption per i.h.p.-hr. ... 0-3 Ib. 

Ship’s speed wae ‘ 11-83 knots 

Propeller slip “~ ese 11-7 per cent. 

The ship entered the Baltic through the Kiel Canal 
and proceeded to Turku and afterwards Helsinki. 
The engine movements through the canal and at the 

rts mentioned totalled 469, of which 147 were starts 

om stop. On one occasion, three hours elapsed 
between one stop and the next movement, duri 


42 deg. F. 


which the only means adopted to keep the fuel at 
the desired temperature was to circulate the fuel- 
valve jackets with water at 140 deg. F. When the 
engine was put slow ahead the injection pressure 
recorded was 7,500 lb. per square inch, but this quickly 
fell to 4,500 lb. per square inch at 45 r.p.m. 

Upon arrival at Helsinki, certain parts of the engine 
were opened up for examination and their condition 
found to be as follows :— 


No. 4 Air Inlet Valve-—Condition clean ; faces good. 

No. 4 Exhaust Valve.—Faces good; slight yellow 
_ on lower end of spindle and upper surface of 
lid. 

No. 4 Fuel Valve.—Slight deposit on exhaust valve 
side of nozzle ; all holes quite clear. 

No. 4 Piston.—Crown clean ; faint yellowish marks 
indicating fuel sprays; all rings free; slight deposit 
above rings. 

No. 4 Cylinder Liner.—Well oiled, smooth and bright. 

Supercharge Spaces.—All clean except Nos. 3 and 6, 
in which a small amount of sludge was present. 

Supercharge Valves.—Dirty, but all working freely. 
Crankcase Oil—Dark in colour, but apparently good. 

This was the condition of the parts after the engine 
had operated for 433 full-power hours on 2,920-seconds 
fuel and a very much longer period on 1,500-seconds 
fuel. After all parts had been refitted and the cargo 
discharged, the Auricula began her second voyage on 
2,920-seconds fuel, with instructions to accept in future 
any fuel offered so long as the viscosity did not exceed 
3,500 seconds Redwood No. 1 at 100 deg. F. The 
success of these experiments is mainly due to the 
extraction of a high proportion of the ash-forming 
constituents before the fuel is injected ; injection at a 
temperature which reduces the viscosity and makes the 
fuel more easily atomised ; and determining the altera- 
tions necessary to the fuel-injection system in order to 
avoid too great an increase in the injection pressure. 
As the aim was to burn boiler fuels in existing engines 
without having to carry out any major alterations, the 
combustion efficiency usual with this type of engine 
had to be obtained without any appreciable increase 
in the injection pressure, to avoid putting too great a 
strain upon the fuel-pump pmo bag peg 

The fuel treatment is to heat the fuel to 180 deg. F. 
before it is passed through a centrifugal separator 
known as the “ purifier,” and then through a second 
centrifugal separator known as the “ clarifier.” The 
principal difference between these separators is that 
the bowl of the purifier is designed to effect the separa- 
tion and discharge of water as well as the coarser 
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particles of mineral matter. The purifier has two 
outlets, one for the ejection of the mineral matter and 
water, and the other for the purified fuel, whereas the 
clarifier has one outlet only, through which the clarifier 
fuel is discharged. The latter machine, therefore, 
retains the separated matter. The quantity of solid 
matter extracted by the clarifier, however, is small 
and the capacity of the dirt space in the bowl is ¢o 
large in comparison that opening-up for removal of 
the extrac matter only requires to be done at 
infrequent intervals. In the size of purifier and 
clarifier used, the bowl dirt-space will collect about 
20 lb. of matter before its efficiency is adversely 
affected. The extraction is aboat 2 Ib. in the case 
of the purifier and 6 oz. in the case of the clarifier for 
every ton of fuel treated. It would be an advantave 
if one centrifugal separator could be devised to give 
the necessary degree of purification. A further 
advantage would accrue if this machine could he 
made self-cleaning. The paramount consideration, 
however, is maximum extraction of the ash content 
of the fuel treated and the bowls must be made seif- 
cleaning without affecting this quality in any way. 

It is not gee to determine accurately by analysis 
the suitability of the fuel after treatment. Many 
treated and untreated samples examined do not dis- 
close any significant difference, yet some change 
must have taken place because the black sticky matter 
extracted during the purification process can be 
collected, weighed and analysed. Moreover, whenever 
an attempt has been made to operate an engine on 
such fuel without first treating it, the results obtained 
were greatly inferior to those obtained with purified 
fuel. It would seem, therefore, that more accurate 
methods of analysing samples before and after treat- 
ment will require to be found and adopted. A better 
guide would be to measure the quantity of matter 
extracted for a given quantity of fuel treated, and to 
find by analysis the composition of the matter extracted. 

Tests carried out with the experimental engine 
indicated, and results obtained in service have since 
proved beyond all doubt, that ash is the only injurious 
constituent ; that, while sulphur may not be a desirable 
constituent, its corrosive effect has been greatly 
exaggerated and is a negligible quantity in marine 
engines ; that a high Conradson value does not result 
in choked fuel-spray nozzles; and that such viscous 
fuels can be burnt completely in slow-running engines. 

The ash-forming constituents extracted are com- 
Analysis has disclosed oxides of silicon, iron, 
aluminium, calcium, magnesium, sodium, copper, lead, 
barium, titanium, vanadium and anese. Sodium 
is present as chloride and sulphate, and it is probable 
that these are derived from sea-water contamination, 
but most of the other constituents are from the fuel 
itself. It has not been possible to extract more than 
about 50 per cent. of the ash content of boiler fuels, 
but endeavours to increase the proportion are con- 
tinuing. The quantity of ash is so minute—the average 
amount is 0-06 per cent.—that it is not surprising that 
the proportion removed is difficult to determine when 
comparing treated and untreated samples. This may 
be the reason why earlier investigators did not succeed 
in operating the Diesel engine on fuels having a rela- 
tively high ash content. Nevertheless, even though the 
quantity of ash extracted by the method recommended 
here is so small, its extraction is vital if an engine is to 
operate satisfactorily on boiler fuels ; the 9,009 tons of 
fuel burnt by the Auricula’s engine during the first three 
years’ service contained, before treatment, approxi- 
mately 5-40 tons of ash. After treatment, the ash 
content is halved and brought more nearly in line with 
the average ash content of Diesel fuel. 

The reason why the ash content is reduced by some 
50 per cent. only is that the mineral matter present 
is derived from two sources, one being organic and the 
other inorganic. The organic compounds of metals, 
in an oil-soluble form, cannot be extracted by the 
centrifugal separators as at present constructed and 
operated, but something may come of the work now 
in hand to effect this. The inorganic portion of the 
ash consists chiefly of tank scale, silica and other 
matter, much of which is in colloidal form. The 
larger particles can be extracted either by settling 
over a long period or centrifuging in the ordinary way, 
but the portion in colloidal form can be extracted 
only by distillation or by subjection to centrifugal 
force of an unusually high order. It would appear that 
the insoluble portion of the ash content is mainly 
responsible for the greater liner wear and exhaust- 
valve trouble when boiler fuels are not specially 
treated before being injected into the cylinders. In 
other words, it is the inorganic rather than the organic 
matter in high-viscosity fuels which causes the differ- 
ences in the results obtained when operating an engine 
on normal marine Diesel fuel as compared with unpuri- 
fied boiler fuel. This is not to say that there is no 
advantage to be gained by the extraction of the organic 
portion of the ash if this were possible by commercially 
practicable means. On the contrary, the experiments 
suggest that, if the whole ash content could be extracted 
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from high-viscosity fuel, the wear of vital parts would 
be much less than with Diesel fuel. 

Since these experiments began, innumerable tests 
have been carried out to determine the best purifying 
temperature, and although the early tests indicated 
that a satisfactory temperature was about 180 deg. F., 
it was decided to carry out specially careful tests at 
100 deg. F., 140 deg. F., and 180 deg. F. A tempera- 
ture higher than 180 deg. F. was not considered 
advisable because of the evaporation of the lighter 
hydro-carbon mixtures during the purifying process. 

It was found that raising the temperature increased 
the amount of matter extracted by the purifier and 
the clarifier also, but in the case of the purifier the 
advantage was not so pronounced above 140 deg. F., 
while in the case of the clarifier the advantage was 
more pronounced above that temperature. The 
viscosity and the flash point of the oil increased very 
slightly after passing through both the purifier and 
clarifier, due, presumably, to a slight loss of the lighter 
fractions as a result of pre-heating. The sulphur 
content was not affected in the least degree at any 
temperature. The whole of the water and a portion 
of the salts were extracted by the purifier, and a further 
but lesser portion of the salts was extracted by the 
clarifier at temperatures above 140 deg. F. Raising 
the temperature of the fuel had the effect of removing 

roportionately greater quantities of the asphaltenes. 

he ash content was reduced by the purifier and further 
reduced by the clarifier as the temperature was 
increased. 

Upon looking back it would seem that the Diesel 
— would not have survived had the petroleum 
industry not been quick to appreciate the advantages 
of the compression-ignition engine and produced a fuel 
commonly called Diesel fuel, which would enable the 
engine to operate reasonably free from troubles accruing 
from imperfect combustion. One of the requirements 
was that the fuel should not contain appreciable 
quantities of sulphur, because this constituent was held 
responsible for excessive cylinder-liner wear and 
corroded exhaust valves and exhaust-gas passages. 
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There is no doubt that the imposition of this restriction 
was justified by results, as were the limitations imposed 
on viscosity, Conradson carbon content, etc. In spite 
of the increase in the size of engines and the improve- 
ments introduced, fuel specifications remained much 
the same. Even now some consumers are inclined to 
demand a sulphur-free fuel, while there are still manu- 
facturers of Diesel engines who are unwilling to accept 
liability for damage done during the guarantee period 
if the fuel contains more than 1-0 per cent. sulphur. 
The author has been associated with marine Diesel 
engines for 35 years and, while yellow substances have 
been observed on exhaust-valve stems and in exhaust- 
gas passages, in no instance have the metal parts in 
contact with the burning fuel or the burnt gases been 
found corroded in a way which could be attributed to 
sulphur in the fuel. On one occasion, when burning 
1,500-seconds fuel containing 24 per cent. of sulphur 
in the Auricula, one of the joints on the exhaust 
manifold began to leak and a sulphur-like substance 
deposited on the lagging near the leak. Analysis 
disclosed that the substance did not contain even a 
trace of free sulphur, being composed of vanadium 
pentoxide, V,0,;, which is yellow in colour, traces of 
soluble sulphate and a very small quantity of sulphuric 
acid. The report concluded with the statement that 
the analysis indicated normal combustion conditions. 
While much has been heard during the last 35 years 
about the injurious effect of sulphur in fuel, it is 
questionable if evidence could be submitted which 
would prove that sulphur in fuel was responsible for 
any damage, with the possible exception of corrosion 
of finished steel surfaces in the crankcase. In the past, 
the petroleum eager 4 has been able to supply the 
shipping industry with Diesel fuel of relatively low 
sulphur content, generally speaking, below 1-8 per 
cent. ; but there is a rapidly increasing demand for the 
lighter Diesel-fuel components, as a result of the intro- 
duction of Diesel propulsion in rail and road transport 
and agriculture. It is not possible to say yet whether 
this increasing demand for the lighter Diesel grades 
will affect those used for marine Diesel purposes, but 
it does seem fairly evident that there will be no 
appreciable diminution in the sulphur content of 








marine Diesel fuels. It is possible to extract sulphur 
from the fuel before it leaves the refinery, but the cost 
of doing so would be prohibitive. Shipping companies, 
however, need not be concerned abect this, because 
the Auricula and many other ships have been operating 
for years on fuels with up to 3-0 per cent. sulphur, 
and in no instance has any part of the engines ber emer 
The author would have no hesitation in accepting fuel 
with a sulphur content up to 5 per cent., or even higher, 
were it not that, the higher the sulphur content, the 
lower the calorific value. 

The serious consequences of incomplete combustion 
of fuel in oil engines are well known. Apart from a 
greater quantity of fuel being required to produce a 
given power output, mechanical difficulties arise, such 
as the accumulation of partly-burnt carbon in the 
cylinders, fouling of piston rings and contamination of 
crankcase lubricating oil, i in crankshaft 
mal-alignment. In some instances, the matter result- 
ing from incomplete combustion, found in the com- 
busion-chamber end of cylinders, is soft and feels smooth 
when rubbed between the fingers, while in others it is 
hard and has a gritty feel. The soft kind of deposit 
generally resulis when burning wholly distilled fuels. 
The hard gritty variety is produced when residual fuels 
or blended Diesel fuels, i.e., a mixture of gas oil and 
residual fuel, are improperly burnt. Unless the fault 
is remedied the solid matter will rapidly accumulate. 

It would seem that, in most instances, providing the 
grade of fuel is not unsuitable for a particular engine 
and that the fuel-injection devices are in pruper order, 
the accumulation of solid matter in the cylinders and 
the consequential ill effects would be avoided if building- 
up of deposit on the fuel-valve nozzles could be pre- 
vented. In a few instances, the accumulation of 
deposit on fuel-valve nozzles is started by the presence 
of solid matter in one or more of the spray holes altering 
the direction or angle of sprays. Most frequently, 
however, the accumulation begins on the outside of the 
nozzles in close proximity to, but not in, the spray holes, 
and is due to incorrect angle of spray, too low an injec- 
tion pressure, needle valves not being perfectly fluid- 
tight, sluggish action of the needle valve, or the needle 
valve being shrouded. Enlarged spray holes are rarely 
the cause of deposit accumulating on the nozzles. 
Such a fault does, however, result in deposits on other 
parts surrounding the combustion chamber, such as 
the top of the piston and the confines of the cylinder. 

To ensure complete combustion, the fuel must be 
atomised to a degree that will enable every particle 
to be burnt, and the particles must be evenly distributed 
throughout the combustion air. Also, the particles 
must be gasified before they make contact with any 
metal surface surrounding the burning fuel, since, 
should a metal surface be contacted the fuel will become 
de-atomised, in which condition its combustion rate is 
greatly reduced and it will not burn completely in the 
time allowed. This is what happens when deposition 
occurs on the piston crown and round the combustion 
space of a cylinder and no such deposit is found on the 
fuel-valve nozzle. Enlargement of spray holes pro- 
duces such a state. 

The substance which deposits on fuel-valve nozzles is 
of two distinct varieties. One is decidedly black, has a 
plumbago-like structure and can be easily ground to a 
smooth powder between the fingers. The other variety 
is black, has a coke-like structure, and is gritty. The 
cause of the deposit is probably the same in each case, 
namely, that the entire fuel charge is not injected 
into the cylinder with the requisite force. The plum- 
bago-like substance, however, as mentioned earlier, 
occurs only with distilled Diesel fuel and accumulation 
will continue until the fuel valve is taken out and the 
deposit removed by hand. The coke-like deposit, on 
the other hand, accumulates and then breaks off or 
burns away before it has reached dimensions great 
enough to interfere with the fuel sprays. : 

When high-viscosity fuels are not injected with the 
requisite force, the deposit generally found on fuel-valve 
nozzles is of the coke-like variety. When, however, all 
parts of the fuel-injection system are in good order, it 
has been found that deposit occurs only when the 
engine is running at greatly reduced power output 
for long periods, and that when the engine is again 
put on full power the deposit disappears. Accumula- 
tion is gradual and the burning-off takes place rapidly. 
The accumulation after eight hours of half-power opera- 
tion was not sufficient to interfere with the sprays, and 
the spray nozzles were freed of the accumulation after 
half-an-hour at full power on the same fuel. 

The bulk of the deposit which occurs while the engine 
is operating on viscous fuel for long periods at greatly 
reduced speeds is always found on the exhaust-valve 
side of the nozzle. The cause of this is that when the 
engine, and consequently the fuel pumps, operates 
slowly, the re-seating of the fuel needle valve is not so 
prompt and positive as when the engine is operating 
at full speed, with the result that a very thin film of 
fuel remains on the outer surface of the nozzle after the 
valve closes. Moreover, when the speed of the engine 
is reduced the flow of fuel between the heater at t he fuel- 
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pump suction and the fuel valves is also reduced ; 
consequently, the temperature of the fuel when it 
reaches the valves is lower than when the engine is 
operating at normal full speed, and this also will 
make for less prompt and positive closing of the needle 
valve. This of fuel may be little more than a 
dampness, but it would seem that it remains in position 
during the working and exhaust strokes of the piston 
and until the air-inlet valve opens, whereupon the warm 
supercharge air, sweeping across the cylinder in the 
direction of the exhaust valve, causes the film of oil 
to spread in that direction. The film of fuel, having 
been thinned in the process, will be more susceptible 
to heat and will be carbonised during the subsequent 
working stroke. Furthermore, at reduced speed, the 
time that the air inlet and exhaust valves are open 
together is proportionately greater, which is conducive 
to thinning of the oil film and its ultimate carbonisa- 
tion. The location of the deposit under such conditions 
is illustrated in Figs. 11 and 12, on 547. 

In the main, the injection pressure vith hydraulically- 
operated valves depends upon the spring load on the 
needle valve, and the degree of atomisation upon the 
diameter of the spray holes in the nozzle. The lift of 
the needle valve does not normally affect the injection 


ure, degree of penetration or degree of atomisa- | stage 


tion. The amount the needle valve is permitted to 
travel, however, is important. Should the travel be 
insufficient to allow the fuel charge unrestricted 
passage, the load on the fuel pump will be unduly 
increased ; while, if the travel is more than necessary, 
the prompt closing and instantaneous cut-off of the fuel 
supply to the cylinder may be adversely affected. 
ost engine builders stress the importance of a 

definite amount of needle-valve lift, the amount being 
about 1 mm. on engines of a size installed in the 
Auricula. It was found that the best results were 
obtained when the maximum area of opening was 
50 per cent. greater than the total area of the spray 
holes. The greater the lift, the more forcibly will the 
needle valve re-seat, and, when Diesel fuel is in use, 
signs of hammering occur if the lift is too great. With 
high-viscosity fuel there is an understandable cushion- 
ing effect and the parts do not wear to the same extent, 
but the action of the needle valve is not so prompt. 
The original needle-valve lift on the Auricula and other 
ships propelled by B. and W. and M.A.N. engines was 
1 mm., and this was increased to 14 mm. in all cases. 

Insufficient injection pressure is most likely to 
result from a worn fuel-cam peak or to the needle valve 
being shrouded as a result of hammering or repeated 
grinding. The former fault will increase the period 
during which the pressure required to lift the needle 
valve is built up, and, in consequence, the first of the 
fuel charge may not be driven into the cylinder with 
sufficient force. In the case of the second fault, the 
valve must be lifted clear of the shrouding before 
injection proper begins; before this occurs, part of 
the charge will excape past ~~ part of the 
valve and, due to wiredrawing, will enter the cylinder 
at a pressure well below the normal injection pressure. 
How this might occur is shown, exaggerated, in Figs. 
13 and 14, on page 549. A photograph of a faulty 
nozzle, cut to disclose the fault, is reproduced in Fig. 15. 

The closing action of the needle valve, which must 
also be prompt and positive, is not likely to be affected 
by normal wear of the fuel-cam peak, but a shrouded 
needle valve would have a serious effect and result 
in the formation of droplets on the nozzle, which would 
be quickly carbonised. The width of the needle-valve 
seat is also important; the narrower the point of 
contact between the needle valve when in closed 
position and the nozzle, the more likely will prompt 
opening and closing result. This is important when 
burning low-viscosity Diesel fuel, but it is much more 
important when burning high-viscosity boiler fuels. 
It is the practice for ship’s engineers to grind-in needle 
valves when they begin to leak, and, although the 
abrasive material used is usually far from satisfactory, 
the desired result as regards fluid-tightness is obtained. 
The effect, however, is to increase the width of the seat 
and to remove one cause of improper combustion by 
introducing another of the same order, since each causes 
part of the fuel to enter at a pressure less than that 
necessary for atomisation, penetration and combustion. 

The wear-resisting properties of the materials used in 
the manufacture of fuel-valve needles and nozzles have 
improved so much in recent years that it is now usual 
for such parts to operate for well over 2,000 hours 
without showing any increase in the width of seat. 
It would seem that the time has now come when the 
practice of grinding-in such valves on board should be 
discouraged and the needles and nozzles should be 
sent back to the makers for reconditioning at regular 
intervals. As the desirable narrow seat is obtained by 
making the angle of seat slightly different from the 
angle of the needle valve, the damaging effect of grind- 
ing-in is understandable. The conical end of the needle 
valve should make contact with the seat in the nozzle 
as shown in Fig. 16, on page 549. 

(To be continued.) 





SIDNEY GILCHRIST THOMAS.* 
By James MrtcuHeE tt, C.B.E. 


THE introduction of the basic in 1879 opened 
up the iron-bearing riches of the world and placed 
the iron and steel industry on the broad-based foun- 
dation which gave it an importance, probably second 
to none, in the process of the development of civili- 
sation. Consider, for instance, the significance of 
this discovery in terms of geography : the siderites and 
blackbands of this country; the minettes of Luxem- 
bourg and Lorraine; the ore mountains—the Erzberg 
in Styria, the ‘‘ iron knob ” in Australia, and the Indian 
ranges ; the gigantic deposits of the Great Lakes ; and 
the magmatic masses of Scandinavia. These and 
many more parts of the earth’s surface became available 
to provide iron in the quantities we take as common- 
place to-day, because man had been equipped with a 
means of eliminating phosphorus. 

Surprisingly little is known of Thomas asa man, apart 
from those activities devoted to his chief life-work. 
He seldom or never appears in the —_ of personages 
whose sayings and doings are a feature of the auto- 
biographies and memoirs of the crowded mid-Victorian 
Practically all that we know of him as a man 
ean be gleaned from two volumes by relatives (his sister 
and his cousin) and in numerous letters which these 
works reproduce. We may picture the physical man— 
spare, with perhaps, later, the stoop of the invalid, but 
with an alert step, a kindly eye, and the fine head of 
the thinker. He was industrious to a remarkably 
high degree, with the sense of duty and nsi- 
bility highly developed, and a capacity for liking and 
being liked by a wide diversity of people. It is on 
record that he appealed to such widely different people 
as Andrew Carnegie and William Ewart Gladstone. 
There is a repeated suggestion too, in his letters parti- 
cularly, of a strong sense of fun, maybe even of mischief. 
He certainl the truly great man’s first 
essential characteristic of being ironically amused at 
his own apparent importance in the sight of others. 
He can be credited with a streak of almost super- 
caution. He did not relinquish the small but sure 
competence of his salary as a clerk at the Thames Police 
Court until the first royalties from his process became 
available. 

Of his thoroughness in all matters to which he 
turned his mind, the most striking examples perhaps 
are the exhaustiveness of his inquiry into patents 
and patent law, which, at least on one occasion, enabled 
him to advise his own professional patent agents ; and 
his feat of acquiring a working knowledge of the 
German la , used principally and successfully to 
defend his patent rights in the German Courts. These 
last instances may suggest that he had, what after all is 
not remarkable in one of his ancestry, what is known 
in the North as an “eye to the main chance,” but it 
was an altruistic eye. He was much more successful 
than some luckless inventors of the period in securing 
a financial return from his invention, but it is worth 
recalling that all these gains were left in trust to his 
sister for the benefit of the workers, or, as he wrote to 
her, “. . . in doing good discriminately . . .” 
It is gratifying to learn of the number of social reforms 
which directly or indirectly were promoted by revenues 
derived from Thomas’ financial rewards for his efforts. 
His outstanding characteristics were his pertinacity, 
patience, and a real ability to lead and inspire those 
with whom he was associated. Attractive as it may be 
to dwell on what must have been a very pleasing per- 
sonality, it is his contribution to technical knowledge, 
the methods by which he made it, and the implications 
of these, which still remain for us as important to-day. 
It is unnecessary, except in the briefest terms, to outline 
the story of Sidney Gilchrist Thomas and his all- 
important invention. This was done in admirable 
manner before this Institute by the late Mr. F. W. 
Harbord, as recently as 1937. It is proposed to recall 
only such parts of it as may be required in the context 
of the considerations just mentioned. 

For twenty years before 1877, the battle of steel ae 
been waged against wrought iron as a structura’ 
material, with one serious disability on the part of 
the attacker: the steelmaking processes of Bessemer 
and- Siemens, while they could refine iron more 
quickly and more economically than the older puddling 

» failed completely to remove any phosphorus 


present in the original pig iron. Even in those early | coun 


days, however, the effect of temperature on chemical 
reactions was recognised as having some significance. 
The difference between the finishing temperature of the 
puddling process and of the acid Bessemer converter 
was not unnaturally as having some connec- 
tion with the phenomenon of non-removal of phos- 
phorus. The relatively short duration of the blow was 
also advanced as yet another explanation. As Thomas 





* A commemorative lecture presented on the evening 
of the first day of the 8ist annual general meeting of the 
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pointed out later, if these were, in fact, valid expla... 
tions, then it was almost hopeless to expect th: 
phosphorus could ever be removed during refining. 

It is more than clear that the established met |. 
lurgists of that day were seeking a solution of t: 
problem of phosphorus removal, along lines of whi | 
they already knew something through existing piv. 
cesses. In September, 1878, at London, Lowthian |) | 
read a paper before this Institute “‘ On the Separati.; 
of Phosphorus from Pig Iron.” Working on t!.c 
reactions of the puddling process as they conceiy 
them, Bell and various other metallurgists were 
endeavouring to eliminate phosphorus by washi:y 
processes, the chemical detergents being oxide of irc : 
and similar materials. 

The discussion of Bell’s paper focuses, in an intere: '. 
ing manner, the metallurgical thought of the perio. 
The most interesting feature of the discussion, howev:;, 
was that it provided the opportunity for Thomas ‘o 
make the first public intimation of his own success 
in solving the great metallurgical problem of the time. 
At the end of the discussion, which in fact underlined 
the failure of all eminent metallurgists of the day 
to remove phosphorus to the required degree, a young 
man of 27 rose and intimated that he had, in fact, 
achieved this end. Surely this must constitute one 
of the more amusing ironies of metallurgical history. 

An eyewitness, G. W. Maynard, records: ‘“...] 
remember distinctly the pitying smile of derision and 
the stony stare which pervaded the countenances of 
the distinguished assemblage. No one thought it 
worth while to refer to Mr. Thomas’s claim or ask him 
‘How he did it?’...” It has been recorded in 
several publications that the claim was received, not 
with incredulity but with an attitude much more 
deadly from the point of view of progress; it was 
ignored. This negative procedure, so lethal, one 
understands, to the pursuit of a political career, was 
not, in fact, adopted. Thomas’ claim was not ignored, 
but it was treated with bland paternal scepticism which 
so frequently acts as a spur to younger minds. The 
Institute proceedings report Lowthian Bell, in his 
teply, as saying: ‘ With regard to what Mr. Sydney 
Thomas hoped [author’s italics] to do with the Bessemer 
converter, he was so much interested in freeing iron, 
and particularly Cleveland iron, from phosphorus, that 
he should hail as a public benefactor any gentleman 
who would come forward and do the work more 
perfectly or more economically than he had been able 
to effect this object himself.” 

Bell and the other metallurgical elder statesmen of 
the day did not have long to wait to “ hail the public 
benefactor,” as, within a year, a paper was presented 
which was to establish the truth of the young man’s 
claim. He had certainly effected the object ‘‘ more 
perfectly ’ and ‘‘ more economically ” than was possible 
by the earlier and less satisfactory methods to which 
they had been directing their efforts. 

The paper by Thomas and his cousin, Percy Carlyle 
Gilchrist, on ‘‘ The Elimination of Phosphorus,” was 

repared for the autumn meeting of 1878, which was 
eld in Paris. Time, however, was not available to 
permit of it being read and discussed. It has been 
that, because of the postponement of a com- 
munication which, we now know, was of first import- 
ance, the Council of the day exhibited politeness rather 
than prescience, the greater number of papers taken 
being by Continental authors. We can the more readily 
accept the charitable view that time alone was the 
reason for the omission in that it was, indeed, welcome 
to Thomas. Further, when the matter was presented 
in full at the spring meeting of 1879, a complete process, 
commercially proved, was given to the world. 

The delay at the Paris meeting had one further 
important and probably decisive result on the develop- 
ment of the process. The preprint of the paper and 
a meeting with Thomas, during a visit to Le Creusot, 
in’ Mr. E. Windsor Ric so much that he 
obtained the consent of his directors to proceed 
immediately with trials of the process on a works 
scale at Bolckow Vaughan’s plant at Middlesbrough. 
The results of these trials added immeasurably to the 
rapid commercial development of the process. 

en, in due course, the subject was discussed at 
the spring meeting of the Institute on May 7 and 8, 
1879, the meeting took a form which could be described, 
without exaggeration, as an international symposium. 
The speakers taking part came from almost every 
try which at that time could be ed as having 
an immediate interest in the solution of the phosphorus 
problem. In addition to Thomas and Gilchrist’s 
ogee paper, an addendum, concerned very largely 
ith the progress of the Middlesbrough work, was 
There were also various other contributions 
from metallurgists who had given of thought, time and 
work to the problem. 
cor by Mr ‘Gan 

per . 

Hagia and Sulphur during the Bessemer and 
Siemens Processes of Steel Manufacture.” This dis- 
closed that Snelus had anticipated Thomas's diseovery, 


of these was maint a 
. Snelus on “ The Removal of 
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havin’ in 1872 succeeded in dephosphorising Cleveland 
pig iron in @ lime crucible. It concluded with the 
words: “I have the pleasure to place before the 
meeting what I believe to be the first sample of Besse- 
mer Sicel made entirely from Cleveland Iron in one 
opera‘ on, in which the phosphorus has been reduced 
to a mere trace. . ith the samples I have 
placed the original wrapper bearing the date when the 
sample was made, and also my notebook with the 
origin?! entries of the details of the analyses.” 

As an aside and with the hope that, in a more 
enlightened age, no ammunition will be provided for 
politicians, we should perhaps mention Snelus’ reply 
to the not unnatural question of why he did not at 
once follow up his discovery and put his plans into 

tice. His answer was: “. . . that I had just 
taken up the Management of a concern, the interests 
of which were opposed to the solution of this problem, 
and, therefore, Siving secured the ground by Patent, 
I was compelled to wait a more favourable oppor- 
tunity for putting my plans into practice.” One 
hardly knows whether to extend sympathy or an 
unfeeling ‘“‘ serves you right” to the shade of Mr. 
George J. Snelus. ; 

It is pleasing to record that this tragi-comedy had 

a double happy ending. Thomas, with characteristic 

e-mindedness, and perhaps also with a dread of 
litigation based on his police-court experience, came 
to an arrangement with one or two people who appeared 
to have possible rights to royalties based on prior 
patents. The whole question was submitted to arbi- 
tration, and an amicable and permanent settlement 
was reached. The arbiter, Sir William Thomson, 
afterwards Lord Kelvin, later returned half of his 
fee to Thomas, so dissatisfied was he with his original 
award. The second felicity was the presentation in 
1883 of two Bessemer Medals—one to Thomas and one 
to Snelus. 

There is considerable profit in a minute study, not 
only of the papers of the 1879 meeting, but in the 
letters and memoranda in which, to various corre- 
spondents, Thomas outlined the development of his 
ideas. The total period of time between Thomas’s 
initial interest in phosphorus removal and the final 
commercial application of his ideas was comparatively 
short. His interest ap to have been aroused as a 
student at the Birkbeck Institute about 1870, where he 
attended classes. He appears to have studied all the 
literature bearing on the subject, including the probable 
chemical reactions, with meticulous care. His con- 
clusion was that the non-removal of phosphorus in the 
Bessemer process was due to the siliceous lining of the 
converter and the siliceous character of the 
A period of experimental work at home, and later 
continued by his cousin, Percy Gilchrist, chief chemist 
at Blaenavon Works, followed, Gilchrist’s work com- 
mencing in the summer of 1877. During this time, 
they elicited the interest of Mr. Edward P. Martin, 
manager at Blaenavon, and with his assistance and 
that of Mr. William Menelaus, at Dowlais, they estab- 
lished the correctness of the approach which was being 
made to the problem. From this point, the emphasis 
in the experimental work ap to have been co tnien 
materials and the means of obtaining durable linings. 
In the circumstances, their investigation must have 
seemed a special case of the more general problem of 
providing a container with a lining which would resist 
the mythical universal solvent. While Gilchrist in 
South Wales was pressing on with the experimental 
campaign, Thomas, in London, was studying the results 
with one part of his mind on their technical significance 
and another on their applicability to potential patent 
protection. 

Essentially, the triumphant establishment of the 
basic process rested on almost inspired teamwork. 
Thomas was no struggling inventor with limited 
opportunities for the development of his ideas, but the 
leader of a team almost miraculously suited, by training 
and position, to the project in hand: Gilchrist, on 
whom fell the burden of the earliest experiments, and 
who, in Thomas’s own words, brought to“. . . 
unwearied exertions, conspicuous energy and ability 
. . .”3; Martin, who took such a warm and helpful 
interest in the progress of the work at a critical time ; 
and Windsor Richards, who perhaps more than any 
other, brought the matter to commercial fruition. The 
acknowledgment of all these services could not perhaps 
be better expressed than in the addendum to the 
original Thomas-Gilchrist paper: ‘‘ If the results now 
brought before you seem to any value, that 
value is chiefly owing to those to whose discernment 
and energy it is due that the opportunity has been 
given to develop the system under favourable circum- 
stances. To Mr. Windsor Richards, especially, we are 
indebted, not only for constant counsel and his 
invaluable personal assistance in bringing the process 
into technical working, but for being in a position to 
lay before you the results of blowing Cleveland pig on 
& practical scale.” 

At this point, it is perhaps right to mention those 
minor contributions from various sources which brought 





support and encouragement, and, in some cases, the 
perfection of a practical detail which rounded off the 
major accomplishment. Thomas himself expressed the 
encouragement he felt that Monsieur Griiner, Professor 
at the Ecole des Mines in Paris in 1867, laid great stress 
on the injurious influence of the siliceous character of 
the cinder in linings in the converters. Windsor 
Richards’s co-operation brought the wise counsel of 
that great metallurgist, John E. Stead, consultant to 
Bolckow Vaughan. Stead, in some quarters, was 
credited with the idea of the after-blow, during which, 
in the converter application of the basic process, the 
major part of the phosphorus isremoved. With charac- 
teristic modesty, he disclaimed any credit for this. In 
his presidential address to this Institute, he tells how 
he had concluded that the after-blow was funda- 
mentally necessary, this conclusion being implicit in 
Thomas and Gilchrist’s own results. The view was 
not accepted immediately by the inventors, but, when 
failure had followed failure in the trials at Middles- 
brough, they, at Stead’s urgent suggestion, advised 
Mr. Windsor Richards to over-blow a charge, with, of 
course, satisfactory results. 

The binder, ultimately used for making linings from 
fully shrunk magnesian limestone, is yet another 
instance of the many useful and practical contributions 
which came from otherwise obscure people. An 





official at Bolckow Vaughan’s is said to have suggested- 


“tar,” after many other substances had been tried 
and found wanting. It was not immediately successful, 
but, ultimately, Thomas himself suggested boiling the 
tar, thus removing the water, and so yet another 
important step was taken. 

To return to the remarkable meeting of May 7 and 
8, 1879, no fewer than 25 people took part in the 
discussion of the papers. As individuals, they ranged 
from the great ones of the day to “‘a Member.” They 
came from every quarter, as the interest aroused by 
the paper was, by this time, international. The 
substance of their contributions recorded in the pages 
of the Journal shows an equivalent diversity. There 
were many speakers who, as they were bound to do 
on the facts submitted, accepted the principle of the 
basic lining as a means of phosphorus elimination, 
but fewer were sure of the economics of the new 
process as a method of steel manufacture. Inevitably 
there were the rearguard fighting the wrought-iron 
battle and those whose interests lay in the limited 
hematite deposits to which only they themselves had 
access. No new method is without the prior patentee 
or, at least, claimant to that position, and one such 
there was, ai from those, like Snelus, with a 


. | reasonable claim to that honour. On the whole, how- 


ever, the discussion was creditable to the participants 
in that they seemed to be fully aware that “ great 
events were on the march.” 

The greatest speech of the two days was not, perhaps, 
strictly technical, but, if any such demonstration 
were necessary, it established the true greatness of 
an already great man. Mr. (later Sir) Henry Bessemer 
said: “‘. . . that he had not intended to say anythi 
on this occasion . . . but ke feared that his silence 
might be misinterpreted. Nobody more than himself 
rejoiced to see the improvement which had been 
effected by the several gentlemen who had read papers 
on the elimination of phosphorus. That one thing had 
been his difficulty and bane, and he could not get rid of 
it. He, therefore, rejoiced that the difficulty been 
got over, and that the commercial results were close at 
hand. . . . Whether he would ever have arrived at 
the excellent results of the present inventors, it was not 
for him to say; at any rate he hoped most sincerely 
that nothing he had done or published at that time 
might be a barrier to the entire success of those who 
were now engaged in the matter, and he hoped and 
believed that they would receive that recompense 
from it which their talent and perseverance deserved.” 

The commercial development of the basic Bessemer 
process was rapid in the years immediately following 
1879. Not unnaturally, the greatest progress was 
made on the Continent, where the raw materials were 
peculiarly suited to the manufacture of a suitable iron. 
Within three years, the production of basic Bessemer 
steel had risen to almost 30,000 tons a month, France, 
Germany, and Austria being the chief Continental 
countries to adopt the process. Basic open-hearth 
ee followed, the first basic open-hearth 
steel of which there is any definite record having been 
made at Le Creusot Works in France. In September, 
1883, the production of basic steel by both processes 
was 60,000 to 70,000 tons a month. 

The rapid development of the basic Bessemer process 
on the Continent, and, in some cases, its economic 
survival, can be directly attributed to the usefulness, 
as a fertiliser, of the phosphate slags arising from the 
process. Thomas appears to have been one of the first 
people to realise the importance of this matter. Indeed, 
the later years of his life were spent on an elaborate 
experimental programme designed to treat the slags 
to render them suitable for fertiliser pu . German 
work, however, just before his death, demonstrated 








that it was not a chemical, but a mechanical, treatment 
that was necessary. If the slag were ground finely 
enough, direct application to the soil produced the 
desired effects. On the Continent, particularly, the 
credit obtainable from the slag as a fertiliser was 
frequently great enough to pay for the conversion of 
pig iron into steel. 

Thomas’s discovery was no empirical jeu d’esprit. To 
a thorough and painstaking technical training he added, 
by study, the accumulated knowledge of the relevant 
facts: his experimental researches were the logical 
sequence of what his predecessors had done. There 
is, for our encouragement, an inevitableness about the 
way he was led to his great achievement on the twin 
foundation of his own training and the work of his 
predecessors. What, in fact, was his discovery, inven- 
tion, or better, his contribution to metallurgical prac- 
tice ? It can be summed up in the expression “ the basic 
system.” This generalisation indicates its applic- 
ability to all types of high-phosphorus material, irrespec- 
tive of the process by which refining may be effected. 
It was, perhaps, fortuitous that the Bessemer process 
was the sphere of his earliest efforts, and this is the 
method most commonly associated with his name. 
“Thomas Steel” and “ Thomas Slag ”’ are, of course, 
recognised terms in Continental nomenclature, and it 
is perhaps desirable to review now the present position 
of the Thomas or basic Bessemer process. This 
process, more perhaps than any other, has suffered 
considerable vicissitudes, especially in this country, 
not only in the extent to which it is practised, but also 
in the acceptance of its product. 

It is a commonplace that most of the important 
metallurgical processes of to-day, in the iron and 
steel industry, are but mechanically improved variants 
of the inventor’s original operation. The size of 
the unit has increased, the mechanics of the operation 
in handling of larger tonnages, in the same or less 
time and with less arduous human effort, have been 
developed, but, in essentials, the processes stand 
to-day where their inventors left them. This is true 
of the basic-Bessemer process. From the stand- 
point of economics, the importance of the durability 
of the bottoms and linings was recognised in the earliest 
discussion on the process. In the discussion of 
Thomas’ first paper, Stead reported that at Middles- 
brough they had already achieved nine blows per 
bottom and that it was probable, with a little practice, 
“. . . they might get up to 19 or more blows.” The 
average bottom life in good practice to-day is some- 
what over 50 blows per bottom. Similarly, with 
linings, well over 200 blows per lining are now achieved 
as standard practice. The greatest improvement in 
this connection, however, is perhaps in a greater 
understanding of the essential conditions for the satis- 
factory burning of dolomite and the grading of that 
material in the correct size proportions. These con- 
siderations apply whether brick or rammed lining is 
used. Converter size and design have also undergone 
considerable changes. From the 8-ton vessels of 


hing| 70 years ago, capacities up to 60 tons have been 


employed, though possibly the average size is within 
the range 25-35 tons. Converter design has also 
achieved increasing importance and has had its effect 
not only on the yield of material but also on the quality 
of the product. In general, the tendency is towards 
an internal form which willl give comparatively shallow 
bath depths for any given nominal capacity. 

It is, however, within recent years in the metal- 
lurgical control of the operation that the greatest 
advances have been made. A recent exhaustive study 
of the Bessemer process contained in Iron and Steel 
Institute Special Report No. 42 (1949) and made by 
technicians, some of whom commenced the investiga- 
tion with by no means favourable views of the process, 
led to the conclusion that, “‘ In view of the improved 
control of the modern Basic-Bessemer Process as 
practised in Britain, many of the old prejudices are now 
without any foundation in fact, and that the metal- 
lurgist has now to use an open mind when choosing 
between Basic-Bessemer and Upen-Hearth Steels.” 

The reasons for this advance are worth considering 
in some detail: it is, indeed, the classic justification 
of the integration of modern metallurgical processes. 
The foundation of satisfactory basic-Bessemer opera- 
tion lies in blast-furnace practice. The production 
of a consistent quality of pig iron inside the closely 
defined ranges of chemical composition, the use of 
sufficiently large mixers, and the control of tempera- 
ture—both of the mixer iron and of the converter 
operation itself—are now standard works practice. 
Having once, therefore, decided on the chemical and 
physical conditions necessary to produce steel of any 
given quality, it is possible to repeat these operations 
continuously with consistently satisfactory results. If 
one adopts the degree of chemical and metallurgical 
control which is ee se practice in any good open- 
hearth shop and “pp ies it to Bessemer operation, an 
equivalent quality of steel can be made. 

It would be idle to ignore the prejudice which has 
grown up regarding the basic-Bessemer process in the 
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past, and still more futile to suggest that it was 
unfounded. The improvements of recent years arise 
as much from the regularity of the raw materials now 
available, based on improvements in blast-furnace 
practice, and from much better analyses and pyro- 
metric techniques, as from changes in the process itself. 
Aside from the irregularity of the product, two main 
charges are generally brought against basic-Bessemer 
steel, firstly, that it is over-oxidised, and, secondly, that 
it inevitably suffers from nitrogen embrittlement. The 
first of these is as old as the process itself. The second 
is the result of the widening knowledge of the effects 
of various elements on steel. 

The earliest discussions on the process inherited, 
from those on the acid-converter process, the charge of 
‘* over-oxidation ” ; indeed, the reluctance of Thomas 
and Gilchrist themselves to recognise the necessity 
for the after-blow was obviously inspired by this 
consideration. On the other hand, many studies of 
well-made basic-Bessemer steel, in comparison with 
open-hearth of similar composition, fail to reveal 
substantial differences either in the composition of 
the finishing slag or the total oxygen content of the 
metal itself. It is, of course, possible by excessive 
over-blowing to produce over-oxidised metal, but this 
condition can also be achieved by excessive additions 
of oxides to the open-hearth furnace. Indeed, it 
could be argued that, particularly with cold melting 
and high aqueous-vapour content of the gases in open- 
hearth furnaces, the danger of over-oxidation is greater 
than it is in the Bessemer process. The presence of 
phosphorus in the metal is of itself a safeguard against 
over-oxidation ; it is only at the very end of the opera- 
tion, if control is relaxed, that doubtful results may 
arise. Bessemer steel usually contains about twice 
the quantity of nitrogen present in similar open-hearth 
qualities, unless steps are taken to prevent this. It 
is not necessary to ge into the detail of the technique 
by which low-nitrogen steel can be obtained at will, 
using the Bessemer process; it is sufficient to note 
that low-nitrogen steels can be produced, as and 
when required, in material made by the process. In 
considering, therefore, the application of the basic 
system of ing from various types of iron, it 
can be assumed that, where economic and other 
conditions permit, the basic-Bessemer is an alternative 
to the open-hearth or any other method. 

Thomas rightly regarded the use of basic linings as of 
general application. Perhaps the most rewarding way 
of commemorating his work, having looked at its 
historical and current aspects, would be to consider the 
contribution which it will almost certainly make, in 
the future, to the development of the steel industry. 
There can be, of course, no such thing as finality in 
technical operation, and there are good grounds for 
believing that the standard practices of to-day will 
not be adequate on technical or economic grounds in 
the not very distant future. The factor which, more 
than any other, determines ultimate practice is econo- 
mics. The variations and combinations of plant and 
practice which are possible and practicable under 
to-day’s conditions offer ample scope for the attainment 
of the best economics in any particular case. A pro- 
cess which is well suited to certain conditions may 
be quite wrong for others. There are many parts of the 
world to-day where the existing practice is a survival 
from some since altered set of circumstances—not 
always right even for them—and it is the practice in 
these, particularly, which requires re-examination. 

The chief interest of these considerations for us 
here is in the sphere of phosphorus content and of 
phosphorus removal from what is to-day termed the 
metallurgicalload. The amount of this element present 
in the metallic charge which is to be turned into steel 
may vary trom 0-1 to 2-0 per cent. in different cases 
and under different conditions. Only at the extreme 
limits of this range would it be correct to assert that 
the proper practice is beyond question. It will be 
agreed that, when the phosphorus does not exceed 
0-3 per cent., there is little doubt. that the steel- 
making process which will give the best results, both 
from the point of view of resulting quality and econo- 
mics, would be the normal open-hearth fixed-furnace 
practice of to-day, best exemplified perhaps in the 
great open-hearth shops of the American steel industry. 

At the other end of the possible phosphorus range, 
say, 1-5 to 2-0 cent., the basic-Bessemer process is 
the obvious choice, though current metallurgical 
opinion might t this with some reservations. 
Possibly, it would only be where there are other uses for 
mill and uprising finishing-process scrap that the con- 
verter process would be accepted without dispute. 
It is the large number of cases falling between these 
extremes, however, which call for re-examination. 
There is an increasingly large tonnage of ore to-day 
giving pig iron with a phosphorus content which 
brings the furnace charge within the limits which give 
a metallurgical load too heavy for ordinary —~ 
hearth practice. The same result may arise from 


changes in the pig/scrap ratio necessitated by supply 
or other conditions. The basic system in these cases 





has not yet been developed to cope with this difficulty. 
What, then, is the next step ? 

It is always profitable to re-examine old ideas in 
the light of At ae knowledge, and this, in effect, is 
the reason for the renewed interest in what may 
conveniently be called washing and duplexing pro- 
cesses. About the time of the origin of the basic- 
Bessemer process, washing with suitable slags was 
being attempted as a means of phosphorus removal ; 
and, in recent years, the group of processes associated 
with the name of M. Perrin have been applied for a wider 
range of purposes, including dephosphorising, deoxida- 
tion, and the incorporation of various alloying elements 
for special-purpose steels. 

The term duplexing, while ordinarily used to 
indicate combinations of converter/open-hearth or 
converter/electric-furnace processes, can be stretched 
to cover such historical mancuvres as the Bertrand- 
Thiel and Hoesch processes. It could also embrace 
such variations as preliminary mixer refining and the 

tilting-furnace operations, in which slags are made 
and removed with a specific object in view. 

While these variations are practicable and, indeed, 
in some cases, in commercial operation, no one of them 
can be regarded as so promising that it provides a 

meral answer to the problem. Are we not, perhaps, 
at the point where combinations of known practices 
and current ideas may not be the next stage in the 
evolution of the industry ? After almost a hundred 
years of work on the present lines, may not a revolution 
in our methods be about due? What is needed 
to-day is another Thomas, with his clear-sighted 
vision and singleness of purpose, together with that 
intense concentration of effort which, when they are 
found in happy combination in a single man, can make 
such changes possible. 

In the research laboratories of the world to-day, the 
effect of individual elements on pure iron is the aim 
of assiduous study: to make pure iron first and add 
the essential elements in the necessary proportions, 
rather than to accept their presence in quantities 
which we cannot, in fact, by present methods, remove. 
May this not be the direction of such a revolution ? 

Consider the aim set out in these words: “ It is 
daily becoming better understood that the qualities of 
steel are influenced, in a degree that seems hardly 
credible, by the presence of other substances, in 
addition to iron and carbon, in quantities which, in any 
eyes but those of chemists, seem utterly insignificant, 
but which nevertheless determine the tensile strength, 
the ductility, and other of the most important pro- 
perties of the alloy; and it is probable that a time will 
come when the properties of steel will be determined 
by careful analysis with as much ease and certainty 
as they can now be ascertained by the ordinary tests 
of the workshop. The outcome of such knowledge 
would be, of course, an endeavour to free iron from all 
adventitious substances in the converter, to reduce it 
to a state of chemical purity, and then to confer upon 
it, by the carefu! addition of the necessary ingredients, 
whatever qualities might be desired.” Apart from the 
use of the somewhat unusual word “ ingredients,” 
unusual at least in this connection, there is little to 
suggest that the paragraph was taken from The Times 
of May 20, 1879. It was part of a comment on the 
Thomas and Gilchrist process, and therefore provides 
a link with the time when that particular world was 
young. May we suggest that it falls to us, as the heirs 
of their great contribution, to re-examine this approach 
as a possible line of advance for the future ? 

It is perhaps a little humiliating that, except in the 
mechanical tricks of the trade, we have not progressed 
very far along the road towards these ideals set out 
71 years ago. It is at this point, too, that we must 
free our minds from the idea that only the immediate 
enemy is worthy of our attention. Thomas slew the 
Giant, ‘‘ Phosphorus ”—almost—and, in doing so, 
wounded, but not mortally, his henchman, “ Sulphur.” 
To change the metaphor, was it not Campbell, the 
American metallurgist, who once said that what the 
Devil was to religion, phosphorus and sulphur were 
to the metallurgy of iron and steel ? 

Manufacturers of the many modern stéel products, 
destined to stand up to the increasingly violent outrages 
of the operations of modern mechanised industry, still 
feel that salvation is not yet; and what of the host 
of minor devils who, arising from the increasing 
atavistic use of oft-remelted scrap, are becoming more 
and more the concern of the evangelists of the gospel 
of pure steel. Is it too much to hope that, in the 
future, there will arise a great man in the succession of 
Bessemer, Siemens, and Thomas who will show us 
how this ideal may be achieved ? 





LENGTH OF PUBLIC-SERVICE VEHICLES.—Regulations 
made by the Minister of Transport permit certain increases 
in the maximum length of four-wheeled ’buses. Double- 
deck vehicles registered for the first time on or after 
Jane 1, 1950, may be 27 ft. in length instead of 26 ft., and 
single-deck vehicles may be 30 ft. instead of 27 ft. 6 in. 





LAUNCHES AND TRIAL TRIPs, 


M.S. “ JEAN MANTELET.””—Twin-screw pilot vesse] and 
tug, built by Messrs. Lobnitz and Company, Limited 
Renfrew, for the Compagnie Universelle du Cana! Mari. 
time de Suez, London, E.C.2, for service on thy Suez 
Canal. Main dimensions: 147 ft. 6 in. by 33 it, by 
16 ft.; gross tonnage, 700. Two marine Diesel vugines 
to develop a total 1,280 b.h.p. Speed, 144 knots. 
Launch, April 19. 


M.S. “Rio BERMEJO.”’—Single-screw cargo ; essel, 
carrying twelve passengers, built and engined by \Cesars, 
Alexander Stephen and Sons, Limited, Glasgow, ‘o the 
order of the Argentine Government for the Flot« Mer- 
cante del Estado, Buenos Aires, Argentina. Main dimen. 
sions: 460 ft. by 62 ft. by 38 ft.; deadweight capacity, 
about 8,300 tons on a draught of 25 ft. 6 in.; cargo- 
carrying capacity, about 514,000 cub. ft. Sulzer-type 
ten-cylinder Diesel engine to develop 7,800 b.h.p. at 196 
r.p.m. Speed on trial, 18} knots. Trial trip, April 21, 


M.S. “Lapy WRiGHT.”—Twin-screw cargo vessel, 
carrying 280 deck passengers, built by Messrs. John 
Morris and Company (Gosport), Limited, Farcham, 
Hampshire, to the order of the Crown Agents for the 
Colonies, for the Government of Gambia, West Africa, 
Main dimensions: 160 ft. by 30 ft. by 13 ft.; deaa- 
weight capacity, 200 tons. Two marine Diesel engines 
to develop a total of 660 b.h.p., constructed by Mesers, 
Crossley Brothers, Limited, Manchester. Trial speed, 
114 knots. Trial trip, April 27. 


M.S. “‘ Trmor.”—Twin-screw cargo vessel, carrying 
64 first-class, 16 third-class, and about 488 unherthed 
passengers, built by Messrs. Bartram and Sons, Limited, 
Sunderland, for the Companhia Nacional de Navegagio, 
Lisbon, Portugal. Main dimensions: 404 ft. (between 
perpendiculars) by 58 ft. 94 in. by 37 ft. to upper deck ; 
deadweight capacity, about 7,000 tons on a draught of 
25 ft.3in. Two N.E.M.-Doxford four-cylinder opposed- 
piston Diesel engines, together developing 5,000 b.h.p. 
at 136 r.p.m., constructed by The North Eastern Marine 
Engineering Company (1938), Limited, Wallsend-on- 
Tyne. Service speed, about 144 knots. Launch, May 2, 


M.S. ‘“‘ BELLEROPHON.’’—Single-screw cargo liner, 
carrying twelve passengers, built by The Caledon Ship- 
building and Engineering Company, Limited, Dundee, 
for the Far Eastern services of Messrs, Alfred Holt and 
Company, Liverpool. Main dimensions: 487 ft. (overall) 
by 62 ft. by 35 ft. to upper deck; deadweight capacity, 
about 9,000 tons on a draught of 28 ft. 3in. Seven- 
cylinder single-acting two-stroke Diesel engine, to develop 
7,600 b.h.p., at 107 r.p.m., constructed by Messrs. John 
G. Kincaid and Company, Limited, Greenock. Sea 
speed, 16 knots. Launch, May 2. 


M.S. “Str THOMAS BROCKLEBANK.”—Pilot vessel 
built by Messrs. Philip and Son, Limited, Dartmouth, 
for the Mersey Docks and Harbour Board, Liverpool. 
Main dimensions: 165 ft. (between perpendiculars) by 
31 ft. 6 in. by 14 ft. 6 in. The General Electric Com- 
pany, Limited, Birmingham, are the main contractors for 
the propelling machinery, which consists of two 640- 
b.h.p. Diesel engines (constructed by the National Gas 
and Oil Engine Company, Limited, Ashton-under-Lyne, 
Lancashire), each driving 375-kW and 80-kW generators 
in tandem. These provide power for the single armature 
propulsion motor, which develops 920 s.h.p. at 300 
r.p.m. Service speed, 124 knots. Launch, May 2. 


8.8. “Sr. ALouIn.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Messrs. Thomas Hamling and Company, 
Limited, Hull. Main dimensions: 184 ft. by 30 ft. 6 in. 
by 16 ft.; fishroom capacity, 15,730 cub. ft.; gross 
tonnage, about 700. Fortieth vessel for these owners. 
Triple-expansion engines and one multitubular oil- 
burning boiler working on the Wallsend-Howden system, 
supplied and installed by Messrs. Charles D. Holmes and 
Company, Limited, Hull. Launch, May 3. 


M.S. “ FRIESLAND.”—Single-screw collier, built by 
the Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for Scheepvaarten Steenkolen Maatschappij, 
N.V., Rotterdam, for service between British and Conti- 
nental ports. Main dimensions: 302 ft. (between per- 
pendiculars) by 44 ft. 6 in. by 21 ft. 10 in.; deadweight 
capacity, about 4,000 tons on a draught of 19 ft. 9 in. 
Burmeister and Wain-Harland and Wolff type five- 
cylinder single-acting two-stroke directly-reversible trunk- 
piston Diesel engine developing 1,500 b.h.p., constructed 
by Messrs. John G. Kincaid and Company, Limited, 
Greenock, and installed by the shipbuilders. Launch, 
May 3. 


H.M.S. “‘ ARK RoyaL.”—One of a new class of air- 
craft carrier; owing to priority given by Admiralty 
to merchant-ship construction since the keel was laid 
on May 3, 1943, launching has been delayed until 
seven years later. Built by Messrs. Cammell Laird 
and Company, Limited, Birkenhead. Main dimensions : 
803 ft. 9 in. (overall) by 112 ft. 9 in. breadth at water- 
line ; displacement, 36,800 tons ; armament will comprise 
sixteen 4-5-in. and 57 other guns. Launch, May 3. 
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May 19, 1950. 


ESTIMATION OF DISSOLVED 


OXYGEN IN DE-AERATED 
WATER. 
By J. Arnott, F.R.1I.C., F.I.M., J. McPHEeat 
/ and F. B. Lina. 


THERE is general agreement on the importance of 
proper de-aeration in steam plants working at high 
temperatures and pressures. It is now recognised 
that, in order to avoid corrosion in, boilers, the feed 
should carry a certain degree of alkalinity and 
should be substantially free from dissolved air. 
Power stations and other large users of steam are 
now calling for de-aerated water with a residual 
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acid, to liberate free iodine, which can be titrated 
with a standard solution of sodium thiosulphate ; 
since the iodine liberated is equivalent to the 
dissolved oxygen, the amount of thiosulphate 
required gives a measure of the dissolved oxygen 
content. It is known that the results are subject 
to certain errors introduced by oxidisable matter in 
the water, by oxygen in the reagents, etc. In 
spite of these. the authors have found that the Wink- 
ler method, using 500-ml. samples and titrating with 
= thiosulphate, 
testing feed water for low and medium pressure 
boilers. With the Winkler method, a zero result 
does not necessarily mean oxygen-free water ; the 
water may contain up to 0-02 ml. of oxygen per 


is reasonably satisfactory for 





oxygen content of not more than 0-02 millilitre per 


litre. 








Fic. 1. 


litre and even as low as 0-005 ml. per litre. A 
content of 0-02 ml. per litre is equivalent to 1 part in 
34 millions by weight. The estimation of such a 
small quantity calls for an even higher degree of 
accuracy than is usual in most of the ordinary 
analyses done in a chemical laboratory. An 
instrument is on the market which records the 
dissolved oxygen content of water; it is relied on 
for an immediate warning of increase in oxygen 
content rather than to give absolutely dependable 
figures. 

Up till now, practically all estimations of dissolved 
oxygen in water have been made by some modifica- 
tion of the original Winkler method, which is based 
on the oxidation of manganous hydroxide to man- 
ganic hydroxide in the presence of alkali by means 
of the oxygen dissolved in a measured amount of 
water.* The manganic hydroxide reacts with 
potassium iodide, in the presence of hydrochloric 








* Boiler Feed Water Treatment, by F. J. Matthews. 
page 176. Hutchinson’s Technical and Scientific Publica- 
tions, 47, Princes-gate, London, S.W.7. (1948.) 
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In the original Winkler method, the estimatio® 


finishes with titration of the liberated iodine wi 
sodium thiosulphate solution. 


colorimetrically. 


colour comparison. 


of reagents in reverse order. 


or on an electrometric titration. 


instruments using a power supply, are not 80 
universally applicable for field testing, especially 
on board ship. The authors fee] that there is a 
limit beyond which any increase in the size of the 
sample, or further dilution of the thiosulphate, does 
not add to the accuracy. They have, therefore, 
sought some method of concentration which will 
allow the use of a large sample in order to start with 
an estimable amount of the element sought, and yet 
permit the final titration to be made in a small bulk 
which will easily show a sensitive colour change. 
The work was carried out in the laboratory of Messrs. 
G. and J. Weir, Limited, Glasgow, with whore 
approval it is published. The authors hope that 
other chemists will make trials on the lines suggested 
and, possibly, suggest improvements. 

The method finally adopted was to start with a 
large bulk of sample and to proceed by the normal 
Winkler method up to the point at which iodine is 
liberated. The iodine was then extracted in an 





In the o-tolidin® 
modification, chlorine is liberated and estimated 
The authors have found that this 
method is not satisfactory with all water supplies ; 
e.g., in tests on new installations, the presence of 
very fine rust in suspension interferes with the 
Further modifications, notably 
by Schwartz and Gurney* and Daugherty,t} were 
designed to neutralise the effect of interfering factors 
by means of multiple sampling and by the addition 
All the modifications, 
however, depend finally either on a titration, in 
which the limiting factor is the observance of a 
delicate colour change in a large volume of solution, 
The latter, 
although satisfactory in water of high purity, does 
not operate so well with some industrial waters. 
Electrometric methods, or any method involving 





* Proc A.S.T.M., vol. 34, part II, page 796 (1934). 
t Proc. 4.8.T.M., vol. 37, part II, page 615 (1937). 





organic solvent and separated from the water. 
| Finally, the iodine in the solvent was removed by 
| water containing a slight excess of thiosulphate, 
| and this excess was titrated back with iodine. The 
desirable characteristics in the solvent are (a) that 
it should be denser than water, and non-miscible 
with water; (b) that it should give the maximum 
possible degree of extraction, i.e., it should dissolve 
| iodine to a much greater degree than water ; (c) that 
| it should be readily available at a reasonable cost in 
a pure form ; and (d) that it should, preferably, be 
non-inflammable. Of the possible solvents tried, 
none fulfilled these conditions better than carbon 
tetrachloride. As was to be expected, the presence 
of potassium iodide in the water reduced considerably 
the effectiveness of the extraction by virtue of 
increasing the solubility of iodine in the water. 
In the method outlined, the concentration of 
potassium iodide in the water is 0-15 grams per 
litre. It was found that the efficiency of the extrac- 
tion could be improved by decreasing the concen- 
tration, but it was felt that, for other reasons, it 
should not be reduced further. The vigour of the 
shaking during extraction is a factor which cannot 
be standardised, hence some variation in the 
efficiency of extraction was to be expected. Some- 
times three additions of carbon tetrachloride 
sufficed, while at other times four or even more were 
necessary. When 1,000-ml. samples were used with 
30 to 40 ml. additions of carbon tetrachloride each 
time, three extractions were usually sufficient. The 
only guide to the number of extractions was the rate 
of diminution of colour in successive extractions. 

The colour in the collected solvent layer was so 
distinct that it encouraged attempts at measure- 
ment by the absorptiometer. These proved to be 
disappointing because, even with a 4-cm. glass cell 
and the appropriate colour filter, the drum differ- 
ence readings were too small to be useful. The next 
stage, the removal of the iodine from the solvent 
layer, presented no difficulties. By shaking with 
water containing a slight excess of thiosulphate, 
the iodine was quantitatively removed. 

The solutions required for the analysis are as 
follows: manganous chloride, 40 grams of Mn(Cl,. 
4H,0O in 100 ml. of water; alkaline iodide, 70 
gm. of KOH + 15 gm. of KI in 100 ml. of water ; 
sulphuric acid, Analar H,SO, diluted 1 to 1 with 


water; starch, 0-5 per cent. of soluble starch 
made up in boiling water : = sodium thiosulphate, 


and an iodine, both of which should be freshly 


prepared by dilution of a solutions. The sample 


is collected in a narrow-mouth bottle of about 
1,100 ml. capacity by means of a tube reaching to 
the foot of the bottle. The water should be cooled 
by an efficient coil to below 65 deg. F., and prefer- 
ably to less than the surrounding air temperature. 
This ensures that air is not subsequently drawn in 
by contraction of the sample, and also aids the with- 
drawal] of the stopper. The rate of flow should be 
at least 1 litre per minute, but preferably about 
double this. The water should be allowed to flow 
for a period sufficient to fill the bottle at least five 
times. The tube is then withdrawn and the stopper 
replaced, taking care that no air bubbles are 
entrapped. Additions of 1 ml. of the manganous 
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chloride and 1 ml. of the alkaline iodide solutions 
are made rapidly by pipettes, the tips of which are 
well below the surface of the water. The stopper is 
then replaced and the reagents are mixed by 
rotation of the bottle. A period of at least one 
minute is allowed to elapse before adding 3 ml. 
of the sulphuric acid. Exactly 1,000 ml. of the 
sample is measured out into a separating funnel of 
over 1,000 ml. capacity. Thirty ml. of pure carbon 
tetrachloride, which has been tested for freedom 
from oxidising or reducing impurities, is added 
and the mixture is shaken for one minute and 
allowed to settle. The lower carbon tetrachloride 
layer, which has extracted part of the liberated 
iodine, is run off into another separating funnel of 
about 200 ml. capacity. A further quantity of 
30 ml. carbon tetrachloride is added to the water 
layer remaining in the large funnel, and the extrac- 
tion is repeated as before. Four such extractions 
should be sufficient to give virtually complete 
extraction when the oxygen content does not exceed 
0-05 ml. per litre. If there is any doubt, the best 
safeguard is to continue extracting till an appar- 
ently colourless lower layer is obtained, and then 
to give one more. About 30 ml. of water is then 
added to the combined carbon tetrachloride ex- 
tracts, followed by an accurately measured quantity 


of on sodium thiosulphate solution slightly in 


excess of that required to react with the iodine 
present. After shaking and settling, the carbon 
tetrachloride layer will be colourless. It is care- 
fully run off and may then be rejected. The aqueous 
layer is transferred quantitatively to a flask, and is 
slightly acidified with sulphuric acid. The excess 
sodium thiosulphate is determined by titration with 
pom iodine in the presence of starch. The amount 
of oxygen present in the sample, expressed in ml. 
per litre, is given by the difference between the 


volumes of sodium thiosulphate solution 
added and the iodine used in the back-titration 
multiplied by 0-028. The a solutions of thio- 


sulphate and iodine should be so adjusted that they 
are exactly equivalent when 2 ml. of the thiosulphate 
is titrated with iodine under the conditions outlined 
above. Fig. 2 shows a simple wooden stand which 
was made for convenience in holding the separators, 
a four-way sampling connection, and the type of 
burettes employed. 

It was considered that the effect of interfering 
factors in the oxygen estimation could best be 
studied if an ample supply of oxygen-free water 
could be obtained. The quantity required was too 
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large for a laboratory equipment, and the necessary 
degree of stability of conditions could not be 
expected from a works plant. It was decided that 
the best arrangement would be a closed circuit in 
which ingress of air would be prevented, and from 
which the oxygen in the water would be quickly 
eliminated by a very efficient de-aerator. A circuit 
was arranged in which the water was continuously 
circulated from a steam-sealed tank, through a lift 
pump into a small de-aerator, and back to the tank 
via an extraction pump. The de-aerator was of 
the type in which the water enters at the top and 
passes through several spray nozzles into a central 
compartment. From the latter it passes into a side 
port and comes into contact with a set of steam- 
heated tubes which cause violent ebullition. The 


DE-AEKRATED WATER. 
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water then passes to a port on the other side with 
another set of steam-heated tubes, and finally to 
the outlet. An air ejector maintains a vacuum 
corresponding to the final water temperature. The 
tank contained approximately 4 ton of water, and 
the de-aerator and piping held probably another 
4 ton. Samples of the de-aerated water were taken 
at the discharge side of the extraction pump. The 
water was passed through a large cooling coil and, 
by using two-way or four-way connections, ample 
duplication of tests was allowed for. The arrange- 
ment of the de-aerator circuit is illustrated in the 
diagram reproduced in Fig.3, and Fig. 1, on page 553, 
shows the de-aerator and air ejector, the extraction 
pump, and the cooling coils. Frequently the pro- 
cedure adopted was that two operators carried out 
tests independently. The only losses of water 
were those due to the steam withdrawn by the air 
ejector, to slight’ intentional leakage at the pump 
glands, and to the samples. Since the flow of the 
latter was fully a gallon a minute, the loss of water 
under conditions of frequent sampling became 
appreciable. If a long run was planned, two-hole 
rubber stoppers were fitted to the sampling bottles 
and the water was returned to the feed tank. In 
this way a three-hour run could be made without 
adding raw water to the circuit. Glasgow town 
supply from Loch Katrine was used throughout. 

Starting from cold, the oxygen content of the 
water from the extraction-pump discharge fell from 
6 to 7 ml. per litre down to zero when tested by 
the ordinary Winkler method, generally in less than 
25 minutes. In a further ten minutes or so, depend- 
ing on the rate of heat input, the water in the feed 
tank also showed a zero oxygen content. By that 
time the feed-tank temperature was about 205 deg. 
F., and the de-aerator outlet temperature was 208 
deg. to 210 deg. F. Thereafter, the system could be 
maintained at the same temperatures and pressures 
until the tank was nearly empty. Fig. 4 shows the 
results of tests made at the start of a typical run. 
Samples were taken every five minutes and tested 
by the normal Winkler method. Zero oxygen was 
obtained in the de-aerated water in 16 minutes. 
The plant was always allowed to run for an hour 
before any work on the proposed method was 
started. There is good reason to believe that, 
long before an hour had elapsed, the water from the 
de-aerator was really free from oxygen. 

Seventeen tests on de-aerated water from the 
plant, made when the conditions were stabilised, 
gave a mean oxygen content of 0-0007 ml. per litre, 
with a mean deviation of 0-001 ml. per litre. The 
degree of agreement obtained in duplicate estima- 
tions is indicated by the following figures on sets 
of four samples drawn at one time. 
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Tests were made on de-aerated water to which 
had been added measured amounts of air-saturated 
water of known oxygen content; with an added 
oxygen content of 0-0274 ml. per litre, the amounts 
found in the four samples were 0-0285, 0-0285, 
0:0288, 0:0287 ; with an added oxygen content of 
09-0548 ml. per litre, the amounts found were 
00563, 0-0562, 0-0570, 0-0562. Some tests were 
made on @ commercial de-aerator operating under 


Oxygen Content of De-aerated Water Samples. 








a. b. ¢ | d. 
2 eens Lae 
0-0080 | 0-0023 0-0006 0-0008 
0-0062 | 0-0020 0-0011 0-0012 
0-0060 0-0017 0-0006 0-0011 
00059 0-0014 0-0000 


| Spoiled. 





conditions which gave incomplete de-aeration. 
The cooling arrangements only allowed two samples 
to be taken at thesame time. In none ofthe samples 
did the results from two operators differ by more 
than 0-001 ml. per litre on water of about 0-05 ml. 
of oxygen per litre. 

The various methods of making allowance for 
errors recommended by Schwartz and Gurney* and 
others can be applied equally well to the method 
of estimation described here. It was considered 
worth while to attempt to determine, wherever 
possible, the magnitude of the individual sources 
of error and the effect of several points in manipu- 
lation. The simple method of sampling, by using a 
narrow-mouth stoppered bottle with the supply 
tube carried to the bottom, has proved quite 
satisfactory. The average time during which the 
stopper is removed in order to make the first two 
additions is about 20 seconds. Tests have been 
made to assess the amount of oxygen absorbed 
during this period. Pairs of samples were taken ; 
to one of each pair the additions were made quickly, 
while the other was left unstoppered for 15 minutes. 
The increase in oxygen was from 0-03 to 0-05 ml. 
per litre. If the relationship between absorption 
and time is assumed to be linear, the absorption 
of oxygen in 20 seconds would not exceed 0-001 ml. 
per litre. It might be mentioned here that, if greater 
security in sampling is wanted, the sample bottle, 
while filling, can be placed in a vessel and the whole 
flooded by the de-aerated water. The additions 
may also be made under water and the stopper 
inserted before bringing the bottle out to the air. 
This precaution was suggested by Daugherty.t 
In routine testing very little reacting time, say, one 
minute, is given after the addition of the first two 
reagents. It might be thought that diffusion would 
be slow in a completely filled bottle. When tests 
were made on water with an oxygen content of 
0-029 ml. per litre, no difference was found when 
the time for the reaction was extended to 30 minutes. 
If desired, glass beads or pieces of glass rod may be 
put into the sampling bottle to assist mixing. 

Error may arise from impurities in or additions 
to the water. Interference with the accuracy of 
the estimation may be caused by organic matter, 
nitrites, free chlorine or hypochlorites, sulphites, 
ete. The errors may be positive or negative. To 
determine the water error, tests were carried out by 
the Schwartz and Gurney method, involving the 
difference in estimated oxygen in two samples of 
1,000 ml. and 500 ml. By thus cancelling out any 
interference caused by impurities in the water, the 
results obtained did not differ by more than 0-001 
ml. per litre from the directly estimated 
This difference is well within the error of the method 
as finally computed, and is therefore not significant. 
The call for high accuracy in oxygen determination 
is generally from high-pressure installations where 
the boiler feed is evaporated water, free from 
organic matter and nitrites. 

Oxygen in the reagents has been considered to 
be one of the most important sources of error. It 
is incorrect, however, to assume that the oxygen 
content of the reagents is similar to that of pure 
water at room temperature. The solubility of 
oxygen in water is generally reduced by the addition 
of salts ; e.g., saturated solutions of sodium chloride 
and sodium sulphate, made up with oxygen-satur- 
ated water at room temperature, were found to 





* Loc. cit. t Loe. cit. 


figures. | greater degree of delicacy is desired, the original 


contain 1-0 ml. and 1-2 ml. of oxygen per litre, 
respectively. It is unlikely, therefore, that concen- 
trated solutions of manganous chloride and potas- 
sium hydroxide/potassium iodide contain much 
dissolved oxygen. 

Tests were made to find the amount of this error 
by adding various quantities of the reagents. Ten 
times the normal quantities gave an increase in 
oxygen content equivalent to 0-002 ml. per litre. 
From this and similar tests it is judged that the 
error due to reagents, when added in the normal 
quantities, is not more than 0-0002 ml. of oxygen 
per litre. 1 ml. each of the manganous chloride 
and the potassium hydroxide/potassium iodide 
reagents is suggested. These quantities are more 
than sufficient to react fully with water containing 
7 ml. of oxygen per litre. If there is doubt about 
the error introduced by the reagents, the quantity 
of the !atter could be reduced. 

Incomplete extraction of the iodine from the 
water will cause an error which will always be 
negative.- This error will, however, be significant 
only when there is an appreciable amount of oxygen 
present in the original sample. In the method 
outlined, the quantity of iodine left unextracted 
should never be more than the equivalent of 
0-001 ml. of oxygen per litre, and it will be very 
much Jess than this figure for oxygen contents 
approaching zero, say, less than 0-01 ml. per litre. 

Tn all tests, possible inaccuracies may occur due 
to errors in burette readings, to the (minimum) 
amount of iodine solut‘on required to show a blue 
colour with starch, and to the personal error in 
judging the end point. In all the estimations made, 
the errors in reading the burette were reduced to 
the minimum by using a burette graduated to 
0-01 ml., and by estimating to 0-005 mi. The 
amount of iodine required to show a blue colour 
can be allowed for either by subtraction of a 
definite blank, or by balancing the thiosulphate 
and iodine solutions under conditions similar to 
those of the actual titration with respect to acidity, 
temperature, etc. The latter was the proce- 
dure adopted in the method. The personal error 
in judging the end point would be assessed at 


0-02 mi. om There would thus be a maximum 


tota! titration error of :— 
Burette inaccuracies 4 x 0-005ml. = 0-02 ml. N/200. 
End point judgment SE wo wo 


Total titration error... 0-04 . o» 


which is equivalent to 0-0011 ml. of oxygen per 
litre. In the experimental work, the titration errors 
must have been much lower than this, but in most 
of the tests the operators knew the approximate 
oxygen content of the samples and could therefore 
approach the end-point with great care. From the 
foregoing survey of the probable errors, it would 
appear that there are three major sources of error 
involved, namely, manipulative error, +0-001 ml. 
of oxygen per litre, maximum; incomplete extrac- 
tion, —0-001 ml. of oxygen per litre, maximum ; 
and titration errors, +0-001 ml. of oxygen, per litre, 
maximum. This gives a maximum probable error 
of +0-002 ml. per litre for the whole process. 

The method outlined requires much more time 
than the simple Winkler test on account of the 
maripulation involved in the separations. Begin- 
ning with 1,000 ml. and finishing with under 50 ml., 
the concentration of iodine is about 20 times. If a 


sample might be even larger than 1,000 ml. If, 
on the other hand, a lesser degree of accuracy is 
permissible, a smaller sample, say, 500 ml., might 
be used, giving a ten-times concentration. The 
main point is that the final titration, made on a small 
bulk of water free from any contaminants present 
in the original sample, allows for great precision. 





REUNION OF ‘“‘ BRUSH” APPRENTICES.—The Brush 
Electrical Engineering Company, Limited, and their 
associated company, Brush Coachwork, Limited, of Falcon 
Works, Loughborough, inform us that a reunion of the 
Falcon Association (former apprentices at the Brush 
Company’s works) is to be held in Leicester on Friday, 
September 29. Ex-apprentices who wish to join the 
Association and to attend the reunion are asked to 
communicate with Mr. K. H. Platt, the Company’s 
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Eléments de Calcul Tensoriel. By PROFESSOR A. 
LICHNEROWICZ. Collection Armand Colin, No. 259. 
Librairie Armand Colin, 103, Boulevard Saint-Michel, 
Paris, 5e. [Price 180 fr.] 

THE idea of a tensor was first introduced by W. 
Voigt in connection with his researches on the 
physics of crystals. Its basic character was, how- 
ever, not fully appreciated by physicists until 
the investigations of the properties of tensors 
by mathematicians, culminating in the celebrated 
memoir of Ricci and Levi-Civita (1900), exemplified 
the application of tensors in geometry and classical 
mathematical physics and provided the natural 
vehicle for the formulation of Einstein’s theory of 
relativity. Tensors may be regarded as a generali- 
sation and extension of vectors to space of more than 
three dimensions, so that Professor Lichnerowicz’s 
book provides a sequel to Bricard’s Vector Cal- 
culus, which appeared earlier in the same collection. 
Physical entities, having an independent exist- 
ence, must be capable of expression in a form that is 
independent of any arbitrary choice of a co-ordinate 
system of reference. The tensor calculus, in virtue 
of a notation of great compactness and flexibility, 
not only enables general physical equations to be 
expressed with remarkable conciseness, but serves 
as an invaluable guide for the selection of physical 
laws by furnishing expressions that remain invariant 
under all transformations of co-ordinates. It is 
this, above all, that gives the tensor calculus its 
universal significance in mathematical physics. 
Professor Lichnerowicz divides his exposition 
into two approximately equal parts, the first being 
devoted to the mathematical technique of the tensor 
calculus, the second to some of its more immediate 
and important applications. Assuming familiarity 
with ordinary vector concepts, the properties of 
n-dimensional vector spaces and sub-spaces are 
developed, while the important distinction between 
co-variant and contravariant vectors is clearly 
brought out. Chapter ITI deals with tensor algebra, 
discusses the outer and inner products, provides a 
criterion for tensor character, enunciates the rules 
for the addition, multiplication and contiaction of 
tensors and introduces the fundamental Cartesian 
tensor. This is followed by an account of Euclidean 
space referred to curvilinear co-ordinates, together 
with the associated differential operators.and the 
Christoffel symbols. Chapter V is concerned with 
Riemannian space and the basic operations relating 
thereto. 

The second part opens with various examples of 
the application of tensors to dynamical systems 
and continuous media. This is followed by a 
chapter on the restricted theory of relativity, the 
Lorentz transformation and Maxwell’s equations. 
The final chapter provides a brief introduction to 
the relativity theory of gravitation. To enable the 
student to acquire confidence in the formal manipu- 
lation of tensors, sets of exercises would have been 
useful. Considering the complication of the type- 
setting, involving special symbols and a mass of 
sub-scripts and super-scripts, the absence of mis- 
prints is noteworthy. Though the fundamental 
memoir of Ricci and Levi-Civita was issued as a 
separate reprint by Blanchard in 1923, it is not 
mentioned in the bibliography. Professor Lich- 
nerowicz has selected his material with care and 
developed it with remarkable comprehensiveness in 
a small compass. His book forms quite the best 
available introduction to a subject of great and 
growing importance. 








CONFERENCE ON INDUSTRIAL STATISTICS.—With the 
object of extending the application of statistical methods 
to the solution of industrial problems, the Industrial 
Applications Section of the Royal Statistical Society is 
arranging a conference on industrial statistics,to be held 
at the University of Sheffield from Friday, September 29, 
to Sunday, October 1. The final programme has not yet 
been settled, but it is hoped that a wide range of indus- 
trial activities will be covered, including overational 
research, market research, quality control, time and 
motion study, sampling inspection, design of specifica- 
tions, and industrial experimentation. Further informa- 
tion may be obtained from the assistant secretary of the 





chief education officer, at the Falcon Works. 


Society, 4, Portugal-street, Londov, W.C.2. 
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THE BRITISH INDUSTRIES 
FAIR AT BIRMINGHAM—III. 


Tue British Industries Fair closes to-day (Fri- 
day). This series of articles, as indicated by the 
title, is confined to the exhibits at Birmingham, 
and we therefore regret that, in the article in last 
week’s issue of ENGINEERING, We illustrated and 
described an exhibit which appeared in the London 
section, namely, the Murray orthographic-projection 
model, shown in Figs. 27, 28 and 29. 

The most interesting exhibit on the stand of 
International Combustion, Limited, 19, Woburn- 
place, London, W.C.1, is a model of the 540,000-Ib. 
per hour boiler which is being erected at the Porto- 
bello, Edinburgh, generating station of the British 
Electricity Authority. This model, of which an 
illustration appears in Fig. 53, has been built to 
the scale of half an inch to one foot and is arranged 
partly in section to show the internal construction. 
The boiler is designed for a normal working pressure 
of 1,400 Ib. per square inch and a temperature of 
960 deg. F., but the 60-MW turbine which it will 
supply will be capable of giving its full output at 
900 Ib. per square inch and 960 deg. F. 

The boiler is of the “ International ” radiant type 
and has a plain tube-lined combustion chamber, 
which will be tangentially fired by three tilting 
burners in each corner. The gases will flow upwards 
through a superheater screen before passing over 
the secondary and primary superheater to the 
steaming economiser and air heater. The primary 
superheater is arranged in two parts and a by-pass 
is provided. The steam temperature will be 
controlled by an inter-stage heat exchanger or gas 
damper, both of which may be used in combination 
to maintain the specified limits of steam temperature 
under high and low pressure operating conditions. 
The tube lining of the combustion chamber is carried 
down to the throat of the hopper, from which the 
coarse ash will be removed by a conveyor after 
crushing, while the dust will be handled pneumatic- 
ally. The pulverised fuel will be obtained from 


three Lopulco medium-speed roll mills, which will 


be arranged for hot-air drying. Classification will 
be by “whizzer”’ separators. The lay-out of the 
coal piping will be such that each mill will feed 
one burner of the three in a corner of the furnace. 
The steam connections between the boiler and the 
turbines are unusual in that they will consist of 
multiple steam pipes, the object being to improve 
the flexibility and reduce the thermal stresses. 

The same firm is exhibiting the Dynocone con- 
tinuous centrifuge illustrated in Fig. 54. This is 
designed for separating solids suspended in liquid- 
media by centrifugal force. It consists of a hori- 
zontal revolving steel shell in the form of a conical 
frustum and containing a screw conveyor which 
rotates at a slightly greater speed. When the mix- 
ture is admitted to the centrifuge both the liquid 
and solid constituents tend to be thrown to the 
large end of the shell. Owing to its higher specific 
gravity, the solid material is then deposited on the 
side walls of the shell from which it is conveyed by a 
scraper to the small end, being progressively de- 
watered in its passage by centrifugal action. The 
separated liquor increases in volume until there is a 
sufficient quantity to overflow through the ports in 
the large end. The one-piece outer shell is of steel 
and is totally enclosed in a removable fabricated- 
steel cover. The conveyor is built up on a heavy- 
gauge steel tube, one end of which is fitted with a 
splined driving shaft. The complete revolving 
unit is carried on roller bearings, with a ball thrust 
bearing to take the axial load, and the whole 
assembly is balanced. The main journal bearings 
are mounted on a common cast-iron base, which 
also supports the trough. They are fitted with 
adjustable sight-feed lubricators and the seals on 
the main-bearing cover carry grease-gun nipples. 

These centrifuges are made in two standard 
sizes. In the larger the conical frustum has a 
major diameter of 36 in. and is 50 in. long. The 
corresponding dimensions of the smaller machine 
are 24 in. and 24in. Driving is effected by multiple 
V-belts and the differential speed between the 
shell and the conveyor is obtained by a compound 
epicyclic gear which is housed in the driving pulley. 
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Fig. 54. 


The power necessary to overcome the torque set up 
between the shell and the conveyor by the resistance 
of the dewatered material removed is supplied by 
a separate motor. This arrangement relieves the 
main gearing of undue strain and at the same time 
provides a simple means of adjusting the differential 
speed between the shell and the conveyor. The 
gear unit is lubricated by a combined oil-bath and 





“Dynocone”’ Continvous CENTRIFUGE; INTERNATIONAL ComBusTION, LmwITED. 


splash system, with grease-gun lubrication for the 
centre shaft bearings. The level of the liquor in 
the interior of the rotor is adjusted by ported discs 
in the shell end plate, a door giving access to these 
components being fitted in the cover. 

The output of the Dynocone when dewatering, 
thickening or classifying depends upon, volumetric 
considerations. When used for dewatering, the 
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capacity of the larger unit is about 90 to 100 gallons 
per minute and that of the smaller unit 10 to 12 
galions per minute. Among its applications are the 
dewatering of materials normally d-alt with by 
rotary filters and filter presses and of the tailings 
from the froth flotation of coal. It can also be 
employed for clarifying coal-washing slurry effluent. 
In this case the usual thickener, rotary filter and 
auxiliary equipment are replaced by the Dynacone, 
and no flocculating reagent is required. 

Messrs. A. W. Macnamara, Limited, Foundry- 
lanc, Smethwick, Birmingham, 40, are exhibiting 
two wire- and strip-forming machines, and a 
chain-making machine. One of the wire- and 
strip-forming machines, which is shown in Fig. 55 
without covers, is fully automatic and is con- 
tinuously self-feeding from coiled stock. Its use 
therefore enables six or seven separate press 
operations to be dispensed with and as much 
as 80 per cent. of the normal handling time 
to be saved. The machine is designed to deal with 
wire up to ¥ in. in diameter and strip up to 2 in. 
wide by % in. thick. The top bed has been designed 
so that its upper surface is entirely in one plane. 
The slide-ways, which are accurately ground, can 
therefore be fitted separately; and it is easy to 
secure each assembly with heavy taper-dowel 
pieces. The operating shaft and bearings are 
arranged so that each bearing can be removed for 
servicing, and the operating cams are housed in 
the bed. . 

When the machine is to be used for wire- and 
strip-forming, a series of vertically-disposed rolls, 
each of which is adjustable, are fitted. For wire- 
forming only, additional horizontal rolls are fitted, 
the number and diameter of which depend upon 
the character of the work. The straightener for 
working on flat stock has a quick-acting locking 
arrangement, so that a new coil can be threaded 
quickly. The feed slide has a maximum movement 
of 12 in., while the gripper mechanism slides on 
two rails and feeds the stock forward a predeter- 
mined distance. When the correct position has 
been reached, the stock is released and the gripper 








returns for the next feed. The stationary gripping 
mechanism is arranged to hold the stock firmly 
after it has been fed forward. It can be moved 
through a distance of 4 in. 

The press ram, which is operated by an eccentric 
from the front driving shaft, is designed to take 
press tools for working on blanks up to 7} in. long. 
Overhead bridge pieces, which connect the die to 
the bearings adjacent to the eccentric, provide 
additional rigidity during the working cycle. A 
cut-off slide with a movement of ¥ in. incorporates 
a traverse attachment for dealing with various 
component lengths. The front forming slide of the 
machine has a positive movement of 1} in. in both 
directions and is normally used to effect the first 
bending operation. In addition, right- and left-hand 
slides, which are placed at 90 deg. to the front 
slide, each have a total movement of 3} in. in both 
directions, and a rear slide immediately opposite 
the front slide has a movement of 1} in. In the 
centre of the machine is an overhead forming slide 
and stripper gear. The stripper is arranged to eject 
the work through chutes in the bed at the conclusion 
of the forming operations. If bending in more 
than one plane is required, a two-stroke cam can be 
fitted to enable the overhead former to form and 
strip at each cycle. 

The machine is driven by a 4-h.p. motor through 
infinitely-variable gearing so as to give a range of 
operating cycles varying from 80 to 120 per minute. 
The operating shafts, which are driven from the 
gearing, carry cams and are arranged round the 
inside edge of the flat top bed. All the cams are of 
box design, so that they give a positive movement 
to the slides. They can be adjusted axially by set 
screws on brass pads. 

Another exhibit on Messrs. Macnamara’s stand is 
the automatic chain-making machine illustrated in 
Fig. 56. This is capable of making plain links, the 
length of the wire in which does not exceed 2 in. 
and the diameter of which is not greater than 0-06 
in. in the case of steel wire or 0-08 in. in the case 
of non-ferrous wire. Its maximum output is 12,000 
Jinks an hour. The working slides are enclosed 
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by a cover with a Perspex window, and the top can 
be lifted off to give access to the rear camshaft 
mechanism. The five longitudinal and five vertical 
straightener rolls, which are separately adjustable, 
are fixed to a bracket which is integral with the 
machine. The feed slide has a maximum stroke 
of 2 in. and is infinitely adjustable. A ball-type 
gripping mechanism ensures that a link with a 
good closed joint is produced. The feed slide is 
fitted to a vertical mounting plate and moves in a 
horizontal direction. 

The vertical overhead slide has a stroke of } in. 
and carries an adjustable parting-off blade. Its 
operating cam is adjustable axially, so that the 
desired movement can be effected at any time in 
the cycle. The slide proper and the parting-off blade 
can be adjusted separately. The horizontal left- 
and right-hand slides have a stroke of 1% in. The 
right-hand slide, besides effecting the actual form- 
ing of the link, carries a cam which controls the 
rectangular movement of a front transfer pointer. 
This pointer is mounted in front of a centre forming 
mandrel and is used to present a formed link with the 
manufactured chain depending from it, so that the 
following link is connected with the chain. A 
ratchet which actuates a lever throws the transfer 
pointer out of position and thus enables a number 
of sets of 10 to 100 links to be cast-off automatically. 

A principal exhibit on the stand of Messrs. 
Ferguson Pailin, Limited, Higher Openshaw, Man- 
chester, 11, is the three-phase 66-kV outdoor oil 
circuit-breaker, illustrated in Fig. 57, on Plate XIX. 
This circuit-breaker incorporates an automatic 
reclosing mechanism and is designed to interrupt 
750 MVA, the arcs being quenched in cross-jet 
vertical explosion pots at the lower ends of six 
condenser-type terminal bushings. It is housed in 
a welded-steel cylindrical tank, about 5 ft. in dia- 
meter, which is bolted to a circular top plate. The 
bushings are mounted on this top plate at an angle 
of about 25 deg. to the vertical so as to give the 
necessary line clearances, as well as suitable spacing 
at the lower ends beneath the oil. Rod gaps are 
fitted to each bushing, and ring-type current trans- 
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formers are clamped to the underside of the top 
plate, which is secured to the top of a steel box 
frame about 6 ft. square and 9 ft. 2 in. high to 
ensure a safe working distance between ground 
level and the line terminals. The height of the 
breaker to the top of these terminals is 14 ft. 9 in. 
The frame is cross-braced at the side, the bracing 
in one side permitting withdrawal of the tank. 
Hand-operated winding gear for hoisting the tank 
into position or for lowering it to the ground is 
fixed to the frame uprights. At their lower ends 
the bushing conductors are connected to fixed 
contacts in the pot assemblies ; these contacts have 
spring-loaded plungers, the lower faces of which 
engage with movable cylindrical contacts operated 
by the trip gear. The two moving contacts in 
each phase are screwed to opposite ends of one of 
three horizontal bars. Each of these bars is fixed 
at its centre to a vertical Permali rod which is 
attached, in turn, to a fabricated-steel crosshead 
operated by a lever mechanism. The moving con- 
tacts are withdrawn from the pots by the straight- 
line downward motion imparted to the rods when the 
breaker is tripped. The travel and the speed of the 
contact bars are controlled at the end of the opening 
stroke by oil-filled dashpots, and at the end of the 
closing stroke by a spring buffer. The tripping 
control and actuating gear is housed in a sheet-steel 
covered cubicle which is attached to the supporting 
frame. In the model shown, the control gears are of 


the motor-controlled spring type, though a hand |, 


lever for charging thespring mechanism can be fitted. 
Emergency tripping facilities are also provided, 
and interlocks can be incorporated to operate in 
conjunction with line isolators. 

Messrs. Ferguson Pailin are ‘also showing a hand- 
operated single-phase rotary post-type isolator which 
has been designed for use on a three-phase 220-kV 
overhead-line system. The isolator, which is illus- 
trated in Fig. 58, on Plate XIX, is similar to those 
intended for the proposed 275-kV grid, and has 
been developed for use at a testing station. It 
comprises two insulator posts which are mechani- 
cally linked at the base so that they can be turned 
in opposite directions about their vertical axes, 
thus opening or closing the line contacts at the ends 
of the horizontal conductor rods which are fixed at 
the top. Each post, as will be seen in Fig. 58, 
consists of two bushings. Two conductor rods 
with spherical contacts, one above the other, are 
fitted to one of the posts, and to the other is 
attached a single rod with a cupped contact at 
the end. When the isolator is closed, this contact 
is held between the two spheres, each of which 
exerts a holding pressure of 40 lb. When the 
isolator is opened, the conductor rods swing hori- 
zontally outwards until they are both at right-angles 
to the line joining the centres of the two posts, 
which are 9 ft. 6 in. apart. The posts themselves 
are supported on ball-bearing pedestals in a heavy- 
channel base frame; the pedestals extend below 
the frame and are about 5 in. in diameter and 
2 ft. 3 in. long. They are designed to give a 


firm support to the posts under all conditions of 


mechanical loading. The linkage between the posts 
is formed by a rod connected at each end to a 
short projection attached to the bottom flange of 
a lower bushing. A short lever fixed to one of 
these flanges enables both posts to be turned 
simultaneously. 

Messrs. Ferguson Pailin also exhibit a com- 
pact form of control cubicle for the main remote- 
control board in an electric power station or a large 
substation. Five indicating instruments are spaced 
horizontally at 6-in. centres on the front of the 
panel and below them are semaphore-control 
switches which, in conjunction with a mimic dia- 
gram, show the position of the switchgear in the 
main circuit. Any change of fault is signalled by a 
relevant flashing lamp which can be extinguished 
when action is taken to acknowledge the signal. 
The cubicle exhibited is 5 ft. 9 in. high, 3 ft. wide, 
and 1 ft. 2} in. deep, and has interior illumination 
to facilitate inspection. 

British Insulated Callender’s Cables, Limited, 
Norfolk House, Norfolk-street, London, W.C.2, are 
exhibiting numerous examples of their cables and 
wires, including those of the oil-filled impregnated- 
pressure and solid types. Single-core oil-filled cables 


are available for all voltages from 33 kV upwards, 
and three-core cables of the same type are manu- 
factured for voltages up to 66 kV. Impregnated- 
pressure cables can be supplied in single-core or 
three-core form for all voltages from 33 kV to 
132 kV. while the solid-type cables are produced 
in single-core, three-core, and individual-sheathed 
three-core types for 33 kV, and in single-core form 
only for 66 kV. A three-core 33-kV aluminium- 
sheathed pressure cable is also being shown. 
Among the electric resistance welders exhibited 
on this stand mention may be made of the 60-kVA 
model illustrated in Fig. 59, on Plate XIX. It is 
built up on a cast-iron body and base of the same 
material. The slide clamps and upsetting gear are 
mounted on the body, in the interior of which the 
transformer is housed. The transformer itself is 
wound for connection to a single-phase 50-cycle 
supply, and its primary winding is provided with 
tappings so that eight different heating speeds can 
be obtained. The primary current is controlled by 
a contactor inside the base, which can be operated 
by a foot switch or push-button. A separate 
knock-off switch is fitted for use when repetition 
work is being performed and it is necessary for the 
finished articles to be of uniform length. Upsetting 
is carried out by a hand lever which operates an 
eccentric connecting link to the saddle. The clamps 
are cam-operated and are open-fronted, so that 
fixing of work in the machine is facilitated. 

When welding cast or alloy steel the two parts 
to be joined are clamped in the welder and the 
plugs in the plug box are set to give a secondary 
‘voltage corresponding to the sectional area being 
welded. The current is switched on and the parts 
are brought together by means of the hand lever. 
The slide is then reciprocated several times until the 
ends of the pieces that are to be welded are at dull 
red heat. They are then slowly brought together, 
so that flashing occurs and the ends become incan- 
descent. At this stage the slide is rapidly brought 
forward and the current is switched off. 

Radio Heaters, Limited, Eastheath-avenue, Wok- 
ingham, Berkshire, are collaborating with Messrs. 
Joseph Lucas, Limited, to show an induction heat- 
ing equipment for hardening the shafts of motor- 
vehicle self-starters. This unit has been designed 
to accept a range of shaft diameters and shaft 
hardening lengths with little resetting, and com- 
prises an induction generator with an output of 
10 kW. A 1-kW induction furnace on the same 
stand has been designed for use in the jewellery and 
dental trades. 

Mention may also be made of the firm’s thermo- 
plastic sheet welder which is illustrated in Fig. 60, on 
Plate XIX. This is suitable for the heavier types 
of bar welding or for jig-welding pouches and wallets 
as well as for a number of industrial applications. 
When used as a jig welder it is capable of making 
profile welds*on the thicker grades of polyviny]l- 
chloride sheeting up to a total length of 5 ft. The 
machine incorporates a toggle-action pedal, which 
enables the larger types of weld requiring a dwell 
of several seconds to be performed with a minimum 
of fatigue to the operator. The work-table is 
lighted by a lamp on the lower surface of the 
welder head. Safety switches prevent the power 
from being switched on until the electrode is in 
contact with the material being used and the full 
welding pressure has been applied. An automatic 
synchronous process timer allows the time to be 
set for any cycle between 0 and 10 seconds. 

The welder is normally supplied with the lower 
electrodes flush with the table top. The surface 
of the lower electrode, however, can be supplied 
raised up to 3 in. above the table. The standard 
work-table can deal with straight welds up to 
16 in. long or profile welds up to 16 in. wide and 
a front to back dimension of 10 in. Special work- 
tables can also be fitted to accommodate larger 
jigs and electrodes. The maximum peak load on 
the 200- to 260-volt mains is 1-6 kW, and the 
radio-frequency output is about 1 kW at a fre- 
quency of 20 megacycles per second. 

Visitors to the stand of Messrs. John Thompson, 
Limited, Ettingshall, Wolverhampton, have been 
showing considerable interest in the scale models of 
two power stations which are being equipped ‘with 





steam-raising plant by the associated firm of John 





Thompson Water Tube Boilers, Limited. Anothe; 
attraction has been a large mural depicting a section 
of the firm’s new heavy welding shop which jg 
devoted entirely to the manufacture of Class I 
pressure vessels up to 4 in. thick. 

The principal exhibit, however, is a travelling. 
grate stoker for shell-type boilers, an illustration 
of which appears in Fig. 61, on Plate XX. The main 
frame, coal hopper and air supply of this stoker 
correspond in, design, to those of the firm’s “ Carrier 
Bar” stokers. In fact, the main differeiice lie 
in the method of supporting the grate. The 
grate is driven by three Renold chains which are 
spaced equally across the stoker and are «perated 
by sprockets mounted on the front driving shaft, 
These chains are provided with hollow-pin bearings 
and through these pass the mild-steel sujporting 
rods which stretch the full width of the grate. 

The grate surface is made up of cast-iron vrids of 
three types depending on their place in the assembly, 
Each grid has one hole machined in it in such g 
position that while an even surface is provided on the 
upper side the grids can hang down on the under. 
side. These grids are supported on a tube. which 
in turn is carried by the rod mentioned above. 
The length of each tube corresponds to the space 
between two adjacent chains. It is claimed that 
this arrangement ensures that the actual grate 
surface does not carry any driving load and that full 
allowance can therefore be made for expansion, 
The grids may be replaced singly or in sections 
without disturbing the continuity of the driving 
chain, while the discharge of fine ash and riddlings 
on the underside of the chain is facilitated and the 
maximum air cooling is obtained. 

The thickness of the fuel bed can be controlled 
by an externally-operated guillotine door and a 
coa] cut-off valve is provided at the hopper. Air 
is supplied by a forced-draught fan through ducting, 
which is connected to the stoker wind box. It is 
controlled by vanes at the front and rear of the 
stoker, which are operated from the front. Con- 
nections with the forced-draught system enable 
secondary or over-fire air to be supplied through the 
ignition arch so that smokeless operation can be 
obtained with high volatile fuels. The return run 
of the grate surface passes through the wind box, 
where it is cooled. It also collects the fine ash and 
transports it to the front, where it is discharged when 
the grids open. 

Each grate is driven by a variable-speed motor 
through reduction gearing mounted on the side 
frame of the stoker. The tension of the chains 
and grate surface can be adjusted by moving the 
front shaft bearings in their bearing slots. Dumping 
noses are provided at the discharge end of the 
machine, and the entrance of excess air is pre- 
vented by seals along each side of the grate. As 
the ash is discharged over these dumping noses, 
it falls into a hopper and thence on to a conveyor. 
This conveyor is made up of overlapping slats 
mounted on Renold chains, which are driven by 
sprockets. To ensure easy maintenance, the con- 
veyor can be withdrawn as a separate unit from 
the stoker. Similarly, the grate surface and main 
frame can be withdrawn, leaving the coal hopper 
and arches in place. 

The exhibits of Messrs. Foster, Yates and Thom, 
Limited, Canal Works, Blackburn, include a new 
85-ton battery-box press which has been designed 
for moulding six-compartment eleven-plate battery 
boxes in one impression by the top trapping method. 
Another new machine on the stand is a two-column 
down-stroke extrusion press of 200 tons capacity 
for research and experimental runs of non-ferrous 
alloy bars. The base of this machine is fabricated 
and embodies a cast-iron chute which acts as a pas- 
sage for the extruded bars. The main cylinder 1s 
built into the fabricated top bridge and has a ram 
12 in. in diameter, which is designed to withstand a 
working pressure of 2 tons per square inch. Two 
return cylinders with rams 2} in. in diameter are 
embodied in the top bridge. The crosshead of the 
press is machined on its lower face to receive the 
punch-retaining ring. This ring is removable and 
locates the extrusion ram in position. A shearing 
cylinder with a working pressure of 2 tons per 
square inch is situated below the lower line of the 
die and enables any length of experimental run to be 
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sheared off. The valves controlling the operation 
of the press are designed to give a constant speed to 
the extrusion ram for any particular setting. A 
stop with a micrometer adjustment enables the 
stroke to be halted at any predetermined point 
within 4% in. A three-throw hydraulic pump 
delivers 6 gallons of fluid per minute at a pressure 
of 2 tons per square inch, and a self-guided accu- 
mulator with a capacity of 9 gallons and a 7 ft. 6 in. 
stroke is connected to the pump line. 

The same firm is exhibiting a number of mixers, 
an example of which is illustrated in Fig. 62, on 
Plate XX. As will be seen, this consists of a drum, 
with a capacity of 1-5 cub. ft., which is mounted on 
trunnions at a compound angle. It can be rotated 
slowly at a speed between 7 and 14 r.p.m. and the 
resulting mixing action is such that dead spots are 
eliminated, no complications arise from centrifugal 
forces and the mix is protected both from attrition 
and pulverising. For ingredients which will not 
flow or have a tendency to clog, impellers are 
included and these rotate in the same direction as 
the drum at about three times its speed. The 
machine is of robust construction and great care 
has been taken to seal the bearings so that the mix 
shall not be contaminated. It can be easily charged 
or discharged either through a valve or by removing 
the lid, the joint faces of which are completely 
sealed during operation. On the transportable 
models, such as that shown in the illustration, the 
electrical equipment is completely enclosed and 
control is effected by a push-button starter. The 
containers themselves can be made of stainless steel, 
mild steel or aluminium. 

The Rapid Magnetting Machine Company, 
Limited, Lombard-street, Birmingham, 12, are 
showing their new Crockett patent submerged belt- 
type magnetic separator; one model is suitable 
for the cleansing and recovery of ferrosilicon and 
other similar media used in the sink and float 
process, and another model is available for the wet 
concentration of magnetite and similar minerals. 
The latter model contains a stationary curved bank 
of magnets of varying strength, partly submerged 
in water; being water-cooled, heat dissipation is 
rapid. A thin conveyor belt passes close under 
the magnets. The mixture, consisting of about 
40 per cent. solid and 60 per cent. liquid, is intro- 
duced at the tailings end of the moving conveyor 
belt, into the zone of high magnetic intensity ; 
the magnetic particles are picked up and held 
on the belt, and are thoroughly cleansed by 
under-water sprays as they pass towards the 
“ middling ” section ; the tailings are rejected and 
the slimes are carried away by an overflow weir. 
As they pass through the next magnetic zone, the 
magnetic particles are again thoroughly washed, 
and a ‘“‘middling’’ product is recovered. The 
magnetic strength of the middling section can be 
controlled by a rheostat, so that the grade of 
concentrate can be varied. Another product shown 
suitable for fitting to hoppers, chutes, etc., for 
extracting tramp iron so as to protect processing 
plant. The firm are also showing a magnetic floor 
sweeper for use in warehouses, mills and work- 
shops; a magnetic work-holding device; and a 
magnetic drill extractor for the recovery of drills 
and broken bits. 

Four types of industrial ceramic materials, 
namely, chemical stoneware, laboratory and tech- 
nical porcelain, porous ceramic media and filter 
units, and electrical porcelain, are shown, on the 
stand of Messrs. Doulton and Company, Limited, 
Doulton House, Albert-embankment, London, S.E.1. 
In the chemical-stoneware section, the main exhibit 
is a large absorption tower connected to a 200- 
gallon reaction vessel by socket- and spigot-jointed 
piping. The central cylinder of the tower is pro- 
vided with a glass inspection panel which enables 
the scrubbing action inside the tower to be ob- 
served. All parts of the apparatus are made 
from the firm’s “ Acitherm” stoneware, which is 
grey in colour and is not only resistant to acids, 
with the exception of hydrofluoric acid, but will 
also withstand wide temperature fluctuations. In 
the laboratory and technical porcelain section are to 
be seen evaporating basins, crucibles, mercury 
troughs, Bunsen burners and other apparatus made 


and scientific use. Among other interesting items, 
shown in the section relating to porous ceramic 
media and filter units, is the Doulton Dechromator, 
which was designed to lengthen the period of service 
of chromium-plating solutions, at a time when serious 
shortages of chromic acid were experienced, and is 
now widely used in this and other processes. Porce- 
lain electrical insulators of many times are also 
being exhibited. 

Radiant Heating, Limited, Radiant Works, 9, 
Barnsbury-park, London, N.1, are showing a new 
type of gas-fired radiant-heat tunnel for drying and 
stoving. Surface combustion units, consisting of 
porous bricks through which the burning mixture 
of gas and air passes, and operating at a temperature 
above 650 deg. C. with no flame supply short-wave 
radiant energy in addition to infra-red radiation, 
as a result of which it has been possible to make 
the tunnel about one-twentieth of the length which 
is normally required. There are two surface-com- 
bustion units fitted in the roof of the tunnel; a 
variable-speed conveyor, with a speed range of 
from 5 to 20 ft. per minute, driven by a }-h.p. 
motor, passes through the tunnel at a pre-selected 
height below the combustor units. A short flashing 
chamber heated by the products of combustion 
precedes the tunnel. The gas which fires the com- 
bustors is inspired by air, supplied by fan, through 
special gas-air mixers. The fan is driven by a 
0-05-h.p. motor. The tunnel can be raised and 
lowered, relative to the conveyor, by four screw 
jacks in the legs supporting the tunnel. Light 
metal parts can be fed through the tunnel at a 
rate of thousands per hour. 


The exhibits of Messrs. Stothert and Pitt, 
Limited, Bath, include the 28 cub. ft. crane-fed 
portable batching and mixing plant which is 
illustrated in Fig. 63, on Plate XX. This incor- 
porates a concrete mixer and a three- or four-com- 
partment storage hopper and is constructed on the 
unit principle, so that it can be easily transported 
and erected. In its operating condition it is 
mounted on eight braced piers, all of which are 
interchangeable, thus facilitating assembly. It is 
erected by first placing four of the piers, which 
can stand on their own bases, in position and 
bolting a frame to their tops. This frame, which 
weighs about 1} tons, carries the concrete mixer. 
Over the first set of piers are placed four more, to 
which the weighing hopper, the bottom of the 
main storage hopper and all the operating gear 
are bolted. This section weighs about 5} tons, 
but can be divided for transport so that the weight 
of any piece is not more than 2} tons. The top 
section of the hopper is next placed in position, 
and finally the two chains which enable the mixer 
to be controlled from the batching platform are 
assembled. The elevator and mixer can be driven 
either by an electric motor or a Diesel engine. 

Materials are fed by the same crane as is used 
for erection direct into the compartment storage 
hopper. Each of the compartments in this hopper 
has an outlet which is fitted with a helmet-type 
door. These doors are operated by levers from 
the control platform so that the contents of the 
compartment are delivered into the weighing 
hopper. The cement is stored in a separate hopper 
with a capacity of 30 cub. ft., which also discharges 
into the weighing hopper. The latter hopper in 
turn feeds directly into the batch hopper of the 
mixer. 

The same firm is showing the power-propelled 
vibrating roller which is illustrated in Fig. 64, on 
Plate XX. Such vibrating rollers have a con- 
solidating effect equal to that of deadweight rollers 
of many times their weight and are particularly 
effective in consolidating non-cohesive soils, gravel, 
sand, ballast and dry-mix concrete. So far, those 
made by the firm have been hand-propelled, but 
the model shown has been fitted with a 23-h.p. 
air-cooled four-stroke petrol engine in response to 
demands for a power-propelled machine. The 
roller, which has only one roll, is guided by a 
pedestrian, operator through hand grips and an 
adjustable belly-pad, which is secured to the end 
of the guiding handle. The power from the engine 
is transmitted to the vibrator through a friction 





from a special hard paste porcelain for laboratory 





clutch which is controlled by a lever on the guiding 
handle. The roll is driven from the engine through 





a totally-enclosed gearbox, containing reversing 
friction clutches, constant-mesh spur reduction and 
change-speed gearing and change-speed clutches, 
all of which run in oil. The reversing clutches are 
controlle@ by a lever which is accessible to the 
operator from the control position. There are two 
forward and two reverse speeds of 57 ft. and 110 ft. 
per minute, and the direction of travel can be 
instantly reversed. The reversing lever has three 
positions, one of which, being neutral, serves to 
stop the machine. The roll is 28 in. wide and 21 in. 
in diameter, while the total weight is only 6} cwt., 
so that the machine can easily be taken to a site 
in a light van. As it will climb a gradient of 1 in 3, 
it can be loaded on to the carrying vehicle under its 
own power. 

In many modern installations and processes the 
working conditions encountered may be such that 
conventional sleeve bearings, consisting of manually- 
lubricated brass or gunmetal shells, may not be the 
most suitable to employ. This is the case, for 
example, when the working temperatures are either 
abnormally high or low or when liquids or vapours 
or perhaps corrosive chemicals are present. To 
meet such conditions, the Morgan Crucible Com- 
pany, Limited, Battersea Church-road, London, 
S.W.11, supply self-lubricating bearings, samples of 
which they are exhibiting. ‘‘ Morganite ” bearings 
are in five classes, ranging from plain graphite carbon 
having no metal inclusions to straight sintered 
metals containing no graphite, and comprise Mor- 
ganite carbon, metallised carbon, graphitic bronze, 
Reservoil bronze or iron, and lead bronze. The 
carbon, bearing relies on its included graphite for its 
lubrication, properties, but, if desired, it can also be 
lubricated with water and many other fluids. These 
bearings are used in pumps handling fluids such as 
acids, benzene, and acetone, in food conveyors and 
in other applications. At low speeds, loads of up to 
400 Ib. per square inch, may be carried at tempera- 
tures of up to 350 deg. C. Bearings in the metallised- 
carbon class, as the name implies, are strengthened 
by the incorporation of various metals. When 
adequately cooled, as when used in petrol or paraffin 
pumps, loads of the order of 1,000 Ib. per square inch 
may be carried at peripheral speeds of over 1,500 ft. 
per minute. The firm’s graphitic bronze is a com- 
paratively new sintered-metal material which is a 
development of porous oil-retaining bronze. It may 
be used at temperatures of up to 150 deg. C., for 
such applications as motor-car clutch and brake 
operating gear, electric-vehicle control gear, high- 
speed spindles and water-pump bearings. The 
well-known Reservoil porous oil-retaining material 
is now available in a wide range of sizes and in 
either bronze or iron. Morganite lead-bronze 
bearings are made from sintered bronze containing 
a high percentage of lead. This type of material 
requires grease or oil lubrication and the maximum 
safe working temperature is normally about 70 
deg. C. Such bearing materials are useful where 
heavy loads are met and where shock conditions are 
likely. 

Messrs. Newage (Manchester), Limited, Crossley- 
street, Gorton, Manchester, 18, are showing a 
completely self-contained automatic Diesel engine- 
driven lighting set, which is intended for use on 
farms or other premises not connected to the mains. 
This set, which is being exhibited in association 
with Messrs. Arthur Lyon and Company (Engi- 
neers), Limited, Telford Way, Westway Estate, 
London, W.3, has an output of 5 kW at 230 volts, 
and is shown, without the control box, etc., in Fig. 
65, on page 560. The prime mover is a Petter 
vertical-cylinder four-stroke solid-injection Diesel 
engine with two cylinders, which is designed for 
cold starting and runs at a governed speed of 1,500 
r.p.m. Either radiator or tank cooling can be 
employed. The standard set is fitted with an oil- 
washed air-cleaner and auxiliary starting handle. 
The alternator is of the self-regulating type with 
auxiliary-starting and battery-charging windings, 
and its rotor is mounted in ball bearings. The 
inherent regulation will maintain the output voltage 
within 2} per cent. under all load conditions. 
Starting is effected from a 24-volt lead-acid battery, 
which is also used for energising the control gear. 
It is automatically re-charged while the set is 
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The control gear is designed for use in the tropics 

and is contained in a steel box, which is arranged 
for wall mounting. The equipment is thus isolated 
from vibration and possible damage. The relays 
and contactors, which are housed in this box, are 
sealed after adjustment and are arranged so that, 
when a minimum load of 40 watts is switched on, 
the circuit between the starter battery and the 
relays is completed. This, in turn, energises the 
starter solenoid, which connects the battery to the 
starter windings and causes the set to start. When 
the voltage of the alternator has risen to 230 volts, 
the main contactor opens the starter circuit and 
connects the set to the mains. When the load has 
been entirely switched off, the fuel valve is auto- 
matically closed and after the set has come to rest 
the control gear is automatically set for re-starting. 
A limit switch is also fitted, which disconnects 
the battery from the starter if the set fails to 
start within 20 seconds. Manual starting and 
stopping can be effected by push-buttons. If full 
output is exceeded by more than 250 watts, the 
voltage is automatically reduced to 130 volts, thus 
giving visual warning of overload. As soon as this 
overload is removed, the voltage is automatically 
restored to normal value. 

The Monometer Manufacturing Company, Limited, 
115, Strand, London, W.C.2, are showing a number 
of their furnaces, among which mention may be 
made of the tilting model illustrated in Fig. 66. 
This is intended for melting brasses, gunmetal, 
bronzes, copper, aluminium, as well as high- 
temperature alloys, and is provided with standard 
top-pour crucibles, the capacities of which are 
250 lb., 400 Ib., 600 Ib., and. 1,000 Ib. The furnace 
is fired by a low-pressure burner, the air supply to 
which can be regulated and which is designed for 
consuming all grades of oil fuel. A forced-draught 
burner suitable for town or producer gas can also 
be fitted. The air supply is obtained from a 
m-tor-driven fan, while a second motor is used 
to provide the tilting power driving the body 
through reversible reduction gears. The furnace is 
constructed throughout of steel plate, the body being 
lined with “‘ Lumen ”’ refractory firebricks backed 
by insulating material. 

The old-established firm of Messrs. Fielding and 
Platt, Limited, Atlas Works, Gloucester, are exhibit- 
ing a new design of variable-delivery high-speed 
radial oil pump, which has been produced to meet 
the demand for efficient pumping equipment required 
on modern, self-contained hydraulic presses. These 
pumps, an example of which is illustrated in Fig. 67, 
are built in a number of sizes to cover a wide range 
of pressures and capacities. They are housed in a 
combined cover and oil tank, so that the entire 
mechanism is submerged in the oil. The barrels, 
rams and valves form individual sub-assemblies, 
which are radially disposed in banks of seven on 
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the perimeter of the housing. This housing is 
provided with ball or roller bearings in which the 
main shaft rotates at a constant speed of either 
1,460 or 960 r.p.m. The bearings of the eccentric 
are mounted on this shaft and are in continuous 
contact with the base of the pumping rams. The 
stroke of these rams is varied by adjusting the 
throw of the eccentric bearing by means of a stroke 
operating mechanism, which is mounted on the main 
pump shaft. 

The suction and delivery valves are of the mitre- 
seated type. The former open directly into the 
surrounding oil supply, while the latter are connected 
by a common delivery manifold. In designing the 
pump barrel and valves, care has been taken to 
secure a high volumetric efficiency, compared with 
freedom from noise and vibration. As shown in 
Fig. 67, these pumps are generally driven, by a direct- 
coupled motor through a flexible coupling. In the 
case of the smaller pumps, the motors are of the 
flange-mounting type, while the larger sets are 
provided with a foot-mounted motor, which is 
secured to a combined pump and motor bedplate. 

The pumps are controlled either by reducing the 
delivery automatically, as the operating pressure 
rises, or by maintaining the delivery constant? at its 
pre-set maximum until a predetermined adjustable 
operating pressure is reached. The pump is then 
instantaneously brought to zero delivery at which 
it remains until the operating pressure falls below 
the pre-set maximum, when the pump is auto- 





matically returned to its pre-set delivery. The 
working pressure of all types of pumps varies from 
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1,000 to 6,000 Ib. per square inch, while the net 
delivery is from 4-7 to 71 gallons per minute, with a 
pump horse-power from 3-5 to 250 h.p. 

Sciaky Electric Welding Machines, Limited, 
Farnham-road, Slough, Buckinghamshire, are ex- 
hibiting a number of spot- and seam-welding plants, 
including the 50-kVA single-phase seam welder 
illustrated in Fig. 68, opposite. This machine is 
suitable for the circumferential or longitudinal 
welding of mild-steel and stainless-steel sheets 
between 14 and 20 s.w.g., and for producing pressure- 
tight seams in small steel containers. Welding 
speeds ranging from about 3 ft. to 9 ft. per minute 
can be obtained, depending upon the thickness of 
the sheet. Electrode pressure is provided by com- 
pressed air from an external source at a working 
pressure of about 60 to 80 lb. per square inch. 
The working throat depth of the machine is 2 ft. 
The welding transformer has a water-cooled second- 
ary, and is supplied through two ignitron valves, 
which are fired by a mecharical make-and-break 
operated by a motor-driven cam. Timing, speed 
and pressure-control knobs are mounted on a small 
panel recessed in the main framework on the right 
of the machine. The normal type of foot-controlled 
switch is used for applying electrode pressure. 

The Cambridge Instrument Company, Limited, 
13, Grosvenor-place, London, 8.W.1, have a com- 
prehensive exhibit of instruments at Castle Brom- 
wich for measuring temperature, humidity, carbon 
dioxide, draught, pressure and pH. These include 
the surface pyrometer illustrated in Fig. 69, which 
is an improved and re-designed model of an instru- 
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ment that has been used for many years to determine 
the temperature of the heated metal rollers employed 
in the manufacture and processing of textiles, 
rubber, paper, linoleum and other materials. It 
comprises a thermocouple in the form of a very 
thin strip, which is stretched across the ends of a 
bow-shaped spring and connected to a millivolt- 
meter. The moulded case of the millivoltmeter 
forms a support for the spring and also a handle for 
holding the instrument, which is thus entirely self- 
contained. A special feature is the shape of the 
scale window. As will be seen, this is curved at 
the top so that the illumination of the scale, which 
is calibrated in degrees Fahrenheit or Centigrade, is 
increased and shadows from above avoided. It is 
therefore easier to take readings than with the 
normal rectangular window. To obtain a reading 
of the temperature of a heated roller the strip 
thermocouple is lightly applied to its surface and 
a steady response obtained within 3 to 5 seconds. 
An exhibit which has been attracting a great deal 
of interest at the Fair is the electronically-controlled 
oxygen-cutting machine shown by Messrs. Hancock 
and Company (Engineers), Limited, Progress Way, 
Croydon, Surrey. This is fitted with a photo- 
electric profiling head which enables the outlines of 
drawings to be automatically followed to produce 
accurate profiles in the steel being cut. An illus- 
tration of the profiling head, as arranged over a 
drawing, appears ir Fig. 70. The burner (not shown 
in the illustration), as well as the head, is attached 
to a lateral traversing carriage which is mounted on 
a longitudinal carriage. A smal] tracing wheel pro- 
jecting downwards from the head engages with the 
surface of a long cylinder which drives the lower 
carriage through gearing, a steady pressure between 
the cylinder and the wheel being maintained by a 
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counterweight rod. The wheel is driven by a small | steering motor is then started and the electronic 


variable-speed motor and is guided by a small 
steering motor which can turn it into any vertical 
plane to steer the head over the outline of the 
drawing. Both motors are housed in the head. 
When the axis of the tracing wheel is parallel to 
that of the cylinder, the lower carriage is driven, 
forwards or backwards, but when it is at right- 
angles to the cylinder axis, the wheel runs along the 
cylinder and so causes the head and the burner to 
move laterally without longitudinal travel. Between 
these two extremes, the resultant movements of 
the head and burner are combinations of longi- 
tudinal and lateral travels and the path traced is 
identical] with that which would be produced if the 
tracing wheel were in direct contact with the drawing, 

The movement of the head is controlled by a 
beam of light which is projected downwards from 
the head to form a small spot on the drawing. The 
head, and consequently the burner, follows the 
required profile, provided half the area of the spot 
remains over the drawing outline, which should be 
up to about } in. thick. Light from the spot is 
reflected on to the photo-electric control gear, so that 
if the spot tends to move away from the outline, the 
steering motor is caused by a bridge circuit to turn 
the spindle of the tracing wheel in the appropriate 
direction. When the spot is half over the outline 
and half over the white or neutral colour of the 
drawing paper, the reflected light has no effect on 
the steering motor, which then remains stationary. 
The photo-electric cell installed responds only to the 
light of the projected beam and is therefore un- 
affected by other artificial light or daylight. After 
the driving motor has been switched on, the head is 
guided by hand to bring the spot of light to the 
outline of the drawing or pattern to be cut, the 





control gear takes over automatically. The main 

electronic gear, supplied by the Metropolitan- 

Vickers Electrical Company, Limited, Manchester, 

is housed in a cubicle at the side of the machine. 
(To be continued) 





THE INSTITUTION OF GAS ENGINEERS.—The 87th 
annual general meeting of the Institution of Gas Engi- 
neers is to be held at Bournemouth from June 6 to 9. 
The programme for the meeting includes the presidential 
address by Mr. C. H. Chester, O.B.E., M.I.Mech.E., and 
the presentation of papers on ‘‘ Civil Engineering in the 
Gas Industry,” ‘‘The Gas Industry To-day and To- 
morrow,” ‘“‘ Recent Producer-Gas Practice in the Liver- 
pool Undertaking,” ‘“‘ The Utilisation of Gas and Coke,” 
and ‘‘ Gas Water Heating : The Constribution of Testing 
to Design.” 





16-mM. SOUND-FILM PROJECTOR.—A portable 16-mm. 
sound-film projector incorporating either a carbon-arc 
or an incandescent light source is now being marketed 
in Great Britain by the Guildhall Trading Company, 
Limited, 40A, Greek-street, London, W.1. It is the 
latest to be manufactured by the Office Général de la 
Cinematograpbie Frangaise, 39, Avenue Victor-Hugo, 
Paris 16, and is designed to give good screen illumination 
in halls seating up to 1,000 people. The arc-lamp house 
is self-contained and is removed or fitted as an indepen- 
dent unit ; the carbons supplied burn for nearly three 
hours, the length of the arc being adjusted manually by 
control knobs av the side, or auvomatically by an electro- 
magnetic device which moves one of the carbons in 
small steps to keep the arc length within prescribed 
limits. The projector, without its film spools, is abeut 
1 ft. 8 in. long, 8 in. wide, and 1 ft. 8 in.in height. Witb 
all accessories and loud-speaker equipment, it weighs 
approximately 135 lb., and is packed and carried in 
three cases. It may be operated from either 120-volt or 
240-volt' single-phase supplies, a 750-watt lamp being 
used for the incandescent light source. 
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DESIGN OF CYLINDERS BY AUTOFRETTAGE. 


Fig. 11. 
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THE DESIGN OF CYLINDERS 
BY AUTOFRETTAGE. 


‘ By W. R. D. Mannie, M.A. (Cantab), 
M.1.Chem.E. 


(Concluded from page 511.) 


Tue preceding columns have been devoted to an 
attempt to explain the method of deriving these 
charts, the theoretical background, and their poten- 
tial value ; their actual preparation, it should be 
mentioned, has been due to Mr. A. F. Riggs. For 
completeness, a few examples are appended. 

The first of these, Fig. 10, is for mild steel. It is 
taken from the shear stress-strain curve given in the 
author’s previous paper, which was, in turn, obtained 
by averaging a number of curves for different grades 
and conditions of low-carbon steel. It was then 
seen that materials of this class, though markedly 
different when judged by their tensile properties, 
often gave surprisingly similar torsion curves ; it 
seems therefore a plausible deduction that thick 
cylinders made from any such material and treated 
by autofrettage will behave similarly. 

In Fig. 11 are given the curves for a 13 per cent. 
chromium steel in three different conditions of heat 
treatment, denoted 45-50, 55-60 and 75-80, according 
to the specified ranges in tons per square inch of 
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values were 51-5, 60-4 and 80-6 tons per square inch, 
respectively. The diagram also illustrates how the 
overstrain properties of the same material in 
different conditions of heat treatment can be con- 
veniently superimposed on the same chart; the 
possibility of getting fair designing accuracy with 
intermediate conditions by interpolation is also 
apparent. 

Fig. 9, on page 511, ante, is the chart for a 60-ton 
Hykro steel as used in the example on the same page. 
The graphical construction needed in solving that 
problem is also shown. The same curve appears 
again in Fig. 12, where it is compared with the middle 
curve of Fig. 11 to show the close similarity of such 
curves for alloy steels hardened and tempered to give 
approximately the same ultimate tensile strength. 
This chart also contains the superimposed curves 
of three materials of around 80 tons per square inch 
ultimate ; namely, the Hykro and the 13 per cent. 
chromium (as in Fig. 11), and also a nickel- 
chromium-molybdenum steel of the Vivrac V/30 
class. Again the similarity is noteworthy. 

Finally, Fig. 13 gives the chart of a typical 
austenitic stainless steel of the 18 per cent. chro- 
mium, 8-per cent. nickel type. Its practical value 
is, however, rather doubtful, because these alloys 
have only short elastic ranges, the upper limits of 
which are not sharply defined. In any case they 
are so expensive that their use for high-pressure 


1-6 





the ultimate tensile strength. Their actual ultimate 


cylinders of any useful size would be prohibitive, 
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unless some very unusual circumstances were 
involved. The chart, however, may be of some use 
in the design of internal liners for pressure vessels, 
and also for estimating the safe working pressure 
of solid-drawn tubes, provided the peculiar mech- 
anical characteristics of these steels are not over- 
looked ; in particular, it is unlikely that they could 
acquire anything approaching the degree of dimen- 
sional stability achieved by autofrettage in gun 
tubes. The chart is added mainly to show these 
peculiarities, but also as evidence that the method 
is not confined to materials having the more usual 
mechanical properties. 

All that can be said of the accuracy and effective- 
ness of the method described here for simplifying 
the work of designing tubes by autofrettage, is that 
nowhere does it seriously conflict with such experi- 
mental information as the author has been able to 
find. This is unfortunately scanty, and much of 
what there is cannot give a complete check, because 
the shear stress data does not extend over a wide 
enough range of strains. Morrison’s work is the 
fullest, and his procedure does not differ in principle 
from, what has been used here. The difficulty is, 
from the present point of view, that the torsion 
data are not carried far enough for the compilation 
of a chart like those appended. On the other hand, 
he clearly and convincingly shows that torsion data 
are effective for cylinder design within the range he 
covers. 
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it is therefore desirable to measure the changes 
in tube dimensions caused by overstraining pressures, 
either with materials of similar properties and 
analysis to those from which the accompanying 
charts have been prepared, or, better still, to obtain 
a carefully selected uniform bar and prepare from 
it both torsion data and tube specimens. The 
dimensional changes, which would then be found in 
autofrettage experiments, would be strictly com- 
parable with the figures calculated from the torsion 
curve. On the other hand, it is known from experi- 
ence that the relations between true shear stress and 
shear strain, for any of the standard high-tensile 
alloy steels in common use, are very similar when 
obtained from specimens heat treated to give the 
same ultimate tensile strength. Valuable confirma- 
tion of the method should therefore result from 
testing cylinders of materials comparable with those 
of the charts already prepared. In fact, it is the 
author’s hope that this similarity will prove close 
enough to allow most practical problems to be 
solved with only a few charts, using due care and 
interpolating between them where necessary. 

If this hope is substantiated by a series of tests 
of the sort indicated above—and they need not be 
very numerous—the main problem of simplifying 
autofrettage design has been solved. There remain, 
however, the more general questions of how far 
cylinders prepared by autofrettage can supersede 
those which are always within the elastic region, 
designed either as simple monoblocs, or by shrink 
compounding, wire winding, or any of the recently 
developed processes, such as strip-winding,* multi- 
layer,f or laminar construction. 

The first requirement is to know the margin of 
safety remaining in autofrettaged components when 
they are subjected to purely static loading, i.e., to 
steadily maintained internal pressure ; the need for 
this has been explained above. The uncertainty is 
whether or not the autofrettage operation has any 
appreciable effect on the ultimate bursting pressure. 
This can be examined by first using autofrettage 
to obtain cylinders substantially stable in their 
resistance to some pre-selected pressure, and then 
testing them to destruction. The information 
available on this behaviour is very sketchy, but 
what there is suggests that the effects are of quite 
secondary importance. It looks, therefore, as if 
it is only necessary to do a few such experiments, 
working with a small selection of materials, repre- 
sentative of normal high-pressure practice. 

To determine the influence of autofrettage on the 
resistance of a cylinder to repeated applications of 
pressure is a much more difficult matter, and again 
the available information is quite inadequate. 
Unfortunately, there is no simple way of investi- 
gating this problem, which is complicated by the 
fact that little is known of the fatigue effects of 
compound stress, even in the elastic range. On 
the other hand, the resistance of cylindrical walls to 
repeated-pressure loading is of very great importance 
in the design of compressor and pump components, 
and the evident reluctance of engineers to study it 
experimentally must be mainly due to practical 
difficulties. 

The apparatus for this would have to be capable 
of producing a known pressure, releasing it to zero, 
reapplying it, and maintaining the cycle unchanged 
for long periods of time. The rate of pressure change 
cannot be very high, because otherwise the resistance 
to flow will prevent the full intensity from reaching 
the specimen, and, seeing that fatigue tests must 
often be continued for some millions of cycles, the 
research cannot be anything but long and arduous. 
Neither can the specific case of the influence of 
autofrettage be isolated from the more general 
problem of compound stress to any great extent, 
because the data in the published literature are 
hardly enough for comparison. No doubt experi- 
mental ingenuity would find many ways of expedit- 
ing the work, but it is most unlikely that any real 
short cut across this problem will be found. It is 
& major research and one the author believes to be 
badly needed, although its very magnitude precludes 





* The Engineer, vol. 187, page 155 (1949). 

t T. McL. Jasper and C. M. Scudder, Trans. Am. Inst. 
Chem. E., vol. 37, page 885 (1941). 

t H. Birchall and G. F. Lake, Proc. Inst. Mech. E., 
vol. 156, page 349 (1947). 





any detailed discussion of it here. It must suffice 
to have stated the problem, and to hope that it will 
soon receive adequate attention. 

A further uncertainty, into which research is 
desirable, concerns the most favourable lengths of 
time for maintaining both the autofrettage pressure 
and the subsequent low-temperature annealing. 
This can perhaps be treated as of secondary import- 
ance, because experience in ordnance manufacture 
has shown that the conditions outlined by Macrae 
are reasonably satisfactory. It is likely, however, 
that a certain mass effect is operative, so that, for 
large cylinders with very thick walls, longer times 
are preferable. It is known that the progress of 
overstrain towards equilibrium can be a surprisingly 
sluggish affair, and that this tendency appears to 
be accentuated by bulk. A preliminary study of the 
hysteresis loops in the surface strain versus pressure 
curves, determined, for instance, by resistance strain 
gauges, would probably show whether their widths 
were appreciably reduced by longer dwells at the 
autofrettage pressure. Unfortunately, there is not 
enough information, at the present time, to suggest 
even, the sort of effect a series of such experiments 
would reveal. That is perhaps an added reason for 
starting the research 

The effect of temperature on cylinders prepared 
by autofrettage is another factor about which 
virtually nothing is known It is fairly obvious that 
they could not be used for long under pressure at 
any temperature exceeding that used in the anneal- 
ing operation. For the same reason it is likely that 
they will be less resistant to temperatures below 
that level owing to the metallurgical effects of 
prolonged heating on heavily overstrained material ; 
but this is no more than conjecture, and again 
research is called for. It would be largely a problem 
for metallurgists, and for that reason the author 
prefers not to offer any further suggestions here. 

The author is indebted to the directors of the 
Plastics Division of Imperial Chemical Industries, 
Limited, for permission to publish this work. 





DIRECT-READING pH INDICATOR. 


A DIRECT-READING portable instrument showing 
variations of pH on a graduated scale in the manner 
of a normal indicating meter has been produced by the 
Cambridge Instrument Company, Limited, 13, Gros- 
venor-place, London, 8.W.1. It is icularly suitable 
for routine measurements in works and laboratories 
or for applications where high orders of accuracy are 
not necessary ; once set, it enables titrations to be made 
without continual manipulation of control switches. 
The instrument weighs about 15 lb., and apart from the 
electrodes, is self-contained in a cast-aluminium case 
about 14 in. high, 8} in. deep, and 84 in. wide ; it is 
carried from a recess at the back, part of which serves 
as a container for housing the electrodes when not in 
use. 
The instrument is designed to operate from the 
normal 200 to 240-volt single-phase supplies which 
are brought in at the rear, valves being incorporated 
for rectifying p An indicating meter of the 
double-pivot millivoltmeter type is flush-mounted at 
the front, and is graduated with a 120-mm. scale 
over the full pH range from 0 to 14, with sub-divisions 
reading to 0-1 pH. Simplified working instructions 
are engraved on a panel below the meter, and below 
them on a small control panel are two zero-setting 
knobs, and two rheostat rotary controls. One of 
there has a circular scale marked from 10 to 100 deg. C., 
and is used to compensate for the temperature of the 
solution in the electrode system. The other is used 
to standardise the instrument against known buffer 
solutions which are normally supplied to 
of 3-97 pH and to 9-2 pH, and it is fitted with an 
arbitrarily-divided circular scale. 

The electrode system is similar to those of the normal 
potentiometric type of instrument, and comprises 
a sealed-glass electrode and a calomel-reference or 
stan ising electrode. A sealed-in wire forms the 
connection to the glass electrode and is joined through a 
flexible lead to a plug-in terminal fitting a socket at 
the side of the instrument. This electrode gives 
linear measurements for solutions up to 10 pH ; other 
forms are recommended for more alkaline solutions or 
for special conditions, such as high temperatures. 





Coat TAR RESEARCH ASSOCIATION.—New laboratories 
of the Coal Tar Research Association at Gomersal, near 
Leeds, were opened on Friday, May 12, by Sir John 
Anderson. About 60 persons are employed there. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


THE report: of the Council of the Institution of 
Electrical Engi for the year ending March 31, 
1950, which will be presented at the annual general 
meeting on Thursday, May 25, records that the post- 
war increase in the activities of that body has been 
fully-maintained, both at home and overseas. Out- 
standing features of the year were the preparation of a 
twelfth edition of the wiring regulations, a convention 
on electric railway traction and a conference on 
advanced studies in electrical engineering. In the 
field of education, the Council have advised the Minister 
of Education that ‘“‘ works-based” sandwich courses 
should be established ; and have revised the examina- 
tion regulations and removed certain anomalies, 
which applied to those wishing to sit for the associate 
mem ip examination. It is recorded that during 
the year the North-Western, Scottish and North-Eastern 
Centres celebrated their fiftieth anniversaries. 

During the year new elections amounted to 2,558, 
compared with 2,765 during the previous session, the 
total membership now being 35,548. The decrease in 
new entries is due to the fact that fewer students have 
been elected each year since the introduction of the 
Common Preliminary Examination some four years 
ago. This requires ms over 21 years of age to 
pass this examination or obtain a recognised exempting 
qualification. On the other hand,~ candidates who 
have complied with the examination regulations for 
associate membership and have thereby qualified for 
graduateship have come forward in increasing numbers. 
The total of corporate members and graduates is now 
25,168, or 70-8 per cent. of the total membership. 

During the 1949-50 session, 1,162 meetings of mem- 
bers, the Council and the various committees were 
held in London and at the local centres. Considera- 
tion was given to the falling off in the attendances at 
Students’ Section meetings, and it became evident that 
the remedies which had been previously applied were 
only of a minor character and that more fundamental 
treatment was required. The report of a committee 
appointed to investigate the position discloses no one 
reason for the decrease, but emphasises the importance 
of closer contact between senior members and the 
students. It is therefore proposed to issue to the 
Students’ Section Committee a document containing 
notes for their guidance. 

The technical work undertaken by the Institution 
included the consideration of a request from the Royal 
Society for their views on the action which would be 
taken in their publications as the result of a decision by 
the International Union of Physics and Chemistry to 
Adopt the joule (10? ergs) as the fundamental unit of 
heat. The Royal Society have been informed that 
the use of the joule in this manner is acceptable to 
the Institution and have been requested to take steps, 
in consultation with the other bodies concerned, to 
secure agreement on the conversion factors involved, 
Work on Codes of Practice for Buildings, Overhead 
Line Regulations, Radio Interference, Regulations for 
the Electrical Equipment of Aircraft, General Condi- 
tions of Contract and Basic Design Temperatures for 
Space-Heating Installations have been continued, 
as has co-operation with such bodies as the British 
Standards itution, the Technical and Scientific 
Register, Ministry of Labour and National Service 
and the British Electrical Power Convention. A 
Festival of Britain Electrical Engineering Advisory 
Panel has been set up under the chairmanship of Sir 
Stanley Angwin to co-ordinate the electrical engineer- 
ing aspects of the Festival’s activities. The papers at 
the Joint Engineering Conference, which will be held 
while the Festival is in progress, will be mainly descrip- 
tive of British engineering practice. 

The Institution scholarships continue to attract a 
large number of applicants, not only from students, 
but from those who wish to carry out research work in 
electrical engineering. Attention is called to the high 
standards of the applicants for both student scholar- 
ships and research scholarships. 





BURNING HEAVY FUELS IN DIESEL ENGINES.—In this 
issue, we conclude our reprint of the paper op the use 
of boiler oils as fuel for Diesel engines, read by Mr. John 
Lamb before the Institute of Marine Engineers on 
April 11. It should be noted, in this connection, that 
the methods used in these experiments are covered by 
British patents, held by the Anglo-Saxon Petroleum 
Company. They announced, some months ago, that 
they did not wish to restrain or curtail the adaptation 
of ships to enable them to operate on a wide range of 
fuels, or to impose any onerous conditions on those 
wishing to take advantage of their work and experience ; 
but they felt ‘‘ that parties proposing to take advantage 
of the patented system would desire, by inquiry, to 
obtain at the outsetjany necessary permission to proceed,” 
by addressing the Company at St. Helen’s-court, Great 
St. Helen’s, London, E.C.3. 
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106-TON CHARGING MACHINE FOR ANNEALING FURNACES. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION, LIMITED, 


LONDON. 








Fia. 1. 


106-TON CHARGING MACHINE FOR 
SHEET-ANNEALING FURNACES. 


A cuarcine machine designed to convey two 53-ton 
boxes of steel sheets between annealing furnaces and 
cooling racks has been constructed by the Wellman 
Smith Owen Engineering Corporation, Limited, Parnell 
House, Wilton-road, London,.8.W.1, for the steelworks 
of Messrs. John Summers and Sons, Limited, at Shotton, 
near Chester. The makers state that it is the largest 
charging maehine in this country, and they believe 
it to be the largest in Europe. 

Fig. 1, on this page, shows the machine laden with | 
two 53-ton boxes ; in the background are the furnaces | 
served by the machine, and just visible on the extreme | 
right is the corner of a box which is resting on one of the | 
racks from which the boxes are conveyed, and to which | 
they are returned for cooling. Figs. 3, 4 and 5, on 
page 568, show a side elevation, end elevation and plan, 
respectively. The.machine runs on two rails between 
the line of furnaces on one side and the line of racks on 
the other. Lateral. thrust is resisted by horizontal 
rollers mounted on the frame of the machine and bearing 
on a rail fixed to each low. side wall, as shown in Fig. 3. 

The undercarriage is of welded construction and is | 
mounted on four steel-tyred wheels, two of which are 
driven by a 40-h.p. motor through spur reduction 
gears and a cross shaft. The maximum travelling | 

is about 100 ft. per minute. Fig. 2, on this | 
page, shows the drive. The annealing boxes are carried | 
on two.long narrow traversing carriages, a side elevation 
of one of which is shown in Fig. 6, on page 568. Each 
carriage consists of a lower member, which is the racking 
frame shown partly in full lines and partly in dotted 
lines in Fig. 6, and an upper member which is a cast-steel 
hoisting frame. The racking frame isa steel slab carried 
on six pairs of wheels keyed to the ends of six axles 
which are free to rotate in etal bushes inserted in 
the frame. The wheels run on four heavy rails which 
are placed on the main undercarriage at right angles 
to the track. By traversing the machine along the 
shop these four rails are brought into line with similar 
sets of rails in the furnaces and on the cooling racks, 
leaving a gap of 2 in. between the ends. 

Between the racking frame and each of the supporting 
wheels a narrow roller, smaller in diameter than the 
wheel, is free to rotate on the axle. These rollers carry 





Cuarcine Macutne LoapeD with ANNEALING Boxes. 








Fic. 2. CHarctinae Boxes into FURNACE. 


the hoisting frames, of which there are two—one to 
each racking frame. The hoisting frames, the upper 
surfaces-of which are visible in Fig. 7, on page 568, are 
shaped like long inverted troughs, with the lower edges 
machined in the form of a series of inclined planes, as 


shown in Fig. 6. Thus, relative longitudinal movement 
between the hoisting frame and the racking frame 
causes the hoisting frame to be raised or lowered. The 
upper and lower ends of the inclined planes are shaped 
so that the hoisting frames will remain stationary on the 
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LIGHT MARINE-PROPULSION UNITS. 
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rollers when in either the fully raised or lowered posi- 
tions. The traversing i move bodily, without 
relative movement between the racking and hoisting 
frames, when they are traversed into the furnaces or 
on to the cooling racks. Traversing is by means of a 
machine-cut steel rack bolted to the underside of each 
racking frame. Two pinions close to each end of the 
main undercarriage engage with the racks, and are 
themselves driven by bevel gears from a connecting 
shaft which is coupled to a two-speed gearbox driven 
by a 55-h.p. motor ; the two maximum s cbtain- 
able are 5 ft. and 30 ft. per minute, but a slip coupling 


is gps nog between the motor and gearbox. 
‘o raise or lower the hoisting frames they are held 
, while the racking frames are traversed, by 
ins carried in 
machine, as 


statio: 
means of four horizontal sliding sto 
heavy brackets at the four corners of t 
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shown in Fig. 5. The pins pass through holes in the 


ends of the hoisting frames and e with another 
bracket fixed between the ends of the frames. The 
holes are elongated to allow vertical movement of the 
hoisting frame. The pins are fitted with rollers mounted 
on needle roller-bearings, and each is actuated by a 
double-acting hydraulic cylinder. Oil under pressure is 
supplied by a pump directly-coupled to a 4-h.p. motor 
which can only be started when the gear-change lever 
is in the act ap position. As the machine is more 
than 30 ft. wide, it is provided with a control stand 
at each end, with duplicate sets of controllers, valves 
and gear-change levers to facilitate aligning the machine 
with the furnaces and cooling racks. 

After aligning the machine with a cooling rack, the 
traversing carriages are run out in the lowered position 
so as to pass underneath a pair of charging boxes which 


are supported on built-up rails and brickwork. The 
holes in the hoisting frames are then brought into line 
with the stop pins, the slow-speed gear engaged and 
the hydraulic pump started. The stop pins are in- 
serted by opening the control valve, thus preventing 
further horizontal movement of the hoisting frames. 
When the traversing motor is re-started, the racking 
frames are moved 2] in., causing the hoisting frames to 
rise 3? in., which is sufficient to lift the boxes clear of 
the supports. The stop pins are withdrawn, and the 
high-speed traversing gear is engaged to return the 
carriages with the boxes to the machine. Thereafter, 
the machine travels to the furnace which is to 


charged, and the boxes are lowered on to packing pieces 
ie by brickwork on each side of ry 


All gears on the machine, except the rack pinions, are 
totally enclosed and heat shields are fitted to protect 
the carriage wheels. The total weight of the machine 
is approximately 76 tons. 





DIESEL AND PETROL-PARAFFIN 
MARINE PROPULSION UNITS. 


Messrs. Davip Brown Tractors LimiTep, Mel- 
tham, near Huddersfield, announced recently that they 
have commenced production of two new light marine 
engines, namely, a Diesel unit developing a maximum 
of 31 brake horse-power, and a petrol-paraffin unit 
having a maximum output of 32 brake horse-power. 
The Diesel engine, which is known as the MD/4, is illus- 
trated in Fig. 1, on this page. Although some of the 
components are similar to those used on what might 
be termed the “ basic” David Brown engine, the 
manufacturers emphasise that they are not conver- 
sions of the tractor engine but have been designed 
from the outset as marine units. 

As will be seen from Fig. 1, the Diesel engine is of 
compact and clean design. It has four cylinders with 
a bore and stroke of 3} in. and 4 in., respectively, the 
capacity being 154 cub. in. or 2,523 c.c. It operates 
on the four-stroke cycle, the firing order being 1, 2, 4, 3, 
and the compression ratio 15-8 to 1. The performance 
curves are reproduced in Fig. 2, on this page, from which 
it will be seen that the maximum torque is 94 lb.-ft. at 
1,400 r.p.m. the output at this speed being approxi- 
mately 25 brake horse-power. When complete with 
the water-cooling system, reverse and reduction gear- 
boxes and electrical equipment, excluding the batteries, 
the weight is 1,120 lb., which gives a remarkably good 
power-weight ratio. 

The design of the engine is quite straightforward, the 
cylinder block and crankcase being a monobloc casting 
of nickel-chromium iron. Replaceable wet-type liners 
of close-grained cast iron are fitted in the cylinder bores, 
the lower ends of the liners being sealed by rubber 

ings, two to each liner, and the top ends by copper 

ets interposed between the locating flanges and 

cylinder block. The crankshaft is machined from a 
nickel-chromium-molybdenum steel, the crankshaft 
journals being hardened by the Tocco process. It is 
drilled for lubrication of the main and big-end bearings 
and is provided with in’ balance weights. There 
are three main —s of the replaceable steel-backed 
type, the top halves of which are lined with white metal 
and the lower halves with copper-lead ; the centre main 
bearing is designed to take the thrust. The cylinder 
head is an iron casting and is fitted with silicon-chro- 
mium steel overhead valves operated in the usual 
manner through push rods and rocking levers. The 
valves are fitted with single springs which are retained 
in position by split taper cotters. 
Cast silicon-alloy pistons are used, each of which is 
fitted with three pressure rings and one oil-control 
ring. The gudgeon pins are of the fully-floating type 
and the combustion chambers are formed in the 
piston crowns, the chambers being toroidal in form 
and offset from the piston centres. The connecting 
rods are I-section steel stampings fitted with copper- 
lead steel-backed big-end bearings. The coma is 
a Monikrom casting and is driven from the crankshaft 
through helical gearing. A C.A.V. monobloc fuel- 
injection pump is fitted which works in conjunction 
with four-hole injection nozzles. The feed pump is 
of the standard C.A.V. plunger type, operated from the 
injection-pump camshaft ; it delivers the fuel to the 
injection pump through a C.A.V. filter-and-bowl 
assembly. A pneumatic governor is fitted to the 
injection pump and an excess-fuel device is provided 
for starting purposes. A gear-type oil pump delivers 
oil to the main bearings, ins, camshaft bearings 
and the rocker shafts, the rpypens. — incor- 
porating a gauze strainer and a renewable —s - 
type ‘filter. 67 | hand suction pump is provided for 
emptying the sump. ; 
e engine is supplied complete with reversing and 
reduction gearboxes manufactured by the associated 
company, Messrs. David Brown (Huddersfield), 
Limited. The reverse box is of the planetary bevel- 








gear type with fixed planet carriers. A single lever 
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controls the toggle mechanism which engages the 
Ferodo-lined ahead and astern clutch plates. Dry 
clutch plates are fitted but the gears run in an oil 
bath ; adjustment of the clutches is easily effected, 
access being gained through a removable cover. Three 
separate ratios are available for the reduction gearbox, 
namely, 2 to 1, 2 to 1, and 3 to 1. Plain spur gears 
are used, the shafts being fitted with ball bearings ; and 
the assembly is lubricated by splash from an oil well 
formed in the bottom of the casing. The casing is 
water cooled and the distance between the centres of 
the crankshaft and propeller shaft is 3} in. 

Auxiliary equipment supplied with the engine includes 
an air cleaner, a dynamo complete with battery, an 
electric starter motor, and a cooling-water circulating 
pump. The dynamo is a Lucas 12-volt unit; it is 
driven by a belt from the forward end of the crankshaft 
and is provided with a voltage-control unit. The 
starter motor is of the 12-volt axial t and is of 
adequate capacity to start the engine under all condi- 
tions. A hand starter, however, is provided, and as will 
be seen from the illustration, this is mounted on the 
valve-rocker cover, the drive being transferred to the 
crankshaft through a chain and sprockets in the usual 
way. A decompressing device also is fitted which 
allows all the exhaust valves to be held in the raised 
position during cranking. The cooling-water pump 
is of the gear type, designed so that it is capable of 
pumping sandy water. The exhaust manifold also is 
water cooled and the temperature of the coolant is 
regulated by a thermostat. When fitted with the 
reverse and reduction gearboxes, the unit has a length 
of 4 ft. 9% in., a width of 23% in., and a height of 
354 in. 

In general, the petrol-paraffin engine is of similar 
design to the Diesel unit. The stroke is the same, 
namely, 4 in., but the bore is increased to 3§ in., while 
the compression ratio is 4-7 to 1. The speed range 
is from 600 r.p.m. tc 1,800 r.p.m., and, as will be seen 
from the performance curves reproduced in Fig. 3, on 

565, the maximum torque approximately is 
105-5 lb.-ft. The maximum output, as previously 
mentioned, is 32 brake horse-power. Although of the 
same general design as the Diesel engine, there are, 
of course, several points of difference. The crankshaft 
is machined from a carbon-steel forging and is supported 
in three main bearings of the whitemetal-lined steel- 
backed type. Tin-plated, cavity-type cast-iron pistons 
are used, each of which is fitted with two compression 
rings and one slotted oil-control ring. The connecting 
rods are I-section steel stampings fitted with white- 
metal-lined shell-type big-end bearings ; the little end, 
however, is clamped to the gudgeon pin, which floats in 
bronze bushes fitted to the piston. 

The valve gear is of the same design as for the Diesel 
ine, but the timing is, of course, altered, the inlet 
ive opening 5 deg. after top dead centre on the 

engine and 7} deg. before top-dead centre on 
the Diesel engine. A Solex 30-FV updraught balanced 
carburettor is fitted and works in conjunction with 
either a dry-type air cleaner or a flame trap. Pressure 
lubrication of the moving parts is employed and, as on 
the Diesel engine, the lubricating system embodies a 
gauze suction strainer in the sump and a replaceable- 
cartridge-type filter. The cooling system also is 
similar, a -type water pump delivering to the 
cylinder head and block, and the pump working in 
conjunction with a thermostat. Both hand and electric 
starters are fitted, but the electrical system operates at 
6 volts. The reverse and reduction gearboxes are the 
same as for the Diesel engine, while the length overall 
is 4 ft. 4 in., the width 214 in., and the height 35 in. 
The weight of the complete unit is 1,080 Ib. 





BRITISH STANDARD 
SPECIFICATION. 


The following es of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of the paragraph. 

Slip * ante ow pli revision of B.S. No. 888, 
covering slip (or bloc has now been published. 
It deals with the eek ty he type of pal ne which 
was first introduced by Messrs. C. E. Johansson about 
45 years ago and which has been manufactured in Great 
Britain for many years by a process developed at the 
National Physical Laboratory. The present revision 
makes provision for slip gauges of the reference grade 
of accuracy, in addition to the three original grades, 
namely, workshop, inspection, and calibration, to 
which the previous edition of the specification referred. 
The reference grade has been introduced in mse 
to a demand for gauges similar to the calibration grade 
but with sizes adjusted even more closely to the 
nominal. The specification covers also the essential 
requirements of the accessories commonly used with 
slip gauges. [Price 3s., postage included.] 
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PERSONAL. 


Str Patrick HENNESSY, formerly managing director, 
has been elected deputy chairman and managing director 
of the Ford Motor Company Limited, Dagenham, Essex, 
This appointment follows that of Sir Rowland Smith as 
chairman of the company, which was announced on 
page 534, ante. 

Mr. A. D. BAXTER, M.Eng., M.I.Mech.E., A.F.R.Av.s., 
superintendent of the Rocket Propulsion Departmen: of 
the Royal Aircraft Establishment, Westcott, has ben 
appointed to the chair of aircraft propulsion af the 
College of Aeronautics, Cranfield, Buckinghamshire. 
Mr. Baxter’s appointment will take effect from Septcm- 
ber 1. 


Mr. K. R. PLowrient, A.M.I.Mech.E., A.M.I.H.V.E., 
has resigned his position as manager, air-conditioning 
department, of Messrs. Musgrave and Company, Limited, 
and is establishing a private practice. Until arrange- 
ments are completed for premises in Croydon, communi- 
cations should be sent to his private address, 45, The 
Ridge Way, Sanderstead, Surrey. (Telephone : SANder- 
stead 3967.) 


Mr. W. E. Goopricu, M.Met. (Sheff.), F.I.M., A.M.1. 
Mech.E., has been appointed an assistant to Dr. Edwin 
Gregory in the research laboratory of Messrs. Edgar 
Allen and Company, Limited, Imperial Steel Works, 
Sheffield, 9. 


Mr. W. DovGias LORIMER, joint managing director 
of the North British Locomotive Company, Limited, has 
succeeded Mr. HAROLD WILMOT as President of the Loco- 
motive Manufacturers’ Association of Great Britain, 82, 
Victoria-street, London, S.W.1. Mr. Wilmot had served 
the Association in that office for the maximum permis- 
sible period of three years. 


Dr. L. W. Brown, B.Se., A.M.I.E.E., has been 
appointed chief engineer of the radio department of the 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, to take effect from June 1. 


Mr. F. J. WyMER, C.B.E., M.Inst.T., general assistant 
to the chief regional officer, British Railways, Southern 
Region, has been appointed assistant chief regional officer, 
Southern Region, Waterloo, London, S.E.1. 


Mr. IAIn MAXWELL STEWART, B.Sc. (Glas.), has been 
elected chairman of Messrs. Thermotank Limited, Helen- 
street, Glasgow, S.W.1, and associated companies, in 
succession to the late Sir Frederick Charles Stewart. 
Mr. Stewart joined the board of the company in 1941, on 
his return from war service, and in April, 1945, was 
appointed managing director. 

Mr. J. JoHnson SMITH, M.I.E.E., has been elected a 
director of the Electric Construction Company, Limited, 
Wolverhampton. He joined the company in 1945 as 
London manager, and will continue to occupy that 
position. 


Mr. W. F. G. SUTCLIFFE, general manager of Messrs. 
Richard Sutcliffe Limited, Universal Works, Horbury, 
Wakefield, has been appointed joint managing director 
of the company, and Mr. J. D. SUTCLIFFE has received 
the appointment of sales director. 


Mr. E. N. B. HAMMOND has been appointed engineer- 
in-charge of the Norwich transmitting station of the 
British Broadcasting Corporation, which was opened in 
1949. Mr. M. H. HALL, hitherto assistant engineer-in- 
charge at Alexandra Palace, has been appointed engineer- 
in-charge of the new television studio centre of the 
Corporation at Lime-grove, Shepherd’s Bush, London, 
W.12. 


Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have acquired 
the system of picture telegraphy previously made and 
sold by the UntT TELEPHOTO COMPANY, LIMITED, West 
Nile-street, Glasgow. Mr. E. G. O. RIDGWELL has been 
appointed packaging controller of the company. This 
is a new position on the company’s staff. 


Messrs. CRAWLEY INDUSTRIAL PRODUCTS, LIMITED, 
of which Mr. F. H. AYLING is managing director, now 
administer Messrs. H. aND E. LINTOTT, LIMITED, 
Horsham, Sussex; Messrs. OFFEN AND COMPANY, 
LIMITED, South Nutfield, Surrey; and Messrs. HOLM- 
BUSH POTTERIES, LIMITED, Faygate, Sussex. In future, 
this group will be known as AYLING ASSOCIATED INDUS- 
TRIES. In addition, the firm of MEssRsS. WILLIAM 
PINCHIN AND COMPANY, LIMITED, Frome, Somerset, is 
administered by Crawley Industrial Products, Limited. 


Following the resignation of Mr. W. A. WOOLWARD, 
the TRAVEL PRESS AND PUBLICITY CoMPANY, 41, George- 
street, Edinburgh, 2, will come under the direct control 
of the department of the chief public relations and 
publicity officer of the British Transport Commission, 
55, Broadway, London, S.W.1, as from June 1. MR. 
Tom STEEL has been appointed to take charge of Travel 
Press and of the British Transport Commission’s com- 
mercial advertising, public relations and publicity 
activities in Scotland. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Although falling somewhat below the 
level for March, last month’s output of steel ingots 
and castings, at 49,630 tons a week, was equivalent to 
2,581,000 tons per annum, and slightly exceeded produc- 
tion during April last year, when the annual equivalent 
was 2,541,200 tons. The March output was at the rate 
of 2,591,700 tons. I d blast-furnace activity dur- 
ing the past month resulted in an expansion in the annual 
rate of pig-iron production to 685,200 tons, against 
676,600 tons in March, but, even so, the total fell short of 
that of a year ago, when the output during April corre- 
sponded to 743,500 tons per annum. The decline in pig- 
iron production during recent months has been largely due 
to the blowing out of the No. 2 unit at Clyde Iron Works, 
where 511,142 tons, out of the Scottish total of 768,600 
tons, were produced in 1949. Referring to the Govern- 
ment’s Heonomic Survey for 1950, the chairman of the 
Colville group declared, in bis annual statement, that 
the company estimate their share of the national steel 
target at 1,900,000 tons. This was nearly attained last 
year, when the company’s production was 1,855,080 tons, 
and that level was reached without the benefit of the 
Clydebridge extensions, which are expected to come into 
operation later this year. Some departments were 
experiencing a shortage of orders, but it was hoped that 
with increased facilities for securing export orders, plant 
might be kept fully employed. 

Scottish Coal.—The reduced availability of supplies in 
the division during the current year, as a result of 
inferior colliery production, is clearly indicated by the 
quantities exported from local ports. During spring, a 
marked expansion in exports is traditional, but this year 
the rate of increase has been slow. Exports during April 
totalled 86,863 tons, compared with 84,049 tons during 
March. In April last year, 102,637 tons were dispatched 
overseas. Shipments for the first four months of the 
present year totalled 311,998 tons, against 350,435 tons 
during the corresponding period in 1949. Last month’s 
exports, with comparisons for a yearago, were : Denmark, 
37,772 tons (33,232 tons); Eire, 22,104 (29,039); 
Sweden, 13,877 (10,921); Holland, 7,013 (4,919); 
France, 6,078 (8,774); Spain, nil (11,910); Portugal, nil 
(2,127); Norway, nil (1,200); Switzerland, nil (515); 
and the Persian Gulf area, 19 (nil). 








NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Welsh Coal Trade.—The progress which has been 
made in recovering the export coal trade was shown in 
official returns issued last week. These revealed that, in 
the first four months of this year, foreign shipments of 
coal and coke from the principal South Wales ports 
amounted to 1,643,943 tons, against 1,231,814 tons 
during the similar period last year. The figures for the 
four weeks ended April 23 disclosed a substantial gain 
during that period, when 376,845 tons were sent to foreign 
destinations, compared with 261,508 tons in the corre- 
sponding period of 1949. Foreign trade in the steam-coal 
market has continued along firmly-established lines. A 
part cargo of 6,000 tons of anthracite was shipped at 
Swansea for Tasmania, but very few shipments are made 
to this destination. Negotiations have been proceeding 
for the June allocation to Italy. The French trade has 
continued the busiest section of the overseas market and 
substantial quantities were listed for this country, in 
which, however, shippers have still to make good some 
arrears of deliveries. A modest amount of trade was 
under negotiation for Spain and Portugal, but the 
Argentine trade was again very disappointing. The 
difficulties which have arisen on the question of payment 
for coal for the railways of that country have not yet 
been resolved, and in consequence shipments have re- 
mained almost completely in abeyance. Operators con- 
tinued to experience a keen home demand and there was, 
as yet, no indication of any easing in the requirements 
of the principal inland consumers. The railways, public 
utility undertakings, and the iron and steel industry, 
in addition to providing a ready outlet for a very large 
portion of the current output, made heavy forward 
purchases. Bunker descriptions of coal remained scarce 
and were in steady request, while cokes and patent fuels 
were in keen demand. The average weekly output of 
steel ingots and castings in South Wales during April 
was 68,320 tons, which was equivalent to an annual 
rate of 3,552,600 tons. Pig iron reached a weekly 
average of 24,030 tons in April. Busy conditions were 
maintained in the iron and stee] and allied trades. 

Swansea Steel-Sheet Industry——The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, a stronger demand for tin plates de- 
veloped in the home market and the volume of business 
transacted was on a fairly substantial scale. The export 
demand also improved. There is no relaxation in the 
call for steel sheets, while large quantities of iron and 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—New high records of steel production 
continue to be recorded at certain plants. Demand is 
not quite so strong as it was, there being a decline in 
forward buying. Judged by orders placed at the 
British Industries Fair, both in Birmingham and in 
London, there is an unwavering demand for Sheffield 
products. Manufacturers are hopeful that the decision 
not to raise steel prices, despite higher railway freights, 
will assist them in overcoming growing foreign competi- 
tion. Steelmakers are concerned about the French 
proposal to pool Europe’s steel and coal. The local 
divisional] officer of the Iron and Steel Trades Confedera- 
tion has expressed opposition to the plan to “ level out ” 
‘wages and working conditions in the steel industries of 
Britain, France, Germany and the Benelux countries. 
He stated that, so far as British operatives are concerned, 
wage rates in the Ruhr are a third less than in Sheffield, 
and cover a longer working week. Wages of French 
steelworkers, also, are lower than those current in Great 
Britain. It is understood that the executive of the 
Confederation is to discuss the whole plan. The 
2,000,0001. development scheme in the stainless-steel 
sheet and strip industry, sponsored by Messrs. Firth- 
Vickers Stainless Steels, Limited, and the United Steel 
Companies, Limited, is making headway. Two hot 
reversing mills are to be supplied by the Davy and 
United Engineering Company, Limited, Sheffield. Of 
the two cold-rolling mills, one, of the four-high reversing 
type, is being made by Messrs. W. H. A. Robertson and 
Company, Li nited. The other, of the Sendzimir cluster 
type, will come from an American firm. It will be one 
of the first to be installed in this country, and among 
the largest to be used exclusively ‘on stainless steel. The 
planv will occupy 12 acres of a 20-acre site. 

South Yorkshire Coal Trade.—The supply position is 
adversely affected by the loss of output of 10,000 tons 
in the South Yorkshire coalfield during May Day week. 
There is a strong d d for } ive hard coals, 
which are needed by the railways for the Whitsuntide 
train traffic. Industrial steam coals are keenly sought, 
and more coal generally is needed to cover export com- 
mitments at the Humber ports. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel firms in the Tees- 
side area have received quite good bookings and the 
total tonnage output continues at a high level. Producers 
are no longer favoured by a sellers’ market, but home 
customers have much of their prospective needs to cover 
and confidence in continued substantial export trans- 
actions is expressed, though Continental competition in 
overseas markets is extremely keen. There is no shortage 
of raw materials from home sources and substantial 
imports of foreign iron ore, at higher prices than ruled 
before the pound was devalued, are steadily coming to 
hand. Sellers are still able to provide large quantities 
of good iron and steel scrap, and consumers are readily 
accepting distributable tonnage, although they have 
been able to accumulate moderate stocks. Pig-iron 
supplies are barely sufficient to cover the urgent needs 
of users, and the promise of some expansion of output 
in the near future is very welcome. The decision to 
leave steel prices undisturbed, notwithstanding the rise 
in rail transport rates, is much appreciated by buyers. 
Shipbuild2rs can now quote firmly for new tounage and 
shipowners are considering the replacement of obsolete 
vessels. 

Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron have to draw nearly the whole 
of their supplies from the Midlands and have to bear 
some of the increased cost of transport. There is no 
Tees-side basic iron for the market, as the needs of the 
makers’ own consuming works absorb the whole output. 

Hematite, Low-Phosphorus and Refined Iron.—Kast- 
coast hematite is reaching regular buyers in rather 
larger quantities than of late, but even greater deliveries 
would be very acceptable. All available grades of low- 
phosphorus iron are promptly taken up. Manufacturers 
of refined iron have good bookings and are satisfactorily 
handling delivery claims. 

Manufactured Iron and Steel.—Plants providing semi- 
finished and finished iron commodities are, on the whole, 
well occupied, but they could give early attention to new 
orders for certain descriptions of material. One or two 
types of semi-finished steels are in ample supply and 
only moderate request, but there is still a ready sale for 
the substantial parcels of sheet bars and slabs which are 
available. Most finished-steel producing works continue 
to be actively engaged. The heavy mills have exten- 
sive contracts in hand and the demand for light sheets 
is much in excess of the maximum possible output. 
Railway requisites and colliery equipment continues to 





steel scrap continue to be absorbed by the steel industry. 





be in good demand. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF PRODUCTION ENGINEERS.—Coveniry 
Section: Saturday, May 20, 9.30 a.m., at Works of 
Messrs. Humber, Liniitedy Ryton-on-Dunsmore, near 
Coventry. All-Day Conference on “‘ Materials Handling.” 
Liverpool Section: Wednesday, May 24, 7.15 p.m., 
Exchange Hotel, Tithebarn-street, Liverpool. “ The 
Production Engineer: His Education and Training,” by 
Mr. T. B. Worth. Shrewsbury Sub-Section: Wednesday, 
May 31, 7.30 p.m., Walker Technical College, Oaken- 
gates, Shrewsbury. ‘“‘ Payment by Results,” by Mr. 
E. OC. Gordon England. 


INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: Monday, May 22, 7 p.m., Victoria- 
embankment, W.C.2. Annual Meeting. Films: (i) “A 
Harbour Goes to France”; (ii) ‘The Failure of the 
Tacoma Narrows Bridge”; and (iii) “ Fault-Throwing 
Tests on the 132-kV System.” Institution: Thursday, 
May 25, 5.30 p.m., Victoria-embankment, W.C.2. Annual 
Meeting (for Corporate Members and Associates only). 


INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, May 22, 7.30 p.m., The 
University, Leeds. “Some Problems in Structural 
Engineering,” by Professor R. H. Evans. South York- 
shire Branch: Thursday, May 25, 7.30 p.m., Grand 
Hotel, Sheffield. Discussion on Annual Conference. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 23, 
5.30 p.m., Great George-street, S.W.1. Annual Meeting. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
May 23, 6 p.m., Caxton Hall, Victoria-street, West- 
minster, S.W.1. ‘“‘ Drainage,” by Mr. John T. Calvert. 


RoyaL Society oF ARTS.—Wednesday, May 24, 2.30 
p.m., John Adam-street, Adelphi, W.C.2. ‘“‘ The British 
Motor Industry,” by Sir William Rootes. 


RoyaL AERONAUTICAL SocteTy.—Thursday, May 25, 
6 p.m., The Royal Institution, 21, Albemarle-street, 
W.1. 38th Wilbur Wright Lecture on “ Some Aspects 
of Expenditure on Aviation,” by Sir Richard Fairey. 


BRITISH INSTITUTION OF RADIO ENGINEERS.— London 
Section: Thursday, May 25, 6.30 p.m., London School 
of Hygiene and Tropical Medicine, Keppel-street, W.C.1. 
“ Multi-Station Very-High-Frequency Communication 
Systems Using Frequency Modulation,” by Mr. E.'G. 
Hamer and Mr. W. P. Cole. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, May 26, 
6.30 p.m., 39, Victoria-street, S.W.1. Extraordinary 
General Meeting and Film Display. ' 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Mid- 
lands Centre: Friday, May 26, 7 p.m.; Crown Inn, 
Broad-street, Birmingham. Open-Discussion Evening. 





CROMPTON PARKINSON ELECTRIC MoTors.—Mesérs. 
Crompton Parkinson, Limited, Aldwych, London, W.C.2, 
announce that they are developing a range of motors to 
meet the needs of manufacturers for equipment which 
complies with American standard specifications. These 
motors will be available for the same outputs and have 
the same dimensions as American motors of the corres* 
ponding frame sizes. The firm are also introducing 4 
range of alternating-current motors for use in this country, 
which comply with the recommendations of the Machiné 
Tool Trades Association. At the outset this range will 
be limited to totally enclosed, fan-cooled, squirrel-cage, 
foot-mounted motors with outputs from 1 to 20 h.p. 





RaILway Crvit ENGINEERING EXHIBITION.—An exhi- 
bition designed to bring the achievements of railway 
civil engineers during the past hundred years to the 
notice of other branches of the engineering profession 
and of the general public, has been organised jointly by 
the Institution of Civil Engineers and the Railway 
Executive. It is fitting that such an exhibition should 
be staged during the year of office of Mr. V. A. M. Robert- 
son, C.B.E., M.C., Chief Civil Engineer to the Southern 
Region of British Railways, as President of the Institu- 
tion. Early contemporary prints, drawings, models and 
relics will be used to illustrate the historical aspects 
of the subject, while the latest practice will be demon- 
strated by engineering drawings, photographs, models, 
and scientific appliances. The exhibition will be held 
at the Institution, Great George-street, Westminster, 
London, §.W.1, and will be divided into six main 
sections: early railways, earthworks, tunnels, bridges, 
permanent way, and stations. -Sir Eustace Missenden, 
O.B.E., Chairman of the Railway Executive, will open 
the exhibition on Tuesday, May 23, at 2.30 p.m. From 
Wednesday, May 24, to Saturday, June 3, inclusive, 
the exhibition will be open on each weekday, including 
Whit-Monday, from 10 a.m. to 6 p.m., but, on the 
Tuesdays and Thursdays, it will remain open until 





8 p.m. Admission will be free. 
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ENGINEERING, 


5 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection existe between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMp.ie Bak 3663 and 3664. 


All editorial coi mdence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 

Cheques should be crossed ‘“‘ The National Provincial | N 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United _—— and all 
places abroad, with the exception 
of Canada 4 10 
For Canada 4 5 
Subscribers receiving incomplete copies through 
its are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrap mee Co nt Se ene ane 
and in the b aa S two-colour supplement, as 
well as for insets, obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
rertioumente will be lserted with ofl practnable agu- 
a but absolute regularity cannot 

ir ice 9 for advertisements deeiiied wn under the 
are. ms Appointments Open,” “Situations 
W itn yg etc., is 8s. for the first four lines 
or under, and 2s. per line u to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the c 
If use is made of a box number extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
cdvestitenente for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL. 168. 


The Index to Vol. 168 of ENGINEERING 
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THE CENTENARY OF OLIVER 
HEAVISIDE. 
Tux Oxford English Dictionary defines genius as 
the possession of intellectual power of an exalted 
type; and of extraordinary capacity for imagina- 
tive creation, original thought, invention and dis- 
covery. If to these qualities are added idiosyn- 
cracies of personal behaviour and a reluctance to 
live in accordance with the laws, written and un- 
written, which regulate human conduct, Oliver 
Heaviside, the centenary of whose birth has been 
celebrated by the Institution of Electrical Engineers 
this week, may justly claim admission to the 
category. He had a faculty of understanding 
recondite matters without the drudgery of learning, 
and of doing things which to ordinary people seem 
inexplicable. Heaviside’s work, fully discussed in 
an excellent series of papers during the commemora- 
tion, may be considered under two main headings. 
Firstly, he simplified Maxwell’s theory of electro- 
magnetism and improved the mathematical tools for 
using it. Secondly, he investigated the phenomena 
which occur in lines or cables when used to convey 
electrical signals at high speed and thus showed 
how telegraph and telephone communication could 
be improved. He also investigated the penetration 
of magnetic flux into conductors, dealt with the 
rationalisation of units and terminology, and 
examined the possibility that gravitation and 
electromagnetism were analogous. The results of 


these investigations were published in two volumes 
of Electrical Papers and three volumes of Hlectro- 
magnetic Theory. Though sometimes obscure, the 
contents are frequently models of clear exposition ; 





bang “Aiseibutod “oy in response to such 





humour, directed at things in general and certain 
persons, especially rigid mathematicians. 

Heaviside simplified Maxwell’s laws of electro- 
magnetism by arranging them in four pairs con- 
necting physical quantities, and showing that each 
g| pair was perfectly symmetrical with regard to 
both electricity and magnetism. Three of these 
laws are merely descriptive ; the fourth, however, 
states how the changes which take place are con- 
trolled. When applied in magnetism, this law can 
be expressed either in a local-action or sum-total 
form, the latter involvirg the idea of action at a 
distance. In both these forms, moreover, ‘it is 
based on experimental evidence. On the other 
hand, when applied in electricity, experimental 
evidence is only available to support the law in 
its remote-action form. The corresponding local- 
action law is, however, deducible mathematically, 
as Heaviside was the first to point out. As a 
result of this discovery, he was able to arrange 
all the fundamental electromagnetic laws in pairs 
which were perfectly symmetrical with regard to 
both electricity and magnetism. He then developed 
a vector algebra which made Maxwell’s theory work- 
able or, as has been said, gave it the properties of 
an automatic machine. This highly important 
research was summed up in a single paper, printed 
by the Royal Society in 1892, which was, perhaps, 
the most outstanding and ambitious that he wrote. 

In dealing with the transmission of electrical 
signals over wires, the problem Heaviside set him- 
self was to discover how a pulse of electrical poten- 
tial, applied at one end of a line, could be made 
to reach the other end without setting up conditions 
which would interfere with succeeding pulses. A 
large part of his work on this subject was devoted 
to the study of the reflected waves which distorted 
the signals and thus limited the speed of trans- 
mission. Kelvin had already been faced with the 
same problem and had proposed a solution, based 
on Fourier’s theory of heat conduction, which 
while it made possible telegraphy by cable across 
the Atlantic, neglected the effect of self-induction. 
When, however, it was desired to transmit signals 
not as simple dots and dashes, but as complex. 
speech waves, this neglect could no longer be 
tolerated. In showing that self-induction, far from 
being an enemy, was a friend to long-distance tele- 
phone communication, Heaviside probably made 
his greatest contribution to electrical science. 

This theory he established both mathematically 
and physically for a large number of cases and, in sd 
doing, proved that he had not only a scientific but 
an engineering outlook, In particular, he pointed 
out that the transmitting line absorbed both elec- 
trical and magnetic energy from the .advancing 
signal wave, but did so to a different degree in the 
two cases. Reflected waves, or echoes, were there- 
fore set up, unless the inductive and resistance 
constants of the line bore a certain relationship to 
each other, and caused the signals to be attenuated. 
to an extent which would render them unintelligible. 

He realised that, to determine this relationship, 
it was not the behaviour of the complex wave,. but 
that of the wave front, that had to be considered: 
To study this behaviour he devised an unconven- 
tional form of mathematics, first to discover what 
happened to the pulse and then to deal with what did 
happen. For the first purpose he used his “‘ unit- 
function ’’ and for the second his “‘ operator,” the 
employment of which has since been so widely 
developed. It is a natural corollary of what he 
found that, while reflected waves are an obstacle in 
line communication, they can be useful in radio. In 
fact, he suggested that it was the existence of a 
reflecting medium in the upper atmosphere, now 
known as the Heaviside layer, which explained why 
radio waves followed the curve of the earth’s surface. 
The salient facts of Heaviside’s life can be 
coneisely recorded. He was born in St. Pancras, 
London, where his father was a wood engraver, on 
May 18, 1850. Wheatstone, the telegraph pioneer, 
was his uncle on his mother’s side. It was probably 
due to Wheatstone’s influence that Heaviside, 
having attended a local school and passed the 
College of Preceptors’ examination with some dis- 
tinction, entered the service of the Dansk-Norsk- 
Engelske Telegraf Selskab at the age of eighteen. 





and they are enlivened at times by an impish 


At first he was engaged on making tests to determine 
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the speed of working of the telegraph cable between 
Newcastle-on-Tyne and Fredericia, but after the 
transfer of the Danish Cable Company to the 
Northern Telegraph Company in 1870, he became 
chief operator in the former city. He published his 
first paper in the English Mechanic of July 5, 1872, 
other contributions, to the Philosophical Magazine, 
following in quick succession. He began to study 
Clerk Maxwell’s Treatise on Electricity and Magnetism 
a year later, and so initiated the investigations with 
which his name will always be associated. About 
the same time, he did a good deal of experimental 
work and was the first to operate a practical duplex 
system, between Newcastle and Sunderland. 

He left the service of the Northern Telegraph 
Company in 1874 and moved to London, where he 
continued his mathematical and experimental work, 
the results being submitted to many scientific 
journals with varying success. The next twelve 
years were the most productive of his career. By 
the time he moved to Paignton, in 1889, his main 
research work had been accomplished. He subse- 
quently lived in retirement at Newton Abbot and 
Torquay, where he died on February 4, 1925. 

This ‘‘ round unvarnished tale,”’ which states the 
basic facts of Heaviside’s career, has, in course of 
time, received a number of accretions from which 
two principal legends have sprung. The first of these 
is the poverty legend, which presents a by no means 
distortionless picture of a neglected genius, living 
alone in penury and discomfort. That Heaviside 
was not rich by almost any standard may be 
admitted. It must equally be admitted that the 
conditions under which he lived were comfortable, 
compared with those that many in the same walk 
of life endure at the present time. He was, for 
example, able to indulge in his taste for overheated 
rooms without straining his resources. It is an 
exaggeratior, therefore, to say that his way of life 
made a pathetic background to his mental activity. 
It was probably the life which suited him best, 
and his contemporaries’ should not be criticised 
therefore, for not forming themselves into rescue 
parties.- ; 

The second legend is based on the assumption 
that the living Heaviside did not receive due recog- 
nition for his work. An examination of the facts 
shows that this has even less justification than the 
other. He was elected an associate member of the 
Society of Telegraph Engineers (now the Institution 
of Electrica] Engineers) in 1874; and was elected 
to the Council two years later, at the early age of 26. 
Few would, or could, attain that honour so early 
at the present time. He became a Fellow of the 
Royal Society in 1891 and was awarded a Civil 
List Pension of 1201. in 1896, which was increased 
to 2001.in 1913. While this may have demonstrated 
his poverty, it also showed that his attainments 
were appreciated in official circles. He was given 
the honorary degree of Doctor of Philosophy by 
the University of Géttingen in 1905 and became an 
honorary member of the Institution of Electrical 
Engineers in 1908. Ten years later, the American 
Institute of Electrical Engineers accorded him 4 
similar honour. In 1921 he was the first recipient 
of the Faraday Medal. His ideas with regard to the 
place of self-induction in electrical communication 
were developed practically by Pupin as early as 
1899, a much shorter interval than that which 
elapsed between Faraday’s discovery of electro- 
magnetic induction and its industrial employment. 

It is true that the majority of these honours were 
not bestowed until Heaviside had reached late 
middle age. Belated recognition of genius is not, 
however, unusual ; and recognition during life time 
is frequently even less common. Kelvin realised 
that Heaviside’s theory of cable signalling was 
more complete than his own. Lorentz approved 
his work, as did Hertz, Fitzgerald, Silvanus Thomp- 
son and others of like calibre. It is more surprising 
that his work was so soon appreciated, considering its 
revolutionary character and complicated nature, 
than that it was neglected. That he himself was 
deficient in the arts of showmanship and prone to 
indulge in biting criticism of those who did not agree 
with him can only add to that surprise. It is, 
however, by his deeds rather than his oddities that 
a man should be judged, and there is no doubt that 
electrical] science is’ Heaviside’s debtor. 





ASSESSMENT OF RATES ON 
A PROFITS BASIS. 


THE case of Amalgamated Relays, Limited v. 
Burnley Rating Authorities (1950), 66 T.L.R. 210, 
which came before the Divisional Court on January 
12, involved the decision of an important question 
in relation to the rating of property. Attention is 
drawn to it, firstly, because it is the kind of case 
that is not usually reported in the daily Press; 
and secondly, because, unless properly understood, 
it may encourage attempts to increase the rates 
now demanded in respect of many businesses. Nor- 
mally, rateable value is a sum estimated to represent 
the rent at which a hereditament (a word which may 
include much else besides a mere building) might 
reasonably be expected to let from year to year, 
free of tithe and all usual tenant’s rates and taxes, 
and deducting therefrom the probable average 
annual cost of repairs, etc., necessary to maintain 
the hereditament in a state to command the rent. 
In other words, the calculation is based upon the 
rent which a hypothetical tenant would be pre- 
pared to pay. In the case of an ordinary house, to 
assess the rateable value is a simple matter ; but 
when a trade or business is carried on upon the 
premises the matter becomes more complicated. It 
is well recognised, however, that, where the trade 
could be equally well carried on upon some other 
hereditament of the same class, there is no need to 
inquire into the profit made. That the question 
whether the “‘ profit basis ’’ ought to be adopted or 
not is a question of fact to be decided by the rating 
authority is made plain the above case. 

The facts of the matter are remarkable. A 
company carried on the business of. receiving, at 
a central station, programmes broadcast by the 
British Broadcasting Corporation and relaying them 
over a system of wires at a weekly charge to private 
subscribers, the wires being carried to the subscribers’ 
premises from several stations by means of poles or 
brackets attached to the walls or chimneys of 
buildings. The company had some 10,000 sub- 
scribers at ls. 3d. a week and some 2,500 at Is. a 
week. In March, 1948, the Burnley rating author- 
ity proposed to increase the rateable value from 
9241. to 6,0001. The assessment committee accepted 
the contentions of the rating authority, holding 
that the method of assessment commonly known 
as the “ profits basis” was correct. On appeal to 
the Recorder of Burnley, it was admitted that the 
wires for relay were rateable, and that, on the 
profits basis, 6,0001. was the correct figure. It was 
also admitted that, if the correct method of assess- 
ment was that known as the “ contractor’s basis,” 
40,0001. would be a correct figure of capital values 
on which to take 5 per cent. a year for the purpose 
of arriving at the rateable value. On this basis, 
the rateable value would be 2,000]. a year. The 
Recorder justified his adoption of the profits basis 
by saying: “‘I have come to the conclusion that 
wires hung and utilised, as in this case, are, while 
a species of the genus hereditament, in a very 
special category of their own, and must be treated 
with a somewhat different approach from the 
methods one would apply in the case of what 
I have termed ‘ the normal type of hereditament ’.” 
On appeal to the Divisional Court (Lord Goddard, 
C.J., Lynskey, J., and Sellers, J.), this decision was 
approved. It was held that, as either the ‘‘ contrac- 
tor’s basis,” or the “ profits basis ” could be applied 
to the case, it was a question of fact for Quarter 
Sessions which ought to be applied. It was pointed 
out that the Recorder had made no error in law in 
deciding that the profits which the undertaking 
earned were the best test of the rent which a 
hypothetical tenant would be prepared to pay for the 
wires, and therefore of their rateable value. It 
may well be that this decision is correct—though 
the ratepayer was given leave to appeal. 

That there are certain classes of property which 
can only be assessed on such a basis is obvious. In 
his judgment, the Lord Chief Justice pointed out 
(in effect) that the “‘ profits basis ” must be adopted 
unless the “hereditament” is of such a nature 
that there are others with which it can be compared. 
He said: “‘ There is nothing from what is obtained 
from comparable hereditaments to show what a 








tenant would be likely to pay... . It is, no doubt, 
legitimate to adopt the contractor’s method, which 
is to take the cost of the building of the hereditament 
and the value of the land on which it is built, 
and to take a percentage as the return which a «on. 
tractor would probably be content with—four or 
five per cent. . . . It may be, as it turned. ont in 
this case, unfortinate for the ratepayer that the 
method which the Court has taken, as the most 
likely to yield a true rent, works against him. On 
the other hand, it might well be in another case, 
where the tenant was making a very small profit, 
that the contractor’s method might work out very 
much against the ratepayer.” 

Normally, the profits basis is only adopted where 
the hereditament is in the nature of a public under- 
taking. In the case of Kingston Assessment (om- 
mittee v. Metropolitan Water Board (1946), 42 T.J..R. 
275, it was laid down by the House of Lords that, 
where a public undertaking is in rateable occupation 
of hereditament in several parishes, forming parts of 
one organic whole, the proper basis of assessment is, 
in the absence of special circumstances, to ascertain 
the rateable value of the entire undertaking on the 
basis of the revenue account and to apportion it, 
not to take a percentage on the capital value. ‘Thus 
the ‘ profits basis” has’ been applied to various 
kinds of public utility undertakings, including raii- 
ways, electricity companies and water works, the 
Courts finding adequate reasons for applying this 
basis to those cases. 

In the case under review, there was no dispute 
as to the figure of 6,0001., assuming that the profits 
basis was correct; but, if “ profits”’ are to be a 
criterion in assessing a rateable value, how are they 
to be arrived at? In this connection, we may refer 
to another recent case—Surrey County Valuation 
C ittee v. Chessington Zoo Limited (1950), 66 
T.L.R. 201, where a Divisional Court had also found 
that the question ‘“‘ What basis ?” is one of fact. It 
was there held that, in assessing a mansion and its 
grounds, which were run as a zoo and amusement 
park, Quarter Sessions were entitled to adopt the 
profits basis, which resulted in an increase of the 
rateable value from 6331. to 5,5071. Here, again, it 
was found that there was rio other rateable property 
which could be compared with what was, in effect, a 
zoo. The “ profits ” were assessed on the basis of an 
average of five years, from 1947 to 1952. One of the 
judges (Mr. Justice Cassels), however, dissented. 
He said: With rates at 15s. 6d. in the £, these 
figures are startling .... Until it is unlawful 
for trade to make profits, all cases in which the 
profits basis is taken for assessment for local rates 
should be examined with some care, lest injustice, 
hardship and great inequality should result. If 
rating authorities, whoever they may be, propose 
to rate according to a calculation based on trading 
profits, and thus enable the rate collector to get 
his clutching hands into the till, so to speak, it 
may be that one day they will have to take into 
consideration not the profits of the business but 
the losses, and, although there may still remain a 
beneficial occupation to be rated, the local com- 
munity, having enjoyed the advantage of the success 
of the venture, will be called upon to share the dis- 
advantages of the failure.. A ratepayer in occupa- 
tion of refreshment rooms at a railway station has 
been held to be entitled to bring forward his account 
books to show a loss in order to obtain a reduction 
of his rate: see Clark v. Fisherton Overseers (1880), 
6 Q.B.D. 139.” 

It is obvious, of course, that, in both the cases 
above referred to, the business carried on was of 
a peculiar character; but in these days there is 
many @ business of which it might be said that it is 
sui generis, and ‘that it should be rated on profits. 
Such an assesssment may involve a very considerable 
increase. In the broadcasting case, the rates were 
nearly multiplied by five; in the zoo case, nearly 
by ten. Nor is it to be f that “rateable 
value ” is something to which the Inland Revenue 
Commissioners have regard when assessing 10 
income tax under Schedule A. To protect him- 
self against assessment on profits, 4 ratepayer 
ought to be able to show that there is nothing 50 
peculiar about his business that it could not be 
made the subject of a “letting” to one or other 
of a crowd of “ hypothetical tenants.” 
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NOTES. 


Tuer Roya AERONAUTICAL Society. 


Tue annual garden party of the Royal Aero- 
nautical Society was held on Sunday, May 14, at 
White Waltham aerodrome, near Maidenhead. The 
Society were fortunate in having excellent weather, 
though the wind was too gusty for the flying of 
the rebuilt 1909 Blériot monoplane and the 1910 
Deperdussin monoplane, both of which were able 
to fly last year. A Blackburn monoplane, built in 
1912 and fitted with a 50-h.p. Gnome engine, made 
a successful flight. As in last year’s display, the 
interest was centred mainly in light aircraft and in 
historical machines; this year there were some 
interesting exhibits from France. A flight of the 
Stampe squadron of the French Armée de Il’Air, 
led by Commandant Perrier, gave a masterly display 
of aerobatics in close formation in Norde Stampe 
8.V. 40 biplanes, built by the Société Nationale de 
Constructions Aéronautiques du Nord. Two air- 
craft which aroused particular interest were the 
Fouga Cyclone R.13, a French single-seat light 
aeroplane, of 1,152 Ib. all-up weight, fitted with a 
Turbomeca Piméné jet engine and having a maxi- 
mum speed of 162 m.p.h.; and the Hurel-Dubois 
H.D.10 high-wing research monoplane, which was 
built in France in 1949, and has a braced wing 
of extremely long and narrow plan form. This 
machine weighs 1,056 Ib. and is fitted with a 
Praga D. 70-h.p. engine; its speed is about 135 
m.p.h. Other interesting aircraft taking part in 
the flying display included the Zaunkoenig, an 
experimental parasol-wing monoplane with a fully 
slotted and flapped wing, built in Germany in 
1942; the last of the Hawker Hurricane fighters to 
be built ; an Auster Autocrat aircraft fitted with a 
Goodyear cross-wind undercarriage ; and the West- 
land Sikorski 8.51 helicopter. Among the aircraft 
on view which did not take part in the flying were 
a ‘‘Hoppicopter,”’ built by Hoppi-Copters Limited, 
of Bournemouth; this is an experimental light 
helicopter for personal use, based on an American 
prototype. It weighs about 360 Ib. and is fitted 
with a 40-h.p. Triumph engine. There was also 
a Focke-Achgelis helicopter kite, built in Germany 
in 1945 for use by German U-boats as an obser- 
vation post; and a Messerschmitt 163 rocket- 
propelled aircraft, built in Germany in 1945. There 
was a display of scale model aircraft and instru- 
ments in one of the hangars. As in last year’s party, 
the final item in the programme was a balloon 
ascent by M. Charles Dollfus, of Paris. M. Dollfus’s 
hydrogen balloon has a capacity of 24,000 cub. ft. 
and weighs about 500 Ib.; he took with him three 
passengers, Mrs. Laurence Pritchard, the wife of 
the Society’s secretary, Mr. Peter Masefield, Chief 
Executive of British European Airways Corporation, 
and Mr. Charles E. Brown, a well-known aero- 
nautical photographer; the balloon landed safely 
near Reading after about 40 minutes flight. 

Tue Canet Memoriat LECTURE. 

The Gustave Canet Memorial Lecture, which is 
delivered in every fourth year to the Junior Institu- 
tion of Engineers, was established in 1909 by the 
family of that eminent French engineer and artil- 
lerist to commemorate his presidency of the Insti- 
tution in 1907-08, his death having occurred on 
October 7, 1908, towards the close of his term of 
office. The first lecture was delivered on June 30, 
1909 (the anniversary of the foundation of the 
Institution in 1884) by the late Lieutenant (after- 
wards Sir) A. Trevor Dawson, R.N., the subject 
being “‘The Engineering of Ordnance”; but the 
exigencies of the recent war interrupted the regular 
sequence of the lectures, so that the discourse 
presented on Friday last, May 12, by Mr. Geoffrey 
Kennedy, M.A., a grandson of the Institution’s 
second President, Sir Alexander B. W. Kennedy, on 
“Hydro-Electric Developmert,” was the tenth 
instead of the eleventh. The meeting was held in 
the hall of the Royal Society of Arts, the chair 
being taken by the President, Mr. A. Roebuck. 
Mr. Kennedy approached his subject from a some- 
what unusual angle, by describing the course of 
events, and the work involved, in preparing a hydro- 
electric development scheme. He illustrated his 
remarks by reference to a number of important pro- 


jects recently undertaken, mainly in Africa, but 
touched also upon current developmerits in the 
United States, Sweden and elsewhere. The first 
essential, he explained, was to assess the approxi- 
mate output required and practicable, as a basis for 
estimating the probable capital expenditure and the 
resultant cost of the current generated; many 
schemes, he observed, which would have been, uneco- 
nomic some years ago could now be justified because 
of the increaged cost of thermal generating stations. 
In preparing a scheme, the first requirement was an 
accurate survey of the catchment area and the 
river valley, but in many cases there were no 
accurate maps. In such circumstances, aerial 
photography was of great assistance, and it was 
now possible, by such means, to plot contours on 
large-scale maps at intervals as close as 5 ft., with 
considerable accuracy. To estimate the power avail- 
able, mean-discharge curves were prepared, and it 
was normally necessary to balance the cost of large 
storage capacity against the cost of the energy 
produced. The sites of proposed dams had to be 
tested by trial borings, though recent developments 
had made it possible to ascertain, by seismic means, 
the depth of soil overlying the bed rock. When a 
site for a dam was chosen, the levels had to be 
plotted over a considerable surrounding area, to 
decide the final alignment of the dam that would 
result in the lowest construction cost. The type 
of turbine had then to be decided, the impulse type 
being used for heads between 1,400 and 5,000 ft., 
the Francis type for heads between 100 and 1,400 ft., 
the propeller turbine for heads between 10 and 
100 ft., and the Kaplan adjustable-pitch propeller 


for heads between 10 and 180 ft. The setting of |' 


the turbines had an important bearing on the 


eventual cost of the station. For heads exceeding |, 


360 ft., the spiral casing was normally of cast steel ; 


between 350 ft. and 110 ft., of either cast steel or | 


steel plate; from 110 ft. down to about 38 ft., 
either steel plate or concrete; and, below 38 ft., 
normally of concrete. Hydro-electric development 
on a world scale, said Mr. Kennedy in conclusion, 
was still in its infancy, hundreds of rivers still 
remaining to be harnessed. After proposing a 
vote of thanks to the lecturer, which was carried by 
acclamation, the President presented him with the 
Gustave Canet Medal and also with the certificate 
of his election as a vice-president of the Institution, 
which Mr. Kennedy suitably acknowledged. 

Rh 


Tur Mavupstay Soctery. 


The annual general meeting of the Maudslay 
Society was held at the Waldorf Hotel, London, 
W.C.2, on Friday, May 12. The chair was taken 
by the President, Colonel C. F. Hitchins, D.S.O., 
M.I.Mech.E., who marked the approaching conclu- 
sion of his term of office by presenting to the Society 
a handsome President’s badge, in silver gilt and 
enamel, to be worn by succeeding Presidents. The 
annual report showed an increase of about 30 per 
cent. in the membership, and, at the luncheon 
which preceded the’ meeting, the President was 
able to announce that the increase was continuing 
at an accelerated rate in the present year. The 
balance in hand at March 31, 1950, was 4501. 168. 9d. 
and the funds available at the same date to the 
Henry Maudslay Scholarship Foundation were 
2161. 5s. 1d.; it had been decided, therefore, as 
we recorded on page 539, ante, to increase the 
amount of the 1950 Scholarship to 1251. The capital 
fund of the Scholarship Foundation, which is held 
by the Charity Commissioners, was 4,787]. 14s. 7d. 
at March 31. The report included a portrait and 
biography of Mr. Cyril C. Maudslay, M.A., vice- 
president of the Society and a great-grandson of 
Henry Maudslay, who founded the Maudslay Motor 
Company and is now chairman and a managing 
director of Birmid Industries, Limited. Among 
some general notes, appended to the report, was one 
from a member, stating that the late Rt. Hon. John 
Burns, P.C., M.P., was an ex-employee of Maudslay, 
Sons and Field. Some years ago, however, we 
had it on the authority of Mr. Burns himself that 
this legend, widely believed, was incorrect ; it was 
his father, Alexander Burns, who was employed at 
the Lambeth. Works. John Burns’s association 





with Lambeth engineering was with Messrs. Peter 
Brotherhood, Limited, then in Belvedere-road. 


LETTERS TO THE} EDITOR. 


CENTENARY OF JOHN FOWLER 
AND COMPANY (LEEDS) LIMITED. 


To THe Epiror oF ENGINEERING. 


Sir,—The article in Enornerrtnc of May 5, 
on page 516, ante, dealing with the centenary of the 
above firm, mentions locomotives built by them for 
the Great Northern Railway to the designs of Mr. 
Sturrock. The firm also built a number of loco- 
motives for the Great Northern, at a later date 
than this, to the designs of Patrick Stirling, namely, 
Nos. 474 to 478, in 1867, and Nos. 479 to 483, in 
1868. These were the railway company’s numbers, 
the corresponding builder’s numbers being 871 to 
875 and 876 to 880. These were six-coupled goods 
engines, and had the usual Stirling rounded cab with 
circular side windows. They appear to have been 
the last locomotives built by John Fowler for the 
Great Northern. 

I believe that the firm also built a few engines of a 
similar design for the Hull and Barnsley Railway 
about 1893, to the designs of Matthew Stirling (the 
son of Patrick Stirling), but it is a curious fact 
I have never been able to obtain confirmation of 
this. None the less, as an old Hull and Barnsley 
Railway man myself, I distinctly recollect seeing, 
during 1908, a Hull and Barnsley Railway 0-6-0 
goods engine bearing a brass plate with the name 
John Fowler and a date, either 1891 or 1893, at the 
head of a goods train outside Springhead, Hull. 

Yours faithfully, 
Norman Duncan. 
98, Albemarle-road, 
York. 
May 6, 1950. 





HYDRO-ELECTRIC DEVELOPMENTS 
IN NORTH WALES. 


To THE Eprror oF ENGINEERING. 


Srr,—With reference to your paragraph on 
“‘Hydro-Electric Developments in North Wales,” 
on page 477, ante, I should like to make the following 
points. Firstly, the opponents of the schemes 
have never supposed that any great acreage was to 
be flooded. Our withers, accordingly, are unwrung 
when the British Electricity Authority go on 
repeating their assurances that only three square 
miles are to be flooded. We do not, however, 
entirely agree as to the value of those three square 
miles. 

Secondly, ‘‘ a place for everything and everything 
in its place,” A new thermal station, comparable 
in majesty to that at Battersea, might well prove 
to be not an eyesore, but an adornment, if it were 
sited at Connah’s Quay or on or near the Wrexham 
coalfield. But. not Sir Christopher Wren himeelf 
could have so designed all the power stations, pipe- 
lines, dams, reservoirs, leats, roads, pipes, poles and 
pylons that are proposed for the magical valley 
from Penygwryd to Aberglaslyn, without spoiling 
its natural beauty and charm. It is not that an 
engineer cannot design a power station; it is the 
multiplicity of these engineering feats in this 
particular site that rouses the wrath of the “ protec- 
tionists.”” Not merely are five power stations 
proposed for this short valley, each some 100 ft. 
long and 70 ft. high, and each with its attendant 
pipelines down the mountain side, but, in the 
Snowdon scheme alone, there would be 13 miles of 
tunnels and 11 miles of leats. The spoil from these 
will be very considerable and not easily grassed 
over, because the material excavated will be some 
of the hardest rock in the world, and at high level. 
The quarry tips of North Wales remain an eyesore 
long after tipping ceases. In addition, contractors’ 
roads will have to be driven to take the machinery 
and material wherever there is a dam, leat or tunnel. 

Thirdly, to bring the power on high-tension 
cables in a circuit round the coast and then back 
over the bleak country behind the Devil’s Bridge, 
and to site the stepping-down stations at the foot 
of the valleys instead of at their heads, will cause 
far less damage to the scenery than to generate the 





power in the centre of the mountain complex. 
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Fourthly, it is constantly said that North Wales 
is not self-supporting in electricity. True. But 
why should it be ? Is Liverpool, or is Manchester, 
self-supporting in water? North Wales makes its 
contribution to the life of the nation in other 
thirgs, e.g., water, sheep, slate and granite, and by 
the tourist industry. Moreover, the major part of 
the electricity consumed in North Wales is con- 
sumed on the industrial fringe: of Wrexham and 
Shotton. If the nationalistic argument is to be 
introduced, the engineers might tell us how much 
electricity South Wales exports. 

Finally, it was not proved to the satisfaction of 
the protectionists either that water power would give 
the farmer electricity more quickly than steam power 
or that it would produce it more cheaply. The 
Gelloway schemes, by comparison, were simple 
and direct, and involved little tunnelling and few 
leats. It would appear that the North Wales 
schemes will both take a long time to execute and, 
kilowatt for kilowatt, will be far more expensive in 
capital outlay. 

Yours truly, 
C. S. CHAPMAN. 
Hillgrove School, 
Bangor, Carnarvonshire. 
May 8, 1950. 





MAXIMUM BENDING MOMENT DUE 
TO CONCENTRATED ROLLING 
LOADS. 


To THe Eprror oF ENGINEERING. 


Sir,—In most text-books on theory of structures 
it is proved that, when a simply-supported beam is 
crossed by a train of concentrated loads, the maxi- 
mum bending moment under a given load occurs 
when the centre of the beam is midway between 
that load and the centre of gravity of all the loads. 
It is, however, rarely worth while to waste time by 
applying this theorem ; it is shown below that the 
maximum bending moment at any point can never 
exceed the maximum bending moment at the centre 
by more than 12} per cent., and the discrepancy is 
usually much less. When the effect of dead load 
is included, and when the train of loads is arbitrary 
and does not represent exactly the loading to which 
the beam will be subjected, the discrepancy is nearly 
always negligible, and, for practical purposes, the 
maximum bending moment at the centre, which is 
quickly found with the help of the influence line, 
can be used for design. 

Consider two loads W and n W, distant a apart, 
crossing a simply-supported beam A B of span L. 
Let n be greater than, or equal to, 1. Then G, the 


centre of gravity of the two loads, is distant : < 
na 


from the larger load and eer from the smaller. 
In Fig. 1 the loads are placed so that the bending 
moment under n W is a maximum; i.e., n W and 


G are equidistant from the centre C of the beam. 
Then the bending moment at X, under the load n W, 


wh 2a a* 
= Mmax. = [| {r+n-38 a an}: a 


For Mcmax., the maximum bending moment at C 
which occurs when the load n W is at C, we have to 
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consider two cases : 
(i) a<Z; both loads are on the beam when 
n W is at the centre ; and 
(ii) a> =; when nW is at C and W is not on 
the beam. 


—_— e ° ° na a 
It is impossible to draw Fig. 1 if er a casa 


is greater than a3 i.e., : must always be greater 


1 
than = 
l+n 


In case (i), Fig. 2. 
Mo max. -“*( +n-3*) : 
Mmax. — MCmax. _ 1 


Mo max. a + mala +22 ~ a} 
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Since n> 1, this is a maximum when ~ is a 
minimum, i.e., when L = 2a. 

In case (ii), 

1+2n 

l+n 
Mcmax. = inWL. 

Mam, — Mowe, .(, _ 3) 2 

Mo max n 1+nL?° 


L 
<- <4. 
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L (5) 


sat , a ec ; 
This is a maximum when z is a minimum, i.e., 


when L = 2a, as before. 
In Fig. 3, expressions (3) and (5) are plotted 


against = for n=1, 1-5, 2 and 3. It is seen that 


both expressions have the same maximum value, 
0-125, when L = 2a and n = 1. 

A general investigation with three or more loads 
would be complicated and is hardly necessary. 
With three equal loads, equally spaced, the centre 
of gravity of all the loads coincides with the middle 
load, and Mmax. and Mcmax. are the same. With 
four equal loads, equally spaced at distance a apart, 
the greatest value of the excess of Mmary. over 
Memax. i8 about 3 per cent. 

In conclusion, it appears that it may safely be 
assumed that the maximum bending moment in a 
simply-supported beam due to a train of concen- 
trated loads occurs at the centre, except when there 
are only two loads, of about the same value, of 
which the distance apart is about half the span. 
If the distance apart is more than half the span, 
Fig. 3 shows that the theorem quoted at the begin- 
ning of this letter may be untrue ; that is to say, 
the so-called Mmax may be less than the maximum 
bending moment at the centre. 

Yours faithfully, 
R. J. Cornisn, 
Head of Department. 
Department of Municipal Engineering, 
College of Technology, 
Manchester, 1. 
April 25, 1950. 





WOODWORKING MACHINE TooIs.—The Ministry of 
Supply have released woodworking machine tools from 
price controls, except tools ordered before May 16. 
Copies of the Control of Machine Tools (No. 17) (Termina- 
tion) Order, 1950, can be obtained from H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1d.]} 
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“ENGINEERING” 


THE ROYAL SOCIETY’S 
CONVERSAZIONE. 


THE annual conversazione of the Royal Society 
was held at Burlington House, London, W.1, on 
Thursday, May 11, the Fellows and guests being 
received by the President, Sir Robert Robinson, 
O.M. As usual, a number of exhibits covering a 
wide range of activities were on view, but on this 
occasion those of a biological and chemical character 
predominated over the physical exhibits ; engineer- 
ing was hardly represented. During theevening a 
film entitled ‘‘ Substitution of the Nucleus of an 
Amoeba,” was shown. This had been photo- 
graphed by Dr. Pierre de Fonbrune in collaboration 
wth Dr. Comandon at the Institut Pasteur at 
Garches, and was lent by the Institut Frangais du 
Royaume Uni. To engineers, its chief attraction 
was that it demonstrated the use of Dr. de Fon- 
brune’s micro-manipulator in moving a nucleus 
from one amoba and grafting it into another, 
the linear movement of the nucleus being only 
1,200th of that imparted to the controls by the 
operator. A description of this instrument, as well 
as of the microforge for making the needles used in 
the experiments, was given on page 187, ante. 

The Metallurgy Division of the National Physical 
Laboratory exhibited specimens of pure iron and 
pure iron alloys in the form of 25-Ib. cast ingots, 
which had been subsequently rolled to § in. diameter 
bars. The individual impurities in the iron ranged 
from 0-0008 to 0-006 per cent., and the total 
impurities from 0-024 to 0-034 per cent. Examples 
of differences in the form of fracture, depending 
on the purity of the metal, the temperature of 
the test and the shape of the test-piece were illus- 
trated, as was the extreme ductility at room tem- 
perature of pure iron under both plain tensile and 
notched-bar impact tests. At lower temperatures, 
about — 15 deg. C., cleavage brittleness takes place 
and in the notched-bar test the transition from 
ductility to brittleness occurs over a very small 
temperature range (1 to 2 deg. C.). This transition 
may be markedly affected by the presence of alloying 
elements in the iron. It is, for instance, raised 
considerably by the addition of as little as 0-01 per 
cent. of carbon, while the addition of both carbon 
and manganese may lower it to — 65 deg. C. 

Metallurgy was also represented by a display of 
some of the latest types of permanent magnets, 
which was arranged by the Permanent Magnet 
Association, Sheffield. These magnets were grouped 
according to their applications for thermostats, 
measuring instruments, broadcasting, recording and 
television. Current research work was illustrated 
by a selection of magnets made from the new 
Alcomax alloys. These have a columnar crystal 
formation along a preferred axis and give high 
magnetic energy values when tested along this axis. 
Sections were shown to illustrate the striking 
difference in crystal grain formation between these 
magnets and those having a random crystal grain 
structure. 

How a high-speed electronic camera can be used 
to study the birth and growth of explosive reactions 
occurring in 10-* to 10-® second was demonstrated 
by Dr. F. P. Bowden and Dr. J. 8. Courtney-Pratt, 
of the Department of Physical Chemistry, Cam- 
bridge. Recent studies of liquid and solid explo- 
sives have shown that the origin of an explosion is 
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essentially thermal, proceeding as a slow burning 
for the first few microseconds and then being 
suddenly transformed into detonation. To study 
these phenomena, an image converter tube is used 
to take photographs of the same general form as 
those obtained from drum cameras. 

An elastometer, in which the material to be tested 
is firmly secured by its upper end to a rigid frame 
and by its lower end to a platform supporting two 
identical blade-and-bob pendulums was exhibited 
by M.le Rolland, Director of Research, Institut 
Supérieur de Matériaux et de la Construction 
Mécanique. One of the pendulums being at rest, 
the other is raised above its equilibrium position 
and then released. If the test piece were quite 
rigid the first pendulum would remain at rest. As, 
however, this is never the case, the inertia reaction, 
due to the motion of the swinging pendulum, slightly 
deforms the test piece, so that the stationary 
pendulum begins to operate. At the same time, the 
amplitude of oscillation of the initially moving 
pendulum decreases until it comes to rest. The 
more rigid the test piece the slower will be the 
transmission from one pendulum to the other. In 
fact, calculations and experiments show that the 
beating time (the time between two consecutive 
stops of either pendulum) is proportional to the 
coefficient of rigidity and hence also to the modulus 
of elasticity of the material under test. 

Dr. L. Essen, of the National Physical Laboratory, 
showed how the velocity of electromagnetic waves 
can be determined by measuring their wavelengths 
in a cavity resonator. A source and detector of 
electrical oscillations are coupled to a cylindrical 
cavity, the length of which can be altered by a 
piston. This length is set to give successive condi- 
tions of resonance in the H,,n modes. The wave- 
length for these modes is thereby determined and 
this, together with the diameter of the cavity and 
the frequency of the oscillations, enables the free- 
space velocity to be calculated. The result confirms 
the value of 299,792 km. per second previously 
obtained. 

The effect of temperature on fluorescent lamps 
was demonstrated by Mr. E. E. Miles of the General 
Electric Company’s Research Laboratories, Wem- 
bley. These lamps give their optimum luminous 
efficiency at an ambient air temperature of about 
20 deg. C., corresponding to a bulb wall temperature 
of about 45 deg. C. At temperatures of about 
0 deg. C., however, the mercury-vapour pressure, 
and with it the light output, is materially reduced. 
At still lower temperatures the mercury spectrum 
disappears and is replaced by that of the rare gas 
filling. Under these conditions, practically no 
fluorescent light is emitted. If the gas filling is 
argon, the final colour is purplish-white, while if 
neon is used, the characteristic red colour of that 
gas is obtained. Messrs. J. N. Bowtell, H. G. 
Jenkins and A. H. McKeag, of the same organisation, 
demonstrated some new phosphors, which are of 
practical importance in the manufacture of fluores- 
cent lamps. These are of alkaline earth halo- 
phosphate composition, #re activated by —e 
and manganese, and are responsive to 2,537 
radiation. They also possess a high luminous 
efficiency and enable a white light suitable for 
general purposes to be obtained from one material, 

The exhibit of Messrs. W. D. Chesterman, R. P. 
Coghlan, J. B. Collins and J. H. Hodges, of the 
Royal Naval Scientific Service, showed how cinema- 
tograph films can be taken by a “frogman” at 
depths down to 150 ft. Although the apparatus has 
been used mainly for studying sea-bed vegetation 
and the movements of fish and marine life, it has 
been employed also for investigating cavitation, and 
a high-speed film illustrating its application for this 
purpose was exhibited. An adaptation of aero- 
nautics to zoology was illustrated by Mr. P. S8..B. 
Digby, of the Department of Zoology and Compara- 
tive Anatomy, Oxford. This consisted of a wind 
tunnel in which insects can be mounted in the air 
stream singly or confined in groups in a chamber, 
the temperature, humidity, radiant heat and light 
in which can be varied independently. The varia- 
tion in body temperature can be measured by @ 
thermocouple mounted on the insect and the varia- 
tion in the rate of wing beat can be determined 
by a stroboscope. 





THE IRON AND STEEL 
INSTITUTE. 
(Concluded from page 543.) 


THREE papers were discussed at the morning 
session of the second day of the annual general 
meeting of the Iron and Steel Institute, in London, 
on Wednesday and Thursday, April 26 and 27. 


INFLUENCE OF CERTAIN ELEMENTS ON MICcRO- 
STRUCTURE OF IRON ALLOys. 


The first paper considered on Thursday morning 
was by Mr. W. J. Williams, of the British Cast Iron 
Research Association, and dealt with ‘‘ The Influence 
of Low Percentages of Certain Elements on the 
Microstructure of Pure Iron-Carbon Alloys and 
Cast Irons.” In presenting it the author stated 
that he had studied the influence of small percentages 
of sulphur, oxygen, silicon and manganese on the 
microstructure of pure iron-carbon alloys. The 
results had prompted further experiments, on the 
influence of aluminium and oxygen additions to 
cast iron. Aluminium additions modified the 
form of the manganese-sulphide inclusions in cast 
irons and in pure iron-carbon-manganese-sulphur 
alloys. Vacuum melting and inoculation with 
ferro-silicon produced a similar effect. The diminish- 
ing effect of inoculation with respect to time had 
been found to be related to a change in the form of 
the manganese-sulphide inclusions. Superheating 
influenced the form of the manganese sulphide 
inclusions and the chilling properties of cast iron. 
As a result of experiments on the synthetic produc- 
tion of cast iron from pure materials, it had been 
concluded that (a) sulphur and oxygen had similar 
effects on the mechanism of solidification of pure 
iron-carbon alloys ; (b) the effects of inoculation and 
superheating were probably caused by oxygen; 
and (c) oxygen in cast irons influenced the form of 
the manganese-sulphide inclusions. 

The discussion was opened by Mr. M. M. Hallet, 
who stated that many investigators had worked 
on ordinary commercial materials and had studied 
structures, but, apart perhaps from Hanson and 
Wheeler, he could not think of anyone who had 
followed the author’s line of attack. Mr. Williams 
had established a prima facie case for the importance 
of oxygen, but the evidence, while it was certainly 
very strong, was, of course, so far, mainly circum- 
stantial. The next speaker, Mr. H. Morrogh, said 
that the iron-founding industry was troubled by a 
number of anomalies. Cast irons and pig irons 
of appatently the same chemical composition gave 
structures which might differ considerably and there 
were many theories attempting to explain these 
anomalies dispersed in the literature. Care must 
be taken not to fall into the same trap as a result 
of the present work. For instance, it was possible 
that the reported graphitising effect of sulphur in 
very small amounts might not be due to the sulphur 
directly, but to the sulphur influencing the compo- 
sition with respect to some other element. The 
author’s findings on the effect of aluminium and 
other additions, on the form of manganese sulphide, 
might prove of immediate assistance to the iron- 
founding industry, and perhaps to others, if the 
results were applied and used cautiously. The 
conclusion to be deduced from the present work 
was that oxygen occurred associated with the 
sulphide particles, and that by an appropriate 
addition of aluminium the oxygen might be, as it 
were, taken out of the sulphide particles and made 
visible in the form, perhaps, of some compound as 
yet unknown containing aluminium and oxygen. 

Mr. N. H. Bacon said that members of the Ingo 
Moulds Sub-Committee had for long felt a sense of 
great frustration in that they had been unable to 
account for the striking differences in the lives of 
the moulds used in one melting shop, made to the 
same pattern but produced in different foundries. 
Tests had been made of all phases of metal operation 
without success, but, recently, a clue had been 
found and this seemed to be in line with what the 
author had ascertained. It seemed that whatever 
caused the reported difference in the behaviour 
of the sulphur in the metal might be at the root 
of the differences in the lives of the moulds. Professor 
F. C. Thompson, who spoke next, said that the 





author might find it fruitful to make a somewhat 
detailed study of his sulphide inclusions. They 
were, almost invariably, inclusions which were 
sulphide, oxide and possibly silicate -complexes, 
and the manner in which the different constituents 
of these complexes existed might have quite a 
profound effect on graphitisation. 

In the course of his reply to the discussion, Mr. 
Williams said that he doubted whether the life of 
ingot moulds—and in some respects that of chilled 
rolls—was influenced by the form of the sulphide 
inclusions. In reply to Professor Thompson he 
had made a very brief comment in his paper on the 
duplex nature of some of the sulphide inclusions 
which were produced by making aluminium addi- 
tions. A grey angular inclusion was found associ- 
ated with the compact type of manganese-sulphide 
inclusions but until these inclusions had been 
isolated and analysed it was difficult to draw many 
inferences from metallographic examination. 


Buast-FURNACE OPERATION. 


The next two papers on the agenda, namely, 
“The Thermodynamic Background of Iron and 
Steel Making Processes.. I.—The Blast Furnace,” 
by Dr. F. D. Richardson and Mr. J. H. E. Jeffes, 
who are on the staff of the British Iron and Steel 
Research Association, and “The Influence of 
Gas/Solid Temperature Differences on Blast-Furnace 
Operation,” by Dr. J. Taylor, of the Royal Tech- 
nical College, Glasgow, were submitted in turn and 
then jointly discussed. Mr. Jeffes presented the 
first paper and Dr. Taylor the second. Dr. Richard- 
son and Mr. Jeffes stated, in their paper, that they 
had made a survey of the thermodynamic data 
available for the main compounds of importance in 
ironmaking. The free energy and heat changes 
of the most important reactions had been calculated 
for temperatures up to 2,000 deg. C. The informa- 
tion collected consisted entirely of the results of 
controlled laboratory experiments on’ su y 
pure compounds. The approach had been almost 
entirely thermodynamic, but the deductions had 
been tempered by the recognition of limiting 
kinetic factors. The paper dealt mainly with 
equilibria in systems of three phases containing 
oxygen gas, metal, and oxide respectively. It was 
concerned therefore with equilibrium constants and 
the manner in which these constants varied with 
temperature. The deductions concerned the effects 
of temperature, pressure and concentration on the 
interlocking of many simultaneous reactions. 

In his paper Dr. J. Taylor stated that he had 
calculated the effects of the major operating variables 
on gas/solid temperature differences in the stock 
column of the blast furnace. These data had been 
used in a consideration of the question of the extent 
to which the high-temperature heat requirement, 
as against the total heat requirement, was an over- 
riding factor in carbon efficiency. It was concluded 
that only for low slag volumes, low blast tempera- 
tures and high hearth temperatures was this 
probably the case for modern furnaces. The general 
effect of the operating variables on the vertical 
temperature gradient in the stock column had been 
deduced from the gas/solid temperature differences. 
It was considered significant that the same condi- 
tions known to give sticking and irregular stock 
movement gave a steeper temperature gradient in 
the lower portion of the furnace. The consequent 
downward displacement of the slag-fusion zone, and 
possibly also of the carbon-deposition zone, was 
believed to be the cause of this irregular stock 
descent. Lowering the blast temperature was the 
usual remedy, but this meant sacrificing the theoreti- 
cal carbon economy of high blast temperatures. 
Other methods of raising the slag fusion zone had 
been considered, but only the addition of coke-oven 
gas was attractive from a technical point of view. 

Mr. R. A. Hacking, who opened the discussion, 
stated that the blast furnace was the most efficient 
piece of metallurgical equipment which was now in 
use, and in spite of all the controversy which had 
raged during recent years, blast-furnace techno- 
logists had a general idea as to which way the 
reactions were proceeding and roughly how active 
each of the tendencies was. Dr. Richardson and 
Mr. Jeffes, however, had provided one of the: first 
instances of the quantitative expression of the 
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“‘urge ” behind each reaction. So far as we in this 
country were concerned, using largely lean ores, 
the importance of crushing and grading was para- 
mount. Having exploited that to the maximum 
extent, we could then turn to other measures to 
obtain lower fuel consumptions, higher outputs and 
lower costs. The suggestion which Dr. Taylor made 
concerning the injection of coke-oven gas through 
the tuyeres of a blast furnace in order to smooth 
out the gas/solid temperature differences was most 
interesting, but, in an integrated works, it would 
lead to complications. 

Sir Charles Goodeve, F.R.S., said that a paper on 
thermodynamics was always a difficult one to 
present at any meeting. A remarkable point 
brought out by Richardson and Jeffes was that, in 
the case of the phosphorus system, physicists had 
the greatest scarcity of thermodynamic data to 
be found for almost any important element with 
which the iron and steel industry dealt. There 
were sufficient data, however, to give a general 
outline, and, as the authors had pointed out, it was 
futile to try to eliminate phosphorus by combina- 
tion with oxygen in the blast furnace. He (Sir 
Charles) would go farther and say that it was futile 
to try to eliminate phosphorus from iron under any 
conditions in which the carbon content of the iron 
was in the range of that of ordinary pig iron. 

Dr. T. P. Colclough said that the first of the two 
papers under discussion did not give the reactions 
which took place in the blast furnace ; it gave the 
reactions which might take place, and, further, the 
conditions under which they would occur and how 
far they might go. Mr. Hacking had said that the 
blast furnace was the most efficient piece of metal- 
lurgical equipment the industry possessed. A 
blast furnace might have an efficiency of 95 or 97 
per cent. so far as the reduction of iron oxide was 
concerned, but how could it be regarded as efficient 
when one half of the thermal value of the fuel put 
in came out in the gas at the top? So long as coke 
could be hought at from 12s. 6d. to 11. a ton, that 
side of blast furnace efficiency did not give rise to 
any worries, but now that coke was 4/. a ton and 
was likely to cost even more, first attention must be 
paid to that side of the problem. 

Dr. T. E. Dancy said that Dr. Taylor’s statement 
that direct reduction would not take place below 
900 deg. C., was borne out by work done at the 
laboratories of Imperial College by means of differen- 
tial thermal analysis. In this work, a number of 
ores and different types of carbon, namely, coke 
and other forms of the element, had been subjected 
to this method of analysis. In every case, irrespec- 
tive of whether the ore used was a magnetite or 
hematite, the reduction did not commence to any 
appreciable extent below 900 deg. C. 

In the course of his reply, Mr. Jeffes said that 
round-table conferences between practical and 
theoretical men on Dr. Richardson’s and his results 
and diagrams would be very welcome. After a 
brief reply from Dr. Taylor, the author of the second 
paper on blast-furnace operation, the President 
adjourned the meeting for luncheon. 

Buast-FurNAcE Gas CLEANING. 

When the members reassembled on the afternoon 
of Thursday, April 27, for the last session of the 
meeting, the first two papers on the agenda, dealing 
with the cleaning of blast-furnace gas, were pre- 
sented and subsequently jointly discussed. Both 
recorded work carried out in the Plant Engineering 
Division of the British Iron and Steel Research 
Association, and the first, by Mr. R. F. Jennings, 
was entitled ‘‘ An Analysis of Plant Performance.” 
In his conclusions, the author stated that there was 
considerable scope for the improvement of gas- 
cleaning plant in terms of mechanical-power con- 
sumption, water consumption, and space require- 
ments. A very clean gas, however, could be 
obtained by present-day systems of cleaning. The 
obstacles to the improvement of plant performance 
appeared to be the lack of adequate performance 
data and the paucity of basic design data. This 
applied particularly to wet-cleaning systems, where 
the greatest improvements in design seemed to be 
possible. It appeared that investigations into the 
behaviour of water sprays and mists, applied to 
gas cleaning, would be essential to such improve- 
ments. There did not seem to be any single 


arrangement of coarse and fine cleaners which was 
clearly superior, both in cleaning performance and 
in energy consumption. A variety of arrangements 
was permissible to produce economically an overall 
clean gas. The pressure energy of the top gas, 
however, did not appear to be advantageously 
used in many designs of cleaner, and the advent 
of high top-pressure operation should permit a 
larger proportion of the cleaning load to be carried 
in cleaners which made use of pressure energy. 

The second paper on “‘ Blast-Furnace Gas Clean- 
ing” dealt with ‘‘ Methods for Calculating the 
Motion of Particles in a Gas,” and was by Mr. J. 
Stringer. The author stated that in most methods 
of removing solid particles from a gas, a force, which 
might be gravitational, centrifugal or electrostatic, 
was applied to increase the momenta of the particles 
and, by creating a difference between the velocities 
of gas and particles, to effect separation. Curves 
and nomograms were given to facilitate the calcu- 
lation, of these particle motions, and, in a sense, the 
present paper formed a mathematical appendix 
to the survey of methods of cleaning blast-furnace 
gas contained in Mr. R. F. Jennings’s contribution. 
The calculations were made only for the case of 
an isolated particle moving in a straight line. In 
gas-cleaning problems, particle concentrations were 
low, so that interference between particles was 
negligible. Problems of motion in paths other than 
the rectilinear could be treated only by ad hoc 
step-by-step methods, except that where Stokes’s} 
law applied, the resistance might be split up vectori- 
ally and in proportion to the velocity. The motions 
in two perpendicular directions might then be treated 
separately and the solutions added vectorially. 

Mr. N. H. Turner, who opened the discussion, 
stated that Mr. Jennings was right when he con- 
tended that the design of gas-cleaning equipment 
was basically empirical and that little was known 
of the true methods of operation. The people 
responsible for the operation of cleaning plants 
could do a great deal to help to remedy some of 
the troubles met with, and some time spent in 
assessing the effects of the various factors involved 
would go a long way towards promoting efficient 
operation. Although the cost of bag-filter cleaning 
might be comparatively low, the limitation on the 
use of this type of plant was likely to increase 
following developments in blast-furnace ore-prepara- 
tion methods which might lead to the use of tar. 
The vapour from this would affect the texture of the 
bagsin much the same way as had occurred when oily 
metal turnings were added to the blast furnace in a 
well-known plant. In wet-cleaning plants, a draw- 
back of considerable importance was that of the 
rehardening of the cleaning water by the carbon 
dioxide of the blast-furnace gas when the water was 
re-circulated after settling. 

Mr. J. F. R. Jones said that the water used in 
wet gas cleaning was of the order of 40 gallons per 
1,000 cub. ft. of gas. If it were possible to clean 
gas without losing its temperature this would 
result in great economy in blast-furnace operation. 
Dr. R. Jackson, who followed, asked Mr. Jennings 
whether he had any information regarding the per- 
formance of the aerodynamic or slotted-cone type 
of gas cleaner. It appeared that the performance 
was similar to that of a cyclone but the pressure 
loss was considerably less. The next speaker, Mr. 
W. B. Wright, said that the cost, to the industry, 
for gas cleaning was about 1,250,0001. per annum. 
Before the late war the disparity between the cost 
of cleaning by electrostatic and disintegrator 
methods was not such a serious matter as it had 
become at the present time owing to the increased 
cost of fuel. During the last 10 years the electro- 
static technique had greatly improved, but there 
had been a tendency, owing to the desire to reduce 
power costs, to underestimate the operational 
irregularities of these plants. The advocates of 
such plants did not lay sufficient emphasis on the 
fact that it was necessary to isolate sections of 
them at frequent intervals to remove the “‘ build- 
up” of dust between the discharging and the 
collecting electrodes. 

Mr. A. Puttick mentioned the efficiency of the 
pre-cooler. There was no doubt, he said, that this 





could be of very great importance beeause the dust 
content of the gas leaving the pre-cooler could have 


a very marked influence on the operation of any 
subsequent plant unit. Mr. J. H. Flux, who spoke 
next, said that Mr. Jennings had briefly mentioned 
supersonic agglomeration. It was believed that 
the efficiency of electrostatic precipitation could be 
improved by such methods and he wondered whet her 
Mr. Jennings had any information on this subject, 
In his works they had been considering the cleaning 
of waste gases from furnaces, and he asked Mr. 
Jennings whether he possessed any data on how 
the efficiency of an electrostatic precipitator was 
affected when it was called upon to deal with fine 
iron particles which were conductors and might be 
magnetic ; also, what was the effect of tempera- 
ture on theefficiency ? On the question of washing 
plants, was it practicable to use a wetting agent for 
the removal of very fine particles ? 


Mr. R. F. Jennings, in answering the various 
points raised, said that Dr. Jackson might be 
interested to know that a slotted-cone type of filter 
was under experimental trial, or was about to be, 
at a small blast-furnace plant. It must be remem- 
bered in cleaning gas in a blast-furnace plant that 
the time allowed was short. There was a vast 
volume of gas passing through the plant and if the 
space occupied by the installation were to be kept 
reasonably small, the gas velocities were bound to 
be high, and the time interval in which the gas was 
passing through any particular section of the 
installation would be very short indeed. Conse- 
quently, the forces necessary to achieve efficiency 
and effective separation of dust must be highly 
concentrated. That, no doubt, was why such 
forces as diffusion could not be employed easily. 
On the question of a wetting agent to improve the 
efficiency of wet cleaning, undoubtedly this would 
have a favourable influence. The whole question 
seemed to be one of cost. Mr. J. Stringer also 
briefly replied to the discussion on his paper. 


Buiast-FurRNACcE Top. 


The last two papers presented at the meeting 
concerned blast-furnace top design and were jointly 
discussed. Roth described work carried out on 
behalf of the Blast-Furnace Plant Sub-Committee 
of the Plant Engineering Division of the British 
Iron and Steel Research Association. The first, by 
Mr. E. L. Diamond, was entitled ‘‘ Proposals for the 
Modification of a Blast-Furnace Top to Give Con- 
trolled Burden Distribution.’’ The author described 
a practical engineering design for modifying an 
existing blast furnace to give control of stock-line 
segregation by the method of a moving frustum 
below the big bell, as proposed by Dr. H. L. Saun- 
ders. The novel features of this were the division 
of the main hopper into an inner and an outer part, 
and the provision of a moving skirt or frustum 
which could close or open the outer part by being 
lifted above, or lowered below, its mouth. The 
restrictions imposed by fitting this design into an 
existing blast furnace, however, resulted in a some- 
what unsatisfactory arrangement of the hoppers. 
In considering whether the introduction of moving 
parts into the furnace could be avoided, means 
were sought for discharging the burden either over 
or through a separate frustum permanently fixed in 
the furnace. If the fixed frustum were regarded 
merely as a truncated portion of the normal big bell, 
which it was unnecessary to lift up and down, the 
problem could be solved by lowering the relatively 
light moving part of the big bell rapidly through the 
fixed part. Thir arrangement had been finally 
developed for application to an existing blast 
furnace to give three separate discharge positions 
and three corresponding stock-line patterns. 

The second paper on blast-furnace top design 
was entitled ‘‘A New Blast-Furnace Stock-Rod 
Gas-Seal,”’ and was by Mr. E. J. Walklate. It was 
introduced on his behalf by Mr. F. C. Doherty. 
The author described a gas seal evolved, after 
more than three years’ trials, by Messrs. Stewarts 
and Lloyds, Limited, at Corby. The seal was 
made of mild steel and consisted of an outer casing 
about 12 in. long and 7} in. in diameter. This 
contained an inner floating sleeve packed with fine 
steel wool and grease, which, together, formed an 
effective gas seal. The grease, which also lubricated 
the rod, was forced into the seal by a grease nipple 





and thence through eight small holes in the sleeve 








MAY 19, 1950. _ 


TWIN-SCREW PASSENGER LINER 


FAIRFIELD 


ENGINEERING. 


575 








“EMPRESS OF 


SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GLASGOW. 


SCOTLAND.” 








into the packing. The steel wool was made to 
“hug ” the stock rod by means of upper and lower 
neck rings. The lower neck ring was turned to 
form a scraper ring the purpose of which was to 
remove as much abrasive dust as possible from the 
stock rod. While the seal was a great advance on 
any type previously tried at Corby, and a con- 
siderable reduction in loss of gas had been effected, 
the design was not entirely perfect. Dust usually 
found its way into the seal, and, together with any 
condensate present, became solidified, making re- 
packing of the gland necessary every few weeks in 
order to maintain efficiency. Hence there was 
room for further improvement and a good deal of 
thought was still being given to the problem. 

Mr. I. 8. Scott-Maxwell, in opening the discussion, 
stated that, with the blast-furnace double-bell and 
hopper system, it might be said in general terms 
that relatively large material was deposited in 
the centre of the furnace and also at the walls, in 
varying proportions, and the fine material tended 
to segregate out under the lip of the large bell. 
This result gave rise to preferential gas flow, and 
in practice this meant that the total effective 
volume of the furnace was not being fully utilised 
for pre-heating and reducing the ore. The designs 
submitted by Mr. Diamond were the outcome of 
investigations, chiefly in the laboratory, coupled 
with some field tests on full-size furnaces. Two 
alternatives were submitted whereby fines and 
lumps might be distributed more evenly across the 
stock-line area. In this controlled distribution the 
main aim was to eliminate preferential gas flow and 
all its attendant troubles. These proposals, there- 
fore, went to the root of the matter and if they could 
be evolved into a practical operating design, many 
of the present troubles would be eliminated. On the 
other hand, progress in ore preparation must be 
taken into account and it might well be that ore 
sizing and sintering and the charging of the furnace 
in sized layers was, in effect, the most practical 
and economic solution for the particular practice 
of this country. A combination of ore preparation 
and controlled distribution, however, might well 
produce some quite phenomenal results. 

Mr. F. C. Doherty said that the Corby drawing 
office had taken some part in the moving-frustum 
design. Their opinion was that the design might 
show some good results, provided someone could 
be found with the courage to try it out on a full-size 
furnace. Progress in blast-furnace engin 
must, of course, go on, but it would seem that the 
sizing of ore, sinter and coke, which was a feature 
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of modern practice, would, to a large extent, over- 
come the problem of stock-line segregation and make 
the provision of more complicated charging appara- 
tus less necessary. Mr. A. Bridge, who followed, 
said that the problem had been set by the Blast- 
Furnace Practice Committee and he had been one 
of those asked to serve on an Engineering Sub- 
Committee to evolve something which would 
meet the desire for better distribution in the 
furnace. Dr. H. L. Saunders had done a great deal 
of work on this subject and the endeavour had been 
to meet the conditions which he had wanted to 
attain in the furnace. He did not agree, however, 
with the statement in Mr. Diamond’s paper that the 
fixed-frustum scheme was simpler than the other, 
because it definitely was not. As an engineer, he 
favoured the first design as being simpler with less 
gear at the top of the furnace. Such gear was apt to 
be buried in dirt; and frost, snow and ice, which 
could cause trouble with cams and dashpots, must 
not be left out of consideration. 

Dr. H. L. Saunders, who closed the discussion, 
said that during the next two or three years fines 
were likely to increase in ores charged into the 
blast furnace and these would have to be smelted 
if the iron output were to be maintained. To do 
this, means must be found to make these fines 
stay in the furnace and not be driven out in the 
form of flue dust. Flue dust could amount to 
between 150 Ib. and 250 Ib. per ton of iron made 
and there was only one reason for this dust loss, 
namely, localised channelling due to mal-distri- 
bution. Burden-preparation plant had been men- 
tioned, but this involved a large capital expenditure 
and not every works could have its own plant. 
If some kind of distribution scheme from a central 
plant were to be arranged, there would come a time 
when freight charges became serious. Moreover, was 
the preparation of the ores entirely sufficient ; 
should not the coke be also considered ? Radial 
control, or ‘‘radcon ” as it had come to be called, 
was capable of placing any size of material, either 
coke or ore, in a desired place. In his reply, Mr. 
E. L. Diamond said that he deprecated the con- 
troversy which had arisen over the two proposed 
designs of top. Suggestions had been asked for and 
two models had been furnished. As soon as it was 
announced that a blast furnace was available and 
ready to be fitted with the new top, the matter could 
be taken very much farther. 

The President then announced that the business 
of the meeting had been concluded, and votes of 
thanks to the authors terminated the proceedings. 
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RECONDITIONING OF THE 
TWIN-SCREW PASSENGER LINER 
‘**EMPRESS OF SCOTLAND.’’ 


AFTER having undergone a two years’ refit by her 
original builders, the Fairfield Shipbuilding and 
Engineering Company, Limited, Govan, Glasgow, the 
Canadian Pacific Liner Empress of Scotland, formerly 
Empress of Japan, sailed on her first regular voyage 
from Liverpool to Quebec on Tuesday, May 9. Her 
return to service will enable Canadian Pacific Steam- 
ships, Limited, to re-establish two connections main- 
tained before the war as, with the Empress of Canada 
and the Empress of France already in service, it will be 
possible for the company to maintain a weekly sailing 
from Liverpool during the summer and autumn months. 
The Empress of Scotland will also call at Greenock on 
every voyage, both outward and homeward bound, 
thereby reviving the custom of Canadian Pacific liners 
visiting the Clyde. She will sail every three weeks, 
making ten round voyages during the May to November 
season ; during the winter months the vessel wil] cruise 
from New York. 

A photograph of the reconditioned Empress of Scot- 
land is reproduced above, from which it will be seen 
that, externally, little change has been made. The 
promenade deck, however, is now enclosed for its 
entire length with deep windows which allow clear 
views to port and starboard. The colour scheme follows 
the company’s usual practice, with buff funnels and a 
white hull; the colour of the riband round the upper 
part of the hull, formerly blue, is now green, however, 
while another innovation is the painting of the Com- 
pany’s house flag on each side of the funnels. The 
alterations made to the passenger accommodation and 
to the public rooms are considerable ; before the war, 
the vessel carried 1,115 passengers, whereas now only 
663 passengers are carried, 458 in the first class and 
205 in the tourist class. The length overall is 666 ft., 
the moulded breadth 83 ft. 6 in., the depth, moulded to 
the shelter deck, 48 ft. 6 in., and the gross registered 
tonnage approximately 26,313. As will be seen from 
the illustration, the vessel has three funnels, a straight 
stem, cruiser stern and two masts. There are eight 
decks, the total height from the keel to the top of the 
wheel house being 107 ft. 

The stateroom accommodation is on decks “ A,” 
“B,” “C” and “D,” every stateroom being at the 
sides of the vessel. Above “A” deck is the pro- 
menade deck and above that again are the boat deck 
and sun deck. With the exception of the dining 
saloon, which is on “C” deck, all the first-class public 
rooms are situated on the promenade deck. The 
cocktail bar occupies the forward end of this deck and 
extends the full width of the vessel, having 
windows looking out forward and to port and starboard. 
Aft of the cocktail room and on the starboard side are 
ee library -— writing room and the card room, the 
latter room leading into a large lo which occupies 
the full width of the deckhouse. Behind the “wr is 
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another room known as the Empress room; this is 
fitted out as a ballroom and cinema and will be used 
alternately by the first-class and tourist passengers. 
This room, like the lounge, has a glass-domed ceiling 
and, when used as a cinema, can seat 154 passengers. 
The main entrance hall also is situated on the promenade 
deck, revolving doors to port and starboard giving 
access to the enclosed deck spaces, while the main 
stairway leads down through “ A” and “ B” decks to 
a large foyer situated at the entrance to the dining 
saloon. The foyer is comfortably furnished and, when 
the vessel is in port, acts as the embarkation hall. 
The dining saloon is exceptionally large, extending the 
full width of the vessel; it provides seating for 294 
passengers. At the after end is a raised gallery for 
the orchestra. As previously indicated, the first- 
class staterooms are arranged on “ A” and ‘“‘ B” decks, 
there being 63 two-berth rooms, 76 three-berth rooms 
and 26 four-berth rooms. 

The tourist accommodation ranges from an open 
promenade space on the boat deck down to “D” 
deck, with additional promenade space on the pro- 
menade and “A” decks. The main tourist public 
rooms are the smoke room at the after end of the 
promenade deck, the lounge on “A” deck and the 
dining saloon on “‘ C ” deck. The lounge and saloon are 
the full width of the ship. The tourist staterooms are 
on “C” and “DD” decks and, as in the case of the 
first-class accommodation, all are arranged at the sides 
of the vessel. There are 26 two-berth rooms, seven 
three-berth rooms and 33 four-berth rooms, 22 of 
which have private toilets. Accommodation for the 
crew complies with the latest Ministry of Transport 
requirements. The cabins for the deck and engineer 
officers are arranged within the deckhouse on the boat 
deck. Other staff accommodation is situated at the 
after end of “‘ B” deck, and the remainder of the crew 
are berthed at the forward ends of “B” and “C” 
decks and part of “D” deck. The whole of the 
accommodation is heated by steam radiators and the 
mechanical-ventilation system is provided with Thermo- 
tanks so that warm air can be supplied when required. 
Fire protection is by a system of sprinklers, installed 
throughout the passenger accommodation. 

No major modifications have been made to the 
propelling machinery, which comprises two sets of 
Parsons-type turbines driving through single-reduction 
gearing. Steam at a pressure of 450 Ib. per square inch 
and a temperature of 750 deg. F. is supplied by six 
Yarrow five-drum water-tube boilers arranged to 
burn oil fuel-under forced draught with preheated air. 
The main turbines are, together, capable of developing 
30,000 shaft horse-power continuously at sea with one 
of the six boilers in reserve, this power being sufficient 
to give the vessel a speed of 20} knots under average 
conditions. Auxiliary steam for the ship’s services is 
provided by two cylindrical boilers ; these, together 
with two of the main boilers, are located in the forward 
stokehoid, and the four remaining main boilers in the 
after stokehold. Current for the auxiliary and ship’s 
hotel services is provided by four 300-kW Diesel 
generating sets and two 600-kW turbo-generators, the 
Diesel sets being in a separate room between the main 
engine room and the after stokehold and the turbo- 

erators in the wings of the main engine room. 

Although the ship is intended primarily for carrying 
passengers, some 320,000 cub. ft. of cargo space is 
available, part being insulated. The cargo is handled 
by twelve electric winches which work in conjunction 
with 18 5-ton derricks and a single 20-ton heavy 
derrick forward. The life-saving equipment includes 
16 large lifeboats, each with a capacity of 89 persons, 
two emergency boats, each for 46 persons, and two 
motor boats, each of which can accommodate 44 
persons. All the boats have been designed and built 
to stow under Welin-MacLachlan gravity davits. 
The navigational —— includes directional- 
wireless and radar installations. The magnetic com- 

have been supplemented by a gyro-compass 
which, in addition to having the usual bearing, steering 
and charthouse repeaters, is provided with an auto- 
matic course recorder and a gyro-repeater attachment 
to the direction finder. The wireless equipment was 
installed by the Marconi International Marine Com- 
munication Company, Limited, Chelmsford, Essex ; it 
comprises a “ Worldspan” transmitting set and 
‘Mercury ” and “ Electra” receiving sets, the three 
together being capable of maintaining long distance 
communication. The Marconi Company also supplied 
and installed the radar system, the direction-finding 
equipment and the comprehensive public address 
system. A notable feature of the last-named installa- 
tion is the boat-order system. Special loudspeakers 
installed at twelve positions on the boat deck are used 
exclusively for broadcasting boat orders, talk-back 
facilities being provided between each position and the 
bridge, where three boat-order loudspeakers are in- 
stalled, one in the wheelhouse and one in each wing. 
Should the ship’s main electricity supply fail, the 
boat-order system is switched over automatically to 
the emergency power supply. 


LABOUR NOTES. 


A NUMBER of trade unions have been holding their 
annual conferences during the past week. The 53rd 
annual conference of the Railway Clerks’ Association, 
which is being held at Scarborough, opened on May 15 
and will be concluded to-day. About 620 delegates, 
drawn from the 464 branches of the Association, have 
attended. Members of the R.C.A. number 87,000, 
of whom 17,000 are women, and its funds now amount, 
in all, to nearly 900,000. The annual report indicates 
that over 1,300,000/. has been paid out to the member- 
ship during the past 40 years, in cash benefits alone. 
In spite of the adverse economic situation, some 
progress was made during the year 1949-50, the report 
states, in various conditions of employment. This 
improvement, however, did not apply to salaries, as a 
policy of restraint for the time being in making 
wage claims, was accepted by the Association at its 
annual conference in 1949. Steps were taken during 
the year to protect the interests of railway staffs in 
connection with difficulties arising from the adjustment 
of Regional boundaries, the merging of offices and 
depots, and the transfer of personnel from one Execu- 
tive to another. 


_ New negotiating machinery, to which the R.C.A. 
is a — party, was set up for the salaried staff 
in the employment of the Road Haulage and the Docks 
and Inland Waterways Executives. Draft pro 

for similar machinery for the staff of the Hotels Execu- 
tive were under consideration, and some progress was 
made, the report continues, in the task of | bringing up 
to date the railway-staff negotiating machinery, which 
came into being 30 years ago. Parallel machine 
for joint consultation between managements and stafia 
was established at all levels, covering practically every 
section of the Association’s membership. 


In his presidential address at the opening of the 
R.C.A. annual conference, Mr. Percy Morris, M.P., 
defended the railways against charges of inefficiency 
and extravagance. He claimed that the average wagon 
load had been increased by 29 per cent. for merchandise, 
by 7 per cent. for minerals, and by 5 per cent. for coal 
and coke. The average train load in tons had increased 
by 25 per cent. Between October, 1948, and October, 
1949, a reduction of 27,000 had taken place in the 
number of railway staff employed. The total expendi- 
ture of British Railways during 1949, including provi- 
sion for depreciation and renewals, was 312 million 
pounds, or only one million pounds more than was 
spent in 1948. The railways were probably the largest 
purchasers of capital and consumer , and the 
costs of the materials essential to railway work had 
increased enormously, well beyond the increases which 
had taken place in fares and freight rates. 


The railways’ main difficulties, Mr. Morris con- 
sidered, were due to the fact that too great a financial 
burden had been imposed upon them. A compl 
revision of their financial structure must take am. 
He, personally, accepted the view that, if the Govern- 
ment bought the railways for more than they could 
hope to earn, it might be wrong to demand that 
charges should be increased to a level needed to pay 
interest on the stock. The inescapable factor was that 
railwaymen of all grades were not going to continue 
indefinitely subsidising other industries, and finding 
24 million pounds a year for stockholders, by main- 
taining uneconomic rates and low wages and salaries. 


Nearly 100 separate subjects were covered by the 
160 resolutions which the agenda of the. R.C.A. con- 
ference contained. There were, as was to be expected, 
a number of resolutions on various aspects of wage 


motion, the advertising of vacancies, staff training 
and education, superannuation, sick-pay arrangements, 
joint consultation, and negotiating machinery. Some 
delegates sought to make retirement compulsory at 
the age of 60, in order to accelerate promotion. Others 
desired the immediate submission to the Railway 
Executive of the charter for improved salaries and 
working conditions which was formulated by the 1949 
annual conference. On the first day of this year’s 
conference, a strenuous and successful endeavour was 
made to obtain the two-thirds majority of votes which 
are n to secure a change in the name of the 
Association. It had been felt for some time that the 
existing title did not sufficiently describe the wide 
range of employees for whom the Railway Clerks’ 
Association caters. Actually, it accepts into member- 
ship al] grades of salaried staff, professional, technical, 
clerical, administrative, and supervisory, of the British 

rt Commission and the constituent Executives, 
as well as equivalent ranks of certain analogous bodi 
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ference approved a motion to rename the Associ:tion 
the “ Transport Salaried Staffs Association.” 


The annual conference of the Electrical Trades 
Union opened at Ramsgate on May 15. In his presi. 
dential address to the conference, Mr. Frank Foulkes 
expressed the opinion that the wage position in Britain 
would, in a t measure, be determined by the result 
of the “‘ strike-or-arbitrate ” ballot, which was } ing 
conducted among employees in the engineering and 
shipbuilding industries affiliated to the Confeders:ion 
of Shipbuilding and Engineering Unions. He deci»red 
that the Confederation had provided trade unionists 
in those industries with an opportunity to express 
their determination to secure ‘a fair share of the 
increase in production ” which, he claimed, had taken 
place in those industries. Britain still lead the world 
in engineering and shipbuilding products, and British 
craftsmanship remained unsurpassed. Wages, there. 
fore, must be measured up to those standards. He 
had no doubt that members of the E.T.U. would inform 
the employers “in undisputed language” of their 
desire for wage increases. Referring to the nationalised 
industries, and to the electrical industry in particular, 
Mr. Foulkes stated that nationalisation had brought no 
change in the status of employees. Wage claims had 
to be pursued through the old channels and the argu- 
ments brought against them were not dissimilar to 
those. used before nationalisation. 


The National Union of Railwaymen announced on 
May 15 that its national executive had asked for an 
aoe. meeting with Sir Eustace Missenden, chairman 
of the Railway Executive, to discuss the Union’s claim 
for increases in the wages of the lowest-paid railway 
employees. The Union declared in its statement that 
this decision had been made in view of the changed 
circumstances which had arisen since the demand was 
last refused by the Executive. It may be recalled 
that officials of the Executive rejected the claim at a 
meeting of the Railway Staff National Council, the 
joint body representing both sides of the railway ser- 
vices, on April 14. The negotiating committee of the 
N.U.R. has since been considering the next step. 


The “ci circumstances ’’ mentioned in the 
Union’s statement is understood to refer to the increased 
railway freight rates, which came into operation on 
May 15. These new charges are expected to add a 
substantial sum to the railways’ revenue, and it seems 
that the Union will demand a share in that extra 
income. For several months past, the N.U.R. has 
sought to raise the minimum wage of the lowest-paid 
railwaymen from the present level of 41. 12s. 6d. a week 
to 5l. It is estimated that about 180,000 employees 
would ‘benefit from these increases. This claim is the 
fourth made by the Union since January, 1947, on 
which date it asked for an all-round increase of 20s. a 
week and secured a weekly advance of 7s. 6d. a head. 


The result of the ballot vote taken by the United 
Patternmakers’ Association in March, on whether the 
executive committee of the Association should have the 
power to secede from the Confederation of Shipbuilding 
and Engineering Unions, has now been declared. The 
Association is one of the unions affiliated to the Con- 
federation, but it objects to the patternmakers’ 
differential rates being a matter for negotiation by the 
Confederation in the endeavours of the latter to secure 
national wage agreements for maintenance men 
employed by water undertakings and in similar indus- 
tries. A recent statement by the Association declares 
that the ballot resulted in a majority of more than two 
to one in favour of the executive committee having the 
wer to sever the Association’s connection with the 
Confederation, should such action be deemed necessary. 


“Tt should be made clear,” the statement of the 
U.P.A. continues, “ that this vote has no connection 
whatever with the application for a 20s.-a-week increase 
put forward by the Confederation. The question as 
to what use our executive committee will make of this 
vote cannot be anticipated, but any decision which is 
made will be reported to the membership of the Associa- 
tion at the appropriate time.” Mr. W. B. Beard, 
O.B.E., the general secretary of the Association, states 
in its Monthly Report for May that the executive 
committee had decided that members of the U.P.A. 
obtaining employment in water undertakings must 
receive the Association’s differential rate, and that the 
committee was prepared to negotiate on the matter. 
“Tt should be a mt from the vote which the 
committee received,” Mr. Beard adds, “‘ that members 


bodies | desire to retain negotiating rights for their wages, as 





in the past.” 
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THE BURNING OF BOILER FUELS 
IN MARINE DIESEL ENGINES.* 
By Jonn Lams, O.B.E. 

(Concluded from page 550.) 

To illustrate how deposit can be formed on the fuel 
valve nozzles an actual case will be quoted. The 
8-cylinder 4,000 indicated horse-power engine of the 
Dromus was equipped to burn fuels of a viscosity of 
approximately 1,500 seconds Redwood I at 100 deg. F., 
and so long as bunkers of that grade were lifted all 
went well, The ship then took in bunkers of 400 seconds 
viscosity and in the space of two months the eight main- 
engine fuel valves had to be taken out six times in 
order to remove the heavy accumulation of deposit 
from the outside of the nozzles. The deposit built up 
until it reached such proportions that the sprays were 
affected and the engine exhaust became badly dis- 
coloured. Before being refitted the fuel valves were 
tested and appeared to spray satisfactorily at 2,500 Ib. 
per square inch, the designed spring load. In an 
endeavour to overcome the trouble the chief engineer 
increased the needle-valve lift of three valves, and 





* Paper presented at a meeting of the Institute of 
Marine Engineers, held in London on Tuesday, April 11, 
1950. Abridged. 
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|although he reported a slight improvement it is 
| questionable if this alteration had such an effect. 
The chief engineer also varied the temperature of 
injection and the temperature at which the fuel was 
purified, but without the desired result. To eliminate 
the possibility that enlarged spray holes were the cause, 
new nozzles of the same design were fitted, but the 
accumulation of deposit continued. 

The effect which a lower viscosity would have upon 
the degree of atomisation, penetration and formation 
of the fuel sprays was fully considered and it was 
decided that as the injection pressure in these automatic- 
ally-operated fuel valves is dependent mainly upon 
the strength of the needle-valve spring, which was the 
same as when the more viscous fuel was used, the 
probability was that the angle of the fuel sprays had 
increased. An examination of the manner in which 
the deposit built up supported this view, since it 
appeared as though deposit began on the end of the 
fuel-valve housing and closed in on the nozzle as it 
accumulated. When the trouble began the construc- 
tion of the lower end of the fuel valves, and the amount 
of deposit which accumulated in 144 hours full power 
operation, are illustrated in Figs. 17 and 18, on this 
page. The first step in an endeavour to overcome the 
trouble was to machine the cap nuts of seven fuel valves, 
as shown in Fig. 19, herewith, and one as shown in 
Fig. 21, also on this page After a short: full-power run 





of 84 hours the fuel valves were removed for examina- 
tion and the amount of the deposit shown in Fig. 20, 
herewith, is typical of that found on the nozzles of all 
valves altered in accordance with Fig. 19. The nozzle 
of the valve whose cap had been altered in accordance 
with Fig. 21 was entirely free of deposit, as shown by 
the photograph which is reproduced in Fig. 22. The 
result of this test proved that the angle of spray 
had increased so much that a portion of the fuel charge 
became de-atomised upon making contact with a 
metal part in the vicinity of the fuel-valve nozzle and 
carbonised during the subsequent combustion processes. 

The number of ships that have been operated on 
boiler fuels up to 1,500 seconds viscosity is so great and 
the period of service so long that it can be stated cate- 
gorically that fuel within this range shipped in any 
part of the world can be successfully burnt in four-cycle 
type engines of the makes referred to earlier in this 
paper, providing it is first treated in the manner recom- 
mended, and the various parts of the engine concerned 
with the injection and combustion of the fuel are in 
good order. Boiler fuels are usually quite stable 
under treatment, but it may happen that a fuel which 
deposits an unusually large quantity of sludge in the 
purifier bowl is shipped and more frequent cleaning 
of the bowl becomes necessary. The operation of the 
engine is, however, in no way affected by such fuels, 
which are generally made up of fuels of different types 
and origin. Of 16 vessels that have shipped bunkers of 
various grades in all parts of the world during the 
past three years, only on one occasion was it necessary 
to clean the purifier with more than usual frequency. 
If difficulties are experienced, the fault will generally 
be found in the engine rather than in the fuel. 

So far, four-cycle single-acting engines only have 
been referred to, but, in view of the high proportion of 
ships propelled by two-cycle engines, many must be 
concerned with the ability of this type of engine to 
operate satisfactorily on boiler fuels. As regards the 
combustion-chamber end of the cylinder, there should 
be no difficulty in burning such fuels in two-cycle 
engines, providing the fuel is first purified in the 
manner recommended and that all parts of the injection 
system are in good order. The effect of faulty parts will 
be the same in both types when burning boiler fuels. 

When burning boiler fuels, the cylinder liners tend 
to wear parallel, the wear rate at the combustion- 
chamber end being the same as when burning Diesel 
fuels, but the wear rate of the lower end of the cylinders 
becomes greater. This, it will be remembered, was 
attributed to corrosion wear resulting from the burning 
of fuels having a high sulphur content, and the products 
resulting from this corrosion wear naturally find their 
way to the open lower ends of the cylinders. In most 
two-cycle engines, a deep piston is employed, and, to 
avoid the height of the engine being unduly great, the 
makers cause the lower end of the piston to reciprocate 
through the upper end of the crankcase. Provision is 
usually made to retain the lubricating oil in the cylinder 
by fitting scraper rings at the lower end of the cylinder, 
and oil is prevented from leaving the crankcase by 
scraper rings at the upper end of the crankcase. 

It is reasonable to assume that, unless special con- 
sideration is given to the means provided to collect 
any deposit thrown out of the bottom of the cylinders, 
such deposit will find its way into the crankcase and 
contaminate the lubricating oil therein. Similar 
problems are met with in certain makes of four-cycle 
engines. Where the lower end of the cylinders is open 
to the atmosphere, the problem does not arise, but where 
the lower ends of the cylinders are enclosed to form a 
supercharge air pump, more than usual thought must 
be given to preventing the deposit from the lower ends 
of the cylinders entering the crankcase. 

In December last, the main engine of the tanker 
Paludina was equipped to burn fuels having a viscosity 
up to 1,500 seconds at 100 deg. F. The ship is propelled 
by a three-cylinder Doxford opposed-piston engine. 
The engine, which is of standard design in every respect, 
had operated with complete satisfaction on normal 
grades of Diesel fuel of a viscosity ranging between 
40 and 100 seconds. Before installation in the ship, 
the engine was subjected to shop trials. After initial 
tests on Diesel fuel, the engine was run on purified 
1,500 seconds fuel. Apart from injecting the boiler 
fuel at 180 deg. F. and leading a small-bore steam- 
heating pipe along the fuel pipe connecting the high- 
pressure fuel pumps and the fuel rail from which the 
injection valves are supplied, and enclosing the two 
pipes in insulating material, no alterations were made 
to the engine. 

The engine was started on Diesel fuel and, after 
attaining normal working temperatures, was changed 
over to boiler fuel. During 15 hours on boiler fuel, we 
engine develo approximately full power at norma 
pantie ser sroneanen, the only marked difference 
being the injection pressure, which was 7,000 lb. per 
square inch as against 6,000 lb. per square inch on 
Diesel fuel. The fuel nozzles, or plates, on this occasion 
contained six holes 0-025 in. in diameter, the standard 





nozzle for Diesel fuel having five holes 0-022 in. in 
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diameter. After this short test, the injection valves 
were removed for examination and a small amount of 
carbon found on the extreme inner ends of all valves. 
In the case of two valves, the carbon was hard and 
two holes in the yy plates were choked. At one 

y hole, the carbon had built up to a distance of 
about 5 mm. The condition of other parts likely to 
be adversely affected by the burning of boiler fuel was 
no different than would have been the case had the 
engine operated on Diesel fuel. 

During the time the ship operated at sea on Diesel 
fuel, certain additional parts were prepared and when 
ready the ship was directed to a port where the altera- 
tions could be carried out. Fuel purifying equipment 
was installed as in the Auricula. All injection valves 
were modified to enable heated fuel to be circulated 
through them while the engine was inoperative. A 
hand pump was provided to circulate heated fuel 
through the fuel pumps and injection valves prior to 
starting. A i system was fitted to lead fuel 
ejected from the injection valves to a receptacle situated 
under the high-pressure fuel pumps. Drain valves 
were provided in the high-pressure fuel pumps to 
enable cold fuel to be drained off. An steam 
heater was installed directly under the high-pressure 
fuel pumps to maintain the temperature of the fuel 
during inoperative periods. The six-hole fuel nozzles 
or plates were replaced by plates having five holes of 
the same size, i.e., 0-025 in. Steam heating pipes, 
# in. bore, were ~~ close to the fuel pipes connecting 
the high-pressure fuel pumps to the distribution box, 
the distribution box to the filters and the filters back to 
the fuel valves. The steam heating and the fuel pipes 
were encased in insulating material. The pipes con- 
veying fuel from the heater to the high-pressure fuel 
pump suction were insulated to prevent loss of heat. 

Upon completion of this work, the ship was taken to 
sea and the engine operated at various speeds. Manceuv- 
ring trials on 1,100 seconds fuel were also carried out 
and the engine operated satisfactorily to all outward 
appearances. The fuel was burnt with a clear exhaust 
and the fuel injection valves at the end of the trial were 
free of deposit and all spray holes clear. The fuel 
injection pressure was 6,500 lb. per square inch and 
the temperature at the moment of injection 175 deg. F. 

Before the engine began operating on boiler fuel, a 

complete record was obtained of the condition of the 
engine, such as wear of cylinder liners, composition and 
physical properties of crankcase lubricating oil, amount 
and composition of matter in scavenging air and exhaust 
pe gg etc., so that, when the engine has operated 
‘or an equal time on the cheaper fuel, an accurate 
comparison can be made. The piston rings throughout 
the engine were removed prior to being operated on 
boiler fuel. 

On arrival at Aruba, No. 2 cylinder was opened up 
for examination and all parts found in good order, with 
the exception of the piston rings, all of which had worn 
excessively in a radial direction and were consequently 
renewed. Before leaving Aruba, sufficient bunkers of 
1,420 seconds viscosity were taken on board to return 
the ship to the United Kingdom. The homeward 
voyage was made without incident and the following 
operational data were collected :— 








Fuel in use, secs. .. af od 
Injection pressure, Ib. per sq. in. 
Scavenging pressure, Ib. per sq. in. 
Exhaust temperature, deg. F. .. 
Compression pressure, Ib. per sq. in. 
um pressure, Ib. per sq. in. we 

Mean effective pressure, Ib. per sq. in. .. 

otal i.h.p. waar’ wa ee oe) 


-Pp.m. ma a i“ 
Daily fuel consumption, tons 








The data when operating on Diesel fuel were obtained 
during the official sea trials of the ship, and in comparing 
the results obtained on that occasion with the results 
obtained subsequently when operating on boiler fuel, 
the following is disclosed: the fuel injection pressure 
is the greater by 300 lb. per square inch owing to the 
higher viscosity of the boiler fuel; the exhaust tem- 
perature is 17 deg. F. higher, due partly to the lower 
scavenging air pressure ; the compression pressure is 
9 Ib. per square inch lower. This is accounted for by 
the fact that, when on Diesel fuel, all piston rings 
were in new condition, whereas, soon after the figure 
when on boiler fuel was obtained, the piston rings had 
to be renewed. The maximum pressure is slightl 
lower due to the slower burning rate of boiler fuel. 
The mean indicated pressure, and consequently the 
horse-power, is greater when operating on boiler fuel. 
The explanation may be that one of the two pressure 
indicators used was not istering correctly. The 
high fuel consumption when burning Diesel fuel is 
accounted for by the engine not having been run-in 
to the same extent as when the data for boiler fuel 
operaticn were obtained. 





When the Paludina reached a home port the follow- 
ing had been accomplished while burning boiler fuels 
having a viscosity ranging between 900 seconds and 
1,500 seconds : hours operating at full power, 894, of 
which 626 were on high viscosity fuel ; total revolutions 
made, 5,881,800 ; quantity of fuel consumed, 248 tons 
high-viscosity fuel and 89-5 tons Diesel fuel; sludge 
removed from purifier, 3 oz. per ton; sludge removed 
from clarifier, 1} oz. per ton. 

Nos. 1 and 3 piston rings were renewed because they 
were found to have worn excessively in a radial direc- 
tion. On the bottom of the scavenge-air trunk, greasy 
matter to a depth of } in. or so was found, but the 
crankcase was clean and the lubricating oil therein 
was, judging by ap nee, in good condition. In 
every other respect, the engine was in normal condition, 
and when it has operated for a length of time sufficient 
to enable full information to be obtained i 
cylinder liner wear, effect upon crankcase lubricating 
oil, etc., it is felt that the results will be encouraging. 
The high wear rate of the piston rings is not peculiar 
to this type of engine. When the opportunity occurs 
to fit rings of a better material, it is expected that the 
wear rate will be substantially reduced. 

It has not been n to pre-heat any of the 
normal grades of Diesel fuel, under even the most severe 
climatic conditions. With high-viscosity fuel, however, 
pre-heating is necessary, and, for transferring from one 
compartment to ancther, the amount of heat to be 
applied depends on the viscosity of the fuel, and the 
relative positions of the transfer pump and the compart- 
ment from which the fuel is taken, as well as the type 
and condition of the transfer pump. For fuels with a 
viscosity under 900 seconds at 100 deg., no pre-heating 
is required to transfer from one compartment to 
another if the situation of the tank from which the fuel 
is to be taken is such that there is a head of pressure 
at the pump suction. When such fuels require to be 
lifted through a distance of about 6 ft., a steam coil 
round the suction tail pipe is all that is required. The 
diameter of the coil should be about twice the diameter 
of the tail pipe and its location as low as practicable. 
For dnehio buttons tanks, pre-heating becomes necessary 
when the temperature of the sea falls below 65 deg. F. 
At higher sea temperatures, 900 seconds fuel can be 
lifted without pre-heating. 

For handling more viscous fuels, up to, say, 1,500 
seconds at 100 deg. F., it is advisable for fore deep 
tanks, cross-bunkers and double-bottom tanks to be 
fully coiled. The amount of heating surface required in 
fore deep tanks and double-bottom tanks is 1 sq. ft. 
per ton, and, in the case of cross bunkers situated 
adjacent to the engine room, } sq. ft. per ton of tank 
capacity. With fuels in this range it has been found 
that steam heating does not become necessary for 
drawing from cross bunkers until the sea temperature 
falls man 45 deg. F. 

When fuel up to 3,500 seconds at 100 deg. F. has 
to be handled, the foregoing pre-heating arrangements 
will be suitable, but there will require to be a longer 
period of pre-heating. In the case of cross bunkers, 
heat will require to be applied only after the tempera- 
ture of the sea falls below 65 deg. F. At sea tempera- 
tures below 65 deg. F., it is advisable to maintain this 
grade of fuel at a temperature of 90 deg. F., when it 
can be readily transferred at any sea temperature. 
When fuel of this grade is stored in the double-bottom 
ballast tanks of dry-cargo ships, a temperature of 
120 deg. F. will have to be maintained in alternate 
tanks from which the settling tanks are supplied, as 
is done in steamers burning liquid fuel under boilers. 
In the event of the cargo being of a perishable nature, 
such a high temperature would not be permissible, in 
which case the fuel should be heated to about 100 deg. F. 
only and a longer time allowed for transfer of bunkers. 
If a temperature of 100 deg. F. is not permissible, a fuel 
of lower viscosity must be shipped. 

The two settling or daily service tanks, usually 
provided in motorships, should be fitted with heating 
coils. The temperature of the fuel in the dirty-oil 
tank should only be sufficient to enable the fuel to 
flow freely to the heater of the purifying plant, while the 
temperature of the fuel in the clean-oil tank should be 
such that the fuel will flow freely to the engine fuel 
heater. In each case, a temperature of about 100 deg. 
F. suffices for the most viscous fuels referred to here, 
and, as these daily service ranks are generally situated 
at the upper part of the engine, a few coils of steam 
heating pipe round the fuel outlet is all that is required. 
The fuel transfer-pump discharge connections should 
be so arranged that it is impossible to pump up to the 
clean oil tank from the storage tanks and thereby 
contaminate the purified fuel. 





THE DE HAVILLAND “ HERON ” AIR LINER.—On Wed- 
nesday, May 10, the four-engined Heron air liner, built 
by the de Havilland Aircraft Company, Limited, Hat- 
field, Hertfordshire, flew for the first time. Some brief 
details of the Heron, which will carry 14 passengers 
over a distance of 150 miles, were given on page 218, ante. 





INDUSTRIAL GAS TURBINES.* 
By Dr. H. Roxsez Cox. 


THE gas turbine is being ‘= to duties on the 
land, on the sea and in the air. Its range is so extensive 
that, when I was asked to lecture on gas turbines, | 
realised that I could not profitably attempt to deal 
with the subject in its widest sense. I decided, there. 
fore, to confine myself tu the land applications of the 
gas turbine. as it is with these that I have been, for the 
past 18 months, most closely concerned. I propose 
to offer some observations on recent developments, 
current problems, and future prospects. 

The history of the gas turbine appears to begin with 
John Barber’s patent of 1791. Its practical develop- 
ment belongs wholly to this century.t The wide- 
spread activity in gas turbines to-day can fairly be 
thought of as mainly a development of the past 15 years. 
Members of this Institute can take great pride in the 
fact that they made this development, prodigious in 
extent -and promise as it is, possible. To examine 
whether metallurgical progress stimulated the gas- 
turbine designers, or the gas-turbine designers the 
metallurgists, is as profitless as the parallel exercise 
on the priority of the chicken and the egg, but of the 
magnitude of the metallurgical contribution to the 
rapid progress in the current gas-turbine epcch there 
can be no doubt. It was in 1936 that Whittle’s great 
effort, which resulted in the jet-propulsion gas turbine 
for aircraft, truly got under way. It was in the same 
year that serious experiment on axial compressors was 
put in hand at the Royal Aircraft Establishment. The 
way in which, in this country, the movement so begun 
gathered a momentum of invention, research and 
development has been told already.} The point of 
interest to note here is that, until after the end of the 
war, the movement was directed solely towards the 
aircraft gas turbine. 

Also in or about 1936, serious interest in the gas 
turbine was reviving on the Continent. Except in 
Germany, the industrial gas turbine was the main 
objective. Development towards this objective was 
largely frustrated by the war everywhere but in 
Switzerland, where progress has been uninterrupted. 
The result is that Swiss progress in the industrial field 
has been as significant as our own in the aircraft field. 
Soon after the war ended, it was possible to conclude 
that, through this country’s intensive attack on the 
aircraft gas-turbine objective, we had built up a store of 
thermodynamic, aerodynamic, mechanical and metal- 
lurgical knowledge which would be of the utmost value 
applied to the problems of the industrial and marine 
gas-turbines ; that these gas turbines were of more 
importance to the national economy than the more 
spectacular aircraft gas-turbines ; that the Swiss were 
leading the rest of the world by several years in the 
industrial field; and that, in consequence, we should 
be wise, while maintaining our lead in aircraft gas- 
turbine technology, to try to achieve a similar position 
in the industrial and marine spheres. These views 
steadily gained acceptance, and to-day, I would suppose, 
are widely held. That this is so is indicated by the 
work done since the war, the work in hand, and the 
work projected in this country on industrial and 
marine gas turbines. Dr. T. W. F. Brown has given 
fairly recently a full account§ of the marine part of this 
work and it is of the industrial part of it that I intend 
to give a brief account in this paper. In so doing I 
shall refer briefly to the Swiss achievements, which 
have undoubtedly provided a tremendous stimulus to 
the effort here. : ; 

Probably the first modern|| gas turbine to go into 
service in a power station was the 4,000-kW stand-by 
set built by Brown Boveri, of Baden, Switzerland, and 
installed in 1938 at Neuchatel. This, like all Brown- 
Boveri gas turbines, works on the open cycle. In 
all, this company has received orders for 12 gas- 
turbine sets for electrical power generation, and has 
delivered six of them. Some of these run on gaseous 
fuel, but the majority on liquid fuel. The companys 








* The 40th May Lecture, delivered to the Institute of 
Metals at a meeting held in London on Wednesday, 
May 10, 1950. Abridged. 

+ “The Gas Turbine, with Special Reference to 
Industrial Applications,” by Sir Claude Gibb and A. T. 
Bowden. JI. Royal Soc. of Arts, March 28, 1947. ; 

t “The Early History of the Whittle Jet-Propulsion 
Gas Turbine,” by F. Whittle. Proc. I.Mech.E., vol. 152, 
No. 4 (1945); and “ British Aircraft Gas Turbines,” by 
H. Roxbee Cox. Jl. Aeronautical Sciences (U.S.A.), 
February, 1946. 

§ “ British Marine Gas Turbines,” by T. W. F. Brown. 
Trans. N.E.C. Inst. Engrs. and Shipbldrs., vol. 65, part 3. 
Jan , 1949. 

| The modern gas turbine works on the constant- 
pressure cycle. A Holzwartb ga* turbine, working on 
the constant-volume cycle (the explosion-type gas tur- 
bine) was built by Brown Boveri of Mannheim in 1925 
for Muldenstein power station. 








OO ODmmMme Oetcedoeea@aeqeegedcdtd: 


~—- @OrFrw 


wz ee 





May 19, 1950. 


ENGINEERING. 





579 











INDUSTRIAL GAS TURBINES. 


Fig.3. 12,500-K W CLOSED-CYCLE SET 


Fig.1. 15,000-KW OPEN~CYCLE SET 
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'NGINEERING™ 
greatest achievement so far is the new power station a Turbine driving combus- g Pre-cooler. 
at Beznau in Switzerland, where one 13,000-kW set » eu 4 yy ee 
and one 27-000-kW set are installed as base-load eee j HP ae. — 
plant. They run on an Anglo-Iranian fuel of 225 Combustion-air preheater. | & Inter-cooler. 
seconds (Redwood 1) viscosity at 100 deg. F. This is a a 
probably the heaviest oil yet used regularly in service f tenn: i 


in a gas turbine. The Escher-Wyss company o. 
Zurich have concentrated on the closed-cycle gas 
turbine. This company’s major work so far is the 
12,500-kW set now being installed in the St. Denis 
power station near Paris. Sulzer Brothers, of Winter- 
thur, have completed a 7,500-h.p. experimental marine 
set and a 20,000-kW power-station set at Weinfelden. 
These machines are designed on a mixed cycle—partly 
open and partly closed. The open-cycle part is asso- 
ciated with the power turbine, and the closed-cycle 
part with the compressor turbine. 

There are four small plants already running in this 
country. Messrs. C. A. Parsons and Company have 
a 500-h.p. experimental open-cycle set of their own 
design ; Messrs. John Brown and Company, a 500-h.p. 
experimental set, designed originally by Pametrada 
as an open-cycle machine and recently converted by 
Messrs. John Brown to the closed cycle. The Metro- 
= mth Electrical Company have made a 2,000- 

W open-cycle set on which experiments with a variety 
of liquid fuels have been done. The latest of the 
smaller industrial gas turbines is the neat 750-kW set 
built by Messrs. Ruston and Hornsby, Limited. (See 
ENGINEERING, page 85, ante.) In the 2,000-kW class, 
three gas turbines have been ordered by the Metro- 

litan Water Board for standby duties. There are 
our quite large electricity generating plants now under 
construction in this country. Two of them, each cf 
15,000-kW capacity, are to the order of the British 
Electricity Authority, one from Messrs. C. A. Parsons 
and the other, the cycle diagram for which is reproduced 




















Fic. 4. 


in Fig. 1, herewith, from Messrs. Metropolitan- Vickers. 
Messrs. C. A. Parsons are also making a 10,000-kW 
plant for the Naticnal Gas Turbine Establishment ; 
Fig. 2 shows the cycle diagram for this plant. These 
are all open-cycle gas turbines. The fourth is a 
12,500-kW set being made by Messrs. John Brown 
on the Escher-Wyss closed-cycle plan to the order 
of the North of Scotland Hydro-Electric Board ; 
this is shown in Fig. 3. This plant will probably be 
the first of the four large sets to run. 

The economic load factor at which a power station 
can run is a function of its capital cost and its running 








costs. As these gas turbines will run, at any rate to 
begin with, on distillate fuel, they can only be economic 
for a very low load factor—of the order of 10 per cent. 
It follows that the gas turbine in Great Britain can 
only have a very limited application to electricity 
generation unless it can be developed to run on cheap 
fuel. One obvious possibility is residual oil. The 
others, likely to appeal even more to industry in this 
country, are our mm indigenous fuels, coal and peat. 

A certain amount of running on residual oil has 
already been accomplished in Switzerland, but the 
general problem is still far from being solved. Experi- 
mental running in this country has clarified the nature 
of the problem. There is no difficulty in burning the 
heaviest residual oil; the removal of solid particles 
from the products of combustion is a problem which can 
be solved mechanically ; the heart of the matter is to 
neutralise the effects of the corrosive dispersed products 
of combustion, the most intractable of which is vana- 
dium pentoxide. Such extended running as has yet 
been achieved is probably with residual oils low in 
vanadium content. In the general case, there is no 
doubt about the severe and rapid corrosive action, which 
is illustrated in Fig. 4, and no dependable solution 
of the difficulty has yet been suggested. The metal- 
lurgist who produces a material for combustion cham- 
bers, blading and heat-exchanger tubes which is 
resistant to vanadium attack will make a major con- 
tribution to gas-turbine engineering. 

(To be continued.) 
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HYDRAULICALLY-OPERATED 
BOTTLE-WASHING MACHINE. 


AttHovuesH bottle-washing machines have been in 
general use for a number of years, it is probably true 
to say that, until recent times, the standards of clean- 
liness, mechanical efficiency and reliability demanded 
by the operators have generally been in advance of 
actual developments. Modern machines of this type, 
however, have been developed to a high state of 
efficiency and, on the whole, fulfil most present-day 
requirements. A good example of such a machine, 
which has been developed by the Graham-Enock 
Manufacturing Company, Limited, Windus-road, Stam- 
ford Hill, London, N.16, is illustrated in Fig. 1, on 
this page, and in Figs. 3, 4 and 5, opposite. This 
machine is particularly interesting as it obtained the 
highest award for the “* best invention of the year ” in 
the dairy-machinery class during the Dairy Show held 
at Olympia last autumn ; furthermore, it is, we under- 
stand, the first machine of this type to be operated 
entirely by hydraulic means. Two versions are avail- 
able: one designed to accept dirty bottles at one end 
and discharge them at the opposite end, while the other 
receives and discharges the bottles at the same end, 
the machine illustrated being of the former type. 
The principle of operation, however, is the same in 
both cases and can best be understood by reference to 
the drawing reproduced in Fig. 5, opposite, which 
shows, in diagrammatic form, a longitudinal section 
through the centre of a typical machine. The bottles 
are brought to the feed-in (left-hand) end in crates, 
usually by a conveyor, and are placed in the feed 
wheel by hand, any damaged bottles being discarded. 
The feed wheel, which is lettered a in Fig. 5, is of com- 
posite stainless-steel and rubber construction and is 
sufficiently wide to accommodate 16 bottles at a time. 
The movement of the feed wheel is timed so that it 
tips the bottles down the gradient 6 into one of a 
series of bottle carriers c. The bottle carriers are 
fitted in rows to endless conveyor chains which pass 
over a series of sprockets arranged so that the bottles 
are taken progressively through the various processes. 
Only some of the bottle carriers, however, are shown in 


In the first, or pre-soaking, stage, the bottles are 
submerged in the bath of water d which is maintained 
at a temperature of 95 deg. F., the bottles entering 
the water at such an angle that they are filled com- 
pletely before they are inverted in the water. The 
water in this bath is collected from a later process and 
the bottles are submerged for a period of approximately 
1} minutes ; they are retained in their carriers during 
immersion by the steel channels lettered e in Fig. 5. 
The chamber in which the first immersion takes place 
is sealed by the division f so as to retain the hot vapours 
and trap any condensate. The bottles are drained as 
they leave the pre-soaking chamber and proceed to the 
next stage where they are immersed in the bath g 
containing a detergent solution held at a temperature 
of 145 deg. F. As in the case of the pre-soaking 
chamber, the bottles enter the solution so that they are 
completely filled before total immersion. The deter- 
gent solution is heated by steam coils, the temperature 
being controlled thermostatically, and the steam coils 
designed so that they can be removed through the side 
of the machine. 

The cycle of operations is arranged so that the 
bottles are immersed in the detergent solution for a 
period of 4 minutes. On leaving the soaking chamber, 
they are sprayed internally and externally with deter- 
gent solution by the four rows of jets lettered A in 
Fig. 5, which are arranged to give a plentiful supply 
when the bottles are in the inverted position. After 
spraying, the bottles drain for 14 minutes and are 
then rinsed with hot water delivered through the six 
rows of jets lettered j in Fig. 5; the water for this 
operation is stored in the chamber k and is maintained 
at a temperature of 125 deg. F. by injection cf steam. 
Before leaving the machine the bottles are given a 
rinse with warm water followed by a further rinse, 
with cold sterilised water, the jets for these two opera- 
tions being lettered / and m respectively. The sterilis- 
ing water is taken directly from the mains, the flow 
being regulated so that the rinsed bottles leave the 
machine at a temperature suitable for filling with cold 
milk. The water is sterilised by the introduction of 
an electrolytic sodium hypo-chlorite. After rinsing 
the bottles, the sterilised water drains into the warm 
rinse chamber n, the temperature of which is main- 
tained at from 90 deg. F. to 95 deg. F. by convection 
from the hot-rinse tank k. The sterilised water is, 
of course, added constantly and the overflow is con- 
ducted to the hot-rinse tank which, in turn, overflows 
into the pre-soak chamber and finally to waste. The 


bottles are discharged by gravity down a rubber chute 
and placed mechanically on the conveyor r which 
delivers them to the bottling machine. 

Three separate pumps are used to deliver the deter- 
gent solution and the hot and cold rinsing water to 
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respectively, in Fig. 5. They are of the normal centri- 
fugal type and are driven from a single electric motor 
by an endless rubber belt which passes round the 
three pump pulleys; this arrangement is shown in 
Fig. 4, opposite, which shows the three pumps and 
their driving motor. The pumps are installed in a 
compartment at the side of the machine and are | 
designed so that each complete rotor assembly can be | 
withdrawn without breaking any water joints. The 
pump shafts are fitted with dual-purpose ball bearings 
and the rotors are of cast iron. The water returns to 
the various chambers through sets of duplex strainers 
which protect the pump suctions and collect the labels 
when the machine is used for washing beer and mineral- 
water bottles. The strainers are installed so that they 
can be removed one at a time for cleaning without 
stopping the machine. 

The endless chains which carry the bottle racks 
through the various processes do not, of course, move 
continuously, but are fed forward in a series of steps 
with suitable pauses between each movement for 
loading ard unloading the bottles. In earlier bottle- 
washing machines, the chains and the feed and discharge 
mechanisms were actuated mechanically ; the various 
linkages and transmissi n shaftings, however, were 
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This unit is arranged to operate the main conveyor 
chains and the loading and unloading mechanisms 
through slave piston-and-cylinder assemblies. It is 
installed in a compartment at the discharge end of the 
machine and is connected to the various working parts 
through flexible metallic pipes which have sufficient 
slack to permit the unit to be withdrawn without dis- 
connecting them, an arrangement which renders inspec- 
tion and maintenance exceptionally easy. The unit is 
illustrated in Fig. 3, opposite, where it is shown removed 
from the machine. It comprises separate high- 
pressure and low-pressure systems, the former being 
used to actuate the main rams which move the conveyor 
chains and the latter the loading and unloading 
mechanisms. The low-pressure system is also used 
to operate control valves, one of which is provided for 
each operation ; these determine the flow of oil to the 
slave piston-and-cylinder assemblies and are actuated 
by integral servo pistons. ; 

The two hydraulic systems are entirely separate, 
each being provided with its own hydraulic pump and 
associated driving motor. The operation of the unit 
can be explained by reference to Fig. 2, above, which 
shows the circuits in diagrammatic form. The high- 
pressure system is. shown in full line and the low- 





of a complicated nature and undoubtedly led to 





their respective sprays ; these are lettered 0, p and q 





pressure system partly in chain-dotted and partly in 


maintenance difficulties and it was largely to overcome | dotted lines, the former referring to that part of 
such troubles that the Graham-Enock Company deve- ' 


loped the hydraulic power unit referred to previously. ' valves and the latter to that part which supplies 


the lcw-pressure system which operates the control 
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the loading and unloading slave-cylinder assemblies. 
The main, or high-pressure, slave cylinders are lettered 
a and 6 in the diagram; these operate the main 
conveyor chains through trailing pawls fitted directly 
to the ends of the piston rods which, during the power 
stroke, engage with the links of the chains. As a 
safeguard against any possible difference in the friction 
load between each side of the machine, however, the 
sprockets are keyed to a common shaft. The feed-in 
and discharge mechanisms are actuated by the separate 
slave-cylinder assemblies lettered c and d in the 
diagram, that for the discharge motion being timed to 
operate immediately the conveyor chains come to rest. 

The high-pressure circuit is supplied with oil by the 
pump lettered e in the diagram ; this is driven by a 
5-h.p. electric motor and can be seen at the left of 
Fig. 3. The oil is led to the control valve f, which 
directs it to either end of the slave cylinders a and b, the 
direction of flow being determined by the integral 
servo piston referred to previously. The low-pressure 
circuit is supplied by the pump lettered g; like the 
main pump, it is driven by an electric motor and can 
be seen at the right of Fig. 3. It is arranged to deliver 
to the solenoid-operated directional valve h, which 
determines the position of the servo piston in the valve f. 
The solenoid, however, is controlled by electrical 
contacts installed at each end of the main slave 
cylinders a and 6, and actuated by the pistons. The 
contacts are arranged so that when the pistons are 
at the end of the return stroke, as shown in the diagram, 
the solenoid is energised and admits oil to the left-hand 
side of the servo piston in the control f. The servo 
piston, as a result, moves and opens ports which connect 
the left-hand ends of the cylinders a and b to the high- 
pressure circuit and the right-hand ends to exhaust. 
At the end of the working stroke, contacts are operated 
by the piston to break the electrical circuit, the solenoid 
valve, as a consequence, being de-energised. This 
reverses the flow of low-pressure oil to the valve f and 
moves its associated servo piston so that high-pressure 
oil is delivered to the right-hand ends of the cylinders 
@ and b and the left-hand ends opened to exhaust. 
The pistons are then returned ready for the next working 





stroke, the speed of return being regulated by the 


adjustable metering valve j. The high-pressure hydrau- 
lic system is protected by the pilot-operated relief 
valve k. 

The loading and unloading operations, of course, 
take place during the return stroke of the main pistons, 
the two operations being carried out, as previously 
mentioned, by the slave cylinders c and d. These are 
controlled by the same type of valve as that employed 
in the high-pressure circuit, there being a separate 
control valve for each cylinder; these are lettered 
l and m, in Fig. 2. As in the case of the main slave 
cylinders, the servo pistons of the valves / and m are 
controlled by the solenoid valve h, the ccmplete circuit 
being arranged, however, so that the working strokes 
occur during the return strokes of the main rams. 
To ensure constant rates of flow to the feed and 
discharge rams, a proportioning valve p is introduced 
in the delivery line from the low-pressure pump g to 
the two control valves 1 and m. The oil is led to each 
control valve through separate relief valves ; these are 
lettered and o in the diagram and can be adjusted 
so that, in the event of a bottle jamming, the pressure 
developed is insufficient to cause breakage. 

Considerable care has been taken in the design to 
ensure ease of maintenance ; all tanks and chambers, 
for example, are provided with full-depth doors, 
while the jet pipes can be cleaned from the outside of 
the machine. The moving parts have been reduced 
to a minimum, the only major mechanical parts being 
the sliding shoes which carry the trailing pawls for 
the main conveyor chain, the bearings for the feed-in 
mechanism, and sprocket wheels and rollers at the 
discharge end. The outside of the machine is free of 
all moving parts and can be hosed without difficulty 
or danger. It has a rated capacity of 8,000 pint 
bottles an hour and is constructed to accommodate 
16 bottles in each row. A complete cycle of movement 
occupies 7-2 seconds, of which only 2 seconds is taken 
for the forward travel of the conveyor chains, the 
remaining time being available for loading and feeding 
in, the latter operation occupying 1 second. Suitable 
automatic trips are provided to safeguard the machine 





and it can be stopped from either end ; it can only be 
started, however, from the discharge end. 

The machine described, the full designation of which 
is the Gem JM6 fluid-drive soaker-sprayer bottle- 
washing machine, is the medium size of a complete 
range, the largest machine being capable of washing 
12,000 bottles an hour. It should, perhaps, be pointed 
out that the machines were developed at the company’s 
Margaret-road works, but are being manufactured in 
quantity at their Marine-gardens factory, Portobello, 
Edinburgh. 





COURSE ON METEOROLOGY.—<A short course on obser- 
vational and synoptic meteorology, arranged by the 
Council for the Promotion of Field Studies and the Royal 
Meteorological Society, will be held at Malham Tarn, 
near Settle, Yorkshire, from Wednesday, September 6, 
until Wednesday, September 13, and there will be 
accommodation for 50 persons. Further details may be 
obtained from the assistant secretary of the Society, 49, 
Cromwell-road, South Kensington, London, S.W.7. It 
is requested that application should be made promptly. 





SKETCHING BOARD AND INSTRUMENT.—A _ small 
portable drawing board fitted with an instrument which 
is an aid to rapid sketching, has been developed by 
the Quickdraw Company, 127, Gunnersbury-avenue, 
London, W.3. It ists of a transp t 
template attached to one end of a parallel linkage, the 
other end of which is hinged to a light board contained 
in a folder. ‘The template is accurately cut to give 
vertical and horizontal lines and angles of 30, 45 and 
60 deg. The linkage ensures that the horizontal and 
vertical lines remain true, whatever the position of the 
template. Circles of various diameters from 4 in. to 1 in. 
are cut out, and smaller perforations are provided which 
make it possible to draw a number of equally-spaced 
horizontal lines. Scales are provided, graduated in 
fractions of an inch and in millimetres. The folder 
measures 14 in. by 14 in., and is provided with pockets 
at the bottom corners to retain the drawing paper. 
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NOTES ON NEW BOOKS. 


Early British Railways. By CurisT1an Barman. 
Penguin Books, Harmondsworth, Middlesex. [Price 
3s.] 


Tuts is not just another railway book; Mr. Christian 
Barman has something new to say. From the great 
mass of historical material which a less skilled writer 
might have retailed indiscriminately, he has selected 
only that which coalesces naturally to serve his purpose ; 
and though there are but 33 of text, he accom- 
plishes fairly successfully the task of bringing out the 
greatness, the stature, of the early railway builders— 
their unceasing labours and indomitable drive. Not 
without just cause, he dismisses the ‘‘ books about 
railways . . . filled with pictures of ancient locomo- 
tives and railway directors,” and concentrates on the 
civil-engineering and architectural achievements of men 
like I. K. Brunel, George — and Vignoles. 
The facts of the early history of railways have ly 
been catalogued adequately, but Mr. Barman’s imagina- 
tion puts them in a new light. To those who already 
have some acquaintance with the history of British 
railways, however, the chief attraction of the book is 
likely to lie in the excellent reproductions in colour of 
old railway prints. 


Grinding Practice. By F. H. Cotvin and F. A. 
Srantey. Third edition. McGraw-Hill Book Com- 
y, Incorporated, 330, West 42nd-street, New 
Fork 18, U.S.A. [Price 3-75 dols.]; and McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, Londcn, W.C.2. [Price 32s. net.] 


‘Tue thoroughly revised third edition of this well-known 
work has been rearranged by combining chapters of 
similar contents in separate sections. Numerous 
changes have been made, and the number of pages has 
been increased by a fifth. Standardised main capacity 
dimensions of grinding machines are to be found in the 
chapter on “ Cylindrical Grinding in General.” New 
machines are described for centreless-grinding opera- 
tions, and for precision grinding. Improvements of 
magnetic chucks when used for non-magnetic work are 
described, and the increasing application of carbide 
tools has led the authors to include information on 

inding and honing these materials. A new material, 
No. 32 Alundum, appears among the descriptions of 
grinding wheels. The book includes the new American 
standard code for the marking of abrasive wheels, and 
the commercial standard for grading diamond powder. 
The concluding chapter, on “ Polishing and Buffing,” 
has been extended by the treatment of tumbling, 
surface finishes, and microfinishing. 


Kunstharzpressstoffe und andere Kunststoffe. By WALTER 
Menporn. Third edition. Springer-Verlag, Reich- 
pietschufer, 20, Berlin W.35, Germany. [Price 
36 DM.] 

Tus book deals with plastic materials and similar 

substances used for industrial p and has been 

written for the practical user of these materials, as well 
as for the student. Methods of forming by moulding, 
extrusion and other processes are described, and 
modern machine tools and machining methods are 
explained in simple , with ample illustrations. 
Throughout the book the technology of the manufacture 
of plastic parts is emphasised and the potential user 
will find information on the n qualities of 
plastic substances to fill his needs. Their possibilities 
and limitations are discussed and their mechanical 
qualities are reviewed, together with the best methods 
of forming them for Crago wed ye as In his survey 
of recent developments ab pangs A in the United 

States and in England) the author deplores the lack of 

outstanding in his own country, which, he 

says, has fallen behind with developments because 

‘“* Germany could not stand up against the antagonism 

of the whole world,” which retarded research and 


practice ; a remark that is typical of the distorted gro 


mentality which prefers the popular explanation to 
the true one. It is evident, however, that the author 
has studied thoroughly the American and British 
literature and other sources of information, and has 
kept well in touch with German manufacturers of 
processing equipment, and with chemical works making 
plastic materials in ny. 





‘* HINTS TO BUSINESS MEN ” BOOKLETS.—The Govern- 
ment series of business guides entitled ‘‘ Hints to Business 
Men ” has been further extended by the publication of 
booklets on the Netherlands West Indies, and on Cyprus, 
Gibraltar and Malta. Most parts of the Commonwealth 
and many foreign countries are now covered by booklets 
in this series. Business men from the United Kingdom 
who intend to visit countries overseas on export affairs 
may obtain copies on application to the Commercial 
Relations and Exports Department of the Board of 
Trade, I.C.I. House, Millbank, London, S8.W.1. 


UNIFIED-THREAD FORM DIAGRAMS 
AND GRATICULES FOR PROJECTION 
APPARATUS AND MICROSCOPES.* 


EXAMINATION of the thread form of screw threads is 
generally carried out by comparing an enlarged optic- 
ally-projected image of the thread with a suitably 
pon Bote standard diagram of the thread form. Depend- 
ing on the design of projector used, the image may be 
formed on an opaque screen, on a translucent screen, 
or in the eyepiece of a microscope. The design of 
the standard thread form diagram depends therefore 
on the type of projector used. It is desirable also for 
the standard diagram to serve for examining the thread 
forms of external screw threads, ranging from the 
threaded work itself to screw plug gauges, taps, millin, 
cutters, chasers, thread-rolling dies, and also casts o 
internal screw threads, including those of the threaded 
work itself, screw ring gauges, die-nuts, etc. The 
unified screw threadt has a basic clearance at the 
minor diameter produced by flattening the crest of 
the nut thread to a width equal to } of the pitch. The 
standard diagram should incorporate, in addition to 
the basic thread form having radiused crest and root, 
a form having a truncated crest so that casts of internal 
threads may be inspected. 

Opaque-screen projectors include the N.P.L.-design 
horizontal projector and vertical projectors, models 
2 and 3. Rnitable thread-form diagrams for use on 
opaque-screen projectors are of the t illustrated 
in Fig. 24 of ‘‘ Notes on Screw Gauges.” { The thread 
form, 50 times true size, is accurately stencilled on a 
metal plate in a blue-grey colour on a white back- 


Fig.1. 
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ground. This combination of colours shows clearly any 
overlapping of the image and the standard thread form. 
The thread-form diagram recommended for unified 
threads is shown in Fig. 1, on this The lower 
outline is used for the examination of external threads, 
and the upper one for casts of internal threads. The 
number af threads shown on the diagram should 
follow the present practice for Whitworth threads. 
Care should be taken to mark “nut” and “ bolt,” 
respectively, on the two thread forms on each diagram. 
For lining up the diagram with the image of the screw 
thread, a single band drawn parallel to the axis of the 

i as shown, and extending across the full width 
of the plate, is recommended. 

The design of diagram shown in Fig. 1 is suitable 
all projectors having translucent screens. The lining 
up band, and the band outlining the thread forms, 
should be made semi-opaque on a frosted-glass back- 
ground. This may be done by a photographic repro- 
duction process. In the thread-form diagrams already 
supplied for certain makes of projectors, the form of 
thread is shown by a dotted line on a translucent back- 

und. Unified thread-form di of this type 
should show the flat crest of the nut superimposed on 
the basic thread form, as illustrated in Fig. 2 
herewith. 

The thread forms for use in workshop and _ tool- 
makers’ microscopes are reproduced photographically 
on graticules which are fitted to the ya The 
nominal] form of thread is shown by a dotted line on a 
transparent background. Again, for unified threads 
the flat crest of the nut should be shown superimposed 
on the basic thread form, as illustrated in Fig. 2, here- 
with. 


for 


, 





* Communication from the National Physical Labora- 
tory, Metrology Division. Abridged. 

t See British Standard Specification 1580-1949, “‘ Uni- 
fied Screw Threads,” British Standards Institution, 28, 
Victoria-street, London, §.W.1. Also ENGINEERING, 
vol. 167, page 65 (1949). 





+ H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 2s. 6d.] 
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May 19, 1950. 
‘*PORTOBEL”’ ANTI-AIRCRAF? 
TRAINER. 


A NEw development in the training of anti-aircra 
units of the Territorial Army is shortly to take pla: 
since each county is being equipped with a “‘ Portobel 
Dome Training Apparatus No. 4, Mark I, for ant 

i ery practice under simulated battle cond 
tions. @ apparatus weighs 7,000 lb. and can | 
transported from unit to unit on a 3-ton lorry ; it : 
be set up for training within two hours, in the loc 
drill hall or anywhere where there is a suitable electr 
supply and adequate space. The equipment, designe | 
and constructed by the R.F.D. Company, Limite: 

ming, Surrey, is a development of the fixe | 
“Dome” trainer, which was widely used during t! 
second World War for training gun crews; a small: 
portable type has been used by the Royal Navy fi 
some years. 

The external appearance of the Portobel trainer i; 
illustrated in Fig. 3, opposite. It consists of an inflate:! 
rubber-proofed plied cotton envelope forming part of 1 
sphere and having a circular floor, laced on to a base 
ring composed of 16 segments of reinforced concrete. 
bolted together. A ground sheet laid inside the base 
ring protects the envelope floor. Each concrete seg- 
ment carries an anchor plate on which sandbags can 
be placed when the unit is used in exposed positions 
during rough weather. A wooden platform provides 
a floor 6 ft. square for the air lock, through which the 
dome is entered. The airlock comprises a steel fram« 
work covered in rubber-proofed fabric, with a large 
door, bolted on to the frame at each end, which can be 
removed entirely to admit large pieces of equipment. 
As can be seen in Fig. 3, there is a smaller hinged door 
on the main door, which can be used by personnel for 


y access. 

The dome is a portion of a sphere of 15-ft. radius 
the centre of which is 5 ft. above ground level; the 
interior surface forms a projection screen on to which 
films of aircraft attacks are projected. The lighting 
within the dome gives an impression of deep blue sky. 
Fig. 1, opposite, shows the internal apparatus. The 
crew under training operate a dummy gun, fitted with 
standard sights, in the same way that they would 
engage an enemy aircraft in an actual attack. Realistic 
sound effects are provided by a sound track which 
accompanies each fim, and operation of the trigger or 
firing button causes the report of the gun being fired. 
Three types of dummy gun are normally available : 
the Oerlikon and Lewis light automatic weapons, 
and the 40-mm. Bofors mounting and sights. The 
instructor is able to check whether the aim is correct, 
in relation to the speed and range of the target, as 

ticule projectors on the gun project crosses of 
ight on to the screen, indicating the position of the 
gun barrel and sights; on each film a yellow target 
mark indicates the point where the gun should be 
aimed. The crew under instructicn are not able to 
see this mark, as the gunsights have a yellow filter 
arrangement, or, when the Bofors gun mounting is 
used, the crew are provided with yellow filter 
spectacles. 

A 35-mm. cinema projector, a 1,000-watt 
projector lamp and a 2-in. projection lens, is specially 
adapted for use in the Portobel; two 500-ft. film 
magazines are bolted to the projector. The projector 
unit is equipped with ‘“ Pyrene” automatic _fire- 
extinguishing apparatus ; if the film should ignite, a 
trigger mechanism is released by the burning of a cellu- 
loid link, and carbon dioxide is discharged automatically 
from a cylinder, through a series of nozzles along the 
film path and into the azines ; at the same time, a 
master switch cuts off the whole electrical supply. 
The on is carried on a steel chassis, within which 
are housed the loudspeaker for the sound-track of 
the film, the mains transformer and the electric 
motor, the gun-noise generator and its loudspeaker, 
and a heating unit. The control panel is carried on 
the rear end of the chassis, and encloses the amplifier 
for the sound track. The whole chassis is mounted on a 
wheeled trolley, provided with levelling jacks so that 
the level can be accurately adjusted. The film pro- 
jector does not throw the image directly on to the screen, 
but on to a silver-surfaced non-refracting mirror in a 
frame mounted on a pedestal. The mirror frame is 

to reproduce the movements in elevation 

and in training made by the camera in producing the 
film, so that a true representation of the movement of 
the aircraft is obtained. Fig. 2, opposite, shows the 
mirror and the cam mechanism which operates it. 
The movements of the mirror are controlled by two 
cams, one for elevation and one for training, the shape 
of the cams being determined by the vertical and 
lateral rates of movement of the camera in making 
the film; thus, each film has its own pair of cams, 
which must be set up so that the “zero” marks on 
the film and on each cam correspond. An auxiliary 
box is provided on the projector housing, driven 

y a chain and sprocket from the synchronising gear- 

box of the projector. From the auxiliary gearbox, a 
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Fie. 1. Dummy Gun Mountine anp Prosecror Units. 











Fig. 3. ExTERNAL 


shaft incorporating two universal joints transmits the 
drive to a gearbox carried on the mirror pedestal, and 
thence through a chain drive to the camshaft on 
which the two cams are mounted. An overall speed 
reduction of about 1,400 to 1 is obtained, one cam 
revolution corresponding to about 100 ft. of film. The 
cams operate the mirror frame through levers and wire 
linkages. 

There are two possible arrangements for indicating 
the range of the attacking aircraft. In one of these, 
as the aircraft projected on the screen reaches ranges of 
2,500 yards, 1,700 yards, 1,000 yards, and 400 yards, 
these figures are successively illuminated for a short 
period on a range-indicating panel. The indicators 
are operated by means of a switchbox containing four 
levers each controlling a microswitch. As the mirror- 
laying and training cams revolve, the levers make con- 
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View oF TRAINER. 


tact with four studs on the cam assembly and operate 
the switches. In the alternative arrangement, a con- 
tinuous indication of range is given by means of a 
potentiometer controlled by the movement of an 
additional cam located between the laying and training 
cams, 

The envelope is inflated and ventilated by a small 
low-pressure air blower, which can be seen on the left 
side of Fig. 3, driven by an electric motor, which runs 
continuously and thus provides a constant supply of 
fresh air, surplus air escaping through a relief valve 
in the dome. The blower output, which is adjusted 
by a movable shutter, is connected to the envelope 
by a short length of hose. The pressure difference 
between the interior of the dome and the atmosphere 
is equivalent to about 1 millibar so that users of the 
Portobel are not subjected to any unpleasant pressure 








Fic. 2. Mirror MEcHANISM. 


effects and, in fact, cannot detect any pressure change 
when entering or leaving the dome. 

The standard electrical circuits and equipment are 
arranged to operate on a 50-cycle 200-250 volt single- 
phase supply and require 25 to 30 amperes, but the 
equipment can be adapted for operation on almost 
any electricity supply. The supply, either from the 
mains or from a generator, is led to a main switchbox 
on the blower, into which is plugged the cable for the 
equipment in the dome. 

Although the films displayed appear to be represen- 
tations of attacks by real aircraft, they are in fact 
produced by a process of model photography. The 
distance of the yellow spot in advance of the aircraft 
varies with the height, range and speed. This and 
the computation of the movements which the camera 
would have made in photographing the attack, which 
determine the shape of the mirror-laying and training 
cams, involves considerable mathematical work. 

The photographs reproduced in Figs. 1, 2 and 3 are 
the property of H.M. Government and have been 
reproduced by permission of the War Office. 





THE LATE Mr. E. J. DuFr.—We record with regret the 
death of Mr. Edward James Duff, which occurred at his 
home in Watlington, Oxfordshire, on May 7. Mr. Duff, 
who retired over 20 years ago from practice as a consulting 
and contracting engineer in Liverpool, was born on 
November 1, 1863. He served an apprenticeship of 
five years, from 1882 to 1887, with Messrs. Diibs and 
Company, Glasgow. During the session 1887-88 he 
became assistant to Principal A. Jamieson, at the 
College of Science and Art, Glasgow, where he gained a 
Whitworth Scholarship. In September, 1888, Mr. Duff 
was appointed chief designing and constructional engineer 
to the Steel Company of Scotland and subsequently 
became works manager. Afterwards, he served as 
engineer and manager of the Bradford Iron Works and 
the Alderwasley Wire Mills, Derbyshire. In 1894, he was 
appointed chief engineer to the United Alkali Company, 
but left seven years later to form the business of Duff 
Brothers, consulting and contracting engineers, Liverpool. 
Mr. Duff was elected an associate member of the Institution 
of Civil Engineers in 1889, a member of the Iron and Steel 
Institute in 1895, and a member of the Institution of 
Mechanical Engineers in 1901. 
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ANNUALS AND REFERENCE BOOKS. 


Taschenbuch fiir Bauingenieure—Though described 
as a pocket-book, this work belongs to the desk, the 
reference library and, indeed, the classroom; not so 
much by reason of its bulk of nearly 2,000 pages, and 
its weight of some 3} Ib., as by virtue of the scientific 
and scholarly method of presentation and the analytical 
depth of much of the contents. It is not merely a 
collection of useful facts, tables and formule, like the 
early pocket-books intended for the Nineteenth 
Century field engineer, so often far removed in space 
and time from his sources of technical reference, advice, 
or consultation. First published in 1943, and now 
re-issued with corrections and minor emendations, 
this is patently a civil engineers’ version of Hittte, the 
renowned German handbook for mechanical engineers, 
which has run into many editions since it was first 
published nearly a century ago. Like Hitte, this new 
encyclopedia of building science consists of a collection 
of chapters or sections, each contributed by an engineer 
or fessor having special qualification to write with 
authority in his own sphere. Apart from the intro- 
ductory chapters on the basic principles of mathe- 
matics and applied mechanics, the subjects treated are 
all different from those covered by Hiitte, so that this 
is a complementary volume, and in no sense compe- 
titive. So much of it is devoted to fundamentals, and 
to the development of established theorems and 
methods of analysis and design, that a purchaser takes 
little risk of the present edition being substantially 
outmoded by a later one, even in respect of the sections 
on town planning and communications. The short 
chapter on air traffic, and airfield planning and con- 
struction, is the only one by which it is positively 
dated. The editor, Dr.-Ing. Ferdinand Schleicher, has 
preserved a nice balance between his many contri- 
butors, and the only obvious instance of overlapping 
is that the basic theory of the arch is developed inde- 
pendently in different contexts; but, after a mathe- 
matical introduction which goes beyond the require- 
ments of most engineers—for example, with a pai h 
on conformal transformations—it is surprising that the 

| ts of h 1 vibration are introduced with- 
out reference to the Lagrange equations, in which the 
fundamental laws of dynamics are so conveniently 
expressed in terms of kinetic and potential energy. 
In a useful chapter on river control, also, there is no 
mention of the very efficient type of fully automatic 
sector gates now in service on various rivers in this 
country. There are other items which might have been 
included by contributors of different experience or 
inclination, but, in general, this new addition to engi- 
neering literature does nothing to disappoint the 
expectations of those who have become accustomed to 
associate a high standard, both in editorial selection 
and technical production, with the name of the pub- 
lishers, Springer-Verlag, Reichpietschufer 20, Berlin 
W.35. The price is 36 DM. 

The Water Engineer's H k and Directory.— 
A feature of this handbook, which has now attained 
its 18th year of publication, is its handy size. The 
directory portion, which gives full details regarding 
the water undertakings of the British Isles (including 
Eire) is complete and, in spite of the wide field covered, 
a great deal of useful information is included. This can 
be studied without eyestrain, thanks to the good 
arrangement of the matter and to the clear printing. 

te sections deal with general waterworks’ 
statistics, rainfall, and pumping plant, as well as with 
Government departments, institutions, water boards 
and other cognate bodies. There is also an alpha- 
betical list of water engineers, managers and consulting 
engineers with reference to the undertakings with 
which they are associated. The handbook, which 
should prove as useful in the future as it has done in 
the past, is priced at 15s. net, the publishers being the 
Colliery Guardian Company, Limited, 30 and 31, 
Furnival-street, London, E.C.4. 

Regulations for the Electrical Equipment of Buildings. 
—tThe first edition of the Regulations for the Electrical 
Equipment of Buildings, commonly known as the 
Wiring Rules, was published by the Institution of 
Electrical Engineers in 1882 and has since been fre- 
quently revised and enlarged. Although the appli- 
cation of this code is not compulsory, which in some 
ways is a pity, it has come to be recognised as a 
standard of good practice and a guarantee that werk 
effected in accordance with its provisions will be safe 
and workmanlike. In the twelfth edition, which came 
into force on Monday, May 1, the whole of the regula- 
tions have been completely recast. Regulation 1 lays 
down that “‘ good workmanship is an essential require- 
ment for compliance with these regulations,” while 
Regulation 2 enumerates the general principles for 
securing safety from fire and shock, upon which the 
work as a whole is based. The changes of substance 
since the previous edition are few. They include the 
extension to direct-current installations of the require- 
ment that in certain circumstances no fuse, non- 
linked switch or non-linked circuit-breaker shall 





dh, 





be inserted in a pole connected tc earth. The number 
of 13-ampere socket outlets permitted on a final sub- 
circuit, having conductors with a cross-section of not 
less than 0-007 sq. in., has been increased from four to 
six. Provision has also been made for installing fixed 
oe on ring circuits, subject to appropriate 
safeguards, and the application of this type of installa- 
tion has been extended under certain conditions to 
premises other than private houses and residential 
flats. References to cables insulated and sheathed 
with polyvinyl chloride have been included and notice 
has been taken of the increasing use of aluminium in 
place of lead for sheaths. The regulation dealing with 
earth-leakage protection has been re-cast and provision 
has been made for the use of ‘‘ double-insulated ” 
portable appliances without an earthing conductor. 
“ Extra-low-voltage ” is now defined as 30 volts root- 
mean-square alternating current or 50 volts direct- 
current ; and apparatus operating at or below these 
voltages is in most cases exempted from the require- 
ment of earthing. The lations for controlling the 
earthing of electrical iestallotions to metal water pipes 
and water mains, which were drawn up by the Insti- 
tution of Civil Engineers, the Institution of Electrical 
Engineers, the Institution of Water Engineers, the 
British Waterworks Association and the Water Com- 
panies Association, are included as an appendix. 
Copies of the Regulations can be obtained from the 
Institution of Electrical Engineers, Savoy-place, 
Victoria-embankment, London, W.C.2, at a price of 
3s. 9d., bound in paper, or 5s. 3d., bound in cloth, 
postage included in both cases. 





REQUIREMENTS FOR THE M.Sc. 
DEGREE. 


A oRITICAL review of the requirements for the 
M.Sc. degree is presented by Dr. Raymond Whitehead 
in a reprint of an article whick appeared in the March- 
April issue of the Bulletin of the Institute of Medical 

Tech Normally, the M.Sc. degree is 
obtainable by thesis, but some universities grant the 
M.Sc. degree, in certain subjects, on examination only ; 
the National University of Ireland and London Univer- 
sity may require candidates to pass an examination in 
addition to submitting a thesis. Dr. Whitehead 

that the M.Sc. degree should be granted only 
for a thesis and that a bachelor of science should always 
be allowed to werk for the M.Sc. of his own university 
without attendance. It may, however, be desirable 
sometimes to have an oral examination on the thesis, 
to increase the precision of the examiners’ judgment. 
The thesis may be either a record of a piece of original 
research or a critical study of existing knowledge. 
In either case the student will have to read widely. 
In writing a thesis on original work carried out, the 
writer’s object is to demonstrate both the extent of his 
knowledge and his capacity for research ; this necessi- 
tates a comprehensive historical introduction and a 
detailed justification of the choise of materials and 
methods, and the conclusions drawn. Guidance is 
usually obtained from experienced research workers, 
and the draft of the thesis should always be criticised 
by someone familiar with the requirements. It is 
usual for universities to require candidates for the 
M.Sc. to have held their B.Sc. degree, or equivalent 
qualification, for at least a year in the case of honours 
graduates, and two years in the case of pass graduates 
and graduates of other universities. Certain univer- 
sities allow non-graduates to take their M.Sc. degrees, 
but only in special circumstances, and the qualifying 
conditions are more difficult ; it would usually be better 
to take the B.Sc. examination first. Dr. Whitehead 
considers that it is doubtful whether a thesis of the 
desirable standard can be produced in one year; he 
also advocates deferring research until some practical 
experience of routine professional work has been 
gained. His article refers particularly to medical 
degrees but is of interest in connection with science 
degrees. 





THE NATIONAL COLLEGE OF HOROLOGY AND INSTRU- 
MENT TECHNOLOGY.—To provide educational training 
and research facilities in the manufacture of high-grade 
clockwork and precision mechanisms, the National 
College of Horology and Instrument Technology was 
set up in 1947 by the Ministry of Education. It is 
centred at the Northampton Polytechnic, St. John-street, 
London, E.C.1. A full-time general course in horology is 
available to students over 16 years of age and of school- 
certificate standard. In the 1950-1951 session, it is 
hoped also to provide two-year advanced courses in horo- 
logy and in instrument technology. The dates of the 
terms fixed for the 1950-1951 session are as follows :— 
autumn, September 25 to December 20, 1950; spring, 
January 8 to March 16, 1951 ; summer, April 2 to July 6, 
1951. First-year students will continue practical training 
in the college workshops until July 27, 1951, and work 
periods in industry will be arranged for second-year 





students during the summer vacation. 





CATALOGUES. 


Industrial Fans.—We have received an illustrated 
leafiet from the Standard and Pochin Brothers, Limited, 
Evington Valley-road, Leicester, dealing with industria) 
fans. 


Pallet Trucks.—A range of pallet trucks and hoisting 
equipment is illustrated in a folder which has been 
issued by the Yale and Towne Manufacturing Company, 
Willenhall, Staffordshire. 


Valve ‘ Positioner.’’-—Messrs. Negretti and Zambra, 
Limited, 122, Regent-street, London, W.1, have issued a 
leaflet describing the operation of their valve “* positioner,” 
which is used to amplify the signal sent by an air-operated 
controller to the control-valve or lever motor, to ensure 
that the latter responds immediately to the slightest 
change in requirements. 


Sheet Metal Machinery.—We have received an illus- 
trated leaflet from Messrs. Soag Machine Tools, Limited, 
Juxon-street, Lambeth, London, 8.E.11, giving dimen- 
sions and particulars of friction, screw presses and 
punching, shearing and cropping machines manufactured 
by Dutrannoit, Charleroi, Belgium, for whom they are 
sole agents. 


Boilers, Grates, Cranes, Etc.—Messrs. Babcock and 
Wilcox, Limited, Babcock House, Farringdon-strect, 
London, E.C.4, have compiled a booklet, B and W 
Advertising, reproducing some of the firm’s well-known 
advertisements for boilers, pressure vessels, grates, 
stokers, cranes, etc. Technical interest is reinforced by 
pictorial aptness. 


Wire Ropes.—The pocket catalogue issued by British 
Ropes Limited, Doncaster, has been revised to include, 
in the seventh edition, some illus:rations of additional 
sections of wire rope; extracts from the Docks Regnula- 
tions, 1934, and the Buildit g Regulations, 1948, relating 
to chains, ropes and lifting gear; and methods for 
calculating blocks and falls. The main part of the book 
consits of tables of data on wire ropes, and general 
information relating to them. 


Street-Lighting Fittings.— An illustrated catalogue which 
we have recently received, describing their street -lighting 
equipment, has been published by the lamp and lighting 
department of the Metropolitan-Vickers Electrical 
Company, Limited, St. Paul’s Corner, 1 to 3, St. Paul’s 
Churchyard, London, E.C.4. It describes the fittings 
and supports available for tungsten lamps and for 
various types of discharge and fluorescent lamps, besides 
illustrating some typical installations, and giving some 
iso-candle charts. 


Industrial-Lighting Fittings and Metal-Clad Distribution 
Systems.—A booklet, recently issued by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, contains full details of the industrial- 
lighting fittings and accessories manufactured by the 
firm for use with metal-filament and high-pressure mer- 
cury-vapour lamps. A second booklet deals with totally- 
enclosed *bus-bar and rising-main systems of metal 
trunking designed to facilitate the supply of electricity 
in factories, blocks of flats and other multi-storey build- 
ings. 


Recording Instruments.—Messrs. Bailey Meters and 
Controls, Limited, Progress Way, Croydon, Surrey, 
have issued an illustrated pamphlet describing the 
operating principles and applications of their bellows-type 
recorders. These meters are intended for the measure- 
ment of pressure, flow, or liquid levels ; they each incor- 
porate a pressure chamber housing a sealed metal bellows 
which, in conjunction with a calibrated spring, operates the 
recording mechanism. The instruments may be installed 
either at the point of measurement, or supplied with 
electronic equipment to permit of remote recording. 


Forged-Steel Valves.—A comprehensive catalogue 
which describes their range of forged-steel valves has 
been issued by Messrs. Hopkinsons Limited, Britannia 
Works, Huddersfield. Valves in sizes up to 14 in. bore 
and suitable for a maximum steam pressure of 2,000 lb. 
per square inch are described, the various types men- 
tioned including dual-control pressure-gauge valves ; 
instrument, metering and small drain valves; blow-off 
valves ; non-return valves ; micrometer valyesand others. 
All the valves described have bodies machined from 
stampings of mild or molybdenum steel, while the con- 
nec ions can be of either the flanged or welded type. 


Air Compressors.—Full details of their range of high- 
speed portable air-cooled compressors are given in an 
illustrated catalogue issued recently by the Climax Rock 
Drill and Engineering Works, Limited 4, Broad-street 
Place, London, E.C.2. Petrol- and Diesel-engine driven 
sets are described with outputs ranging from 100 cub. ft. 
per minute to 320 cub. ft. per minute at 100 Ib. per 
square inch. All compressors are of the two-stage type 
and the design is arranged so that lubricating-oil coolers 
can be fitted when required. The catalogue also 
describes the Climax stationary electrically-driven 
compressors, the capacities of which are similar to those 
for the portable sets, 
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MACHINE FOR TESTING 
RAILS IN BENDING 
FATIGUE. 
By Luen B. Bangs, A.M.I.Mech.E. 
Ir is being increasingly recognised that it is very 
difficult to predict the life of any machine part 
from a knowledge of the fatigue strength of the 
material based on that of a polished specimen. 
Such information is of little direct value to the 
designer and is mainly of interest to the worker on 
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applying bending moments to a uniform beam is 
that generally the bending moment is a maximum 
at the point of application of the load and the 
introduction of stress concentrations due to the 
application of load at this point makes the beam 
likely to break there, thus giving rise to uncertainty 
as to the exact stress at failure. This is commonly 
overcome in the machined specimen, by reducing the 
cross sectional area of the specimen between the 
points of application of the load, a method which 





cannot be used here. A vibrating beam, however, is 





Fie. 1. GENERAL 


View oF MacaHINE. 

















Fic. 2. Drivinc Motor anp Liwrr Swircues at Enp oF Rat. 


the basic properties of metals. The observed dis- 
crepancy seems to be due to the difference in surface 
finish, the effect of decarburisation if present, and 
the difference in size and shape. It becomes 
necessary therefore to test a machine part as a 
whole if its life is to be predicted satistactorily, or 
if the effect of any alteration is to be accurately 
assessed. A rail is a part of the track structure 
the life of which it is very important for a railway 
engineer to know ; it has a complicated section and 
is of high-tensile steel with a decarburised surface. 
Accordingly, the author, as a member of the then 
L.M.S.R. Scientific Research Department, was asked 
to design a machine which would enable fatigue 
tests to be carried out on complete rails. It was 
decided that bending of the rail was likely to produce 
the nearest realisable condition approximating to 


loaded by the inertia of its own mass, and it can 
have its point of maximum bending moment away 
from the supports; a free-free beam in particular 
needs only its dead load to be supported under the 
nodes. Such an arrangement involves driving the 
beam near its fundamenta! natural frequency, with 
a consequent economy in the power required. 

The machine is illustrated by the photographs 
reproduced in Figs. 1 and 2, and its general arrange- 
ment can be followed from Figs. 3 and 4, on page 
586. It consists of an oscillator or out-of-balance 
mass attached to the rail, a motor for driving this 
through a pair of flexible couplings, and a structure 
for supporting the rail and the motor. The support- 
ing structure is a heavy steel joist lifted off the floor 
by rubber springs (to minimise the transmission 





of vibrations to the building) and carrying the 





supports for the rail which are located under its 
nodes. Each support is U-shaped ; a rubber pad is 
placed at the bottom of the U and one at each side, 
fitting against the web of the rail. This gives an 
elastic support for the rail at each node. A large 
mass is attached to the top of each support to 
increase the transverse resistance. The supporting 
structure of the motor is also clamped to the main 
joist. The position of the node supports and of the 
motor can be readily varied. At each end of the joist 
“catchers ” are arranged to retain the ends of the 
broken, rail ; supports are also provided, inside the 
nodes, with a similar purpose. Some rails show 
a tendency to vibrate transversely, but this can be 
checked by clamping a mass on, to the rail at the 
end opposite to the oscillator and (for simplicity of 
the final stress calculations) at the same distance 
from the end. 

A series-wound motor has characteristics which 
make it suitable for amplitude control and it is 
convenient for this to be battery operated to 
facilitate the precise control of the voltage. A 
direct-current series-wound motor, of 6} h.p., 
90 volts, 64 amperes and 1,920 r.p.m., was chosen, 
and this proved admirably suited to its purpose. 
The torque required to drive the oscillator increases 
rapidly as the speed of the oscillator is increased 
towards the point of resonance ; on the other hand, 
the torque available from the motor is, approxi- 
mately, inversely proportional to the square of the 
speed. This is demonstrated in Fig. 7, page 586. It 
will be seen that the equilibrium position is at o 
where the torque supplied by the motor equals the 
torque demanded by the oscillator ; any disturbance 
from this position, corresponding say to a reduction 
of speed s, will make available a torque t to restore 
equilibrium. If the voltage of the motor is altered, 
another speed-torque curve is available and hence 
another equilibrium position, and in this way, by 
voltage control, the rail can be made to vibrate at 
any required amplitude. It was found that, in 
use, the system tended to hunt, but the addition of a 
large fly-wheel to the motor completely cured this 
trouble. 

Although the system as outlined above is theoretic- 
ally stable it was found that the power required 
during running was liable to change and therefore 
that the amplitude varied gradually. This was 
particularly noticeable at the beginning and towards 
the end of the test, tae change being due, in all 
probability, to modification of the material of the 
beam. In order to cure this, a slow-acting ampli- 
tude control was superimposed on the system. 
The contact of the main rheostat controlling the 
amplitude was driven from two small 24-volt 
direct-current motors, through a differential gear, 
so that either motor could be used at will: one to 
give increasing voltage, and hence increasing 
amplitude, and the other to give decreasing ampli- 
tude. Mounted over the top of the centre of the 
rail was an amplitude detector arranged so that 
increase in amplitude over a certain predetermined 
amount closed a pair of contacts. The arrangement 
of this is shown in Figs. 5 and 6, on page 586. 
Reference should now be made to the wiring dia- 
gram, Fig. 8, on the same page. It will be seen 
that a thermionic valve is used which, with the 
amplitude-detector contacts open, has its grid 
negative. If the detector contacts are closed the 
grid will become positive and the valve will con- 
duct. It should be noted that the contacts must 
be closed for sufficient time for the 0-25-yF. 
condenser to be charged. The sensitivity of the 
detector can therefore be adjusted by altering the 
values of the condenser and its associated resist- 
ances. The current passing through the valve 
energises the relay coil R H/2 operating the con- 
tacts in the control motors circuit. The operation 
of the control is then, as follows : the motor increas- 
ing amplitude operates until the rail makes contact 
with the detector ; this, by operating the relay RH/2, 
stops the first motor and starts the motor giving 
decreasing amplitude; as soon as the amplitude 
decreases sufficiently, the second motor stops and 
the first starts again. In this way the amplitude 
is kept constant to within a few thousandths of an 
inch. It is intended in the near future to replace 
the two 24-volt direct-current motors by a three- 
phase reversing motor, so as to reduce slightly the 
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complexity and increase considerably the robust- 
ness of the system. The 50 volts required to 
Operate the main driving motor is provided by a 
battery of secondary cells which are kept under 
continuous charge from the 230-volt direct-current 
mains. The amount of charge is regulated so that 
it equals the output of the motor, thus ensuring a 
very steady source of voltage. 

In order to shut down the machine when the rail 
breaks and to prevent the amplitude from building 
up excessively, limit switches are provided above 
and below the rail at each end. Limit switches are 
also mounted at each end of the control resistance. 
As mentioned above, it has been found that almost 
invariably before a rail breaks the power demand 
increases considerably. The controlling resistance 
has only a limited range, which is exceeded in 
these circumstances ; if therefore the rail reaches 
its breaking point when no one is in attendance the 
machine stops. Relays have been added to protect 
the machine against failure of any part of the control 
gear or of the direct-current supply. Contacts 
RG 1 and RG 2 (normally open) are placed in the 
primary circuit of the heater transformer supplying 
the ML 4 valve; for simplicity, these have been 
omitted from Fig. 8. 

It is necessary to know the maximum stress in 
the rail. This has been worked out mathematically, 
as is explained in full in the appendix. In this, a 
ratio has been calculated between the amplitude and 
the stress for different values of the forcing (oscil- 
lator) frequency and, in order to find the stress in 
any rail, it is only necessary to measure (a) the 
length of the rail (which is usually 15 ft.) ; (6) the 
weight of the rail; (c) the second moment of area 
of cross-section ; (d) the frequency of the oscillator ; 
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and (e) the amplitude at the centre of the rail. The 
second moment of area c is found by cutting a 
section out of the rail, tracing its outline on paper, 
and then using a Stanley Integraph to obtain the 
required figure. The frequency d is obtained by 
timing the revolutions of the motor as indicated by 
a revolution counter attached to the commutator 
end of the motor. The amplitude e is measured by 
sticking a piece of paper to the web of the rail at the 
centre of its length on which paper is drawn an 
elongated horizontal V. When the rail is vibrating 
two Vs are seen and the extent of the overlap 
measures the amplitude. By drawing the vee on 
millimetre squared paper the amplitude may easily 
be measured to 0-005 in. This device is shown in 
action in Fig. 1. 

In order to check the theoretical stress, measure- 
ments were made with a modified de-Forest scratch 
gauge on a 13-in. gauge length. The agreement 
was found to be good, typical results being as 
follows : theoretical stress in tons per square inch = 
15-81 x double amplitude in inches — 0-08; and 
measured stress in tons per square inch = 16-25~x 
double amplitude in inches — 0-25. At 1-in. double 
amplitude this represents a discrepancy of 1-71 per 
cent. and at 0-5 in. amplitude 0-64 per cent. Most 
tests are conducted between these two amplitudes. 

The first use of the machine has been to assess 
the reduction of fatigue stress, if any, in resistance 
butt-welded rails. It has been shown conclusively 
that rails can be joined in this way without any 
detriment to their fatigue strength. Further ex- 
periments are proceeding to determine the fatigue 
strength of corroded rails. It has been found, as 
might be expected, that individual rails vary con- 
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siderably even when new. A batch of new rails 
of steel with a tensile strength of 51-5 tons per 
square inch and a yield point of 27-0 tons per 
square inch gave a fatigue strength lying between 
+ 10-3 and + 11-2 tons per square inch. This is 
no higher than would be anticipated from mild 
steel, and confirms the results of other investiga- 
tions into the fatigue properties of high-tensile 
steels with black surfaces. This point should be 
particularly noted by designers who wish to take 
advantage of high-tensile steels to reduce weight. 
If the structures which they are designing are subject 
to fatiguing stress, it is insufficient to obtain 
reduced scantlings in this way if the steel is used in 
the black condition. In rails, of course, the high 
tensile strength is necessary to give wear resistance. 

Acknowledgment is made to Mr. C. Maskery, 
B.Sc. (Eng.), for his assistance with the electrical 
arrangements and to the Railway Executive for 
permission to publish this article. 


APPENDIX. 


Calculation of Stress in Rail.—The method used 
is an interesting example of the application of the 
Laplace Transform. This transform is given by 


9 (p) ~»| extra. 
0 


Then g(p) is the Laplacian transform of f (t), 


and we write L°f (t) =g (p). 
The equation of motion of a vibrating beam acted 
on by a sinusoidal force is :— 
Ay #y 
ElaatPia f (x) sin wt. 
where E = Young’s modulus, 
I = the second moment of area, 
p = mass per unit length, 
f(z) = a function describing the load distribution, 
w = radial frequency of applied force, 
az = distance along the beam, 
y = vertical co-ordinate, 
¢ = time. 


Writing y = zsinwt, where z is a function of x 


(1) 
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only, we obtain the “ amplitude equation ” 
B1Ss — pute = sia ee 
Let us first consider a freely-supported beam of 


length 1 acted on by a single oscillating force 
P sin wt at a distance a from the end of the beam 


(Fig. 9, opposite). 
We will define a function § (x — a) such that :— 
8@-a)=0 «+a 


= © ZcG=ea 
i] 
| 8 (@ — a)dz = 1, 
—-® 
Then for the loading shown in Fig. 9 
f(z) = — Pd —a) 
and equation (2) becomes 


ds 2 
EIta~ pats = — Pb(e — a), - (3) 


It should be noted that equation (3) still holds 
even if a@ mass m is also present at the point of 
application of the force ; we should then replace P 
by P—m w*z(a), z(a) being the value of the 
amplitude Z at a. 

It is convenient at this point to introduce dimen- 





sionless variables 
let lé =z 
la =a 
w'l* 
Mies S I 
q = ©” (this has a dimension in 
EI length.) 


[ Note &(€ — la) -78¢-a]. 
Then equation (3) becomes 


oa te ~ Q3(¢ -a) 


and 


Lo = 22%, pea 


pre (0) pe” (0) 








ee a ooo + 
wap uo iy * HY 
<« Sc 
g-- 
Where 
de @z dz 
c (0), 2’ (0), 2” (0), ” (0) = 6, ——) —He —a at é - 0, 
ag’ ag” ag 


for a freely supported beam 2” (0) = z’” (0) = 0, 
as these quantities are proportional to the bending 
moment and shear forces, respectively. 

Making the inverse transformation 


2 (0) 2’ (0) 
=> Jp ert + ard 
— salainn y — a) —sin y ( — «)) H (€ —@) 
(4) 


(cosh y £ + cos y £) + 


where 
H(é-—a) =0 é<« 
=1 § >a 
We now have to evaluate z (0) and z’ (0); this we 
can do by taking into account the boundary 
conditions 
@ dz 





an oo we =1 (i.e.,2 = 1), 
ap ap~° &=3 ¢ 
This gives 
Q {inh y—sin y) [cosh y (1 —a) +008 y (1 —«)] 
2(0) = —. 
27 cosh y cos y—1 





(cosh y —cos y) [sinh y (1 —a) +sin y (1 —a)] 
= cosh y 00s y—1 } 
° . (5) 
0) = Q {eueytes y) (sinh y (1 —a) +sin y (1 — )] 
2y cosh y cos y—1 
__ (cosh y —cos y) [cosh y (1 —a) +008 y (1 —a)} 
cosh y cos y—1 








‘ - (6) 

By substituting (5) and (6) in (4) we obtain a 
solution to the amplitude equation which can be 
written shortly as 

Q 
ed O(a). « (7) 

If two forces (or two masses) are acting on the 

beam at «, and «, then the solution will be 


1 
t= _ (QD (E, &) + Qy HCE, ax)] (8) 
Ys 
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oe 1 ia ”* 
age” 8” = gal d” (Ea) + ad” (Ea) (9) 


Tn the case of the rail, the oscillator and compen- 
sating weight are arranged symmetrically so that 
a, = 1—a,=a,say. Then at 

E=4 $(4,0) = (4,1 —@) 
by symmetry, and 
$” (4,0) = $” (4,1 — @) 


Then at ; 


(=) a Q, ¢” (4,0) + Qe $” (4,1 — «) 
e}t AG (tu) + Qh (41 — @) 





or 





2” od” (4,0) 

—j=- eo ° e e e - (10 

! ¢ (4,0) 7 
2 


a result which is independent of the amount of the 
load and depends only on its position, which may 
be accurately ascertained. 


If f is the maximum stress at ; and d the distance 
from the neutral axis to the extreme fibres of the 


rail 
d*z Me .,; 
2 2 
f Ed /z” 
4; = 7 (5); ° ° ° - (11) 
2 2 


This last relationship enables us to calculate our 
maximum stress at the centre of the beam. 

For the purpose of calculation it has been found 
convenient to introduce a parameter k. The 
amplitude becomes infinite when 

cosh y cos y — 1 = 0 
The first root of this is 4-7300 = y,, say. Then the 
fundamental radial frequency is given by 


4-73002 EI 





— = 


Pr p- 
Let 
w 
k=—, 
then : 
y! =ky'. 


The calculations for (=), should be tabulated for a 


2 
suitable range of values of k. 
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Annual Report (Technical) of the Central Board of Irriga- 
tion, India, 1946. Government of India Publication 
No. 38. The Secretary, Central Board of Irrigation, 
Simla, India. Two volumes. [No price quoted.] 

THIs massive report now appears in a new format, 

the size having been reduced from foolscap, which 

has been customary since it first appeared in 

1935. There has been more delay in producing 

the 1946 issue than usual, doubtless owing to the 

difficult times which India has experienced in recent 
years. The report is divided into 27 sections, of 
which the first 14 appear in volume 1. An introduc- 
tory section includes an address by Pandit Nehru at 
the opening of an Exhibition of Irrigation Engineer- 
ing and Research held in November, 1946 ; a speech 
by the Hon. Mr. C. H. Babha at the opening of the 
17th meeting of the Board, and the presidential 
address by Rai Bahadur Khosla on the same 
occasion. These naturally emphasise the immense 
political and social importance of irrigation work in 

India, and indicate that irrigation is there understood 

to include hydro-electric power. It is difficult to 

assess the real value of political speeches on such 
occasions, but it is apparent that the authorities 
in India are very well aware of the dependence of 

India upon engineering development. According 

to the President, India’s developed water power is 

only 1 per cent. of the potential total, which is 
stated to be 30 to 40 million kW, and compares most 
unfavourably with Canada’s 24 per cent. develop- 








ment. The consumption of electrical energy per 
head is stated to be 9-2 units as against Great 
Britain’s 906 and Canada’s 3,510. Perhaps some- 
thing should have been said about the density of the 
population, which makes it difficult to exploit the 
national power resources to general advantage. 

The first section deals with the business procedures 
of the Research Committee and the Board, and gives 
a description of the Exhibition, which seems to 
have been an excellent effort to educate the public 
by models, charts, plans and apparatus in the 
principles and methods of hydraulic engineering. 
Section IT contains summarised reports of the work 
done at eight of the ten research stations in India. 
The next section deals with models, or, rather, with 
the field results of measures adopted after model 
experiments. This and the following section 
(“ River Behaviour and Control”) are, perhaps, 
those which will be of most interest outside India. 
The success of the model and the work done to 
control erosion in the Rupnarain, upstream of the 
Bengal-Nagpur railway bridge at Kolghat, is 
emphasised by the further changes which took place 
in 1945. A valuable paper entitled “‘ Methods 
following in fixing Model Scale Ratios and over- 
coming Model Limitations,” by Sir Claude Inglis 
and Rao Bahdur Joglekar, is included (vol. 1, page 
92). As Sir Claude is now Director of the Hydraulic 
Research Organisation under the Department of 
Scientific and Industrial Research, his views will be 
of general interest. He divides models into four 
types, namely, geometrically similar models which 
give geometrically-similar results; geometrically 
similar models which do not give geometrically 
similar results (as, for example, high-coefficient 
weirs); models with mobile beds, in which flow 
pattern is the dominant factor; and vertically 
exaggerated models (tidal and non-tidal), subdivided 
into rigid, semi-rigid and mobile. 

Owing to the conditions in Great Britain, tidal 
models are of exceptional importance. Sir Claude 
remarks that “‘the velocity of translation of a tidal 
wave varies as the square root of the depth scale, 
but the velocity of water varies as the square root 
of the hydraulic mean depth. In a large river, the 
depth and the hydraulic mean depth differ little 
from one another, but in a small tidal model when 
there is considerable vertical exaggeration, they 
differ considerably. So one should always aim at 
large models with a low vertical exaggeration.” 
It is rather unfortunate that, in India, the need for 
and practice with tidal models is rather limited, 
and this volume contains only slight references to 
them. 

In the following section, meandering, accretion, 
scour and river regulation are discussed for various 
sites with and without models. Section V deals 
with “ Flow in Rivers and Canals.” Gerald Lacey’s 
equation still holds interest, but data collected from 
barrage canals in Sind show appreciable deviations, 
and Sir Claude Inglis’s criticisms do pot seem to 
have been controverted. The Committee decided 
that research on this subject should be continued. 

Sections VI (“‘ Soil Mechanics ”’), VII (“‘ Staunch- 
ing of Canals”) and VIII (“Torrents in Boulder 
Rivers ”’) are mainly of Jocal irterest. 

Section IX (“‘ Sampling of Bed and Suspended 
Load”) includes a paper by Mr. F. D’Abroe 
describing an attempt to measure bed load by 
trenches ; he asserts that, in Sind channels, where 
bed load is small, the bed load is roughly 2-5 per 
cent. of the suspended load value. Mr. A. R. 
Thomas gives a method of combining samples to 
measure total suspended load. It does not appear 
that any finality with regard to the bed-load 
problem is yet in sight. 

Silting of reservoirs is then considered and some 
useful statistics are given. Next follow sections on 
discharge measurement, run-off, regeneration and 
absorption in channels, and soil denudation as an 
adverse factor on river supplies and agriculture. 
The last item, which is of great importance, does not 
appear to be receiving the attention it deserves, 
This completes Vol. 1. 

The second volume commences with a long section 
op dams. The outstanding item seems to be Shri V. 
Ganesh Iyer’s paper on volute siphons. These 
have a dome with a funnel beneath, surrounded by 
an annular space into which volute blades are fixed, 





588 


ENGINEERING. 


MaY 26, r950 








When the water in the reservoir rises above full 
reservoir level, it spills all round over the circum- 
ference of the lip of the funnel, and flows along the 
volutes, forming a vortex at the centre of the pipe. 
Because of the centrifugal action, the vortex sucks 
away all the air in the space between the funnel and 
the dome, causing a vacuum, which starts siphonic 
action. To stop it, air may be admitted at the 
crown of the dome, when the water level in the 
reservoir falls below prescribed level, by “de- 
primers,” constructed over the dome with their 
ends just touching the water at full reservoir level. 
Theory, model tests and design are described. 
Earthquake problems are discussed, and there are 
some interesting notes on kankar. 

Section XVI is on “‘ Tube Wells,” and includes an 
interesting electrical analogy. Section XVII deals 
with the design of distributary heads, including 
model experiments. A long discussion of ‘“‘ Canal 
Falls” (Section XVIII) is followed by papers on 
“* Excluders and Ejectors.” Then appears a section 
(XX) on “‘ Power from Canals,” a subject revived 
after some years of quiescence. Land reclamation, 
particularly in respect to the water-table levels and 
movement of salts, is then dealt with. Section XXII 
covers a number of items of some general interest, 
mostly referring to the flow of water through soils, 
salinity and allied matters: Some useful nomo- 
grams for hydraulic purposes are given. Section 
XXIII, however, seems to have no raison @étre, as 
it merely refers to changes of names and a minor 
seepage problem in dams. 

Section XXIV is of general interest, as it describes 
“ Projects—Existing and Proposed,” including those 
at Nangal, in the Punjaub, to develop 138,000 kW ; 
Madhopur Hydel, also in the Punjaub (17,000 kW) ; 
Kelani Ganga, in Ceylon, a flood-protection scheme ; 
the Minneruya augmentation scheme for Ceylon, a 
proposed new “tank ” of 110,000 acre-feet capacity ; 
the Jog power scheme, in Mysore, 48,000 kW, to 
be increased later to 120,000 kW; and the Bhadra 
reservoir, Mysore, to irrigate 180,000 acres. Section 
XXvV deals with anti-malarial aspects of projects 
connected with waterways; Section XXVI, with 
equitable distribution of irrigation water ; and Sec- 
tion XXVII is. a programme for the next annual 
meeting. 

On the whole, a high standard of discussion is 
maintained, and engineers interested in hydraulic 
problems would do well to study this report. There 
is perhaps a disproportionate tendency to overstate 
the value of models, possibly arising from financial 
restrictions on actual development and the rather 
academic trend of Indian thought. 


Structural Analysis by Moment Distribution. By 8. 
BUTTERWORTH, B.Sc. (Tech.). Longmans, Green and 
Company, 6 and 7, Clifford-street, London, W.1. 
[Price 10s. 6d, net.] 

Tue Hardy Cross system of moment distribution 

was first introduced some 20 years ago in America, 

and within a few years the elements of the method 
were being taught in most of the engineering schools 
in this country. There are, of course, references to 
the method in text-books published or revised in 
this country during the past 15 years, but students 
wanting a complete account of it have had to refer 
to the standard American text-books, such as those 
by Cross and Morgan, and by Grinter. It is a little 
disappointing, therefore, to find that the author 
of this book should have to recommend readers to 
the first of these authorities, on page 27, to cover an 
elementary point; and on page 19 to the second for 

“more detailed methods of design with regard to 

moment distribution.” Part I of the book, headed 

‘**Non-Sway,” consists of one chapter of 26 pages 

on continuous beams. Part II, headed “‘ Sway,” 

consists of a chapter on portals—with the main 
attention fixed on the simple rectangular portal— 
and a chapter on miscellaneous frames, which 
includes the single portal with pitched roof and 
the two-storey bent. The moment-distribution 
procedure ‘is clearly explained, some methods of 

adjustment for side-sway are well presented, and a 

useful collection of examples is included. 

The “derivation of the principles involyed in 
moment distribution ” is'developed from the slope- 
deflection equations, which are stated without 
proof. This might be fair enough if the book were 





intended for designers, but it comes so much nearer 
to meeting the specification of a text-book for 
students taking a professional examination that 
another page or two might have been spared for 
the derivation of the theory from Mohr’s equations, 
if not from the elementary theory of flexure, for 
which no reference would be required to “any 
standard text-book on theory of structures.” Such 
standard text-books, almost invariably written by 
university professors covering their own students’ 
wider syllabus, must necessarily deal with moment 
distribution more concisely, at least, up to the 
point covered by Mr. Butterworth. The principal 
merit of this introduction is that it makes no 
demands on the analytical capacity of the student, 
who is never expected to read between the lines or 
to make any noticeable mental jump from point to 
point. This feature of the presentation makes it 
very suitable for the many students who prepare 
for technical examinations by part-time study ; 
indeed, it would be difficult for the examiner, 
setting a straightforward problem, to surprise the 
student who has been through the book carefully. 

Armed with.a volume of similar weight on the 
elements of deflections of beams and framed struc- 
tures, and one on the theory of triangulated struc- 
tures, the student should be able to pass the exami- 
nation of a professional institution without reference 
to the more formidable standard text-books. It is 
desirable, therefore, that any such monograph 
should be self-contained. The practical designer 
will not find very much here to help him, apart 
from the statement of first principles, since the 
solutions of many of the problems can be written 
down more readily from the handbooks of ready- 
made formule, and there is no attempt to indicate 
the type of general problem in which side-sway may 
be safely disregarded ; neither is warning given of 
the problems in which side-sway becomes either 
unmanageably complex, as in a polygonal arch, or 
may lead to difficult problems of convergence, as in 
a tall building frame under wind load. 


Alexander Gibb: The Story of an Engineer. By 
GODFREY HaRrRIsON. Geoffrey Bles, 52, Doughty- 
street, London, W.C.1. [Price 15s. net.] 

Tuis is a short account, written in a very readable 

style, of the life of one of the best-known engineering 

consultants of the inter-war period; now 78 and 
retired from active practice, but emphatically alive. 

There are many precedents in the political world 

for writing the biography of a living person, but the 

practice has its drawbacks and, while Mr. Harrison 
has done his work with skill, they are not entirely 
overcome in this book. As befits the title, the 
emphasis is strongly on engineering. There is 
surprisingly little about Sir Alexander’s domestic 
life or his childhood and youth, and the period up 
to his 23rd year is covered in a mere 12 pages. 

The primary appeal of the book will be to those 

interested in civil engineering, and particularly to 

those whose activities centre about Victoria-street, 

S.W.1, but it could be read with advantage by a 

wider public. 

Sir Alexander Gibb started his career as a pupil 
in the office of Sir John Wolfe Barry, in 1890. 
He comes of a family of engineers and represents 
the fifth consecutive generation, in direct descent, 
to be trained as a civil engineer. For some years, 
he was the head of a large engineering contracting 
business. He has occupied the premier position in 
his branch of engineering at the Admiralty, and, 
after leaving the Admiralty service in 1921, and 
going into practice as a consultant, he built up from 
nothing, in a relatively short time, the largest 
professional engineering organisation in the Empire, 
if not in the world. In addition, he has not neg- 
lected the social side of his profession. He has 
always been interested in institutions and societies. 
He has occupied a leading position in many and, at 
one time in 1935, he was President of six, con- 
currently. In short, he has lived a full life on both 
the social and the technical sides of the engineering 
world. 

Probably more biography is being written at the 
present time than ever before, and the average 
standard is comparatively high. It is surprising, 
therefore, that, in an age of unparalleled engineer- 
ing achievement, more lives of engineers are not 





written. The subject has difficulties of its own 
but, if more examples were attempted, a satis. 
factory solution would, no doubt, be found. The 
man tends to be dwarfed by the firm and the work, 
unless engineering be given a strictly subordinate 
place, an arrangement which an author who is 
writing for engineers is not likely to favour. jt is 
difficult to obtain a satisfactory balance in the 
descriptions and so to avoid the effect of a sore 
catalogue of engineering works; and much of the 
work of a first-class consultant consists of reports, 
or the preparation of proposals which never become 
more than paper projects. One particularly difficult 
problem in connection with the harbour at Rang:on, 
described in the book, which appeared to involve 
works costing a large sum of money, finally resu!ted 
in a recommendation to do nothing at all; Nature 
would solve the problem without any out:ide 
assistance. The 20 years that have since elapsed 
have proved the correctness of the advice. Such 
work is very valuable to the community, but it does 
not provide exciting reading in a biography. In the 
present case, the difficulty is increased by the 
unusual extent of the Gibb organisation, its activities 
ranging over the whole world and covering every 
branch of engineering. 

Within the limits of a short book, Mr. Harrison 
has succeeded surprisingly well, despite these 
difficulties, in giving a balanced description of the 
firm’s work and, at the same time, a satisfactory 
portrait of the man. In general biography, the ten- 
dency is to concentrate interest on the man, rele- 
gating description and criticism of his work to a 
secondary place. Engineering biography, however, 
is a useful method of instructing public opinion in 
what is involved in large engineering projects and 
the manner in which they are sometimes interfered 
with by sectional interests. Mr. Harrison gives 
several examples in this category. Sir Alexander 
Gibb himself, as his biographer remarks, was not a 
brilliant engineer in the sense of having a profound 
knowledge of one special branch of engineering and 
being able to solve almost any technical problem 
connected with it. He was primarily an organiser 
of great ability, and a very shrewd judge of men and 
situations. To anyone operating on a large scale, 
the ability to pick good assistants and partners is 
probably of more value than any other quality. Sir 
Alexander has displayed this faculty to a con- 
siderable degree and Mr. Harrison makes many 
appreciative references to his associates and subor- 
dinates. Sir Alexander set himself to attain success 
in a big way. He worked very hard for that 
success, and his aims were largely achieved ; so 
that the rather querulous note on which the book 
ends is surprising and seems hardly justified. 





INTERNATIONAL CONFERENCE ON LARGE ELECTRIC 
Systems.—The thirteenth biennial International Con- 
ference on Large Electric Systems (C.1.G.R.E.) will be 
held at the Fondation Berthelot, 28, Rue Saint-Domi- 
nique, Paris, from Thursday, June 29, until Saturday, 
July 8, and will be attended by representatives of 30 
European, American and Asiatic countries. About 140 
papers will be submitted and will be discussed in four 
sections, dealing with the production, transformation and 
interruption of current ; the construction, insulation and 
maintenance of overhead and underground lines; the 
operation, interconnection and protection of systems ; 
and extra-high voltages. At the conclusion of the meet- 
ing, visits will be paid to power stations in the Massif 
Central and the Alps, as well as to the electric railway 
systems at Dijon and Lyons. 

GRANTS TO EX-SERVICE GRADUATES IN ENGINEERING. 
—It is announced by the Ministry of Labour that no 
more grants will be made, under the post-war Further 
Education and Training Scheme, to ex-Service graduates 
in engineering who are undergoing the practical training 
required for corporate membership of the qualifying 
engineering institutions. This decision affects ex-Service 
men whose calling up for national service was deferred 
to 1948 to enable them to complete a degree or diploma 
course and who are due to serve until 1950 ; and those 
who, subsequently to their national service, were given 
an award to assist them to complete a degree or diploma 
course and who will graduate in 1951 or later. Ex- 
ceptions will be made, however, in the case of men in the 
latter category who did one year’s practical training 
before entering upon their degree or diploma course, 
which they will complete in 1951. Such men will be 
eligible for consideration for an award to enable them to 
complete the requisite two years of practical training. 
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THE BRITISH INDUSTRIES 
FAIR AT BIRMINGHAM—IV. 


Tue Fair closed on Friday, May 19. When next 
it opens, in 1951, the Festival of Britain will be 
attracting world-wide attention; the two will be 
complementary, and doubtless the Fair will benefit. 
In this, the concluding, article of the four devoted 
to the exhibits in the engineering section at Castle 
Bromwich, we describe a number of machine tools, 
engines, and equipment of various kinds. 

An interesting universal testing machine was 
being shown for the first time by Messrs. Saml. 
Denison and Son, Limited, Hunslet Foundry, 
Leeds, 10. This machine, which is illustrated in 
Fig. 71, on this page, is capable of performing a 
wide range of duties which include tensile, com- 
pressive, transverse-bending, hardness, punching 
and cupping tests. An outstanding feature of the 
design is the method of measuring the load as, 
although this is applied by oil under pressure, no 
oil-pressure readings are taken, the true load on the 
specimen being determined by means of a system 
of sensitive weighing-levers which terminate in a 
dial indicator. As a consequence, friction between 
the ram and its cylinder cannot affect the dial 
readings thereby enabling an orthodox hydraulic 
system with packed rams to be used. Another 
notable feature is the dial indicator which has four 
capacity ranges, the required range being brought 
into operation by rotating a handwheel. Only the 
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figures appropriate to the selected range are visible, 
so confusion between different ranges cannot occur. 
The frame of the machine comprises a cast-iron 
base-plate and four steel rods which carry the two 
top beams. The straining gear consists of two 
hydraulic-cylinder assemblies and a motor-driven 
oil pump, the displacement of which is infinitely 
variable. The cast-iron hydraulic cylinders used 
are fitted with single-acting rams which enclose 
recovery springs. These exert an upward force in 
excess of the weight of the straining head, the latter 
moving downwards in all tests. The return is 
controlled by a large valve which permits the 
oil to be discharged from the cylinders into the 
tank under the action of the recovery springs. 
The oil-pressure unit comprises a high-speed 
multi-piston variable-displacement pump driven 
through a flexible coupling by a constant-speed 
electric motor. The pump and its driving motor 
are mounted on a common base-plate and the 
oil-storage tank is supported by the top beams. The 
weighing frame consists of a transverse beam 
and wedge box together with connecting rods and 
main shackle, the transverse beam being set dia- 
gonally so that long beams may be tested. The 
weighing frame is carried by a second-order knife- 
edged lever which moves on a fulcrum fitted to 
the top beams and is connected to an intermediate 
lever. This, in turn, is coupled to the dial unit 
through a weighing lever having four separate 
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to the scale required. The equipment available 
with the machine is exceptionally comprehensive 
and, as previously indicated, enables most forms of 
testing to be carried out. 
The exhibits on the stand of Messrs. Decel Engi- 
neers, Limited, Birtley, County Durham, included 
a machine for weathering tests and portable light- 
weight conveyor. The weathering machine is illus- 
trated in Fig. 72, on this page, and has been designed 
for carrying out accelerated weathering tests on 
paints and varnishes and fading and ageing tests on 
dyestuffs in natural and synthetic rubbers, plastics, 
fabrics, etc. Tests have been carried out with the 
machine simultaneously with outdoor exposure tests, 
and the comparisons have shown the practicability 
of measuring in a comparatively short period of 
continuous operation the effect of several years expo- 
sure. The machine comprises a 250-volt arc lamp of 
high actinic value suspended independently in a 
slowly-rotating galvanised drum. This has a dia- 
meter of 4 ft. and a depth of 1 ft. 8 in., and is fitted 
with brackets arranged to take three tiers of paint 
panels or fabric strips which are subjected to a spray 
of distilled water. They are also exposed to the 
radiation of the arc lamp, which is arranged eccen- 
trically to vary the intensity. The arc lamp is 
of the self-regulating type and operates for 24 hours 
without renewal of the carbons. The drum is 
fitted with a lid to enclose the spray, the lid being 
arranged so that it can be raised easily for inspection 
of the panels. It is driven by a small variable-speed 
direct-current motor through reduction gearing, the 
maximum speed being three revolutions per hour. 
The drum is supported by a brass footstep bearing 
designed so that compressed-air and water-service 
pipes can be led through it and the waste water 
drained away. The machine is mounted on a base 
fabricated from 4 in. by 2 in. mild-steel channel 
sections and is enclosed by an aluminium casing. 
The compressor and air receiver are housed in a 
separate aluminium cabinet, the top of which sup- 
ports a 25-gallon water tank. If required, the 
machine can be modified to carry out accelerated 
corrosion tests of the salt-spray type on metals. 
On the stand of Messrs. Babcock and Wilcox, 
Limited, Babcock House, Farringdon-street, London, 
E.C.4, were displayed two models (referred to 
below), X-ray tubes used for the inspection of 
welds, panels of typical water-cooled furnace wall 
construction, a large model of a power station in 
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several exhibits of Messrs. Edwin Danks and 
Company (Oldbury), Limited, and others of the 
Calorizing Corporation of Great Britain, Limited. 
The models above referred to were designed to illus- 
trate the Cyclone furnace, which is the result of 
experimental research by the Babcock and Wilcox 
Company of America, who had investigated its 
possibilities for some 15 years before introducing it 
at the Calumet power station in Chicago in 1944. 
Longitudinal and cross-sectional views are shown 
diagrammatically in Figs. 73 and 74, on page 589. 

For a Cyclone furnace, the coal is crushed to } in. 
and under, and fed so that it is thrown by centri- 
fugal action on to the walls of a cylindrical chamber 
where the combustion is practically completed by a 
stream of high-temperature secondary air injected 
tangentially at high velocity. The furnace is oper- 
ated at such high temperatures that the whole of 
the ash is maintained in a molten condition when 
liberated from the burning fuel, and thus forms a 
sticky film over practically the entire inner surface, 
so that the particles of coal are caught and retained 
on it for a sufficient length of time for the com- 
bustion to be completed. Most of the ash is tapped 
continuously from the furnace as molten slag. 

It is stated that the results so far achieved with 
the Cyclone furnace indicate that considerably 
less than 10 per cent. of the total weight of ash in 
the fuel escapes to the atmosphere, even if there 
is no dust-collecting plant. In conjunction with 
satisfactory dust collectors, atmospheric pollution 
in the neighbourhood of power plants should be 
reduced to values appreciably below those now 
regarded as acceptable. Three Cyclone furnaces are 
to be constructed at the Renfrew works of Messrs. 
Babcock ‘and Wilcox for use in the boiler unit 
which will be installed at the Barking power station 
of the British Electricity Authority, and is designed 
to evaporate 540,000 Ib. of steam per hour. 

Messrs. George Cohen, Sons and Company, 
Limited, Broadway Chambers, Hammersmith Broad- 
way, London, W.6, were showing a selection from 
their range of sheet-metal and woodworking ma- 
chinery, contractors’ plant and hydraulic moulding 
presses. Two types of Coborn press were exhibited 
having capacities of 40 tons and 50 tons, respec- 
tively. Two of the 40-ton presses are illustrated in 
Fig. 75, on Plate XXI, where they are shown 
arranged for dual operation in plastic or rubber 
moulding, one press being loaded while the other 
is curing. Each press is of the down-stroke type 
and has a maximum power of 40 tons, which can 
be reduced to 8 tons. The main ram and table are 
returned by side rods which are connected to a 
crossbeam operated by the return ram. The side 
rods are designed to that, if required, they can be 
arranged to operate an, ejector mechanism which is 
available with the machine. Hydraulic pressure is 
provided by a mono-radial self-contained high-speed 
pumping unit, which is driven by a 2}-h.p. three- 
phase motor, a pre-filling valve being fitted to the 
main cylinder to give quick approach and return 
strokes. The press is controlled by a single-lever 
balanced-pressure valve which is interlocked with 
the moving gate of the safety guard. The main 
ram has a diameter of 7 in. and a stroke of 8 in., 
the hydraulic working pressure being one ton per 
square inch. The platen, which measures 17 in. 
by 11 in., is heated by four strip-type electric 
elements, each of which has a rating of 400 watts. 
The press has a height of 8 ft. 9 in., occupies a 
floor area measuring 3 ft. 3 in. by 3 ft. 7 in., and 
weighs approximately 1 ton 11 cwt. 

The exhibits on the stand of Messrs. John Mills 
and Company (Llanidloes), Limited, Railway 
Foundry, Llanidloes, Montgomeryshire, included 
their Oilaulic 100-ton press capable of straightening 
6 in. diameter bars up to 25 ft. long. This machine, 
which is illustrated in Fig. 76, on Plate X XT, is one 
of a range having capacities from 6 tons to 500 
tons. It can be fitted with a variety of attach- 
ments for straightening, bending, assembling bushes, 
driving arbors, fitting gears to shafts and similar 
operations. For the straightening of crankshafts, 
camshafts, light gun barrels and similar operations, 
ap inter-changeable long table can be supplied com- 
plete with adjustable centring heads. The press is 
entirely self contained and includes the Oilaulic 
pump and electrical equipment. The pump is a 





multi-ram unit which gives two speeds to the ram, 
a low-pressure rotor giving a rapid idle movement 
which changes automatically to a high pressure 
when the ram makes contact with the work. The 
pump body is machined from a block of chromium- 
molybdenum steel and the rams are of chromium 
ball-bearing steel heat treated after grinding. The 
pump is built into its own reservoir and is fitted 
with a filter, internal relief valve and flexible 
couplings. If required, a pressure-trip valve can 
be fitted which automatically returns the ram at 
any selected pressure. The controls are light in 
operation and the hand control is interconnected 
with a pedal so that, when necessary, the operator 
may have both hands free. The return stroke of the 
ram is actuated by a duplex spring which eliminates 
the need for hydraulic glands and packing. 

Messrs. E. W. Bliss (England), Limited, City-road, 
Derby, were showing examples of power presses 
and seaming machines for the canning industry. A 
photograph of one of their automatic strip feed 
presses, which were developed for rapid production 
of shallow stampings from strip material and are 
widely used for producing the top and bottom 
stampings of tin cans, is reproduced in Fig. 77, on 
Plate XXI. The machines are available in three 
capacities—20, 25 and 40 tons, and their speed of 
operation varies from 100 to 200 strokes per minute, 
depending upon the type of stamping being pro- 
duced. The machine shown in Fig. 77 has a 
capacity of 25 tons and is fitted with a double 
die and a double curling attachment ; to make the 
most economical use of the sheet material it is 
first cut to size and shape on a scroll shear machine. 
The strips are stacked on the table which can be 
seen at the back of the machine on the right of 
Fig. 77. They are picked up by four suction 
rubbers, connected to a vacuum pump which is 
operated from a camshaft and functions only when 
the strip is being picked up, and are carried forward 
by cross-feed arms on to a feed bar, which is fitted 
with adjustable fingers to feed the strip to the dies. 
The feed mechanism is operated from an adjustable 
crank disc at the end of the crankshaft, by a trunnion 
joint connection and a spring yielding connection. 
The main slide is fitted with a cam-actuated ‘‘ knock- 
out’? which may be set to eject the work from the 
punch at any position on the upward travel of the 
slide. The crankshaft and connection screw are 
made from heat-treated chromium-nickel steel ; the 
crankshaft bearings and connection strap are fitted 
with removable bronze bushes. The stampings 
ejected from the punches fall on to chutes which 
lead them to the two curling rollers, and can be 
seen in the lower part of Fig. 77. Finally, the 
stampings are stacked by means of worms and 
guide bars. The flywheel is fitted with a pulley 
for driving the curling and stacking attachments. 
The machine is provided with automatic electrical 
control stops which prevent two strips being fed 
under the feed bar, and stop the machine if, for 
any reason, a strip is prevented from feeding 
through the die. 

Plastic moulding plant, and timing equipment to 
control operating cycles was exhibited by Messrs. 
T. H. and J. Daniels, Limited, Lightpill Iron Works, 
Stroud, Gloucestershire. Among their exhibits 
was the preforming machine illustrated in Fig. 78, 
on Plate XXI. This machine is designed to deal 
with difficult powders, such as melamine, which 
require hi; and are awkward to feed, 
as well as with the normal grades of phenol formalde- 
hyde and urea formaldehyde powders. It is of the 
single-punch crank type, the crank and crankshaft 
being operated by means of a single-reduction worm 
running in ball-bearings. The drive is provided 
by a single V-belt from a 5-h.p. push-button con- 
trolled electric motor supported on a bracket at the 
rear, a flywheel being mounted cn the worm shaft 
to ensure a steady power consumption and to give 
dynamic balance. Stepless speed variation, between 
20 and 60 strokes per minute, is obtained while the 
machine is running, by adjusting a handwheel. The 
frame is of solid box cast-iron construction, and the 
crank mechanism, which drives a top punch by 
means of two columns and a crosshead, is totally- 
enclosed in the base. This forms an oil reservoir 
from which an externally-mounted pump with 2 
filter supplies oil to the main crankshaft bearings 





eccentric sheave, and gudgeon pin; other compon. 
ents are splash lubricated, though there are also a 
few external grease-nipples. 

The powder-feed mechanism is operated by a 
detachable cam track, and comprises two swin,ing 
levers which actuate a parallel-motion feed shoc ; a 
flexible tube enters the shoe from an overiead 
hopper having a cut-off slide, the system b«ing 
arranged to maintain a constant head of powder in 
the shoe. Adjustment for depth of fill, up to a 
maximum of 1} in., is made by a handwheel at the 
front of the machine, and hardness adjustments sre 
made by means of a handwheel on the crossh:.ad 
at the top. The maximum depth of the ta!let 
formed with standard moulding powders is } in. A 
detachable lever enables the machine to be turne:! by 
hand for initial settings and for die changing. Front 
and upper guards form part of the general housing 
and are electrically interlocked with the circui! of 
the driving motor, causing this to stop if one of the 
guards is opened; a counter on the top guard 
automatically records the number of tablets made. 
A maximum pressure of 10 tons per square inch 
can be exerted on a 1}-in. diameter tablet; the 
hopper capacity is 660 cub. in., and the height of 
the machine to the top of the hopper is about 
6 ft. 6in. The net weight of the machine is about 
28 cwt. 

The metal-working machinery shown on the 
stand of Messrs. George Cohen, Sons and Company, 
Limited, included the gang-slitting machine illus- 
trated in Fig. 79, on Plate XXII. This machine, 
however, was manufactured by the Weybridge 
Jig and Tool Company, Limited, Weybridge, Surrey, 
who are not members of the ‘‘600’’ group of 
companies, but Messrs. George Cohen, Sons and 
Company, Limited, are the sole world agents. The 
machine has been designed for slitting brass, etc., 
up to a thickness of 0-160 in. (8 s.w.g.), but is 
equally suitable for cutting plastics, fibre and 
similar materials. It is constructed on sturdy lines, 
the main frame being a heavy box-section casting. 
The cutter shafts are of heat-treated alloy steel and 
are supported at the driving end by two taper-roller 
bearings, the tail-end bearings consisting of hard- 
ened and ground steel sleeves running in totally- 
enclosed double-roller bearings. 

The sleeves and bearings form an integral part 
of the tail-end unit which, by slackening four bolts, 
can be withdrawn to the side of the machine, taking 
with it the bearing assemblies and leaving the ends 
of the cutter shafts free, with ample clearance for 
the removal, or fitting, of cutters. To ensure that 
the bearing sleeves do not rotate relatively to the 
shafts, a key fitted to the sleeve engages with a 
keyway machined in each shaft. The infeed and 
outfeed rollers are of alloy steel, heat treated and 
ground, and all rollers are driven through gearing 
designed to allow for positive pressure adjustment. 
The machine is driven by a 10-h.p. electric motor 
fitted to an adjustable swinging plate and coupled 
by V-belts to a worm reduction unit which, in turn, 
drives both the cutter shafts and feed rollers through 
nickel-chromium steel helical gears. The worm 
shaft is extended to accommodate a drive to a 
recoiler unit which is capable of taking coils up to a 
weight of one ton. As previously mentioned, the 
machine is capable of cutting a variety of materiale. 
When cutting mild steel, the maximum thickness of 
material is 0-160 in., the maximum number of cuts 
which can be made with this material being six. 
The cutters have a diameter of 6%, in. and the 
cutting speed can be varied between the limits of 
100 ft. per minute and 180 ft. per minute. The 
height of the working table from the floor is 36 in., 
and the overall length of the machine 76 in.; the 
overall height is 53 in. 

Messrs. W. and T. Avery, Limited, Soho Foundry, 
Birmingham, were showing a variety of commercial 
and industrial weighing machines, among which 
their unit count machine was of particular interest 
to industrial users. With this machine it is possible 
to weigh gross and net loads, to count the number 
of articles in an unknown quantity of repetition 
pieces, to determine the variation in weight of 
repetition pieces from that of a master specimen, 
and to compute the weight of scrap material. A 
photograph of the unit count machine is repro- 
duced in Fig. 80, on Plate XXII. It will be seen 
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that the dial has two graduated scales; in the 
particular machine exhibited, the outer scale, reading 
up to 5 ewt. in 1-lb. divisions, gives the weight of 
ariicles on the weighing platform ; the inner scale, 
graduated in $-0z. divisions and reading up to 5 lb., 
gives the weight of small articles placed in the scoop 
on the left ; the ratio is 100 to 1, that is, one article 
place in the left-hand scoop will cause the same 
movement of the indicator as 100 similar articles on 
the platform. To determine the net weight of a load 
in a container, the load is placed upon the weighing 
platform ; the weight of the container is set by 
moving the poises along the steelyard, and the net 
weight of the load can be read from the outer 
scale. To count the number of articles in a batch 
of repetition pieces, the batch is placed upon the 
weighing platform; the indicator is returned to 
zero by placing in the scoop on the right, which 
has a ratio of 99 to 1, a number of articles from 
the platform. It is probable that it will not be 
possible thus to bring the indicator exactly to zero, 
and accordingly one article only from the platform 
is placed in the middle scoop, which is run along 
the steelyard until an exact zero reading is obtained. 
The total number of articles in the batch is then 
100 for each article in the right-hand scoop, plus 
the number indicated on the scale engraved on, the 
steelyard. 

‘to compute the amount of scrap in a given 
number of articles, a finished article is placed in 
the left-hand scoop; the actual weight of the 
article is indicated on the inner scale, and the weight 
of 100 similar articles is shown on the outer scale. 
The poise is then adjusted on the steelyard to 
bring the indicator back to zero. If now the finished 
article in the scoop is replaced by an unfinished 
blank, the weight of scrap which would be made 
on 100 articles can be read directly on the outer 
scale. Other ratios for counting are available— 
50, 72 or 144 to 1 for the left scoop, and 71, 72 and 
100 to 1 for the right scoop. Messrs. Avery were 
also showing an optical-projection indicator in 
conjunction with an overhead weighbeam, in which 
it was possible to set the tare weight on a separate 
screen by a handwheel, the main screen then indi- 
cating the net weight ; a 50-ton tensior-compression 
testing machine ; and a dynamic-balancing machine 
for armatures. 

A wide range of metal-working machinery was 
shown by Messrs. F. J. Edwards, Limited, 359-361, 
Euston-road, London, N.W.1, the exhibits including 
eight new machines. Two of these, namely, a 
guillotine shearing machine and an open-fronted 
vertical section rolling machine, are illustrated in 
Figs. 81 and 82, respectively, on Plate XXII. The 
shearing machine is one of a range of seven models 
developed to cut 14-gauge materials in widths of 
from 36 in. to 72 in., and 4 in. thick material in 
widths from 36 in. to 96 in., the model illustrated 
being the largest of the range. It is of exceptionally 
heavy construction and is suitably braced to elimi- 
nate any tendencies tosag. The bottom-blade beam 
rests directly on the end frames and is provided 
with the necessary adjustments to bring the shear 
blade into correct alignment. The top-blade beam 
is guided by long slides fitted to the end frames, the 
guides being designed so that wear can be taken up 
progressively. The clutch is of the non-repeating 
multi-jaw type, the mechanism being arranged so 
that the machine can be set to operate for one stroke 
at a time or to run continuously. The sliding clutch 
member is mounted on, a splined sleeve which, in 
turn, is driven on to, and secured to the end of the 
crankshaft. The female clutch ring is carried by the 
hub of the flywheel, which is fitted to a long bronze 
bush, a heavy coil compression spring forcing the 
jaws on the clutch sleeve into engagement with those 
on the clutch ring when the treadle is depressed. 
The crankshaft is a carbon-steel forging and is 
arranged to run in replaceable phosphor-bronze 
bushes. It is driven by V-belts from a shaft arranged 
along the back of the machine, the longitudinal 
shaft, in turn, being driven through reduction 
gearing by an electric motor situated at the left-hand 
side of the machine. The flywheel and the gearing 
have good ground clearance so that the construction, 
of pits is unnecessary. Easily adjusted front and 
back gauges, together with side squaring gauges, 
are provided with the machine and the hold-down 





clamp operates automatically as the treadle is 
depressed. A steel chute, or apron, encloses the 
back of the machine and suitable guards are fitted 
over the V-rope drive and the gearing. The blades, 
have a length of 97 in. and a thickness of § in. ; 
they can be ground to cut plastics, mica, asbestos, 
rubber and similar materials. 

The open-fronted vertical-section rolling machine 
is suitable for bending a wide variety of sections 
and tubes. All the rolls are driven, the top roll 
being carried by a separate steel casting arranged 
to swing about the axis of the driving gear. The 
rolls and shafts are machined from alloy-steel 
forgings and the side guiding rollers are suitably 
hardened. Attachments are provided which ensure 
that when angle sections are being bent with the 
“leg”? inside, they are maintained at 90 deg. 
A central Tecalemit lubrication system is fitted, 
the grease nipples being arranged on a single plate 
at the front of the machine. When bending angles 
with the “‘leg”’ inside, the maximum section that 
can be handled is 2} in. by 2} in. and the minimum 
diameter 30 in.; with the ‘‘leg”’ outside, the 
maximum section is 3 in. by 3 in. and the minimum 
diameter 24 in. The smallest angle that can be 
worked is 1} in. by 1} in., the minimum diameter 
with the “leg” in being 14 in. and with the leg 
out 13in. Bars up to 3 in. wide by @ in. thick can 
be rolled on edge and up to 6 in. wide by 1 in. 
thick on the flat. The machine is driven by a 
10-h.p. motor geared down to turn the rollers at 
10 r.p.m. The letigth overall is 8 ft., the width 
5 ft. 8 in., and the height 4 ft., the weight being 
approximately 45 cwt. 

A variety of mechanical transmission equipment, 
including variable speed gears and worm-gear drives, 
was exhibited by Messrs. Crofts (Engineers), Limited, 
Thornbury, Bradford, who also demonstrated the 
operation of one of their “ Airflex”’ clutches. This 
type of clutch is engaged by means of compressed air 
which inflates a cord-reinforced rubber gland or 
“tyre”? and so forces friction blocks against a 
friction rim on face; it is disengaged by deflating 
the gland, and can also be used as a flexible coupling 
or as a brake if required. Compressed air can be 
supplied through a long pipe line to permit of 
remote control, and may be obtained either from a 
compressed-air main or from a small compressor 
driven by the equipment being controlled. The 
clutch demonstrated is ring shaped with Ferodo- 
lined shoes around its inner periphery ; it engages, 
by pressing these on to a flat-rimmed. friction wheel 
keyed or mounted either on the driving or the 
driven shaft. The clutch housing has an end plate 
at each end to hold torque bars running parallel to 
the shaft in slots between the shoes. These are 
encircled by the circular gland or tyre which fits 
tightly against the inner cylindrical wall of the hous- 
ing; the gland itself is of rectangular cross section, 
and when inflated, exerts pressure against the rigid 
inner wall to force the shoes against the friction 
wheel; the slots are designed to allow for the 
necessary movement. 

On the stand of Messrs. G.W.B. Electric Furnaces, 
Limited, Dibdale Works, Dudley, Worcestershire, 
were some automatically-controlled electrode- 
boilers, particularly suitable for central-heating 
installations, for supplying steam to kitchens, or for 
sterilising and cleaning purposes. Among this 
equipment was the 70-kW continuous steam 
raiser which is designed to provide up to 235 Ib. 
of steam per hour at pressures up to 120 Ib. per 
square inch. It can be supplied to operate from 
either single-, two-, or three-phase electric supplies 
at voltages between 180 and 660, and maximum 
steam output can be obtained within five to ten 
minutes after starting up from cold, or in less time 
if the water is already warm. The water level in the 
boiler, and hence the rating, is automatically con- 
trolled by valve gear, making use of the fact that the 
superficial areas of the immersed portions of the 
electrodes govern the value of current and therefore 
the amount of electrical energy utilised. A magnetic- 
ally operated valve, actuated by both pressure- and 
rating-control gear, by-passes surplus water back 
to a feed tank ; pressure control is effected by means 
of an indicating pressure-controller, and the rating is 
adjusted by a rheostat. Both the pressure- and the 
rating controls are fully automatic when once 





pre-set. The unit is completely enclosed and 
contains all auxiliary equipment, including a water 
storage tank and an electrically-driven feed pump 
of the single-plunger type for delivering water 
against boiler pressures up to 180 Ib. per square inch. 
The boiler itself consists of a solid-drawn steel tube 
fitted with a lap-welded bottom plate, and a top 
plate which is bolted to a flange screwed to the shell 
and fillet-welded. Connections to the boiler for the 
water supply, water-gauge, safety valve, ard pressure 
indicator are welded in position. Electrodes of 
cast-iron are supported in the boiler from porcelain 
insulators secured by gunmetal packed glands ; 
a neutral electrode surrounds each phase elec- 
trode, provision being made for adequate circu- 
lation. All indicating instruments and control 
gear are at the front, the pump being installed 
behind a detachable louvred panel. 

The stand of the Gas Council, Gas Industry 
House, 1, Grosvenor-place, London, S.W.1, formed 
the centre-piece of the Gas Section of the Fair. 
On it were shown several examples of gas-fired 
equipment used in industry, ameng which was a 
quarter-scale working model of a vertical slot fur- 
nace, manufactured by the Incandescent Heat 
Company, Limited, Smethwick, Birmingham, for 
the heat treatment of ferrous or non-ferrous bars, 
strips, tubes, or sections. Another exhibit was a 
town.-gas conversion unit for horizontal steam boilers, 
designed by the South Eastern Gas Board. It is 
capable of dealing with gas consumptions up to 
5,000 cub. ft. (25 therms) per hour, and is suitable 
for converting to town-gas firing boilers evaporating 
between 1,800 and 2,000 Ib. of water per hour. 
The burner is a horizontal drilled pipe with a gas 
control cock at each end, fed from a constant- 
pressure supply controlled by a relay valve. Another 
small supply pipe is connected to the centre of the 
burner; this pipe contains a combination damper 
cock, which is connected by a cable to the boiler- 
flue damper to ensure that the damper is opened 
before the main burner is lighted. The small supply 
pipe also accommodates a flame-failure control 
valve, operated by a thermocouple which is heated 
by the flame from a small burner inserted through 
the main drilled-pipe burner. The steam pressure 
in the boiler is controlled by a steam-loaded pressure- 
stat connected in the “‘ weep ’’ line of the relay valve. 
When converting the boiler, the firebars, supports 
and front-firing plate are removed, leaving the 
combustion tube clear; the conversion frame, 
filled in with insulating refractory brickwork, is 
then fitted into the circular opening, which is sealed, 
except for the rectangular flame port. Also on 
view on the Gas Council stand was a tool-hardening 
furnace manufactured by Manchester Furnaces, 
Limited, Globe Works, Ashton New-road, Man- 
chester 11. It has a preheating chamber working 
at a temperature of 800 deg. C.; the hardening 
chamber operates at 1,350 deg. C. Two air-blast 
burners are fitted, firing through refractory orifices 
below the hardening chamber. There were also 
displays of a wide range of burners for various 
industrial pu ; 

Other exhibitors in the Gas Section included the 
Selas Gas and Engineering Company, Limited, 
Selas Works, City-road, Manchester, 15, who were 
showing automatic gas and air mixing apparatus 
for industrial heaters, a wide variety of industrial 
gas burners, gas-fired muffle furnaces, soldering 
irons, laboratory furnaces, motor-driven fans, ete. 
Messrs. Cochran and Company, Annan, Limited, 
Annan, Scotland, were showing gas-fired multi- 
tubular vertical boilers, including a “ Sinuflo” 
boiler of the type which is to be used for heating the 
London County Council concert hall on the South 
Bank of the River Thames. It has a diameter of 
9 ft. and is 9 ft. 3in. high ; and is suitable for operat- 
ing at pressures up to 120 Ib. per square inch, but is 
arranged to work at 15 Ib. per square inch; it is 
fitted with 476 Sinuflo and 82 stay tubes, and has 
four quadrant burners. The gas flow is controlled 
by a relay valve designed to close when the boiler 
pressure reaches 15 lb. per square inch, and also in 
the event of electric current failure. A gas-pressure 
governor maintains the gas pressure at a steady 
water-gauge pressure of 2 in. 

Four new Diesel engines were shown on the 
stand of Associated British Oil Engines, Limited, 
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32, Duke-street, St. James’s, London, S.W.1, and 
the Brush Electrical Engineering Company, Limited, 
Loughborough, namely, the Meadows 970 high- 
speed engine; a Petter-Fielding horizontal single- 
cylinder engine; a Mirrlees six-cylinder engine, 
one of a range at present being developed by Messrs. 
Mirtlees, Bickerton and Day, Limited, at Stockport ; 
and the Petter AVA air-cooled vertical engine. The 
970 high-speed engine is, of course, manufactured 
by Messrs. Henry Meadows, Limited, Park-lane, 
Fallings Park, Wolverhampton. It is a six-cylinder 
unit having a bore and stroke of 150 mm. and a 
maximum one-hour rating of 180 brake horse-power 
unsupercharged and 250 brake horse-power in the 
supercharged form. Both outputs relate to a speed 
of 1,650 r.p.m., at which the piston speed is only 
1,620 ft. per minute, this low figure being obtained 
by use of the short stroke. Considerable attention 
has been paid in the design to give ease of main- 
tenance ; the wet-type cylinder liners, for example, 
can be withdrawn and machined oversize in an 
ordinary lathe, and the pistons and connecting rods 
can be withdrawn through the cylinder bores. The 
cylinder block and heads are in two units, each for 
three cylinders, the cylinder heads being fitted with 
renewable-type valve seats for the overhead valves. 
The crankshaft is nitrided and is supported by 
bearings of the thin-wall pre-finished type. Two 
axial electric starters are fitted and with these in 
position, the engine weighs 3,500 Ib. in the umsuper- 
charged form and 3,900 Ib. when supercharged. It 
is fitted with a direct-injection fuel system, the fuel 
consumption varying between 0-362 Ib. per brake 
horse-power-hour and 0-40 Ib. per brake horse- 
power-hour according to the load and speed. 

The Petter-Fielding D.H. engine, which is made by 
Messrs. J. & H. McLaren, Limited, Leeds, is illus- 
trated in Fig. 83, herewith. It is a horizontal single- 
cylinder four-stroke unit developing 13 brake 
horse-power at 650 r.p.m. and 16 brake horse-power 
at 800 r.p.m. At full load and 800 r.p.m., the fuel 
consumption is 0-39 Ib. per brake horse-power hour, 
a remarkably good performance for an engine of 
this type. It is fitted with two flywheels and has 
been developed to meet the need for a horizontal 
engine of lower power than the Petter-Fielding 
EH and FH types, which come within the 27 brake 
horse-power and 80 brake horse-power range. The 
baseplate of the new engine consists of a robust 
box-section iron casting machined to support the 
main bearings at one end and suitably bored at the 
other end to accommodate a wet liner. The liner is 
free to expand longitudinally, the watertight joint 
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Fie. 85. 420-B.H.P. Srx-CytinpEr Diese, EnGine; Messrs. Mrrruees, BICKERTON AND 
Day, Lowrrep. 


comprising rubber rings set in grooves in the usual 
manner. The crankshaft is machined from a steel 
drop forging and is provided with two balance 
weights which are bolted to the crankwebs. The 
crankshaft is tapered at each end to accommodate 
the flywheels; these are held in position by the 
starting dogs, which take the form of nuts. Main 
bearings of the white-metal faced strip type are 
used and these are located in cast-iron housings 
spigoted to the baseplate. The connecting rod is 
machined from a heat-treated H-section steel 
forging and is fitted with a white-metal lined big-end 
bearing, and phosphor-bronze small-erd bush, which 
is lubricated through a hole drilled in the connecting 





rod. A toroidal combustion space is formed in the 
crown of the piston, which is made from a silicon- 
aluminium alloy and is fitted with three compression 
rings and two scraper rings, the “top” scraper ring 
being chromium-plated. The cylinder head is an iron 
casting and is fitted with inlet and exhaust valves 
of heat-resisting alloy steel. Both the exhaust and 
inlet valves are operated by a single cam through 
rocking levers and push-rods, the mechanism being 
totally enclosed by a housing. A Bryce single- 
element fuel-injection pump is fitted to the gearcase 
and is arranged so that commencement of injection 
is retarded when the engine is turned by hand, 
but automatically advances as the speed increases. 
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Fig. 87. 


Fics. 87 anp 88. Two-Way Maenetic Gas VALVE; 
Messrs. Pert Controis, LIMITED. 


Direct injection is employed, the cylinder head 
being fitted with a Bryce four-hole nozzle atomiser. 
Pressure lubrication is used throughout the engine, 
the oil being drawn by a plunger-type pump from a 
sump in the baseplate and passed through two 
filters before being delivered to the main bearings, 
big-end bearings, ete. All parts of the engine are 
accessible ; the piston is easily removed without 
disturbing the cylinder head. The engine is hand 
started, this operation being facilitated by the 
provision of decompression gear, which holds the 
exhaust valve open for eight complete turns of the 
starting handle. Equipment installed on the engine 
includes an adjustable governor, an oil-washed air 
cleaner, a fuel tank and a silencer. The weight of 
the engine when fitted with standard flywheels is 
1,530 Ib., but heavier flywheels are available ; 
when, fitted, they increase the weight to 1,765 lb. 
The ‘‘600” group of companies were exhibiting 
in a large pavilion in the outdoor section of the 
Fair, the exhibits covering a wide selection of pro- 
ducts from the various associated companies, 
Messrs. Browett-Lindley, Limited, Letchworth, 
Hertfordshire, for example, were showing the 
vertical compound steam engine illustrated in 
Fig. 84, on the opposite page. It is one of their stan- 
dard engines, having an output of 90 brake horse- 
power at 550 r.p.m. when supplied with dry-satura- 
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ted steam at a pressure of 120 Ib. per square inch at 
the stop valve and exhausting against a back 
pressure of 5 Ib. per square inch. The crankshaft, 
connecting rods and piston rods are machined from 
solid forgings, the flange for the flywheel being 
forged solid with the crankshaft. The main bearings 
are iron castings lined with white metal, the crank- 


and guides. A centrifugal-type governor, fitted at 
the end of the crankshaft, controls the speed of 
the engine, the governor linkage being connected 
to a double-seated throttle valve. Hand-operated 
expansion gear is provided for the high-pressure 
cylinder ; this allows the cut-off to be adjusted to 
give the most economical performance at any 
particular load. 

The Mirrlees J6 engine is illustrated in Fig. 85, 
opposite; the machine exhibited, however, was 
coupled to a Brush 290-kW alternator, which is 
not shown in the illustration. The J6 engine is 
the second of two vertical Diesel engines developed 
recently at the Stockport factory of Messrs. Mirrlees, 
Bickerton and Day, Limited. It is a normally 
aspirated six-cylinder in-line engine developing 
420 brake horse-power at 750 r.p.m. In general, 
it follows the design of the supercharged six-cylinder 
engine manufactured by the same firm and described 
in ENGINEERING, vol. 168, page 503 (1949). The 
bedplate is of fabricated steel, but is designed so 
that an iron casting may be used. The cylinder 
liners are hardened and are of the wet type; they 
have a continuous uninterrupted bore, there being 
no cut-away portions for the valve heads or con- 
necting rods. The pistons are of light alloy, the 
combustion chambers being formed in the piston 
crowns, and each is fitted with three compression 
rings, together with two oil-control rings. The 
connecting rods are of heavy H section and are pro- 
vided with palm ends to which the big-end bearings 
are attached by four high-tensile steel bolts. The 
crankshaft is machined from a steel forging of 40-50 
tons per sq. in. tensile strength. Gears are employed 
throughout for transmitting the drive to the various 
auxiliaries, such as the camshaft, governor, fuel 
pumps, water pumps, etc. The cylinder heads are 
cast in close-grained iron and each is fitted with two 
exhaust valves, two inlet valves, a starting valve and 
a relief valve. The design of the valve-operating 
gear is simple and robust. It comprises a forked 
exhaust-valve lever which rocks about phosphor- 
bronze bushes clamped in a bracket bolted to the 
top of the cylinder head ; the more lightly loaded 
air-valve levers are fitted to a splined shaft which 
works in the bores of the same bushes. The complete 
gear is pressure lubricated and is enclosed by large 
hinged covers. Particular attention has beer paid to 
accessibility and ease of overhaul. The pistons and 
connecting rods, for example, can be withdrawn 
either through the crankcase doors or through the 
cylinders after removal of the heads. Furthermore, 
the camshafts, decompressing shafts, fuel-pump 
control shafts, etc., can all be removed laterally 
through the camshaft covers ; no provision need be 
made in partitions, therefore, for the withdrawal of 
long components. 

The portable conveyor of Messrs. Decel Engi- 
neers, Limited, whose machine for testing weathering 
properties is described on page 589, is illustrated in 
Fig. 86, on this page. It has been designed to com- 
bine light weight with easy manoeuvrability and can 
be moved comfortably by one man. The frame of 
the machine is fabricated from mild-steel sections 
and is supported by three wheels fitted with pneu- 
matic tyres, two being fixed to the unloading end of 
the machine at a track width of 2 ft. 9 in., while the 
third is fitted to a castor at the loading end. The 
conveyor consists of an endless rubber-covered 
four-ply canvas belt 1 ft. wide, arranged to run on a 
driving roller, 1 ft. 2 in. above the ground level, 


pin bearings white metal-lined steel castings, and to the head roller, which is 6 ft. above the ground. 
the crosshead bosses phosphor-bronze, all bearings| The upper and lower shafts run in plain bearings, 


being adjustable for wear. The crankcase is pro- 


the former being integral with the roller and the 


vided with large inspection doors which give easy | latter being supported by plummer blocks; the 
access to the motion and the main bearings are| intermediate rollers and idlers are fitted with ball 
designed so that they can be removed for examina- bearings. The conveyor is driven by a 1-h.p. electric 
tion without disturbing the crankshaft. Metallic} motor, the driving roller having a diameter of 7} in. 
packings are fitted to the piston and valve rods The machine, however, can be supplied with different 
and metallic oil scrapers are installed in the top| types of electric motor or with a small petrol engine. 
half of the crankcase. The cylinders are supported | To facilitate loading, a tray fitted with eight steel 
from the crankcase by distance pieces which act rollers is placed over the lower end of the belt. 
also as the guides for the crossheads. The engine| With the exception of the conveyor belt, the ma- 


is of the totally-enclosed, forced-lubrication type, 


chine is completely enclosed and complies with the 


the oil being circulated by a valveless plunger-type | factory safety requirements. 


pump situated in the bed and driven from the main 


Perl Controls, Limited, 672, Fulham-road, Lon- 


eccentric. The oil is fed to the main bearings and | don, S.W.6, exhibited in the Gas Section, previously 





thence by ducts drilled in the crankshaft, to the big} referred to, a range of relay gas-control valves, 
ends, from which it is led to the crosshead bearings | including a new two-way magnetic valve, flame- 
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failure control valves, and thermostats. The two- 
way magnetic valve is illustrated by a photograph 
reproduced in Fig. 87, on page 593, and a part 
section is shown in Fig. 88, on the same page. It 
consists of a diaphragm relay valve a, on which 
is mounted a small pilot magnetic valve 6, which 
controls an influx weep flow of gas to the dia- 
phragm c of the relay valve, so that the valve is 
open when the solenoid d is energised, and the gas 
flow is cut off when the coil is de-energised. When 
the solenoid is energised, it lifts the plunger-type 
armature e and the two-way valves f and g, 
shutting off the auxiliary flow from the inlet A of 
the relay valve to the chamber above the diaphragm, 
and connecting this chamber to atmosphere through 
the upper valve f. Gas pressure from below then 
lifts the diaphragm and the main valve, and the gas 
above the diaphragm is expelled through the out- 
let i. An adjustable restrictor j controls the opening 
speed of the relay valve, and ensures smooth igni- 
tion of the burners. When the coil is de-energised, 
the armature e and the valves f and g drop, allowing 
gas from the inlet h to flow through the valve g to 
the chamber above the diaphragm, causing the 
diaphragm and the main valve to drop rapidly on 
to their seating and cut off the main gas flow. 

Advantages claimed for the two-way magnetic 
gas valve over the conventional type in which 
there is a continuous small weep flow of gas when 
the main valve is open are, firstly, that it is more 
economical since the weep flow of gas to atmosphere 
takes place only over a very short period when the 
valve is re-opened. As a consequence of the fact 
that only a small amount of gas is discharged to 
atmosphere, the weep rate of flow of the gas can be 
large, giving a rapid shut down (1 to 7 seconds). 
The gas pressure required to operate the relay 
valve is reduced, since the diaphragm is not sub- 
jected to back pressure by a continuous weep flow. 
The solenoid is energised from a standard single- 
phase supply. 

A good example of a modern concrete-mixing 
machine was exhibited by Millars’ Machinery 
Company, Limited, Thorley, Bishops Stortford, 
Hertfordshire; this machine, which is known as 
the Vanguard 10-NT Mixer, is illustrated in Fig. 89, 
on this page, from which it will be seen that it is of 
exceptionally clean design. The chassis is of 
fabricated-steel construction and is fitted with a 
swivelling front axle arranged to give three-point 
suspension, a notable feature being the provision 
of automobile-type steering operated by the draw- 
bar. The mixing drum is a welded mild-steel 
structure having an inside diameter of 4 ft. 3 in. 
and a length of 3 ft.2in. A double-hinged type of 
loader is fitted, the lip of which is bolted in position 
for easy renewal ; all corners are rounded and it is 
provided with an automatic shaker gear and brake. 
The discharge chute is of the swinging type: it is 
constructed from mild-steel plate # in. thick and 
the lower half is fitted directly to the chassis so 
that it can be replaced easily. Power is provided 
by a Ruston and Hornsby single-cylinder vertical 
Diesel engine developing 74 h.p. at 1,000 r.p.m.; 
it is fitted with a centrifugal clutch and is cooled 
by an integral radiator assembly. Renold chains 
are used to transmit the drive to the countershaft 
and from the countershaft to bevel-pinion shaft and 
hoist shaft. The countershaft and bevel-pinion 
shaft are mounted on a separate plate which, when 
necessary, can be removed as a complete unit. The 
drive to the loader hoisting shaft incorporates a 
conical friction clutch at one end and a band brake 
at the opposite end, both of which are operated 
automatically during the loading operation. A 
siphon-type water tank, complete with dual-control 
valves, is installed, the dual-control valves being 
used to admit half the amount of water required 
per batch into the mixing drum first, which cleans 
the blades. The drum is then filled by the loader 
and the remainder of the water added, this sequence 
of operations ensuring that clogging and subsequent 
building-up of material in the drum is eliminated. 
The batch capacity, unmixed, is 14 cub. ft. and 
mixed, 10 cub. ft., the output, according to the 
manufacturers, being up to nine cubic yards an hour. 
With the loader in the raised position, the overall 
height is 10 ft. 3 in., this dimension being decreased 
to 9 ft. 1 in. with the loader in the filling position. 
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Fie. 90. 4-mn. DiapHRacGm Pump; Messrs. 


The width, with the loader raised and discharge 
chute in, is 8 ft. 2 in. and the overall Jength, includ- 
ing the drawbar, 13 ft. 4 in. The wheelbase is 
7 ft. and the wheel-track, 6 ft. The feeding height 
of the loader is 1 ft. 2 in. and the height of discharge 
2 ft. 7 in. 

Other exhibits on the stand of Millars’ Machinery 
Company, Limited, inciuded the 4-in. single dia- 
phragm pump illustrated in Fig. 90, on this page. 
This pump has a capacity of 4,200 gallons an hour 
with a 15-ft. suction lift and 7,000 gallons an hour 
with a 5-ft. suction lift. It is driven by a 3}-h.p. 
Bamford EG3 vertical petrol engine, which is fitted 
with overhead valves and an impulse magneto, cool- 
ing being carried out on the “‘ hopper ” system. The 





Minuars’ Macuinery Company, Limirep. 


crank for the pump is driven by an enclosed worm 
gearing running in a bath of oil, the worm shaft 
being connected to the engine by a flexible coupling. 
The pump body is an iron casting and the diaphragm 
is made from rubber, the stroke being 38 in. The 
complete unit is mounted on a strongly-constructed 
chassis fitted with four metal wheels, 15 in. in 
diameter by 3in. wide, but pneumatic-tyred wheels 
can be fitted if required. A suction hose is pro- 
vided with the pump; this has a diameter of 
4 in., is armoured both inside and outside, and is 
complete with foot valve and strainer. The weight 
of the unit, together with a 20-ft. length of hose, 
couplings, foot valve, etc., is 11 cwt. while the floor 
space required when working is 8 ft. by 2 ft. 8 in. 
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The foregoing notes conclude our report of the 
1950 British Industries Fair, but, as visitors to the 
Fair will appreciate, they do not and cannot purport 
to present a comprehersive survey. The number 
of the exhibits is now so great that, even though 
we have confined our attention almost exclusively 
to the Castle Bromwich section of the Fair, it is a 
physical impossibility to describe more than a 
reasonably representative sample of its contents in 
the time available for inspection of the stands. 
It is understood that the possibility of continuing 
the Fair for a longer period than eleven days— 
perhaps as long as three weeks—is being considered 
for 1951, when, it is expected, the Festival of Britain 
will bring to this country an increased number of 
visitors from overseas. This is a suggestion about 
which industrialists are likely to hold divergent 
views, but the experiment seems to be worth making, 
particularly in view of the special circumstances ; 
and we hope that an endeavour will also be made to 
meet some of the criticisms which were expressed 
in our article on page 537, ante. They were drawn 
from a fairly wide field, and we believe that most of 
them could be met without disproportionate diffi- 
culty. British manufacturers must expect a growing 
volume of competition from other countries in 
the near future, and any proposals which may assist 
iN meeting it should be investigated in good time. 





“ENGINEERING” 


SCIENTIFIC FILMS AT SCIENCE MUSEUM.—Two scientific 
films, entitled ‘‘ Atomisation ” and “ Job 99—Pluto,” 
are to be shown in the theatre of the Science Museum, 
South Kensington, London, S.W.7, on Saturday, June 17, 
at 10.45 a.m. The programme has been arranged by 
the Sciences Committee of the Scientific Film Association, 
4, Great Russell-street, London, W.C.1. 





“THE BOWATER PaPERS.”’—Since paper is an essential 
commodity in every industry, and in almost every other 
form of human activity, most of our readers will be 
interested in this new publication of the Bowater Paper 
Corporation, Limited, 9, Park-place, St. James’s, London, 
S8.W.1, the first issue of which has just made its appear- 
ance. It is an unusual publication, in that it is not a 
house magazine, and although it emanates from a great 
papermaking organisation it does not refer particularly 
to their own products. Its object, we gather, is to provide 
interesting and useful information on paper in general 
in an attractive and entertaining manner; and that 
object will certainly be achieved if the standard of the 
first can be maintained in subsequent issues, which will 
appear at the rate of about two per annum. It is pro- 
fusely illustrated with reproductions of sketches and 
photographs, and the subject matter includes an article 
on the company’s Mersey paper mills, which commenced 
operations in 1929 and therefore celebrate their “‘ coming 
of age’ this year. Other articles deal with laboratory 
tests for newsprint, the discovery and settlement of 
Newfoundland, colour printing, the ravages of the white 
ant, typography, wall-paper designs, etc. 





SUCTION DREDGER FOR PUMPING 
GRAVEL. 


A NEw type of self-propelled suction dredger for 
recovering gravel from wet pits has just been com- 
pleted by Messrs. Brooke Marine Limited, Oulton 
Broad, Lowestoft, Suffolk. The vessel was con- 
structed to the order of Dow-Mac (Quarries), Limited, 
Tallington, Stamford, Lincolnshire, a novel feature 
of the design being that only one prime mover is 
needed to perform the operations of dredging, discharg- 
ing and propelling the vessel. Photographs of the 
dredger in operation are reproduced in Fig. 1 on this 
page, which shows the gravel and water being delivered 
into the hopper, and in Fig. 7, on page 598, showing the 
dredger prepared for discharging the gravel aggregate 
ashore. The vessel was prefabricated in welded units 
at the builder’s yard, each unit being of a suitable size 
and weight for transport by road to the quarry. 
There were eight such units, none of which exceeded a 
weight of 5 tons; these were riveted together at the 
side of the quarry and the completed vessel launched 
into Tallington Quarry. Two photographs showing 
the dredger under construction are reproduced in 
Figs. 4 and 5, on page 598, while Fig. 6, on the same 
page, shows the completed dredger being launched. 

Drawi showing side-elevation and plan views, 
respectively, are reproduced in Figs. 2 and 3, on this 
page. The hull is of box form, divided into four com- 
partments by watertight bulkheads ; it has scow ends 
and the hopper is of the inverted pyramid shape. The 
length overall is 82 ft., the moulded breadth, 23 ft., the 
moulded depth, 11 ft. 6 in., and the draft, loaded, 
approximately 9 ft. The frames are constructed from 
3 in. by 24 in. by } in. angles and the chines from 
3 in. by 3 in. by ¢ in. aa. The shell plating is 
fs in. thick and the deck plating } in. thick, while the 
hopper is constructed from mild steel plating having a 
thickness of 4 in. The hopper is designed to carry a 
maximum of 130 cubic yards of gravel, weighing 34 cwt. 
per cubic yard in the wet condition. When in opera- 
tion, the dredger is capable of filling and eins 
the hopper six times in a 24-hour day; the to 
output, therefore, is in the neighbourhood of 1,320 tons 
or 780 cubic yards a day, the actual output depending, 
of course, on the length of run between the points of 
loading and discharging. The gravel is drawn from 
the bottom of the pit through a suction pipe by 
means of a centrifugal pump and is discharged into 
the hopper, the pipe being adjustable to provide for 
various depths. When loaded, the dredger proceeds 
under its own power to the discharging quay, where the 
delivery pipe is coupled to the shore connection and, 
after operation of the change-over valves, the pump 
draws the gravel from the bottom of the hopper and 
discharges it through a rising main to the gravel screens 
erected at the side of the pit. 

The main engi p is a Hensel Motees Series 71 six- 
cylinder Diesel unit of the automobile type, but with 
the gearbox removed, the output of the engine being 
limited to 100 brake horse-power at 1,000 r.p.m. 
Radiator cooling is employed, a vent trunk leading 
from the deck to the front of the radiator. A single 
dry-plate clutch of the over-centre cam-engagement 
type forms an integral part of the engine, the splines 
in the clutch-output plate engaging with a stub shaft 
supported in talk becaing and fitted at the free end 
with a loose-half coupling. This shaft, in turn, is 
connected to a mild-steel pulley shaft which carries 
the clutches and pulley wheels for the gravel and 
flushing pumps. The end of the shaft remote from the 
engine is connected to a Parsons marine-type gearbox 
provided with ahead, neutral and astern positions, the 
gearbox, in turn, transmitting the drive to the pro- 
peller shaft, which is supported in lignum-vite bushes. 
The propeller is of the conventional three-bladed type ; 
it is made from bronze and is designed for an input of 
75 shaft horse-power at 1,000 r.p.m. and to give the 
vessel a speed, when loaded, of not more than 4 knots. 

The main gravel pump was supplied by Messrs. 
Gwynnes Pumps, Limited, Hammersmith, London, W.6. 
It is an 8-in. centrifugal unit of the single-inlet type, 
having an output of approximately 140 tons of solid 
material an hour at a speed of 560 r.p.m. It is driven 
from the pulley shaft through a dog clutch and six 
link-type V-belts, the power absorbed by the pump 
at the rating quoted being approximately 65 h.p. 
Flushing and priming water for the main pump is 
delivered by a separate 2-in. centrifugal pump. This 
also was supplied by Messrs. Gwynnes Pumps, Limited, 
and, like the main pump, is driven from the pulley shaft 
by link-type V-belts. It is capable of delivering 100 
gallons of water per minute against a total head of 
100 ft. when running at 1,855 r.p.m., the power absorbed 
at this rating being approximately 6 brake horse-power. 
The main-pump suction can be connected either to the 
main suction pipe, which draws the gravel from the pit 
or to the base of the hopper, suitable sluice-type change- 
over valves being provided for this purpose. The main 
suction pipe is fitted with a dredging mouth at the 
lower end and a special trunnion mounting at the top 
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end, where it passes into the hull, the dredging mouth 
—— lowered to the required depth by means of a 
hand winch. This arrangement can be seen in the 
drawings reproduced in Figs. 2 and 3. 

The main pump can be to discharge either 
into the hopper or a shore line, a ball-type revolving 

int and a quick-operating flange-type coupling being 

itted to enable a rapid -over to be made. The 
flushing —. discharges to the main-pump glands and 
casing, and the main-pump thrust block, and suitable 
connections are provided so that it can be connected 
to the vessel’s bilge system, the discharge in this case 
being overboard. Hand-operated bilge pumps, how- 
ever, are fitted in each watertight compartment, the 
bottom of the hull being arranged so that wells are 
formed at each suction position. Electric power for 
the floodlights, deck lights and general services is pro- 
vided by a separate generating set installed in the 
engine room. The set, which was supplied by Auto 
Diesels, Limited, Uxbridge, Middlesex, operates at 
220 volts and is driven by a single-cylinder Diesel 
engine, the maximum output being 8 kW. The machi- 
nery casing is provided with a removable top so that 
the main engine, pumps, etc., can be removed for 
overhaul as complete units. Hand-operated steeri 
gear is provided, comprising a pedestal and aoa 
connected to a semi-balanced type rudder by chains 
and sheave blocks. Other equipment installed on the 
vessel includes two hand-operated combined mooring 
and anchor ca‘ . two 200-lb. Danforth anchors, 
each with 50 fathoms of § in. short-link cable, six 
cast-iron mooring bollards and the winch for raising 
and lowering the suction pipe. ‘Accommodation for 
the dredging master is provided in the forepeak ; this 
consists of a small cabin fitted with a bunk, cooking 
facilities and a coal-fired heating stove. 





CONTRACTS. 


THE DEMOLITION AND CONSTRUCTION COMPANY, 
LiMiTED, 3, St. James’s-square, London, S.W.1, have 
received two contracts from the London Midland Region 
of British Railways; the first involving the removal of 
existing timber ramps and the construction of a new 
reinforced -concrete ramp, and also new steel sheet piling 
to the river wall at Kirkstall, Yorkshire. The second is 
for scaffolding, safety sheets and other equipment to 
roofs, and temporary coverings to buildings, on plat- 
forms Nos. 12 to 15, at Euston station. 

Messrs. T. WRIGLEY, LimirED, 290, Corn Exchange 
Buildings, Manchester, have received orders, also from 
the London Midland Region of British Railways, for the 
recovstruction of a bridge, for the Lancashire County 
Council, carrying Stamford-street, Ashton, over the 
railway, and for the reconstruction of a bridge carrying 
the railway over Milking-lane, at Darwen, Lancashire. 

Messrs. BRITISH INSULATED CALLENDER’S CABLES 
LIMITED, have received two substantial export orders 
from Messrs. Acindar Industria Argentina de Aceros, 
S.A. The first order covers the manufacture and supply 
of over 4,500 yards of varnished-cambric insulated lead- 
sheathed cables, including single-core and three-core 
types for working voltages of 1,000 and 10,000 volts. 
The second is for a total of 342-5 kV Ar of power capaci- 
tors, comprising three 100-kVAr capacitors for 2,300 
volts 50 cycles three-phase, complete with cable boxes, 
and one 5-kVAr, one 20-kVAr, and seven 2-5-kVAr 
capacitors for 380 volts 50 cycles three-phase. The 
equipment is to be used in connection with the Argentine 
firm’s new steel rolling-mill extensions. 

THE INTERNATIONAL MARINE RADIO COMPANY, 
LIMITED, Croydon, have received an order from the 
Posts and Telegraphs Department of the New Zealand 
Government for seven beacon-type radio transmitters 
and accessories. The transmitters will be of the new type 
developed by the company to the specification of the 
New Zealand Post Office, and will have an output of 
about 100 watts. Seven receivers for the reception of 
time signals; and duplicate automatic-control equip- 
ment, comprising st h ter and code sender, 
with interchangeable cams and failure alarm equipment, 
are included in the order. Duplicate motor-alternator 
sets and change-over switchgear are also being supplied. 
An additional order has since been received by the 
company for three sets of automatic-control and code- 
sender equipment for use in conjunction with existing 
radio-beacon stations in New Zealand. 








FILMS ON BRITISH TRANSPORT.—Four 35-mm. sound 
films, entitled ‘‘ Transport,” ‘‘ Berth 24,” ‘“‘ Moving 
House,” and “ Inland Waterways ” have been produced 
by the British Transport Commission, 55, Broadway, 
London, S.W.1; they deal with various aspects of 
Passenger and freight transport, and have been made to 
promote understanding of the public transport system 
envisaged in the Transport Act of 1947, and to show how 
some existing problems are being tackled. It is under- 
stood that both 35-mm. and 16-mm. versions of each 
film will be available later for general distribution. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Wrought Steels of En Series.—A Commentary on 
the British Standard wrought steels of the En series, 
designated B.S. No. 971-1950, has been issued. This 
publication supersedes B.S. No. 971-1942, which 
reproduced that section of the interim report of the 
Technical Advisory Committee on Wrought and Special 
Alloy Steels covering the range of steels used in general 
engineering. The new edition is complementary to, 
and gives guidance on the use of, specification B.S. 
No. 970-1947, which concerns wrought steels for appli- 
cation up to 6 in. ruling section. Particular emphasis 
is placed on mass effect, and a discussion, with detailed 
results obtained in individual investigations covering 
the full range of En steels, gives useful information on 
the effects of ruling section and heat treatment on 
mechanical properties. The common applications of 
the steels are also indicated in the Commentary. [Price 
10s. 6d., postage included.]} 

Cold-Drawn Steel Tubes for Petroleum Industry.— 
Two further publications have been issued in the series 
of specifications intended for the petroleum industry. 
These cover cold-drawn seamless steel tubes for heat 
exchangers and condensers, as used in that industry. 
The first, B.S. No. 1627, concerns low-carbon steel 
tubes, while the second, B.S. No. 1628, deals with 
alloy-steel tubes. One grade of low-carbon steel is 
specified, but two grades cf alloy steels, namely, 2} per 
cent. chromium and 1 per cent. molybdenum, and 
5 per cent. chromium and 0-5 per cent. molybdenum, 
are laid down. The specifications provide details of 
the chemical composition and mechanical properties 
required of the tubes, in sizes from } in. up to, but not 
including, 2 in. outside diameter. Methods of tests are 
described and tolerances are stipulated. In view of 
the international character of the petroleum industry, 
it is stated that careful consideration was given, when 
drawing up the present publications, to the relevant 
specifications Nos. A. 179 and A. 199 of the American 
Society for Testing Materials, owing to the advantage 
of ensuring ae between American and 
British equipment. [Price 2s. each, postage included. ] 





BOOKS RECEIVED. 


Advanced Plane Geometry. By C. ZWIKKER. North 
Holland Publishing Company, P.O. Box. 103, Amster- 
dam, Holland. [Price 40s.] 

A Problem in Chemical Engineering Design: the Manu- 
facture of Mononitrotoluene. Revised and prepared 
for publication by J. M. COULSON and F. E. WARNER. 
The Institution of Chemical Eng'neers 56, Victoria- 
street, London, S.W.1. [Price lbs. 6d. post free.) 

Electrical Who’s Who, 1950. Electrical Review Publi- 
cations, Limited, Dorset House, Stamford-street, 
London, S.E.1. [Price 12s. 6d. net.) 

The Principles of Electromagnetism. By PROFESSOR 
E. B. Movin. Second edition. Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 20s. net.) 

The Rolling of Metals. Theory and Experiment. By 
Dr. L. R. UNDERWOOD. Volume I. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 42s. net.] 

Ministry of Works. National Brick Advisory Council. 
Paper No. 5. Clay Building Bricks of the United King- 
dom. With a Note on Comparisons of Bricks Made by 
Different Processes. By Dr. D. G. R. BONNELL and 
B. BUTTERWORTH. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 7s. 6d.} 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 17. The Compaction 
of Soil. A Study of the Performance of Plant. By 
F. H. P. WriitaMs and D. J. MAcLEAN. H.M. Station- 
ery Office, Kingsway, London, W.C.2. [Price 1s. 6d. 
net.] 

Praxis der Abwasserreinigung. By Dr.-Inc. W. Hus- 
MANN. Springer-Verlag, Reichpietschufer 20, Berlin 
W.35, Germany. [Price 10-50 D.M.] 

Gasturbinen mit Gleichdruckverbrennung. By DrIPt.-INne. 
RUDOLF FRIEDRICH. Verlag G. Braun. Karl-Friedrich- 
Strasse 14, Karlsruhe, Germany. [Price 8-80 D.M. 
in cardboard covers ; 10-80 D.M. cloth-bound.] 

Engineering Drawing and Drawing Office Practice. By 
P. S. Hoventon. Crosby Lockwood and Sons, Limited, 
39, Thurloe-street, London, S.W.7. [Price 15s. net.] 

Heating, Ventilating and Air-Conditioning Fundamentals. 
By PRoFessors WILLIAM H. SEVERNS and JULIAN R. 
FELLOws. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 6-50 dols.}) Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 52s. net.] 
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PERSONAL. 


Mr. ROBERT BLACKBURN, O.B.E., A.M.I.C.h)., MI. 
Mech.E., M.I.P.E., SiR RICHARD FAIREY, 1\1.3.§,, 
Mr. T. O. M. Sopwirs, C.B.E., LT.-COLONEL Mirvyy 
O’GorMAN, C.B., D.Sc., M.I.Mech.E., M.I.E.., and 
Smtr Francis KENNEDY MCCLEAN, A.F.C., have been 
elected Honorary Fellows of the Royal Aeronautica} 
Society, 4, Hamilton-place, London, W.1. 

Mr. BasSIL SANDERSON has been re-elected chairman 
of the Shipping Federation, 52, Leadenhall-street, Lon. 
don, E.C.3. Mr. D. F. ANDERSON has been re-elocted 
joint vice-chairman. The other joint vice-chairman, 
Mr. B. Exior Common, not having sought re-election, 
COLONEL W. L. DENHOLM, T.D., D.L., has been eiccted 
to succeed him. 


Mr. DENIS REBBECK, M.A., M.Sc., a director of 
Messrs. Harland and Wolff, Limited, Belfast, has been 
appointed to the board of the Iron Trades Employers’ 
Insurance Association, Limited, 21-24, Grosvenor-place, 
London, S.W.1, and also to the board of the Associa‘ ion’s 
subsidiary concern, Iron Trades Mutual Insurance om- 
pany, Limited. 


Mr. Louis P. Oroset, M.I.Mech.E., until recently 
chief Diesel-engine desig to M Davey, Paxman 
and Company, Limited, Colchester, has joined the staft 
of Messrs. W. C. Holmes and Company, Limited, Hud ders- 
field, in the capacity of consulting engineer in ‘heir 
coupling and damper department. 

Mr. W. J. NICHOLLS, B.Sc., M.I.C.E., A.M.LE.E., is 
joining the staff of the Aluminium Wire and Cable 
Company, Limited, 10, Buckingham-place, London, 
S.W.1, on June 1, as assistant to the chief electrical 
engineer. 

Messrs. R. W. GREGORY AND PARTNERS, consulting 
engineers, Pilgrim House, Newcastle-upon-Tyne, 1, have 
opened an office at Regent House, 30, Cannon-street, 
Manchester, with Mr. S. JEwsBury, B.Se., A.M.I.C.E., 
A.M.1.H.V.E., as their resident partner. 


Mr. H. Irwin, B.Sc. Tech. (Manc.), M.I.Mech.E., has 
been elected to the board of Triplex (Northern), Limited, 
St. Helens, Lancashire. 


Mr. Henry J. Tausot, M.I.Mech.E., has been ap- 
pointed joint managing director of Messrs. Dorr-Oliver 
Company, Limited, Abford House, Wilton-road London, 
S.W.1. In association with Mr. J. M. LEE, he will 
be responsible for the general management of the 
company. 

Mr. W. O. SKEAT, B.Sc. (Eng.) (Lond.), A.M.I.Mech.E., 
M.I.Loco.E., has been appointed secretary and editor 
of the Institution of Water Engineers, Parliament 
Mansions, Abbey Orchard-street, London, S.W.1, and 
will take up his duties on July 1. 


Following the appointment of Mr. F. WILLIAMs, B.Sc., 
M.I.E.E., as superintendent engineer, studios, British 
Broadcasting Corporation, London, W.1., Mr. J. H. D. 
RIDLEY, has become head of the engineering secretariat, a 
department dealing with the control of expenditure in 
the Engineering Division of the Corporation. 

Mr. A. T. Wi~ForD, B.Se., A.R.C.Se., F.R.1.C., has 
been appointed director of research to the London 
Transport Executive, 55, Broadway, London, S.W.1. 


Mr. S. R. Howes has been appointed general manager 
of Messrs. Samuel Fox and Company, Limited, one of 
the four main branches of the United Steel Companies 
Limited, 17, Westbourne-road, Sheffield, 10, in succession 
to the late Mr. S. A. Jackson. Mr. G. R. BOLSOVER is 
relinquishing his executive duties on June 30 and will be 
appointed consulting metallurgist to Messrs. Samuel 
Fox and Company. He will remain a director. Follow- 
ing Mr. Howes’s appointment as general manager, 
Mr. H. P. ForDER has been made assistant general 
manager (commercial and administration), Mr. J. Davip 
Joy, general works manager, Mr. G. THICKETT, works 
manager (heavy departments), and Mr. H. D. SAWTELL, 
works manager (light departments). As senior resident 
director, Mr. O. INMAN, director and chief engineer, will 
deputise for Mr. Howes when necessary. 

The telephone number of the ROYAL SOCIETY OF 
Arts has been changed to TRAfalgar 2366. 

Messrs. SULZER Bros. (LONDON) LIMITED, 31, Bed- 
ford-square, London, W.C.1, have appointed Messrs. 
MARINE AND INDUSTRIAL POWER COMPANY PTY., 
LimmreD, 205, Latrobe-street, Melbourne, to be their 
representatives and agents for all stationary Diesel-engine 
business throughout Australia. The engines installed 
will be built either at the works of Messrs, Sulzer Brothers 
Limited, Winterthur, Switzerland, or at the works of 
Messrs. GEORGE CLARK (1938), LiMiTED, Sunderland. 


The former Industrial Development Management and 
Chemical Products Departments of the SHELL PETRO- 
LEUM CoMPANY LIMITED, St. Helen’s-court, Great St. 
Helen’s, London, E.C.3, have been regrouped under a 
new department called Chemical Industry Management. 
This will administer the firm’s various chemical com- 
mercial enterprises throughout the world, outside Canada 
and the United States. Mr. W. F. MITCHELL has been 
appointed to take charge of the new department. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Steelmakers continue to express satis- 
faction with the trend of ingot production. There is no 
sicn of any marked change in the consuming industries, 
aod with raw materials steadily forthcoming, outputs 
in the melting shops are maintained at the recent high 
level. Costs of operations have risen, of course, as a 
result of the increased rail freight charges. Basic pig 
iron, delivered at the works, advanced to 211s. 6d. per 
ton, an increase of 6s. perton. This followed, of course, 
a rise of 8s. on May 1 to compensate for the cancellation 
of the rebate of 10s. per ton on foreign ore used by basic 
pig-iron makers. Hematite pig iron, made in Scotland, 
rose from 243s. per ton to 247s., while hematite brought 
in from England increased from 247s. 6d. to 253s. 6d. 
Serap for steelmaking has gone up by 2s. 9d. per ton, 
making the new price 76s. 1d., subject to an addition of 
32 per cent., payable to merchants. A slightly less 
optimistic note tnan of late is occasionally struck in 
regard to the future, despite indications of considerable 
strength in certain branches of the trade and the current 
ready absorption of ingot outputs. This may well be 
engendered by the persistent lack of improvement in the 


-re-rolling industry, where short-time working tends to 


increase, In the shorter view, firm business in hand 
throughout the industry has prompted che belief that the 
record-breaking performances achieved in the first quarter 
of the year may be repeated in the present three mouths. 

Scottish Coal.—Reduced seasonal requirements allow 
distribution to move along smoothly, but the output is not 
coming away as the marketing authorities had hoped. 
The effect of the two days’ holiday this month is still 
discernible in the slow progress in rebuilding stocks, 
which are low in many places and give rise to some 
anxiety. Gasworks are short of fuel, but electricity 
works are not so badly placed on account of the steady 
deliveries against the basic allocation for several months 
past, Steelworks are occasionally tight for supplies as 
a result of the heavy throughputs in the steel melting 
shops. General industrial activity also continues on an 
impressive scale, requiring heavy tonnages of fuel, but 
the general inadequacy of coal against obligations renders 
full deliveries difficult, especially graded sorts, which fall 
far short of the needs. A task exercising distributors is 
the provision of additional tonnages for users in the 
West of Scotland, particularly coke-ovens, to tide them 
over the summer holidays at the Lanarkshire collieries, 
which, this year, will close down in June instead of at the 
Glasgow Fair in July, as hitherto. Depot stocks of 
house coal have now reached a low level. Exports are 
dull, while bunkers are only moderate. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

Welsh Coal Trade.—New business has remained very 
difficult to negotiate for all classes on the Welsh steam 
coal market throughout the past week. There has been 
a sustained demand from both home and foreign sources 
but operators have very little free coal to offer and 
potential outputs are still almost completely sold over 
the next couple of mouths orso. As yet, there has been 
no sign of any material easing in the requirements of 
the home market, as is usual at this time of the year, so 
that the amount of coal available for shipment abroad 
has remained strictly limited. Nevertheless, a steady 
export trade has been maintained under existing con- 
tracts. Business has been arranged for the supply of 
fairly substantial quantities to Italy over next month, 
while trade with France has continued on active lines. 
Buyers in Spain and Portugal have maintained a steady 
attention and a moderate trade has been concluded. 
A few deliveries are going forward for public-utility 
undertakings in the Argentine, but deliveries to the 
railways, the largest consumers in that country, have 
not yet been resumed. Local shippers are reluctant 
to add to the substantial sums due to them for coals 
already shipped. Negotiations over payments have been 
proceeding for a little while and it seems obvious that 
these are being linked with the talks concerning the price 
of Argentine meat for Britain. The home trade is 
active. Deliveries to the railways, gas and electricity 
undertakings and the iron and steel works are proceeding 
along very substantial lines and although these consumers 
have already made very big forward purchases, they are 
watching the situation closely. Ordinary industrial 
demand is well maintained. Bunker descriptions come 
in for a sustained interest and are scarce, while cokes 
and patent fuel are fully engaged. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was an active demand for tin-plate 
from both home and overseas buyers and an appreciable 
volume of busi was tr ted. Steel sheets con- 
tinue to be sought after, and, as makers are already 
heavily committed, new business is not easily placed. 
There is no relaxation in the call for iron and steel scrap 
as the requirements of consumers remain heavy. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Rising production costs are a source 
of concern. Higher railway freights and a 10 per cent. 
advance in road-haulage charges, as well as a rise of 
2s. 9d. per ton in iron and steel scrap, are some of the 
effects of the Budget proposals. Manufacturers are 
concerned about the plan to pool Europe’s steel] and coal, 
and fear that, in certain circumstances, it would lead to 
further undercutting by German steel firms who are 
already quoting what are described as ridiculously-low 
prices for heavy forgings, railway tyres, wheels and axles. 
Some of the quotations, it is said, bear no relation to 
manufacturing costs. It is pointed out, however, that, 
if the suggested “‘ levelling up ” clause operated, wages 
would be brought into line with those of Sheffield steel- 
works employees, which are a third higher than those of 
German steelworks operatives. The President of the 
Sheffield Chamber of Commerce, Mr. F. Lloyd, describes 
tke proposals as startling. They would mean, he said, 
a revision of wages and working hours as well as of trade 
agreements. The British Iron and Steel Federation has 
started work on the conversion of workshops in Sheffield, 
formerly used by a steel firm, in order to inaugurate 
further research work into problems associated with 
steel melting and forging. The workshop will be avail- 
able, in part, within the next two months, and the whole 
of the shops will be brought into use later this year. An 
adjacent site is being cleared for the first stage of the 
new-type research station which will contain, on a small 
scale, much of the equipment of a steelworks. The 
station will cost about 250,0007. The Sheffield Cutlery 
Manufacturers’ Association have agreed, in principle, to 
the establishment of a cutlery research organisation 
with the assistance of the British Iron and Steel Research 
Association and the Department of Scientific and Indus- 
trial Research. 


South Yorkshire Coal Trade.—Supplies of coal are 
short and the demand is strong. Industrial steams are 
in full request, and locomotive hards are keenly sought. 
Sufficient coking coal has been reaching coke works to 
provide an adequate supply of metallurgical coke. 
Gas coal is in fair request and gas coke is plentiful. 
House coal is rather quieter. There is a brisk call for 
coal for export from the Humber ports, and a full demand 
for bunker coal. Patent fuel is active. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Buyers of iron and steel have still 
to place orders to meet the prospective requirements of 
their customers, and a considerable volume of business is 
reported in a firm market. The extra burden imposed 
by the rise in rail transport charges has necessitated an 
advance in quotations for many commodities, but the 
fixed values of finished steel are unchanged and makers 
have to bear the increased cost of transport. Prices of 
coal, coke, ore, the various descriptions of scrap, oil fuel 
—now extensively used in steel smelting—and wire 
products have all been advanced. Raw materials from 
home sources of supply are fairly plentiful and imports 
of foreign iron ores are maintained at a high level. 
Complaints of shortages of pig iron are still heard and the 
expansion of output is among the more immediate 

ities. Merchants continue to provide the market 
with substantial parcels of good iron and steel scrap. 

Foundry and Basic Iron.—The demand for ordinary 
foundry pig iron is still greater than sellers can provide. 
The Midlands producing area is the main source of 
supply for consuming plants between the Tees and the 
Tyne and the rise of 6s. 3d. per ton in the price of output 
from that quarter brings the market quotation up to 
210s. 3d., delivered Middlesbrough. There is no market- 
able Teesside basic iron ; the whole output is required 
for the needs of makers’ own works. 

Hematite, Low-Phosphorus and Refined Iron.—Steady 
supplies of East-Coast hematite are reaching regular 
users but larger deliveries would be acceptable. There is 
a continued ready sale for all grades of low-phosphorus 
iron. Refined-iron producers have good order books and 
are giving satisfactory attention to delivery obligations. 

Manufactured Iron and Steel.—In one or two of the 
semi-finished branches of industry, makers could deal 
with more work than they have in hand and certain 
finished products are in moderate request only, but the 
total tonnage output continues heavy. Export inquires 
are numerous, but the Continental competition— 
especially for steel—in overseas markets is extremely 
keen and the effect of this is marked in the re-rolling 
industry. Business in small bars and light sections is 
quiet. On the other hand, bowever, customers for heavy 





sections, plates and rails, are in the market with good 
orders and rolling mills are kept running at or near 
capacity limit in an endeavour to cope with the delivery 





obligations as they fall due under running contracts. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS.—Shrews- 
bury Sub-Section: Wednesday, May 31, 7.30 p.m., 
Walker Technical College, Oakengates, Shrewsbury. 
“Payment by Results Critically Examined,” by Mr. 
E. C. Gordon England. Wolverhampton Graduate 
Section: Tuesday, June 13, 7.15 p.m., Wolverhampton 
and Staffordshire Technical College, Wolverhampton. 
Discussion on “‘ The Effective Use of Materials.” 


CHEMICAL Socitety.—Thursday, June 1, 7.15 p.m., 
Burlington House, Piccadilly, W.1. ‘“ Nitration and 
Nitrating Agents,” by Professor C. K. Ingold. Ozford 
Branch: Monday, June 5, 8.15 p.m., The Physical 
Chemistry Laboratory, Oxford. Lecture: “ Catalysis 
ou Oxides,” by Professor W. E. Garner, F.R.S. 


JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, June 7, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham. Repetition 
of presidential address, ““Mainly About Steel,” by Mr. 
A. Roebuck. 


Roya Soctety.—Thursday, June 8, 4.30 p.m., Bur- 
lington House, Piccadilly, W.1. (i) “ Diffraction from 
an Irregular Screen with Applications to Ionospheric 
Problems,” by Mr. H. G. Booker, Mr. J. A. Ratcliffe and 
Mr. D. H. Shinn. (ii) “‘ Travelling Disturbances in the 
Ionosphere,’ by Mr. G. H. Munro (to be read by Mr. 
R. L. Smith-Rose). 





THE INSTITUTE OF BRITISH 
FOUNDRYMEN. 


Tue 47th annual conference of the Institute of 
British Foundrymen will be held at the Spa Hotel, 
Buxton, Derbyshire, from June 6 to 9. The meeting 
opens at 8.15 p.m. on the first day with a reception 
and dance at the Pavilion. 


At 9.15 a.m. on Wednesday, June 7, the annual 
general meeting will be held in the ballroom of the 
Spa Hotel. During the morning, Mr. J. J. Sheehan 
will deliver his Presidential Address, after which the 
Edward Williams Lecture, on “‘ Gases and Steel,” will 
be given by Sir Andrew McCance, D.Sc., F.R.S. In 
the afternoon, at 2.30, two simultaneous sessions will 
be held, session A in the ballroom and session B in 
the drawing room of the Spa Hotel. The papers to be 
read before session A comprise: ‘‘ Some Properties 
and Applications of Spheroidal Graphite Cast Iron,” 
by Dr. A. B. Everest ; “‘ The Properties of Cast Iron at 
Sub-Atmospheric Temperatures,” by Mr. C. N. J. 
Gilbert ; and ‘The Application of Spectrographic 
Analyses in the Grey Iron Foundry,” by Mr. E. J. 
Ronnie and Mr. M. M. Hallett. The papers to be 
presented before session B comprise: ‘‘ Non-Ferrous 
Investment Casting,” by Mr. Hiram Brown ; “ Sand- 
Cast Test Bars for Copper-Base Alloys,” by Mr. O. R. J. 
Lee and Mr. B. W. Peck ; and “‘ Some Experiments in 
Sand Casting of Conductivity Copper,” by Mr. W. H. 
Glaisher. In the evening, at 7.30, the annual dinner 
will be held at the Pavilion. 


On Thursday, June 8, simultaneous sessions will 
again be held at the Spa Hotel, from 9.30 a.m. until 
12.30 p.m. (sessions C and D) and from 2.30 until 
5 p.m. (sessions Eand F). Two technical sub-committee 
reports will be presented at session C, namely, “ Repair 
and Reclamation of Grey-Iron Castings by Welding 
and Allied Methods’ and “‘ Repair and Reclamation 
of Non-Ferrous Castings.” The papers to be read at 
session D comprise: “‘ The Fluidity of Steel,” by Mr. 
J. R. Worthington; “The Effect of Liquid-Metal 
Properties on the Casting Fluidity of Alloys,” by 
Dr. V. Kondic ; and “The Deformation Characteristics 
of Five Grey Cast Irons at 400 deg. and 500 deg. C.,” 
by Mr. C. R. Tottle. Two papers will be presented at 
each of sessions E and F, namely, “ Comparison of 
Foundry Conditions in Britain and South Africa,” by 
Mr. H. G. Goyns; and ‘“‘The Rationalisation of Sand 
Preparation,” by Mr. J. F. Goffart, and Session F. 
“Testing the Metal or Testing the Castings: Notes 
on New Swedish Cast Iron Specifications,” by Mr. E. 
Lissell ; and “‘ Similarities between Steels and Alumin- 
ium Bronze,” by Mr. H. Laplanche. 

The whole of Friday, June 9, is to be devoted to 
visits to the works of the Butterley Company, Limited, 
Ripley ; Markham and Company, Limited, Chester- 
field; the Staveley Iron and Chemical Company, 
Limited; the Sheepbridge Engineering Company, 
Limited, Chesterfield; Hadfields Limited, Sheffield ; 
Billington and Newton, Limited and T. M. Birkett and 
Sons, Limited, Stoke-on-Trent. 

The offices of the Institute are at St. John Street 





The large demand for galvanised sheets is unabated. 


Chambers, Deansgate, Manchester, 3. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial ee should be addressed 
to the Editor and other correspondence to the 
Manager. 





Accounts are — to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 

places abroad, with the exception 

_. | Qeoctaeeeeases £410 0 
TIN ci ss chiacharesaetinisincbeseiacninkets “£4 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
— mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper gt on the inside black and white pages 
and in the buff art — two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the c is 248. per inch. 
If use is made of a box number extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL. 168. 


The Index to Vol. 168 of ENGINEERING 
(July-December, 1949) is now ready and will 
be sent to any reader, without charge and 


See ga on application made to the 
. In order to reduce consump- 
tion of paper, copies of the Index are 


only in response to such 


eppifeations. 
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ENGINEERING AND THE 
PUBLIC HEALTH. 


Tue work of the engineer in making it possible 
for the earth to support a much larger population 
than was ever envisaged by the Rev. Thomas 
Malthus, with his gloomy prognostications of a 
starving humanity, has been well enough publicised, 
but it is not always sufficiently realised that the 
growth of population introduces a number of inci- 
dental problems that only the engineer can solve ; 
for a growing population does not only grow—it 
tends to move its habitat, to congregate in large 
and often inchoate masses, and to tend to a mass 
opinion that, because it is large and closely con- 
gregated, many services should be provided for it 
that the smaller units—the families—of which it is 
composed would not, individually, have expected 
as a matter of right. Water supply, sanitation, 
transport, the supply of light, heat and power— 
these are among the more obvious of the public 
amenities that the townsman has come to expect 
as a matter of course. In all of these branches of 
engineering, progress has been marked since the 
beginning of the present century. Most of them 
are sufficiently developed to support their own pro- 
fessional institutions and to require of technical 
colleges and other educational establishments that 
special courses of instruction shall be provided for 
those who seek to make their careers in the main- 
tenance of these public services. Until recently, 
however, there has been little attempt to co- 
ordinate the work of engineers engaged in these 
several branches. Water supply and sanitation 
have been linked to a certain extent, transport and 
the construction of roads and railways are now 
recognised as having a good deal in common, and 
some liaison has been established between the 
purveyors of heat, light and power; but the possi- 
bility of combining them all had not been considered 





seriously until quite recently. 


Two events of last week seek to overcome this 
lack of co-ordination ; namely, the decision of the 
Institution of Civil Engineers, implemented at a 
meeting held on May 16, to set up a new Division 
of the Institution to cover the several branches of 
Public Health Engineering, and the action of the 
governing body of the Imperial College of Science 
and Technology to organise courses of instruction 
which would bring together the scattered subjects 
comprised in the title of the new Division, and 
certain others, so as to obtain for public health 
engineering a status worthy to be compared with 
the others, such as water supply, and heating and 
ventilation, which are already accepted by the 
general public as being the subjects of particular 
study. This gap in the long list of special courses 
available to the intending specialist has now been 


597 | filled, a new post-graduate course in “‘ Public Health 


Engineering *’ having been arranged by the Imperial 
College in association with the London School of 
Hygiene and Tropical Medicine, with the aid of 
grants from the Rockefeller Foundation. 

The organisation of this course has been in the 
hands of a Public Health Engineering Advisory 
Committee consisting of 14 members, seven of 
whom were appointed by various interested institu- 
tions, etc., the remaining seven comprising five 
ex officio members and two—Lord Stamp, Professor 
of Bacteriology in the University of London, and 
Sir Roger Hetherington, formerly chief engineering 
inspector in the Ministry of Health and a past- 
president of the Institution of Civil Engineers— 
whose appointments to the Committee were based 
on their obvious personal qualifications. The seven 
appointing bodies and their respective representa- 
tives were the Senate of London University (Pro- 
fessor M. E. Delafield), the governing body of 
Imperial College (Mr. M. T. Tudsbery, M.I.C.E.), the 
board of management of the London School of 
Hygiene and Tropical Medicine (Mr. J. H. Forshaw, 
of the Ministry of Health), the Institution of 
Sanitary Engineers (Mr. G. Lloyd Ackers), the 
Society of Medical Officers of Health (Dr. J. Green- 
wood Wilson), the Royal Sanitary Institute (Mr. J. B. 
Thomson), and the Institution of Civil Engineers (Mr. 
H. F. Cronin). The ex officio members, in addition 
to the Rector of Imperial College (Sir Roderic Hill), 
are Professor J. M. Mackintosh, who occupies the 
chair of public health in the London School of 
Hygiene and Tropical Medicine ; Professor A. J. 8. 
Pippard, the professor of civil engineering at 
Imperial College; Mr. F. E. Bruce, who is the 
Rockefeller Fellow at Imperial College; and Dr. 
R. F. Guymer, the Rockefeller Tutor at the London 
School of Hygiene and Tropical Medicine. 

It will be seen, therefore, that both engineering 
and medicine are well represented, though the 
preponderance of strength appears to lie rather with 
medicine, which might suggest that the tendency 
would be to attempt to teach engineering to medical 
men, rather than medical science to engineers. In 
fact, however, the general direction of the course of 
instruction will be with an engineer, as Professor 
Pippard is to be responsible for the supervision of it 
and the course will be centred on the civil engineer- 
ing department of the City and Guilds College. 
The scheme is being sponsored at the outset by the 
International Health Division of the Rockefeller 
Foundation for the promotion of public health and 
the intention is, primarily, to instruct engineers in 
the medical principles on, which work on sanitation, 
etc., should be based. Its basis extends to such 
studies as the provision of water supplies and means 
for sewage dispozal; that is, the British concep- 
tion of the term “sanitary engineering,” which is 
generally wider than that current in the United 
States, comprising the health organisations of whole 
regions and not merely that of urban communities. 
Housing, atmospheric conditions, the control of 
rodent and other potential carriers of human 
diseases, and the design of factories from a health 
point of view all come within this wider scope, which 
is generally that covered by the term “environ- 
mental sanitation ’’ as it is defined by the World 
Health Organisation’s committee on that subject. 

The studies comprised in the course fall into 
three groups. The first covers the basic sciences 
of mathematics, physics, chemistry, mechanics, 





hydraulics, bacteriology, entomology and para- 
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sitology ; the second relates to the different fields 
of application, such as water supply, sewage dis- 
posal, housing, industrial hygiene, and the control 
of rodents and insect pests; and the third deals 
with the general subject of public health, the 
organisation of public health services, and the study 
and control of disease in general. The course being 
of a post-graduate standard, those who undertake 
it will be assumed to possess a sufficient knowledge 
of the physical sciences involved, so that attention 
may be concentrated on application rather than on 
the fundamental elements. It is considered that 
appreciable benefit will accrue to those engineers 
who take the course from the fact that the part of 
their studies which will be undertaken at the London 
School of Hygiene will bring them into contact 
with others—principally doctors who are studying 
for the diploma in Public Health—of different back- 
ground and outlook. 

The syllabus covers eleven courses of lectures. 
The principles of public health engineering will be 
dealt with in some 15 lectures at the City and 
Guilds College, which will also be the venue for 
about 30 lectures on water supply and treatment and 
a further 30 lectures on sewerage and sewage treat- 
ment. At the London School of Hygiene, there 
will be about 30 lectures and seminars on public 
health and local government, 15 on statistical 
epidemiology, and 15 on occupational health. At 
the Royal College of Science, about 15 lectures will 
be devoted to statistics, 25 lectures to bacteriology, 
and about eight to introductory entomology. The 
remaining lectures will be divided between the 
appropriate centres ; about 20, on the examination 
of water and sewage, between the City and Guilds 
College and the Royal College of Science, and some 
15 lectures on tropical hygiene being delivered at 
the London School of Hygiene and combined with 
field work at the Imperial College Field Station. 
Various of the lecture courses will be associated 
with laboratory work in the centres concerned. 

The course in Public Health Engineering is 
intended primarily, as has been indicated, for stu- 
dents who have already taken a degree in civil 
engineering or who possess an equivalent qualifica- 
tion, but it is stated that students of equal status 
in other scientific studies may also be accepted if 
they can satisfy the College authorities that they 
are suitably equipped to take proper advantage of 
the course. The number who can be accepted, 
however, especially during the first two or three 
years, is limited, and a warning is given that 
“selection based on previous training and record, 
and on future intentions may be unavoidable.” 
Candidates from overseas are eligible, but are 
advised that they should await a decision on their 
suitability before coming to England. The fees 
appear to be notably modest in relation to the 
extent and specialised nature of the instruction, to be 
provided, being only 301. for each session of three 
terms, in addition to an entrance fee of 2]. and a 
small (returnable) deposit on apparatus issued in 
connection with the course. Satisfactory comple- 
tion of the course will qualify for the Diploma of 
the Imperial College (D.I.C.). Applications for 
admission must be made on the College entry form, 
which is obtainable from the Deputy Registrar, 
City and Guilds College, Exhibition-road, London, 
8.W.7. The first course will begin on October 3. 

It is not unknown for doctors to become interested 
and even expert in engineering—the late Dr. J. S. 
Owens, consulting engineer and specialist on atmo- 
spheric pollution, provides a well-known instance ; 
and there have been engineers, though not many, 
who have taken up the study of medicine, so that 
the practicability of a liaison between the two 
professions, such as this new development seeks to 
promote, is well assured. Whether, as experience 
of it accumulates, the authorities will retain the 
present proportions of the several sciences which 
come into the syllabus, may be open to a little 
doubt ; the programme as outlined appears to us 
to be more likely to attract the medical graduate 
than the engineering graduate, unless there appears 
a tendency, in the course of time, for municipalities 
and other public bodies to specify that candidates 
for certain appointments must possess this qualifi- 
cation—a practice which is open to certain objec- 
tions, the chief of which is that it is unnecessary, 





TWO CENTURIES OF 
PRINTING. 


Durine the past few years, we have chronicled 
the occurrence of a number of engineering and 
scientific centenaries, but industrial bicentenaries 
are still comparatively rare events. Ten days ago, 
however, we had the privilege of participating in 
one which touches this journal more intimately 
than most—that of Messrs. Harrison and Sons, who 
have printed ENGINEERING since 1917, when the 
man-power difficulties of the first World War made 
it no longer practicable to maintain our own printing 
house, the Bedford Press. A business connection 
of a mere 33 years is, of course, nothing particu- 
larly out of the ordinary; but the annals of the 
Harrison family of master printers are probably 
without parallel in British printing and, for that 
reason, would merit some comment in our columns 
even without the lively appreciation of their his- 
torical significance which marked the commemora- 
tive dinner held in the Connaught Rooms, London, 
on May 17. The idea of having the waiters, 
waitresses and orchestra attired in the costume of 
1750—the founder of the firm would, no doubt, 
have considered it ‘‘a pleasing conceit ’’—certainly 
helped to bring home the change in environment 
that is represented by a life of 200 years ; but much 
more impressive was the menu, set in “the Fell 
type of the Oxford printing house, which holds the 
oldest punches and matrices surviving in England,” 
to quote the historical note on the back of it. “‘A 
considerable part of the collection,”’ the note con- 
tinued, ‘“‘ dates from the seventeenth century, and 
it is conceivable that some of the punches could 
have been cut by Christoffel van Dijck, whom Mr. 
Stanley Morison describes as a German and the 
ablest punch-cutter working in Holland. Mr. 
Morison, however, has assigned some of the material 
to the mid-sixteenth century.” The music of the 
Grace, it was added, was cut about 1695 by Peter 
Walpergen, a Dutch type-founder at Oxford. 

In a room adjoining the banqueting hall was set 
up an original iron hand press, “‘ one of those made 
to the instructions of Lord Stanhope ”’ (1753-1816) 
and acquired, with his process of stereotyping, by 
the Clarendon Press ; and a compositor’s frame, of 
the Jacobean period, also from the collection at 
Oxford. The names of the personnel who thus 
exhibited to the guests of 1950 the methods of 
printing in 1750 should also be recorded. They 
comprised, in the role of master printer, Mr. 
Ernest H. Harrison, a great-great-great-great grand- 
son, of the brother of the founder ; the compositor, 
Mr. Arthur Leaver, who has completed 48 years 
with the firm; the printer, Mr. Oliver Crowley, 
now in his 52nd year of service ; and the apprentice, 
Terence Lowrie, who was apprenticed at Stationers’ 
Hall on March 7, 1950. Few apprentices, in any 
trade, can have entered upon their careers in more 
impressive circumstances. Also, as a matter of 
record, it should be stated that Mr. B. Guy Harrison, 
the present chairman of the firm, who presided at 
the dinner, was supported by at least 35 other 
Harrisons, in addition to members of the family 
who now bear other surnames. The toast of ‘‘ The 
Printing Trade,” proposed by Sir Norman Scorgie, 
C.V.O., C.B.E., sometime Controller of H.M. Sta- 
tionery Office, was responded to by Mr. L. E. 
Kenyon, secretary of the British Federation of 
Master Printers, and Mr. Percy Astins, C.B.E., 
J.P., secretary of the Printing Machine Managers’ 
Trade Society; and that of “The Guests” by 
the chairman, the responses being by Mr. B. 
Mittell, J.P., of Messrs. E.M.I., Limited, and Mr. J. 
Foster Petree, joint Editor of ENGINEERING. 

These, however, are such items of fact as would 
be recorded of almost any ceremonial occasion ; 
but behind and beyond them is something more 
profound than any recital of names. The founder 
of a business is seldom consciously building for 
posterity. His concerns are commonly of the 
moment, the day-to-day problems and contin- 
gencies, and the anxieties for the morrow. “‘ Toiling, 
rejoicing, sorrowing,” like the Village Blacksmith, 
“ onward through life he goes’; but, if he can feel 
some assurance that the future of his children is 
reasonably safe, he is probably well content to let 
the subsequent generations take their chance. The 





son who follows him in the business, however, wil] 
look backward as well as forward; he is, x0 to 
speak, moored fore and aft, and, if he has the welfare 
of the business at heart, may even be more {i rmly 
wedded to it than was his father. If that at:ach. 
ment can be maintained beyond the crucial {hird 
generation—the one that notoriously reverts to 
the clogs if its qualities are unequal to the demands 
upon them—then comes the time when, instead of a 
succession of men running the business, the tradition 
of ‘the firm” begins to run the men, and their 
growing anxiety is whether the succession is su ftici- 
ently assured, and of the right calibre. 

This anxiety, we would suppose, cannot lave 
troubled the House of Harrison to any great extent 
for several generations. We have been privileged 
to see, in proof form, some part of the historical 
survey, Harrison: A Family Imprint, which Mr. 
Eric J. Harrison has prepared to mark th. bi- 
centenary, and this shows that (to quote the opening 
sentence) “the name of Harrison was known anwong 
the adepts of ‘the art and mystery of printing’ 
two full centuries before there began any strict 
compiling of the family and business records.” 
The first in the long line was Richard Harri on, 

‘a licensed prirter of the Bible, listed in 
the Charter of the Stationers’ Company of 1! 537.” 
The present firm, however, began with two brothers, 
Thomas and James, whose home was in Reading 
and who were apprenticed in 1738 and 1743, respec- 
tively, to “‘ the Confidential Government Printer,” 
thus establishing a connection which has continued 
uninterruptedly to the present day. It is from the 
conclusion of James’s apprenticeship, in 1750, that 
the bicentenary of the firm has been reckoned. 

In 1801, his son, also James, moved from Pater- 
noster-row to Lancaster-court, where the firm 
remained for 30 years and where, in due course, 
he took into partnership his son, Thomas Richard 
Harrison. James eventually retired, and Thomas 
then took into partnership John W. Parker, a 
printer and publisher, with whom, in 1839, he made 
a final (as yet) change of address, to St. Martin’s- 
lane. Parker retired, and Thomas Harrison took 
his own three sons into the firm; hence, in 1854, 
the name became Harrison and Sons, the title which 
is still retained. When Thomas died in 1869, the 
business was carried on by bis sons, Thomas, 
James William and Frederick Morton Harrison. 
Horace Winstone Harrison and Bernard Guy Harri- 
son, the senior members of the present board, are 
descendants of the first James Harrison, who 
““came out of his time” in 1750; and, the com- 
memorative brochure concludes ‘‘ the eighth genera- 
tion is already assured.” 

It is possible that, among the hundreds of guests 
who attended the bicentenary dinner on May 17, 
there were some whose family connection with 
‘“‘the art and mystery of printing” extends as far 
back as those of the Harrison family; for, the 
more exacting and exclusive the craft, the more 
likely it is to continue in families if a reasonable 
subsistence is assured. That it is an exacting craft, 
none will deny who has even a superficial acquain- 
tance with it; and the ever-increasing volume of 
print should guarantee the subsistence. Whether 
succeeding generations will retain the stamina that 
is demanded by an occupation which must neces- 
sarily entail many tasks that are monotonous, 
remains to be seen; so much is printed to-day 
that can hardly bring to the printer any esthetic 
satisfaction, and yet his is a task that requires, as 
a prime essential, an intelligence of the kind that 
must find drudgery hard to bear, however well paid 
it may be in cash—a circumstance which, perhaps, 
is more accountable than the customer sometimes 
realises for the periods of high tension which seem 
to trouble the printing trade rather more than 
some other occupations on which modern civilisation 
has come to depend. Nevertheless, we are disposed 
to congratulate Terence Lowrie on his choice of a 
career, as well as the firm of Harrison and Sons on 
their remarkable record. There can be too much 
printing, but there will never be too much good 
printing. Litera scripta manet, and it is the printer 
who, in these days, gives to the written word its 
permanence ; which is, or should be, a sobering 
reflection, but which can also be, to the thoughtful 
man, one of the most enduring of incentives. 
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NOTES. 


ExHIBITION OF RatLway Crvit ENGINEERING. 


On Tuesday afternoop, May 23, Sir Eustace 
\lissenden, C.B.E., chairman of the Railway Execu- 
tive, opened an exhibition of “Railway Civil 
ingineering ” at the Institution of Civil Engineers, 
Great George-street, Westminster, S.W.1. The 
-xhibition will be open to the public, without charge, 
until Saturday, June 3, the hours of opening being 
from 10 a.m. to 6 p.m. daily (including Whit 
Monday), with an extension to 8 p.m. on Tuesdays 
and Thursdays. It has been organised jointly by 
British Railways and the Institution of Civil Engi- 
neers and surveys the work of the railway civil 
engineer from the inception of railways until the 
present day, serving also to mark the fact that, 
after an interval of 21 years, the Institution again 
has a railway civil engineer (Mr. V. A. M. Robertson, 
C.B.E., M.C.) as its President. In his introductory 
remarks, before declarirg the exhibition open, Sir 
Eustace Missenden drew attention to the oppor- 
tunities that exist in railway work for the young 
civil engineer, and particularly emphasised that 
those opportunities were in no way lessened by the 
policy of standardisation that is being followed 
by British Railways in various directions. Many 
indications of the scope and variety of railway civil 
engineering are given in the booklet prepared in 
connection with the exhibition by Mr. J. C. L. 
Train, M.I.C.E., of the Railway Executive, and his 
various collaborators who assisted to organise it. 
The exhibition itself consists largely of prints and 
photographs illustrating notable bridges, tunnels, 
etc., and the work of repairing and maintaining 
them ; but there is also a comprehensive collection 
of old and new types of rail (including a portion of 
an authentic wooden rail of the Eighteenth Century) 
and a number of models, among which is one show- 
ing the most modern method of laying track, in 
pre-assembled lengths. A Hallade recorder is also 
exhibited ; and the former Forth Bridge Company’s 
scale model of that bridge, which attracted much 
attention when it was shown on the stand of 
ENGINEERING at last year’s Machine Tool Exhibition 
at Olympia, is among the numerous exhibits con- 
tributed by the Science Museum. 


Coat OWNERS AND NATIONALISATION. 


A case which is both important and interesting 
in relation to the nationalisatiou of coalmines was 
reported in The Times on May 13. We refer to 
Priestman Collieries, Limited v. The Northern District 
Valuation Board, which came before the Lord 
Chief Justice, Mr. Justice Morris and Mr. Justice 
Jones in the King’s Bench Division. It is impor- 
tant, because other cases involving large sums of 
money are affected by the decision : it is interesting, 
because it involved the interpretation of that 
section of the Coal Industry Nationalisation Act, 
1946, which relates to the valuation of property 
taken over by the State. The plaintiff company 
had a quantity of mining timber which was to be 
taken over at a valuation. In September, 1949, a 
Valuation Board assessed the value at some 4,8621, 
At that time, the Mining Timber Prices Order, 1944, 
was in force, and, in deciding the question of value 
the Board had regard to the terms of that Order. 
Their decision came before Lord Reading, acting 
as Referee. He decided that, having regard to 
8. 13 (4) of the Coal Act, 1946, the existence of the 
Prices Order must be ignored, and that the true 
value was 8,1251., but he stated a case for the 
opinion of the Court. The section mentioned pro- 
vides that value is to be fixed on the basis of the 
amount which the timber might have been expected 
to realise if the Act had not been passed, and it had 
been, sold on the primary vesting date, January 1, 
1947, in the open market by a willing seller to a 
willing buyer, no allowance being made on, account 
of the compulsory character of the vesting. It is 
obvious, of course, that the price as fixed by the 
Board was far below— indeed, it was not much more 
than half—the amount which might have been 
obtained in a free market. The. Court decided, 
however, that the terms of the Prices Order could 
not be disregarded. Mr. Justice Morris, who read 
the judgment of the Court, said that the expression 





“‘open market ’’ did not refer to a purely hypotheti- 
cal market, to be regarded as exempt from the 
restrictions imposed by law.. ‘‘ It. must be assumed,” 


he said, “that he (the seller) would deal in the 


market on January 1, 1947, subject to the law of 
the land. Any restriction or limitation imposed 
on any willing buyer must be recognised and taken 
into account. . . . The sale must be a normal one, 
but a notional sale in the market in which willing 
buyers and sellers could legitimately have operated 
on January 1, 1947.” It would be difficult to 
resist the logic of this decision were it not for -the 
fact that it assumes that there was in existence at 
the material date a seller who was ‘‘ willing ’’ to sell 
his timber at about half the price that he could have 
obtained in a free market. Did the legislature 
intend, when the Coal Act was passed, that the 
price at which ‘‘ controlled ’’ goods would be taken 
over was the controlled price? If so, it would 
have been easy to put the appropriate words into the 
Act. Those responsible were careful to make it 
plain that the coalowner was to have no compensa- 
tion for compulsory purchase: but they did not 
draw attention to this—that the words ‘‘ open 
market,”’ as used in the Act, have a special meaning. 
Indeed, having regard to the interpretation which 
three of His Majesty’s Judges have put upon that 
Act, it would seem that the position of the coal- 
owner who is to be deprived of a vast amount of 
miscellaneous property which may be the subject 
of a Prices Order—made, be it noted, by the 
Government—is unenviable in the extreme. The 
three distinguished judges who decided this case 
were merely called upon to interpret the language 
of an Act of Parliament. Had it been theirs to 
decide according to that which, apart from statute, 
is justice, the result of the case might have’ been 
very different. But we live in an age when we 
have to look for much of our so-called justice in the 
pages of the Statute Book. It was Blaise Pascal 
who wrote that, ‘‘ If men could have done so, they 
would have placed power in the hands of justice ; 
but they have placed justice in the hands of power, 
and this that is called just we have perforce to 
obey.” 
LEATHER RESEARCH. 

The new laboratories of the British Leather 
Manufacturers’ Research Association at Milton 
Park, Egham, were formally opened by H.R.H. 
The Duchess of Kent on Monday, May 22, and an 
exhibition of the work of the laboratories and of 
products of the leather industry was held there on 
that and the three following days. The occasion 
also marked the reunion of the staff of the Associa- 
tion after their dispersal following bomb damage 
to their London laboratories in 1940. Tanning, by 
which the characteristics of natural hides and skins 
are preserved in the form of leather, is a process 
the origins of which are lost in antiquity, yet it is 
only in comparatively recent times that an attempt 
has been made to understand fully the fundamentals 
of the subject. The history of leather, indeed, is in 
marked contrast to that of modern rivals to it, 
such as synthetic rubber and plastics, where, it 
may be said, the basic nature of the product has 
been known from the start. The fundamental 
work of the laboratories includes studies in the 
biology and biochemistry of hides and skins, the 
physics, physical chemistry and organic chemistry 
of leather manufacture, entomology and mycology 
in relation to leather, and mechanical and chemical 
engineering aspects of leather production. Much of 
the research is statistical and is supplemented by 
large-scale extra-mural experiments. Special studies 
cover the deleterious effect of the atmospheric 
pollution in towns on leather and methods of pre- 
venting it, the effect of heat, moisture and flexure 
on the durability of shoe-leather, and methods of 
cementing leathers together. The older and slower 
methods of leather production allowed considerable 
latitude in the processing, but more modern and 
rapid methods require strict control of the working 
conditions if a completely satisfactory product is 
to be obtained. Since the raw material is not 
standard, but varies with the type, size, age, etc., 
of the animal, the processing must be constantly 
under review. It is part of the work of the labora- 
tories to advise manufacturers of leather on the best 
treatment for the particular raw material available, 





Tue Nationa Institute oF AGRICULTURAL 
ENGINEERING. 

Wrest Park, Silsoe, the headquarters of the 
National Institute of Agricultural Engineering, has 
been open this week for public inspection and will 
remain open until this evening. Originally a 
department of the University of Oxford, and, from 
1942 until October, 1949, a branch of the Ministry 
of Agriculture and Fisheries, the National Institute 
of Agricultural Engineering is now a State-aided 
body under the control of the Agricultural Research 
Council and is administered by the British Society 
for Research in Agricultural Engineering. It is 
engaged, in general, in research and development 
on the mechanisation of agriculture, the carrying 
out of impartial tests on implements and machinery 
for manufacturers, and the collection and dis- 
semination of information on all aspects of agri- 
cultural engineering. During the open days, the 
various activities are being illustrated by a series 
of exhibits grouped together under the headings of 
information, development, research, testing, liaison 
with other institutes, and horticulture. The develop- 
ment work undertaken by the Institute is of two 
main types, namely, the evolution of machines on 
an experimental basis and the design and construc- 
tion of special testing apparatus. An outstanding 
exhibit of the former class is a mounted one-way 
plough which is being shown at work with a Fordson 
Major tractor ; the plough weighs 818 Ib., is fitted 
with two bodies, and is capable of ploughing two 
furrows to a depth of approximately 11 in. Another 
interesting exhibit in this section is a sugar-beet 
topper and picker now being produced by a firm 
of agricultural engineers, the design being based 
on that evolved by the Institute, In the course 
of development work, however, it is often found 
that progress is hampered by a lack of basic in- 
formation and the exhibits in the research section 
show some of the methods by which this essential 
knowledge is obtained. In an endeavour to protect 
orchards, etc., from late spring frosts, for example, 
experiments are being made to determine the prac- 
ticability of using horizontal fans to draw down the 
warmer air and several different types of fan are 
shown at work. The exhibits in the testing section 
are arranged to show how a machine is entered for 
test and the many schemes evolved for testing 
various implements. This section is also showing 
some of the special machines developed by the 
Institute to enable these tests to be carried out. 
These include an interesting dynamometer designed 
for measuring the power absorbed by machines 
driven from a tractor power take-off, a hydraulic 
dynamometer for use with trailed implements and 
strain-gauge equipment for determining the draught 
with mounted implements. 


Tue INsTITUTION OF ENGINEERS-IN-CHARGE. 


The forty-fifth annual dinner of the Institution 
of Engineers-in-Charge was held at the Holborn 
Restaurant, London, W.C.2, on Friday, May 12, 
under the chairmanship of their president, Sir 
William J. Larke, K.B.E., D.Sc. The toast of the 
Institution was proposed by Sir Herbert G. Williams, 
M.P., who, in referring to the British habit of social 
organisation, said it was a good thing to have 
institutions which set high standards, and also 
strongly advocated giving every encouragement 
to individuals possessing ability and enterprise. 
Developing this theme, the president reminded his 
listeners that liberty involves responsibilities, and 
that those in the engineering profession have a 
particular responsibility, each individual having to 
correct his own mistakes. Membership of the 
Institution, he added, was still growing, and had 
doubled during the last 20 years. Mr. Robert 
Chalmers, O.B.E., referred to the wide range of 
interests covered by the Institution. Vice-Admiral 
(E) Sir Denys C. Ford, K.C.B., C.B.E., who also 
spoke, said that research and development should 
enable this country to produce the best of equip- 
ment ; but, he added, to explain technical matter in 
simple language or in an understandable form re- 
mained difficult. Mr. W. J. Watkins, M.IE.C., 
chairman of the Institution’s Technics Committee, 
thanked Sir William for his services, and in reply 
Sir William acknowledged the work of the hon. 
secretary, Capt. A. E. Penn, M.I.Mech.E. 
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LETTERS TO THE EDITOR. 


“FLOOD ESTIMATION AND 
CONTROL.”’ 


To THe Eprror oF ENGINEERING. 


Str,—The reviewer of this book in your issue of 
May 5, on page 498, ante, refers to the “common 
saying—almost a proverb ’—that mathematicians 
consider the theory of probability to have been 
proved by observations, and that practical men 
believe it to have been proved by mathematics. 
Since Poincaré made that statement almost half a 
century ago, the conditions for its employment 
have been rigorously established, but it still 
remains that the best test of its applicability 
is a plot of the data on probability paper. Data 
for rainfall were collected at Tientsin over 
32 years and plotted to a straight line on 
logarithmic probability paper, with remarkable 
accuracy. But the real trouble is that, even in 
cases where, perhaps, 95 per cent. of the data con- 
form to the Gaussian curve, it is almost invariably 
the case that larger errors occur at the extremes of 
the curve than the equation would predict. This 
means that the theory of probability could not be 
expected to apply to the 1947 floods in the Fenlands, 
however long the period.over which records had 
been collected. 

Your faithfully, 
R. T. Hancock. 
The Combustion Engineering Association, 
224, Tottenham Court-road, 
London. W.1. 
Mav 15. 1950. 





THE ELDERLY ENGINEER. 
To THe Eprror oF ENGINEERING. 


Sir,—It is disappointing to see so few letters on 
this important subject. Unfortunately, general 
agreement invariably results in readers feeling there 
is no need to write approving the article which set 
the ball rolling. Writing as one who, having views 
as to how to make a living when too old for a position 
in the works, has carried his own ideas into practice, 
I feel that the position deserves detailed considera- 
tion, by the three senior Institutions. I suggest a 
symposium of informal papers on the subject. 

As an, “elderly engineer” who appreciates the 
failings of the class to which he belongs, I submit 
that our absorption into industry must depend on 
our ability to deliver the goods; and I personally 
feel, strange as it may seem, that we would do well 
to seek a solution of the problem in manual rather 
than in mental labour. Mr. Vivian Davies’ re- 
marks relative to the factory staffed entirely with 
men over 40 appeals to me far more than does Mr. 
C. E. R. Sams’ suggestion regarding special appoint- 
ments in factories and offices. 

During the war, the mass production of TPI2 
engines for tank landing craft was carried out by 
250 sub-contractors, and the standard of inter- 
changeability approached perfection. I believe that 
the solution of the problem under consideration is to 
develop Mr. Davies’ factory idea, embodying the 
methods employed on these engines. We should 
become sub-contractors for large industrial con- 
cerns, staffing the factories with those who are classed 
as unemployable by reason of their age. The fac- 
tories should be situated in the country and should 
have, as their bases, outsize country houses. These 
would enable the housing problem to be met, at 
first by communal living in the house itself and later 
by merciful segregation in cottages on the estate, 
possibly constructed by members of the staff. 

There i. nothing impossible in the scheme; the 
biggest snag lies in the characteristics of those who 
would stand to benefit by it. Many, I fear, would 
sooner see the experiment fail than have it succeed 
in a form that they did not approve of. It is this 
particular form of mental development or decay 
which renders the elderly difficult to include among 
a staff mainly below the age of 40. Some retired 
Army officers have given a great deal of time, and 
expended a considerable sum of money, in endea- 
vouring to find profitable manual work for the less 


fortunate ex-officers and it is to be hoped that your 
editorial may come to their attention while the 
correspondence is still “news.” 
Yours faithfully, 
Kyriz W. WILLANS. 
All Cannings, 
Devizes, Wiltshire. 
May 21, 1950. 





THE HEAT TRANSFER COEFFICIENT 
FOR FLUIDS IN LAMINAR 
MOVEMENT. 


To THe Eprror oF ENGINEERING. 


Sir,—In his letter on the above subject in your 
issue of May 12, on page 541, ante, Professor A. 
Meldahl has pointed out that the value Nu = 3-66 
is not universally valid for laminar flow in a circular 
tube. A constant value Nu = 3-66 would be a 
good approximation if the fluid entered a tube 
(having a constant wall temperature) with a tem- 
perature distribution similar to the parabolic 
velocity distribution. If, as usually considered, the 
fluid enters the tube with uniform temperature, 
then the mean temperature at later sections can be 
expressed by a series, the first term of which 
corresponds to Nu = 3-66. The following refer- 
ences may be of interest :— 

Heat Transmission, by W. H. McAdams ; McGraw- 
Hill Publishing Company. Page 188 gives the first 
three terms of Graetz’s series. Die Grundgesetze der 
Warmeleitung u. des Wéarmeitberganges, by H. 
Gréber ; Julius Springer. This gives a summary of 
Niisselt’s amended calculation of three-term series, 
ip agreement with Graetz. Oil Cooling for Aircraft, 
by B.C. Carter; R. and M. 1486, H.M. Stationery 
Office, London. This gives formule by A. Lévéque 
for small and large Péclet’s numbers, and suggests 
transition formula. Streamline Flow, by the present 
writer ; Constable and Company, London. This 
gives a detailed numerical calculation of the first 
term of the above series, in agreement with the 
results of Graetz and Ntisselt ; also the derivation 
of the formula for small Péclet’s number, in agree- 
ment with Lévéque; also a detailed numerical 
calculation of the three-term formula for the 
analogous problem of the narrow rectangular 
channel, and a formula for the small Péclet’s number. 

Yours faithfully, 
H. F. P. Purpay. 
Queen’s Island, Belfast. 
May 15, 1950. 





OBITUARY. 


DR. H. A. DICKIE. 


Ir is with regret that we note the death of Dr. 
Hugo Alexander Dickie, which occurred, after an 
illness of some months, at his home in Kettering, 
Northamptonshire, on May 2. Dr. Dickie, who 
was general manager of the research department 
of Messrs. Stewarts and Lloyds Limited, Corby, 
Northamptonshire, was the son of the late Rev. 
J. H. Dickie, M.A., minister of New Kilpatrick 
Parish Church, Bearsden, Glasgow, and was born 
on September 7, 1895. After attending Glasgow 
High School, he became a shipbuilding apprentice 
on the Clyde, but, on the outbreak of the war of 
1914-18, enlisted ir the Army. He obtained a 
commission in the 7th Battalion Argyll and Suther- 
land Highlanders, and served with the 51st Highland 
Division. After the war he took up the study of 
metallurgy and attended the University of Glasgow, 
graduating B.Sc., in 1923. Dickie also took courses 
at the Royal Technical College and obtained the 
associateship in metallurgy (A.R.T.C.) in 1925. 
In 1924 he was awarded a research scholarship by 
the executive committee of the Carnegie Trust for 
the Universities of Scotland and studied the heat- 
treatment of special (nickel-chromium) steels, in 
collaboration with Professor J. H. Andrew. In 
1927, the Carnegie Trust awarded him a Research 
Fellowship and during the subsequent two years 
he conducted investigations on the changes con- 
cerned in the temper-brittleness of nickel-chromium 





steels and on the solubility of carbide in ferrite. 


For his metallurgical research work the Unive: ity 
of Glasgow conferred upon him the degree of P!,.}), 
in 1927 and that of D.Sc. three years later. 

In 1930 Dr. Dickie joined the research dey.:;t- 
ment of Messrs. Stewarts and Lloyds Limited, in 
Glasgow, where he was appointed successively to 
take charge of metallurgical, chemical and gen. ral 
research. When nis firm started up the Corby 
works in 1935, he was called upon to assume ‘ie 
direction of the Central Research Departm. 1: 
there, and, at the time of his death, he was general 
manager of the Department of Research and T\ °h- 
nical Development at Corby. Dr. Dickie deve‘od 
much time to research on the development of an 
improved basic-Bessemer steel and presente a 
paper on the results achieved at the Autumn M:°+- 
ing of the Iron and Steel Institute in London in 
November, 1948. Dr. Dickie, who was for many 
years a member of the Iron and Steel Institute, ‘lic 
Institute of Metals and the Royal Socjety of Aris, 
was elected a Fellow of the Institution of Metal- 
lurgists in 1948. He had also served on technical 
committees of the British Iron and Steel Federation, 
the British Standards Institution and the British 
Tron and Steel Research Association. 





MR. H. F. MASSEY. 


Tue death is announced, also, of Mr. Harold F. 
Massey, until recently managing director of Messrs. 
B. and S. Massey, Limited, of Openshaw, Man- 
chester, and a former President of the Manchester 
Association of Engineers. He was 79 years of age, 
and had spent the whole of his professional life in 
the family business, which was started in 1860 
by his father, Benjamin Massey, and his uncle, 
Stephen Massey. 

Harold Fletcher Massey was born on April 18, 
1871, and received his schooling at Mill Hill and 
at Leys School, Cambridge. On leaving school in 
1888, he was apprenticed in his father’s firm for a 
year, prior to entering Owens College for a four years 
engineering course, which he completed in 1892. 
He was then appointed assistant to the manager 
of the Massey works and, shortly afterwards, was 
sent to the United States to take charge of the firm’s 
stand at the Columbian Exposition at Chicago. 
On his return in 1894, he was made works manager 
and, two years later, was taken into partnership 
by his brotner, the late Mr. Leonard F. Massey, and 
his uncle, Mr. Stephen Massey. On the death of 
his brother in 1944, he became chairman. Mr. 
Massey, who was keenly interested in engineering 
education, took an active part in its development 
in Manchester, especially at the College of Tech- 
nology. He was awarded the degree of B.Sc. (Vic.) 
in 1902. He did much to promote the improvement 
of forging practice, taking out a number of patents 
and making a particular study of the flow of metals 
in forging, his share in the management of the family 
business being principally concerned with design and 
manufacture. He was a member of long standing 
in the Institution of Mechanical Engineers, having 
been elected in 1903. 





ScorTisH TELEVISION STATION.—The British Broad- 
casting Corporation announce that the contract for the 
site works for the main Scottish television transmitting 
station at Kirk o’Shotts, and for the approach roads to 
the site, has been placed with Messrs. McLean and Com- 
pany, Wishaw, Lanarkshire; and the contract for the 
construction of the 750-ft. mast, which will be similar 
to those at Sutton Coldfield and Holme Moss, with 
Messrs. British Insulated Callender’s Construction Com- 
pany, Limited, London. 


Luioyp’s REGISTER AND THE REGISTRO ITALIANO.— 
We are informed by Lloyd’s Register of Shipping that 
they have entered into an agreement with the Registro 
Italiano Navale “for the purpose of maintaining the 
highest standard of classification and promoting to the 
fullest extent the interests of shipowners, shipbuilders, 
underwriters and other parties concerned.” The agree- 
ment, which will come into operation on June 1, 1950, 
relates only to the dual classification of ships with the 
two societies, and will enable shipowners, in all parts of 
the world, whose vessels are classed with one of the 
Registers, to obtain classification in the other with the 





minimum of inconvenience and expense. 
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OLIVER HEAVISIDE. 


ue centenary of the birth of Oliver Heaviside, 
to which we drew attention on page 569, ante, was 
celebrated at the Institution of Electrical Engineers 
on Thursday, May 18. At a meeting in the after- 
noon the chair was occupied by the President 
(Professor E. B. Moullin), who, in his opening re- 
marks, referred to the number of hours many electri- 
cal engineers had spent in studying Heaviside’s work, 
understanding some of it, trying to understand a 
creat deal and always benefiting from what they 
had read. 

The meeting was then addressed by the President 
of the Royal Society (Sir Robert Robinson, O.M.), 
who said that the career and achievements of 
Heaviside provided many lessons, not the least being 
the complete compatibility of a technical objective 
with scientific research of the highest order. His 
overmastering interest had been with telephony 
and telegraphy, but in the course of his attempts to 
improve electrical communication he had developed 
an electromagnetic wave theory and had devised 
new mathematical methods to solve the differential 
equations arising in it. Heaviside’s history was 
closely paralleled in some respects by that of Newton. 
Both had worked by themselves and both had left 
unpublished materia] of the greatest importance. 
It was pow generally realised that Heaviside knew 
a good deal more about the transmission of Hertzian 
waves across the earth’s surface than was indicated 
by the suggestion that there might be a conducting 
layer in the upper atmosphere. 


* HEAVISIDE—THE Man.” 


A paper entitled ‘‘ Oliver Heaviside—The Man ” 
was then read by Sir George Lee, in which he des- 
cribed Heaviside’s early history and research work. 
This description was based on personal accounts that 
had been prepared by his friends and upon quota- 
tions from his own letters and books. An account 
was also given of the recognitions and honours 
Heaviside had received, together with appreciations 
from some of his great contemporaries. Sir George 
summed up by saying that, although Heaviside was 
an example of that genius which is akin to madness, 
beneath his reserve and apparently warped nature 
there was a delightful and noble character. 

Short tributes were next paid by a number of 
speakers, the first being Sir Edward Appleton, who 
said that Heaviside had conducted a friendly 
scientific correspondence with Hertz and must have 
watched with close interest the practical exploita- 
tion of radio waves as vehicles of communication by 
Marconi and the engineers of the British Post Office. 
He did not attempt to solve the problem of wave 
diffraction, as suggested by Fitzgerald in 1899, so 
that his idea of an atmospheric conducting layer 
must have been prompted largely by intuition. 
It certainly arose when he was considering the 
analogy between the passage of electric waves along 
a pair of conductors and over a conducting earth. 
In 1902, he had pointed out that electric waves 
could be guided along a curved path, so long as its 
curvature was not too great and so long as it changed 
direction slowly. Sea water, and to a less extent, 
the earth, had sufficient conductivity to make them 
behave as conductors of Hertzian waves. There 
was also the possibility, he had suggested, of a 
conducting layer in the upper atmosphere, so that 
the waves would be guided by this layer on one side 
and by the sea on the other. This hypothesis was 
proved experimentally in 1924. 

Sir Edward was followed by Dr. M. J. H. Ponte, 
who spoke on behalf of the learned societies and the 
electrical and radio industries of France. Such a 
celebration, he said, provided an opportunity to 
draw closer the bonds of friendship between the 
technicians and the two countries. The immense 
part played by Heaviside in the development of elze- 
trical science, his extensive contributions to mathe- 
matics and his keen interest in practical application, 
all commanded respect and admiration. His influ- 
ence as a leader in the broader sense was profound 
and his great enthusiasm was manifest in the letters 
he wrote to Bethenod. His operational solution and 
expansion theorem provided him with powerful 
investigation tools, the logical empiricism of which 





took some time to put into a rigorous form. At the 
engineering level his deep knowledge of propagation 
phenomena led him to be the first to imagine the 
expedient of loading lines to increase their induct- 


ance. 

Sir Archibald Gill next paid a tribute to the 
assistance given by Heaviside’s work in the develop- 
ment of long-distance telephony. Although his 
exposition of the benefits of loading were not as 
quickly appreciated as they might have been, it 
was only fair to point out that at that time there 
was no practical means of adding the necessary 
inductance toa line. Throughout his life, Heaviside’s 
work was in advance of that of his generation. He 
gave up his post as a telegraphist to search for a 
mathematical theory which would enable a high- 
speed telegraph system to be designed. As early 
as 1874, he had established the symbolic method of 
analysing alternating-current circuits, which was 
still in use and had devised what was essentially a low- 
pass filter about 20 years before a similar suggestion 
was published by Shepherd. 

A recorded speech by Dr. O. E. Buckley, President 
of the Bell Telephone Laboratories, was then trans- 
mitted to the meeting. He said that Heaviside had 
emphasised the role of metallic circuits as guides 
rather than conductors of alternating currents, and 
had developed the differential equations which 
described the behaviour of such guided waves. He 
had also discussed the causes of line distortion and 
had suggested various methods of alleviating it. 
The interest of the Bell system in Heaviside’s ideas 
of loading went back to 1891, and in 1894, J. S. Stone 
had proposed a form of bimetallic conductor which 
revealed a clear understanding of the problems. A 
few years later Heaviside’s vision of the loaded line 
had become a reality. 


MatTsemMaticaL WorRK. 


Professor H. Jeffreys, Plumian Professor of 
Astronomy and Experimental Philosophy at Cam- 
bridge, said that most published opinions of Heavi- 
side’s pure mathematics either showed him as an 
original genius, who was always right, or as one 
who was always non-rigorous and often meaningless. 
He thought the truth lay somewhere between these 
two extremes. Heaviside was brilliant and original, 
but he was unaware of a great deal of previous 
work. His chief contribution had been the use of 
the definite integration operator p-', which had 
been used by Caqué and Ricard. Heaviside, how- 
ever, also saw that it could be used to give a prac- 
tical method of solution which was unequalled for 
compactness. So long as he stuck to p= and 
operators expressible in powers of p-! he was right. 
He used p, however, to mean differentiation and 
handled both p and p- as numbers. This could only 
be justified if they were both not treated in the same 
way at the same time. The extraordinary thing was 
that none of the contemporary pure mathematicians 
had called attention to this point or to other cases 
in Heaviside’s works where different answers would 
be obtained by reversing the order of two operations. 
Heaviside had used his methods on partial differ- 
ential equations with varying success because 
operators arose that could not be expressed as series 
of powers of p=. 

Sir Edmund Whittaker, Emeritus Professor of 
Mathematics, Edinburgh University, said that the 
rejection of Heaviside’s papers by mathematicians 
had been based on the grounds that his proofs did 
not conform to the standards of rigour which were 
then in fashion. Like Newton and Laplace, he had 
the faculty of being able to discover theories of a 
high order of complexity by some sort of intuition, 
which dispensed with the usual processes of proof. 
It was probably the consciousness of possessing that 
gift which made him so contemptuous of formal logic. 

Dr. G. F. C. Searle, who was for many years a 
close friend, gave an amusing description of Heavi- 
side as he appeared in his home surroundings and 
of his impish sense of fun. 


UNPUBLISHED THEOREMS. 


Four papers were presented at the meeting on 
Thursday evening. The first of these, by Mr. H. J. 
Josephs, dealt with some of Heaviside’s unpublished 
theorems which were likely to be of interest to 
electrical engineers; and had been obtained from 


notes he intended to amplify and publish in the 
fourth and concluding volume of Electromagnetic 
\ Theory. 

Mr. Josephs pointed out that Heaviside’s un- 
published notes showed clearly that his views on 
the nature of the interaction of energy and matter 
had changed rapidly after 1900. Following his 
deduction of the relationship between mass and 
energy from Maxwell’s pressure-of-radiation formula. 
he appeared to have rejected the Faraday-Maxwell 
interpretation of electrical phenomena as a series 
of stresses in a continuous medium. He extended 
his conception of “‘ energy-tubes ”’ (based originally 
on his flux-of-energy analysis) to include their 
condensation into electronic particles and had 
developed a new algebra of operational quaternions 
for use in his topological studies of the invariances 
associated with the interlocking of electronic fields. 
Heaviside’s new outlook was well reflected in his 
unpublished work on the particle-like structure of 
electromagnetic pulses and his correlation of electro- 
magnetism with mass properties and gravitation. 
Concluding, Mr. Josephs said that the loose sheets 
containing the mathematics upon which Heaviside 
had worked during the later years of his life 
showed that the fourth volume of Electromagnetic 
Theory was to contain an account of his ideas 
concerning the transformation of matter and energy 
on the atomic scale, as well as of his integration 
of the electrodynamics of Clerk Maxwell with the 
thermodynamics of Willard Gibbs. 


CONTRIBUTIONS TO ELECTROMAGNETIC THEORY. 


In dealing with ‘‘ Heaviside’s Contribution to 
Electromagnetic Theory,” Professor Willis Jackson 
reviewed various aspects of his study, re-presenta- 
tion, simplification and utilisation of Maxwell’s 
theory of electromagnetic wave propagation in his 
successful endeavour to develop a comprehensive 
theory of telegraph and telephone line transmission. 
He said that the manner of this development and 
the precise nature of Heaviside’s original contribu- 
tions to electrical science could not be easily ex- 
tracted from the 1,500,000 words, which comprised 
his published work, partly because of his style and 
partly because of the repetition which resulted from 
the way the work was published. Professor Willis 
Jackson first described Heaviside’s early theoretical 
work on signalling along wires, which was performed 
prior to his study of Maxwell and then dealt with 
Maxwell’s theory and Heaviside’s attitude towards 
and contribution to it. He next examined Heavi- 
side’s duplex formulation of the electromagnetic 
field, his treatment of the flux of energy and his 
analysis of the penetration of magnetic flux into 
conductors. Other matters considered were Heavi- 
side’s development of line-transmission theory on 
the basis of Maxwell’s theory, electromagnetic waves 
from moving sources, the rationalisation of units, 
his contributions to terminology, his work on 
dynamic analogies and his attempts to correlate 
J. J. Thomson’s discovery of the electron with his 
own earlier work. The paper concluded with a 
selection of extracts from Heaviside’s published 
work to illustrate the spontaneity of his style, his 
frequent departure from propriety and his power of 
deductive reasoning. 


OPERATIONAL CALCULUS. 

In his paper on ‘‘ Heaviside’s Operational Cal- 
culus,” Professor B. van der Pol began with a 
historical survey of this mathematical method and 
diseussed the criticism which it had evoked. This 
criticism, which might be traced to Heaviside’s 
unsystematic treatment of his problems, the indivi- 
dual nature of his achievements and his lack of 
mathematical rigour, was unfair. Heaviside’s solu- 
tions to problems on the propagation of disturbances 
over long lines by means of his calculus were often 
astounding ; and he derived new relations between 
mathematical functions with an elegance which even 
to-day could not be approached by classical methods. 
His calculus was in fact invaluable in the study of 
transient phenomena so long as these followed linear 
equations. Modern developments of the operational 
calculus, both fundamental and applied, were 
numerous. Many of its recent extensions, including 
Carson’s work, were founded on the Laplace trans- 





form, and a generalised calculus allewed more 
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mathematical functions to be covered than by 
Heaviside’s original methods. This calculus was of 
great use in some branches of pure mathematics, 
including the theory of numbers. 


TELEPHONE AND TELEGRAPH DEVELOPMENTS. 


In a final paper on “‘ Fifty Years’ Development in 
Telephone and Telegraph Transmission,” Dr. W. G. 
Radley said that the greatest contribution Heavi- 
side’s mathematical work had made to electrical 
engineering had been in the field of long-distance 
telecommunication. He had shown that the addi- 
tion of inductance to a line was of assistance in 
attaining the distortionless transmission of signals. 
He was also the first to investigate mathematically 
the problem of the co-axial cable. In his published 
work, he had dealt with the reflection of electro- 
magnetic waves in heterogeneous space and had 
suggested the possibility of a reflecting layer in the 
upper atmosphere. There had been three distinct 
advances towards an understanding of the basic 
transmission problem : the enunciation of the circuit 
conditions necessary for the distortionless trans- 
mission of signals, due to Heaviside ; the statement 
of the capacity of a circuit, free from external inter- 
ference, to transmit information, by Hartley and 
others ; and contemporary studies of the maximum 
rate of transmitting information when the system 
was disturbed by noise. This contemporary work 
involved advanced statistical theory and required 
the ideas concerning the amount of information to 
be related with the classical ideal of entropy ; in the 
same way that entropy was a measure of the ran- 
domness, or disorder, in an atomic system, so the 
amount of information received in a message was 
now shown to be related to the degree of organisation 
in the sequence of electrical pulses representing it. 
If a logarithmic scale were employed to measure 
these quantities, “‘ amount of information ” became 
analogous to “‘ negative entropy.” 

It was a well recognised fact that the output 
wave form of an electrical network was completely 
determined by the input wave form and the charac- 
teristics of the network. Hartley had found that 
the rate of transmission of information was limited 
by the delayed effect of preceding signals on the one 
being received. In theory, this effect could be 
eliminated by fully exploiting the properties of the 
signal and the network. If, therefore, these tech- 
niques were employed, the only remaining limitation 
to the rate of transmission of information was 
extraneous noise, as it restricted the ability to dis- 
tinguish between, different signals. 

In a recently developed system of transmission, 
known as pulse-code modulation, the signal/noise 
ratio could be made much smaller than in direct 
modulation. without the noise appearing in the 
decoded signal. When this system was used for 
telephony, the speech wave was “sampled” at 
intervals corresponding to a half-period of the 
highest frequency it was desired to transmit. For 
the mathematical investigation of this operation, 
the ‘‘ spotting function ”’ frequently used by Heavi- 
side was ideally adapted. The value of the wave 
at the instant of sampling was replaced by the 
nearest one of a range of discrete magnitudes. The 
result was expressed in a series of binary digits and 
transmitted as the corresponding sequence of 
‘‘ on-off ’’ pulses. The receiver need only distin- 
guish between two conditions, a pulse and no pulse. 
It would be rash to attempt to predict how far 
these new ideas would affect the future technique 
of transmission, but it appeared at present that 
study of this particular field was likely to result in 
new transmission techniques as distinct from 
developments in established ones. The engineering 
technique of long-distance tele-communication were 
still in a state of change. It was improbable, 
however, that the systems of the future would 
contain many such physical reminders of Heavi- 
side’s genius as loading coils. Nevertheless, the 
imprint of his ideas would remain in a more enduring 
fashion. 

A vote of thanks to all those who had taken part 
in the Commemoration was proposed by Sir Stanley 
Angwin. He thought that the speakers had elo- 
quently covered every interest upon which Heaviside 
had made his name and upon, which his reputation 
would rest. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


Tuts list now appears regularly in the last issue of each 
month. Organisers are invited to send to the Editor 
particulars of forthcoming events. 


RalLway CIviIL ENGINEERING EXHIBITION.—Wednes- 
day, May 24, to Saturday, June 3, at the Institution of 
Civil Engineers, Great George-street, London, S.W.1. 
Organised jointly by the Institution and the Railway 
Executive. Apply to the secretary of the Institution. 
(Telephone: WHItehall 4577.) See also page 567, ante. 


CANADIAN INTERNATIONAL TRADE Fair, TORONTO.— 
Monday, May 29, to Friday, June 9. Representative : 
Miss M. A. Armstrong, Canadian Government Exhibition 
Commission, Canada House, Trafalgar-square, London, 
S.W.1. (Telephone: WHItehall 8701.) BrrrisH TooL, 
MACHINE-TOOL and ScrENTIFIC-INSTRUMENT SECTION : 
Apply to Room 347, Third Floor, Victoria House, South- 
ampton-row, London, W.C.1. (Telephone: HOLborn 
4667.) 

NEWCOMEN SOCIETY, SUMMER MEETING.—Thursday, 
June 1, and Friday, June 2, at Sheffield. Apply to the 
assistant secretary of the Society, Miss G. Bingham, 
O.B.E., 43, King’s-road, London, S.W.3. (Telephone : 
SLOane 8883.) 


INSTITUTE OF BRITISH FOUNDRYMEN, ANNUAL CON- 
FERENCE.—Tuesday, June 6, to Friday, June 9, at the 
Spa Hotel, Buxton. (Telephone: Buxton 1261.) Full 
information from the secretary of the Institute, St. John 
Street Chambers, Deansgate, Manchester, 3. (Telephone : 
BLAckfriars 6178.) 

INSTITUTION OF GaS ENGINEERS ANNUAL MEETING.— 
Tuesday, June 6, to Friday, June 9, at Bournemouth. 
Apply to the secretary of the Institution, 17, Grosvenor- 
crescent, London, S.W.1. (Telephone: SLOane 8266.) 
See also page 561, ante. 


MECHANICAL HANDLING EXHIBITION.—Tuesday, June 
6, to Saturday, June 17, at Olympia, London, W.14. 
Organisers: ‘“‘ Mechanical Handling,” Dorset House, 
Stamford-street; London, S.H.1. (Telephone: WATer- 
loo 3333.) : 

INDUSTRIAL EQUIPMENT AND ENGINEERING FaIr, 
Kenya.—Friday, June 9, to Saturday, June 24, at 
Nairobi, Kenya. Apply to the secretary, Exhibition 
Promotions, P.O. Box 2485, Nairobi. 

INTERNATIONAL AERONAUTICAL EXHIBITION.—Satur- 
day, June 10, to Sunday, June 25, at the Palais du 
Centenaire, Brussels. Details from the Comité National 
d’Aéronautique, 1, rue Montoyer, Brussels. 


INSTITUTION OF MINING ENGINEERS.—Wednesday, 
June 14, to Friday, June 16, at Park Hotel, Park-place, 
Cardiff. Apply to the secretary of the Institution, 436, 
Salisbury House, Finsbury-circus, London, E.C.2. (Tele- 
phone : MONarch 9758.) 

CANADIAN CHEMICAL CONFERENCE AND EXHIBITION.— 
Monday, June 19, to Thursday, June 22, at the Royal 
York Hotel, Toronto. Organisers: The Chemical Insti- 
tute of Canada, Box 62, Station “‘ D,’”’ Toronto, Ontario. 

INSTITUTION OF MECHANICAL ENGINEERS, SUMMER 
MEETING.—Wednesday, June 21, to Friday, June 23, at 
Birmingham. Details from the secretary of the Institu- 
tion, Storey’s-gate, St. James’s Park, London, S.W.1. 
(Telephone : WHItehall 7476.) See also page 157, ante. 


“‘ MACHINES FOR THE MODERN BUILDER’’ DEMON- 
STRATION.—Monday, June 26, to Saturday, July 1, at 
Warwick Racecourse, Warwick. Organised by the Minis- 
try of Works, in association with the midland regional 
building and civil engineering joint committee. Particu- 
lars obtainable from the Ministry, Lambeth Bridge 
House, Albert-embankment, London, S.E.1. (Tele- 
phone : RELiance 7611, Extension 1177.) 


INSTITUTION OF NAVAL ARCHITECTS, NORTH EAST 
Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS, 
AND THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND, JOINT SUMMER MEETING.—Tuesday, 
Wednesday and Thursday, June 27, 28 and 29, at 
Newcastle-upon-Tyne. Apply to the secretary, Insti- 
tution of Naval Architects, 11, Upper Belgrave-street, 
London, S.W.1. (Telephone: SLOane 4622); North 
East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle-upor-Tyne, 1. (Telephone: 
Newcastle 20289); or Iastitution of Engineers and Ship- 
builders in Scotland, 39, Elmbank-crescent, Glasgow, C.2. 
(Telephone : CENtral 5181.) 

CONFERENCE ON THE PHYSICS OF LUBRICATION.— 
Thursday, June 29, to Saturday, July 1, at the University, 
Manchester. Organised by the Manchester branch of 
the Institute of Physics and the British Rheologists’ Club. 
Particulars from Mr. D. A. Crookes, Messrs. Imperial 
Chemical Industries, Limited, Dyestuffs Division, Hexa- 
gon House, Manchester. 

INSTITUTE OF PETROLEUM, OIL SHALE AND CANNEL 
CoaL CONFERENCE.—Monday, July 3, to Friday, July 7, 
at the Royal Technical College, Glasgow. Apply to the 
honorary secretary, Mr. W. M. Stirling, c/o Messrs. 





Scottish Oils, Limited, Middleton Hall, Uphall, Brox- 
burn, West Lothian. (Telephone: Broxburn 34.) 

CONFERENCE ON CIVIL ENGINEERING PROBLEMS '\ 
THE COLONIES, 1950.—Monday, July 3, to Friday, July 7. 
Organised by the Institution of Civil Engineers and | 
at the Institution building, Great George-street, Lond. ., 
S.W.1. Apply to the secretary of the Institution. (Tu)..- 
phone: WHltehall 4577.) For details, see page 2)\). 
ante. 

ROYAL AGRICULTURAL SOCIETY’s ANNUAL SHOW 
Tuesday, July 4, to Friday, July 7, at Kidlingt:... 
Oxford. Apply to Royal Agricultural Society, 4. 
Bedford-square, London, W.C.1. (Telephone : MUSei.:; 
5905.) 

INSTITUTION OF ELECTRICAL ENGINEERS, SUMM?IR 
MEETING.—Tuesday, July 4, to Friday, July 7, 
Cambridge. Supply Section Summer Visit, Thursd: ., 
September 21, to Sunday, September 24, at Stratford -«» - 
Avon. For particulars, apply to the secretary of the 


. Institution, Savoy-place, Victoria-embankment, Londo: 


W.C.2. (Telephone : TEMple Bar 7676.) 

CONFERENCE ON THE PROPERTIES OF SEMI-ConDUC7- 
ING MATERIALS.—Monday, July 10, to Saturday, July 15, 
at the University, Reading. Under the auspices of the 
International Union of Physics in co-operation with the 
Royal Society. Communications to Dr. H. K. Henisch, 
Department of Physics, University, Reading. (Tele- 
phone: Reading 81785.) 

FOURTH WORLD POWER CONFERENCE.—Monday, July 
10, to Saturday, July 15, at London. Conference office : 
414, Cecil Chambers, 76-88, Strand, London, W.C.2. 
(Telephone : TEMple Bar 1234, Extension 473.) 

FouRTH ANNUAL SUMMER SCHOOL ON MANAGEMENT. 
—Saturday, July 15, to Saturday, July 22, at Oricl 
College, Oxford. Sponsored by the Institute of Industrial 
Administration, in co-operation with the British Institute 
of Management. For particulars, apply to the secretary, 
the British Institute of Management, 8, Hill-street, 
London, W.1. (Telephone : GROsvenor 6000.) 


SixtH INTERNATIONAL CONGRESS AND TECHNICAL 
EXHIBITION OF RaDIOLOGY.—Monday, July 24, to Friday, 
July 28, at Royal Horticultural Halls, Vincent-square, 
London, 8.W.1. Details from the Technical Exbibition 
Secretariat, British Institute of Radiology, 32, Welbeck- 
street, London, W.1. (Telephone : WELbeck 6237.) 

UNITED STATES INTERNATIONAL TRADE Fatr.—Mon- 
day, August 7, to Sunday, August 20, at Chicago. 
Agent: Mr. A. P. Wales, 16, Shelton-street, London, 
W.C.2. (Telephone: TEMple Bar 2972, Extension 14.) 

MODEL ENGINEER EXHIBITION.—Wednesday, August 
9, to Saturday, August 19, at the New Royal Horticul- 
tural Hall, Greycoat-street, London, S.W.1. Organisers : 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. (Telephone: CHAncery 
6681/4.) 


SixTH INTERNATIONAL CONGRESS FOR THE HISTORY 
OF SCIENCE.—Monday, August 14, to Sunday, August 20, 
at the University, Amsterdam. Apply to Prof. Ir. R. J. 
Forbes, Haringvlietstraat 1, Amsterdam-Z., Holland. 

CANADIAN NATIONAL EXHIBITION.—Friday, August 25, 
to Saturday, September 9, Toronto, Ontario. Agent: 
Canadian National Exhibition Representative, 3, Lower 
Regent-street, London, 8.W.1. (Telephone : WHItehall 
2794.) 

IMPERIAL COLLEGE SUMMER SCHOOL IN RELAXATION 
METHODsS.—Tuesday, August 29, to Friday, September 
22, at Imperial College of Science and Technology, South 
Kensington, London, S.W.7. Particulars obtainable 
from Mr. D. N. de G. Allen, at Imperial College. A 
similar course will be held in the United States in June 
and July. See also page 279, ante. 


INDUSTRIAL FINISHES EXHIBITION. — Wednesday, 
August 30, to Thursday, September 7, at Earl’s Court, 
London, W.14. Organisers: Messrs. Industrial Finishes 
Exhibition, Limited, 26, Old Brompton-road, London, 
S.W.7. (Telephone : KENsington 0025.) 


BRITISH ASSOCIATION.—Wednesday, August 30, to 
Wednesday, September 6, at Birmingham. Apply to 
the joint local secretaries, British Association, Council 
House, Birmingham, 1. See also page 471, ante. 

17TH ‘NATIONAL RADIO EXHIBITION.—Wednesday, 
September 6, to Saturday, September 16, at Castle 
Bromwich, Birmingham. Apply to the Radio Industry 
Council, 59, Russell-square, London, W.C.1. (Telephone : 
MUSeum 6901.) 

CAMBRIDGE SUMMER SCHOOL IN AUTOMATIC COM- 
PUTING.—Tuesday, September 12, to Thursday, Sep- 
tember 21, at the University Mathematical Laboratory, 
Cambridge. Apply to Mr. G. F. Hickson, secretary of 
the Board of Extra-Mural Studies, Stuart House, Cam- 
bridge. (Telephone : Cambridge 56275 /6.) 

THIRD INTERNATIONAL MECHANICAL ENGINEERING 
CoNGREsS.—Monday, September 18, to Saturday, Sep- 
tember 23, at Brussels. Information obtainable from 
the director, The British Engineers’ Association, 32, 
Victoria-street, London, 8.W.1. (Telephone: ABBey 
2141.) 
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RADIO-FREQUENCIES.—Monday, September 18, to Satur- | 3° R“R. Bevis, non 12° Miss D. Laird. 
day, September 23, at Amsterdam. Organised by the |} 4. R. R. Bevis, junr. 13. J. M. Laird. 
Netherlands Physical Society, and supported by the = bang 3 i. = eeatt) hei . i 
International Union of Pure and Applied Physics. Apply 7. Mrs, Hi. Laird. 16. ot 
to Professor J. de Boer, Bunsenstraat 98, Amsterdam-O., | 8. Miss M. Laird. 7. Taliesin Owen (foreman). 
Holland. 9. J. Millard (Admiralty over- 18. A. Black (head foreman). 


15TH INTERNATIONAL COMMERCIAL MOTOR TRANSPORT 
EXHIBITION.—Friday, September 22, to Saturday, Sep- 
tember 30, at Earl’s Court, London, W.14. Organisers : 
The Society of Motor Manufacturers and Traders, 
Limited, 148, Piccadilly, London, W.1. 

CONFERENCE ON INDUSTRIAL STATISTICS.—Friday, 
September 29, to Sunday, October 1, at the University, 
Sheffield. Held under auspices of the Royal Statistical 
Society, 4, Portugal-street, London, W.C.2. (Telephone : 
HOLborn 4283.) Details from the assistant secretary of 
the Society, as above. See also page 555, ante. 

FESTIVAL OF BRITAIN, 1951.— Details obtainable from 
the secretary, Festival of Britain 1951, 2, Savoy-court 
Strand, London, W.C.2. (Telephone: WATerloo 194).) 
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STEAM BENDING PROPERTIES OF TIMBERS.—A leaflet 
designated No. 45, dealing with ‘‘ The Steam Bending 
Properties of Various Timbers—Part I,” is available 
gratis from the Forest Products Research Laboratory of 
the Department of Scientific and Industrial Research, 
Princes Risborough, Aylesbury, Buckinghamshire. In 
this the bending properties of timbers are based on the 
minimum bending radius of Specimens 1 in. thick when 
suitably supported. Quantitative data on the bending 
properties of various timbers are then given in tabular 
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LAIRD BROTHERS IN 1890. 


WHEN, in our issue of May 30, 1890, we described 
and illustrated the Great Western Railway steamers 
Lynx, Antelope and Gazelle, recently completed by 
Laird Brothers, of Birkenhead, we did not think it 
necessary to mention that, on the previous day, the 
same firm had laid the keel of H.M.S. Royal Oak, one 
of the battleships of the Royal Sovereign class, author- 
isted by the Naval Defence Act of 1889. It may be 
that no announcement was made, as the laying of a 
keel plate is not usually marked by ceremony ; but, 
for some reason, the Laird family gathered in strength 
on that occasion. It was Mr. Henry Laird who, seeing 
on the dockside one of the ship draughtsmen (the late 
Mr. James Petree, M.I.N.A.) engaged on the design of 
the Royal Oak, and knowing him to be a keen photo- 
grapher, suggested that a group should be posed on 
the keel plate ; and it was typical of him to order that 
the foremen and shipwrights should be included in it. 

The Royal Oak was the first of four successive battle- 
ships to be constructed in No. 5 dock at the Laird 
shipyard, the others being 
Exmouth, in that order. The dock, which was partly 
hewn out of the bedrock (sandstone) underlying the 
shipyard, had to be lengthened to accommodate the 
Glory, and again lengthened for the Exmouth. It was 
provided with a semi-permanent wooden roof, which 
was removed when the vessels were to be floated out. 

The founder of the firm was William Laird, but it 
was his son, John Laird, the first Member of Parliament 
for Birkenhead, who was mainly responsible for the 
development of the business into one of the major 
shipbuilding yards in the country. On his election to 


the Mars, Glory and 


| Parliament in 1861, John Laird relinquished his 


interest in the firm, which was then carried on by his 
sons, two of whom (William and Henry) appear in the 





photograph. R. R. Bevis, sen., was the first engineer- 


form and a list of bending properties follows in which | ing manager, being succeeded in that position by his 


timbers are classified as 
** moderate ” and “ poor.” 


“very good,” 


“good,” |son, R, R. Bevis, jun. 
| inventor of the Bevis feathering propeller; and R. R. 


The senior Bevis was the 
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Bevis, jun., was associated with his own successor as 
engineering manager, the late J. Hamilton Gibson, in 
the development of the Bevis-Gibson flashlight torsion- 
meter, with which the first successful measurements 
were made of the power developed by marine steam 
turbines. Although this group photograph was taken 
60 years ago, it has not been reproduced previously, so 
far as we are aware ; nor do we know of any other 
which potnes together the members of a family which 
probably contributed as much as any to the develop- 
ment of iron shipbuilding. 





MOBILE EXHIBITION STAND. 


A NEw type of mobile display van, primarily for use 
at agricultural shows and similar exhibitions, has been 
produced by the British Oxygen Company, Limited, 
North Circular-road, Cricklewood, London, N.W.2. 
The bodywork, which was designed and built by 
Messrs. E. W. Campion and Sons, Limited, Braunstone 
Gate, Leicester, is arranged so that the vehicle can be 
converted into an exhibition stand with an overhead 
canopy, to demonstrate oxy-acetylene welding, and 
wool flame-cutting as including the prepara- 
tion of welding edges, and the flame cleaning of rusted 
metal ; racks are also provided for displaying technical 
literature and information. The complete changeover 
from van to exhibition stand can be made in about 
two hours by a driver and demonstrator when assisted 
by two other men. 

The vehicle has an underfloor Commer engine with 
forward drive, and during transit the display section 
behind the driver’s cab is totally enclosed to resemble 

the normal type of delivery van. Hinged and 
. detachable side panels are fitted, and when these 
are swung outwards or removed, an inner housing, 
is revealed, the outer walls of which serve as 
display areas for light equipment such as nozzles, 
fluxes and tools. Part of the outer ing on 
each side of the van swings horizon forwards 
and is fixed at right-angles to the centre line of the 
vehicle to form display walls concealing the driver’s cab, 
other els being used to extend these walls to the 
paws es A horizontal canopy, supported on tubular 
steel cantilevers, is fitted around the two sides 
and the rear, and, besides increasing the apparent size 
of the stand then formed, also provides some protection 
against sun and rain. The cantilevers are inserted 
from the outside into the steel-channel framework of 
the body, and are secured by half turns. They carry 
flat plates to which are bolted sections of a surrounding 
facia ; the canopy is secured by bolts extending from 
the lower ends of the facia, each section of the canopy 
resting on the previous one. 

7 a So ae oe oe 
the apex at the rear, where there is a low plat- 
form overhanging the rear axle; heavy equipment, 
such as @ 3-ft. universal flame-cutting machine, can be 
mounted on the platform at heights to facilitate easy 
control. The various gases needed for demonstration 
purposes are piped from a manifold joined to gas 
cylinders stowed inside the inner housing. This is also 
used for storing the canopy sections and facia boards, 
as well as small welding benches which are placed 
alongside the van. The overall dimensions of the 
vehicle when closed for the road are 27 ft. 6 in. long, 
7 ft. 6 in. wide, and 11 ft. 6 in. high. When opened 
out, with the canopy in position, the area covered by 
the stand is approximately 24 ft. 6 in. by 23 ft. 6 in. 





ELEcrrRIcIry SUPPLY STATISTICS.—During the month 
of April, 1950, 4,310 million kWh were generated in the 
stations under the control of the British Electricity 
Authority, the North of Scotland Hydro-Electric Board 
and the Lochaber Power Company, compared with 3,775 
million kWh in the corresponding month of 1949, an 
increase of 14-2 per-cent. Of this total, 4,175 million 
kWh were generated by steam and 116 million kWh 
by water power. At the end of April, the installed 
generating capacity was 13,879 MW, a decrease of 53 MW 
compared with the end of March. Compared with April, 
1949, however, there was an increase of 390 MW, or 
6-7 per cent. 


WELDING-ELECTRODE HOLDERS.—A new form of 
electrode holder, primarily for the welding of sheet 
metal, has been produced by the Quasi-Arc Company, 
Limited, Bilston, Staffordshire. It comprises a brass 
barrel which incorporates a spring-loaded plunger to 
wedge the electrode into a hole at one end of the barrel. 
This is held by a cylindrical insulating handle having a 
finger-operated trigger enabling the plunger to be with- 
drawn when a new electrode is to be fitted. A disc-like 
guard, which can be removed when not required, is 
normally attached to the barrel end of the holder, and the 
welding cable is sweated to the barrel. The holders are 
supplied in two sizes ; these are suitable for welding with 
16 or 14 s.w.g. electrodes up to 50 amperes, or with 16 to 
10 s.w.g. electrodes up to 150 amperes. 





LABOUR NOTES. 


Hints of the possibility of wage increases for fairly 
large sections of employees were given by Mr. Arthur 
Deakin, C.B.E., general secre’ of the Transport and 
General Workers’ Union, at a meeting of operatives in 
the tin-plate industry at Cardiff on May 20. He said 
that discussions which representatives of the Trades 
Union Co had had with Sir Stafford Cripps, the 
Chancellor of the Exchequer, might lead to the “‘ wages 
ceiling” being raised. As to those people who spoke 
so glibly about the wage freeze, they failed to appre- 
ciate that there was, in fact, no such thing. During 
the past twelve months, there had been an increase of 
200 million pounds in the nation’s wage bill and a 
position had now been reached where it might be 
possible to arrange some increase in the general level 
= wages without causing any undue inflationary ten- 

ency. 


A figure had been mentioned in connection with 
this possible increase, Mr. Deakin continued, but he 
did not feel justified in disclosing it. The main 
difficulty was to agree on who should receive wage 
increases. In his view, the unions and the Government 
should not ‘just lift the lid and have a smash-and- 
grab” for what could be had by those trades which 
were in a better position than others, owing to labour 
shortages and similar difficulties. He favoured the 
suggestion that some kind of independent national 
tribunal should be set up, to which unions could 
submit their claims. Such a tribunal, if it were 
established, would have to decide in which trades 
employees were receiving wages below the level of 
wages ruling in industry generally, and which trades 
should have priority in submitting their claims for 
increases. Mr. Deakin disagreed with the opinion, 
expressed in some quarters, that the over-riding con- 
sideration for the trade-union movement was to main- 
tain the present Government in power, regardless of 
any other consideration. 


Informal discussions between officials of the National 
Union of Mineworkers and resentatives of the 
National Coal Board took place on May 17 menting the 
claim of the Union for increases in the w of the 
lower-paid coal-mining employees. The difficulty of 
reaching a definition which would meet with the 
approval of the Board, the Union executive committee, 
and the various sections of the rank and file, on who are 
to be regarded as the lower-paid members of the 
industry has been, so far, the principal hindrance to the 
progress of negotiations. If the Union fails to secure a 
direct increase for its lower-paid members, it is felt 
by the Union that it might obtain much the same 
result by reviving its earlier demand for the re-insti- 
tution of the agreement which provided for the pay- 
ment of a cost-of-living bonus. 


A cost-of-living bonus was paid in the mining 
industry during the war, and in the early post-war 
years. Action to revive it, however, would necessitate 
an appeal to the industry’s negotiating machinery. 
The annual conference of the N.U.M. is due to be held 
in July and the executive committee of the Union 
would like the negotiations with the National Coal 

+ on some form of wage improvement for lower- 
paid employees, to have reached a definite stage by 
then. A meeting of the executive has now taken 
place, at which the attitude of the Board was discussed 
in detail. 


Efforts to secure the early withdrawal of the National 
Arbitration Order are to be made by the National 
Union of Railwaymen. Mr. J. B. Figgins, the general 
secretary of the Union, stated at Southport on May 20, 
that a motion calling for its immediate cancellation 
would be moved by the Union at the next annual 
congress of the T.U.C., which will take place at Brighton 
in September. Several requests for the rescinding of 
the Order have been presented to previous annual 
congresses, but without avail. In 1949, the annual 
congress referred the matter to the T.U.C. General 
Council, which, in turn, has asked affiliated unions for 
an expression of their views. Many unions disapprove 
of the Order owing to the stipulations it contains that 
no strike shall take place, unless the Minister of Labour 
has failed to take appropriate action to resolve the 
dispute within 21 days of receiving written notice that 
a disagreement exists. 


The membership of the Government-appointed 
committee which is to inquire into the recent unofficial 
stoppages at the London docks, was announced in 
Parliament by Mr. George Isaacs, the Minister of 
Labour, on May 18. Sir Frederick Leggett, a former 
deputy secretary of the Ministry of Labour, is to be 
the chairman. The other members are Mr. A. M. 
Holbein, vice-president of the Federation of Civil 





Engineering Contractors ; Mr. G. H. Bagnall, chair 
of the East and West Ridings Regional Board ;, 
Industry ; Sir Robert Hyde, who was, until recen: y 
director of the Industrial Welfare Society; and \; 
Wilfrid Garrett, formerly chief inspector of factor 
The inquiry is the result of a series of unofficial s 
pages at the London docks. It may be recalled t 
the last major unofficial strike, which took place j 
April, arose out of an internal dispute in the Trans}):,; 
and General Workers’ Union and, at its peal, involy 
more than 14,000 men. 


Terms of reference for the committee were announ: « 
by the Ministry of Labour, on the same date, as be: 
“to investigate fully the problem arising from ‘\\c 
stoppages which have taken place at the London doc 
and to consult with representatives of both sides » 
the port-transport industry, with a view to reportiy 
what steps can be taken to avoid further unoffic; 
action of the type that has taken place during the last 
three years and that has proved injurious to the trade 
of the country.” Mr. Arthur Deakin, who disapproved 
of the inquiry when it was first announced, stating that 
the Transport and General Workers’ Union had no 
knowledge of the purpose of the inquiry, later withdrew 
his objection. e then declared that his Union did 
not object and that, at no time, had it been said that 
the Union was not prepared to face an examination of 
the problems confronting the docks industry. Mr. 
Isaacs rejected a suggestion made in Parliament that 
the scope of the inquiry should be extended to cover 
other dock areas. 
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As will be apparent from its terms of reference, the 
committee will be able to investigate the working of the 
national dock labour scheme, which was introduced by 
Act of Parliament in 1947 to bring to an end the 
system of casual dock labour then existing, and to 
provide registered port employees with an assured 
minimum income. Some criticisms have been forth- 
coming, however, to the effect that the terms of 
reference have not been framed more precisely. Al- 
though the committee is not debarred from consulting 
individuals and organisations other than those com- 
prising the two official sides of the port-transport 
industry in London, there is nothing in its reference 
requiring it to do so. It is considered, also, that the 
inquiries of the committee should not be limited to 
conditions in London, as much important information 
might be obtained by studying the operation of the 
national dock labour scheme at other ports. There 
also appears to be a feeling that the attitude of the 
rank and file should be ascertained, in view of the 
criticisms which have been advanced by these grades 
against the dock unions. The preliminary meetings of 
the committee are expected to be held during the next 
few days. 


The National Union of General and Municipal 
Workers, which has continually opposed the “ strike- 
or-arbitrate”” ballot of the Confederation of Ship- 
building and Engineering Unions on the question of an 
increase of 20s. a week for engineering employees, 
made an unsuccessful attempt early this month to 
persuade the Confederation to reconsider the matter. 
The executive committee of the Union, at a meeting on 
May 16, reaffirmed its previous decisions that negotia- 
tions with the employers should be re-opened at an 
early date. It agreed, however, that the Union's 
members should have an opportunity to express their 
views, and should take part in the ballot. The com- 
mittee decided to circulate, with the ballot papers, an 
explanatory statement of Union policy, together with 
a recommendation to vote against strike action. 


The executive of the Amalgamated Engineering 
Union has decided not to make a recommendation to 
members of the Union on which way they should vote 
in the ballot. The executive committee of the Trans- 
port and General Workers’ Union issued a letter on 
May 18 to members of that Union concerned in the 
ballot, stating that, in the committee’s view, the policy 
of the Confederation should be to re-open negotiations 
with the Engineering and Allied Employers’ National 
Federation on a new wage structure for the industry. 
Particular attention should be given to the case of the 
lower-paid members of the industry. The letter affirms 
that the best advice that can be given to members of 
the T.G.W.U. is to vote against striking, as strike 
action would have far-reaching and disastrous effects 
on the well-being of engineering workpeople. 


A resolution asking that negotiations shall be 
re-opened on the claim for an increase of 6d. an hour 
in the basic rate of pay of emplcyees in the electrical- 
contracting ind was approved at the annual 
conference of the Electrical Trades Union at Ramsgate 
on May 16. About 25 per cent. of the Union’s member- 
ship would benefit at an annual cost of 2,340,000I. 
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INDUSTRIAL GAS TURBINES.* 
By Dr. H. Roxsze Cox. 
(Concluded from page 579.) 

THERE are three ways in which coal may be consumed 
in a gas turbine. First, there is direct internal com- 
bustion of pulverised coal in the open-cycle gas turbine. 
Second, there is two-stage internal combustion of coal 
in the open-cycle engine. By this I mean the gasifica- 
tion of coal in a gas producer and the internal combus- 
tion of the gas produced. This is most desirably 
achieved by employing a gas producer which works at 
the gas-turbine cycle pressure or higher. Third, there 
is external combustion of coal in either open- or closed- 
cycle engines. With direct internal combustion the 
major problem is to find how to deal with the com- 
bustion ash. This is a mechanical problem. There 
seems to be no chemical problem comparable with the 
vanadium problem of residual oil. A considerable 
body of work has been put in hand. Combustion 
research is in hand at the Fuel Research Station on 
two forms of combustion chamber One is a simple 
cylindrical chamber with a multi-jet burner, and the 
other a so-called vortex chamber, which is shown in 
Fig. 5, on this page. In the vortex chamber the fuel 
particles are burned while held in suspension between 
the inward component of the velocity of injection and 
the outward component of the rotational velocity 
imparted to the charge. At the British Coal Utilisa- 
tion Research Association, research is in progress on 
a cyclone combustion chamber, which is shown in 
Figs. 6, 7 and 8, herewith. In this type of chamber 
the charge velocity is designed to throw the particles 
on to the walls where they burn, leaving most of the 
ash in the form of liquid slag which can be withdrawn. 

Messrs. C. A. Parsons are adapting their experi- 
mental 500-h.p. gas turbine to run on pulverised coal, 
and the English Electric Company are beginning work 
on a 2,000-h.p. gas turbine, the cycle diagram for which 
is given in Fig. 9; with this it is hoped to demonstrate 





* The 40th May Lecture, delivered to the Institute of 
Metals at a meeting held in London on Wednesday, 
May 10, 1950. Abridged. 













and experiment with coal as a fuel on a practical scale, 
using ultimately all the t of chamber I have 
mentioned. In the case of two-stage internal com- 
bustion, we visualise a gas producer of cyclone form, 
operating at ash- ing temperature and capable of 
dealing with pulverised low-grade coal. It requires a 
high degree of blast pre-heat (about 1,000 deg. C.). 
This pre-heat is provided by a ceramic heat exchanger 
which also cools the gas products. The gas turbine 
associated with the gas producer has itself no particu- 
larly novel features. In the case of direct internal 
combustion, it is necessary to clean the whole through- 
put of the engine. In the two-stage system, however, 
it is clearly only the output of the gas producer that 
has to be cleaned. It is of interest to note that the 
successful development of the gas-producer part of 
the system will provide a “‘ total gasification ” method 
of considerable interest, quite apart from gas-turbine 
applications. A plant on the lines described, illustrated 
in Fig. 10, on page 608, has been ordered. In this 
diagram, a indicates the inflow of pulverised coal, 
entrained in steam, into the gasification chamber 6; 
c is the cleaner and d is the heat exchanger. The 
supercharger e is driven by the exhaust-gas turbine f, 
and g is the combustion chamber. The combustion 
gas from g pass to the turbine i, which drives, from one 
end of its rotor shaft, the alternator j, and, from the 
other end, the compressor h. The turbine is being 
provided by the Metropolitan-Vickers Electrical Com- 
pany, and the gas-producer part by the Incandescent 
Heat Company and Messrs. Joseph Lucas, Limited, 
working in collaboration. 

The possibility of ash causing deterioration of the 
turbine blading makes the idea of using a cycle in 
which the ash does not pass through the blading par- 
ticularly attractive. It is possible to arrange the open 
cycle to achieve this by heating the air in a “ boiler” 
instead of by internal combustion. The maximum 
possible use is made of the heat in the air after expansion 
through the turbine by using some of it as the air for 
combustion of the fuel in the boiler. Even so, the 
cycle cannot be very efficient (15 to 20 per cent.) and 
its charm lies in its simplicity. Simplicity is not, 
unfortunately, an invariable concomitant of elegance, 


Fig.6. 
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and in this cycle the heat exchanger of the air boiler 
is likely to obtrude unpleasantly if tubing of, say, 
? or 1 in. outside diameter is used, or else is likely to 
consist of a very large number of small tubes (say 
} in. outside diameter) which are difficult to clean. 
Nevertheless, the scheme is worth most serious con- 
sideration for duty with coal of high ash content. 

The closed cycle offers similar advantages without 
the disadvantage of low efficiency. So far, however, 
the large closed-cycle engine has generally been 
assumed to employ a pressurised air boiler, because an 
atmospheric air boiler would be unattractively large 
both on aesthetic and economic grounds. With the 
pressurised air heater, the advantage of avoiding 
passing ash through the main turbine would be largely 
neutralised by its having to pass through the turbine 
for supercharging the pressurised air heater. There 
is, therefore, much to gained by an atmospheric 
air heater, and Messrs. John Brown have now designed 
one which appears to be no larger than the pressurised 
one which it replaces. The principle which leads to 
this advance is the use in the atmospheric heater of 
radiant heat. Even with the atmospheric heater, 
there is still the problem of avoiding deleterious action 
of ash on the tubing of the heater. There are some 
experts who consider this as serious a problem as the 





action of ash on blading, and there are others who do 
not. It is in any case obviously sensible to pursue 





608 


ENGINEERING. 








both approaches to the problem of clean working 
gas—via in and via external combustion— 
simultaneously. That is, in fact, being done, and 
Messrs. John Brown are building a special coal- 
burning air heater to use with their 500-h.p. experi- 
mental engine. 

Peat as a gas-turbine fuel was first suggested by 
C. H. Secord in 1947, and the idea has had a particular 
appeal in Scotland, where large quantities are available. 
Peat, like coal, can be used in open-cycle and closed- 
cycle engines and with both of these is the possibility 
of using the peat in a wet state. Peat, when cut, is 
gene more than 90 per cent. water, and is ordinarily 
air-dried—a long and hence relatively expensive process 
—to about 30 per cent. moisture content for use. It 
can be taken into the gas turbine in a much wetter 
state, and the heat generated in the cycle can be used 
to dry it to the coulibee for ready combustion. The 
first steps towards the closed-cycle peat gas-turbine 
are being taken by Messrs. John Brown, who are 
making an air heater for their 500-h.p. set to take peat 
of 30 per cent. humidity. Messrs. Ruston and Hornsby 
are making a version of their 750-kW set to run on peat. 
In the first instance, the cycle will be as shown in 
Fig. 11. It is hoped that, in a later version of the cycle, 
the steam generated in the drying process will be used 
to ——— the power of the turbine. It appears 
possible to quadruple the power for a given size of 
plant by this means. There is, of course, with peat, 
as with coal, an ashing problem and similar means of 
cleaning are envi . As peat ash seems likely to 
be somewhat less abrasive than coal ash, it is possible 
that a maa lower standard of cleaning may be 

issible. 

It would seem that to use gas as a gas-turbine fuel 
would avoid some of the difficulties attendant upon 
the use of residual oil and solid fuel. Natural gas, 
blast-furnace gas, town gas and gas from petroleum- 
cracking plants are all possible fuels. Messrs. Brown 
Boveri have built a number of gas turbines to run on 
natural gas in oil fields, and two of the latest of these 
will shortly be delivered to the o-Iranian Oil 
Company for use in Iran. The same Swiss company 
have also in hand a 5,400-kW set for Luxembourg to 
run on blast-furnace gas. In this country, there are 
few appreciable sources of natural gas, and town gas, 
while perfectly suitable technically, is too expensive 
to use as a gas-turbine fuel. Gas turbines to run on 
blast-furnace gas and petroleum-cracking gas could be 
made if required. There are, however, two other 
sources of which may ultimately provide sources 
of energy of much greater magnitude. One is the gas 
from underground gasification of coal. If the — 
ments on underground gasification now in hand lead 
to success, we shall certainly consider utilising the gas 


in ms turbines. 

e other source is the “ firedamp ” or methane in 
mine up-cast air. If this methane could be fully used 
in efficient engines it could generate all the power the 
collieries require. The fact that methane rarely occurs 
in the up-cast air in concentrations higher than 1 per 
cent. is not basically a disadvantage, as an air : fuel 
ratio of 100: 1 is of the right order for a gas turbine. 
To get such a mixture to burn, however, a considerable 
amount of pre-heating is necessary. Sir Alfred Egerton 
has found that, for a 1 per cent. concentration, about 
980 deg. C. is required. It follows that the cycle of the 
firedamp gas turbine must provide preheating of this 
order. Fig. 12, herewith, shows the cycle diagram for 
such a turbine. A plant of this kind is being de- 
signed and will be built. The Ministry of Fuel and 
Power have ordered the gas turbine proper from the 
English Electric Company; and the National Coal 
Board will provide the site and installation. The plant 
is being designed for a concentration of about 1 per cent. 
If it were used in conditions where the concentration 
exceeds this figure, the up-cast air would be diluted 
with fresh air. If, as is very likely, it is used in condi- 
tions where the concentration falls below 1 per cent., 
then auxiliary fuel will be used to bring the equivalent 
concentration back to 1 percent. Clearly, this auxiliary 
fuel must be cheap if possible, even though the main 
fuel, the methane, costs nothing. Coke-oven gas is an 
interim possibility, but the ultimate aim is to bring 
together two lines of experiment—the firedamp work, 
on the one hand, and the coal-burning gas-turbine work, 
on the other. The target is a gas-turbine plant which 
consumes both firedamp and the colliery fines available 
at pitheads. 

The gas turbine is issuing its challenge to the steam 
turbine as a base-load plant. The steam turbine is a 
very efficient machine and represents a high standard 
of achievement. Its further development must, how- 
ever, be limited in scope, while the gas turbine is still 
not far from its beginnings. On the grounds of thermal 
efficiency, we may be encouraged by, say, the 34 per 
cent. of the 27,000-kW set at Beznau, an efficiency 
which few steam stations can equal. But the Besnau 
plant runs on oil, whereas in England, to compete 
generally with the steam turbine, the gas turbine will 
have to run on coal. A great deal of development will 
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Fig. 9. COAL-BURNING GAS TURBINE 
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have to be done before this is achieved on a practical 
scale. 

Those of us who have been closely associated with 
the gas turbine believe that its thermal efficiency can 
be raised as high as 40 per cent. At such an efficiency, 
and burning a cheap fuel, it will be very attractive 
indeed. But looking again on the debit side, we realise 
that to compete with large steam turbines, readily 
provided in 100,000-kW units, gas turbines will have 
to be developed to much larger sizes than any yet 
made or projected, or else an economic case for smaller 
units must be proved. If large units are demanded, 
then I think that they will be most conveniently 
provided on the closed-cycle plan. I say this because, 
power for power, the rotors of the closed-cycle plant 
will be smaller than those of the open-cycle plant. 
Rotor size is more likely to be the limiting factor in 
size than any other factor. On the other hand, the 
open-cycle plant as normally designed needs little or 
no water, and independence of water gives a di 
of freedom in choice of site which is very attractive 
indeed. There would not seem to be any chance of one 
type ousting the other ; both will be used, depending 
on the conditions of service and the designers’ tastes. 

In addition to high thermal efficiency, the gas- 
turbine power station has other attractions. It has 
no component equivalent in bulk to the steam-turbine 
boiler. In other words, for a given output, the gas 
turbine is much smaller than the steam turbine, and 
this should be reflected not only in the relative costs 
of the two kinds of plant, but in the relative costs of 
the buildings to house them. There is another inter- 
esting comparison to be made between them when the 
power station is considered as a source of heat for so- 
called “‘ district heating.” If a steam power station of, 
say, 30 per cent. efficiency is made to use its rejected 
heat in a hot-water heating system, then, though the 
overall thermal efficiency of the power-plus-heating 





Fig.11. PEAT GAS-TURBINE 
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system may be as high as 80 per cent., the efficiency of 
wer generation will be reduced to about 23 per cent. 
f a 30 per cent. efficient gas-turbine station is made 
to use its rejected heat similarly, then, though the 
overall efficiency is not likely to be more than 75 per 
cent., its efficiency in power generation is unaffected. 
It may be noted that the exhaust heat of the 10,000-kW 
set of Fig. 2, on page 579, ante, is used for “ district 
heating.” 

All the applications of the gas turbine to which I 
have referred so far are applications for the generation 
of electrical power. Power generated in this way 
could, of course, be used to drive trains on electrified 
lines. The gas turbine can, however, be used more 
directly for locomotion. The first gas-turbine loco- 
motive was built by Messrs. Brown Boveri for the 
Swiss railways and first ran in 1942. This engine has 
since run about 150,000 miles, mostly in regular 
service, in Switzerland and France. It employs a gas 
turbine of 2,200-h.p. of 18 per cent. efficiency, and 
electric drive. It normally runs on a blended oil of 
200 seconds viscosity (Redwood No. 1) and has given 
very little trouble. With the Swiss railways almost 
entirely electrified, there is little opportunity for the 

as-turbine locomotive in Switzerland, but Messrs. 

rown Boveri see the possibilities of such machines 
for export ; in fact, they built their second gas-turbine 
locomotive to the order of the Great Western Railway, 
and it was delivered in January of this year to the 
British Railways’ Western Region. This engine is of 
2,500 h.p. and 18 per cent. thermal efficieney, and is 
running at present on oil of 950 seconds viscosity 
(Redwood No. 1), which requires pre-heating to 100 
deg. F. A second gas-turbine locomotive was ordered 
by the G.W.R. from the Metropolitan-Vickers Elec- 
trical Company, and this should start its trials about 
the end of this year. The world’s second gas-turbine 
locomotive, however, started its trials in January, 
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10.9, in the United States. This is a 4,800-h.p. engine 
of 17 per cent. efficiency, designed and built by the 
General Electric Company of Schenectady. 

\]l these locomotives are oil burners. At the present 
timo, the oil-burning locomotive does not, except for 
special duties, appear very attractive on economic 
gr unds in this country. Our natural inclination is to 
us? coal as the main railway fuel, whether the policy 
be steam engines, electrification or gas turbines. If 
the gas-turbine locomotive is to have a future in this 
country, there is a strong umption that it will 
have to run on coal. In this connection, the coal- 
burning gas-turbine experiments which I have referred 
to are of considerable interest. Success with either 
the pulverised-coal engine or the gas-producer engine 
would represent the first step towards the locomotive. 

Our polic in this country is to make the gas turbine 
run successfully on coal before beginning to adapt it 
to locomotive duty. The geometrical restrictions and 
operational requirements of the locomotive would, in 
my view, have a crippling effect’ on progress if imposed 
at the outset. This “- I believe, also been the view 
in the United States, where the efforts of the Loco- 
motive Development Committee and their research 
engineer, Mr. Yellott, have been devoted since 1945 
to the problems of a gas-turbine locomotive running 
on pulverised coal. A bench-test engine, not that for 
the chassis, is now running on the test bed on coal. 
This locomotive engine, like the oil burners, is planned 
for electrical transmission. In this, the gas turbine 
has so far followed the Diesel engine, for which, because 
of its poor starting torque, electric drive is difficult 
to avoid. There does not appear, however, to be any 
compelling reason for the gas turbine, with adequate 
starting torque, to use electric transmission, and I 
look forward confidently to seeing a gas-turbine loco- 
motive with direct mechanical drive. 

For the gas-turbine locomotive, even though running 
on coal, to become standard equipment in this country, 
it will have to show itself economically superior to 
electrification. Main-line electrification has long had 
its adherents, and now the gas-turbine locomotive has 
its champions. Comparison of the two systems is a 
difficult and complex matter, and a great deal of careful 
and dispassionate estimation and analysis remains to 
be done before a critical evaluation can be made. I 
would not care to guess which will show up the better 
when the comparison is complete. If electrification 
proves superior for this country, however, there will 
still be opportunities for export which British gas- 
turbine locomotive makers will, I hope, be ready to 
seize. In countries where the low traffic-density makes 
electrification unattractive, where improvement on 
steam-locomotive efficiency is worth while, and where 
water is scarce, the gas-turbine locomotive is a potential 
boon. 

The other obvious possibility is to use the gas turbine 
for road transport. This possibility is being explored 
by more than one British company, and in March last 
the Rover Company demonstrated the first gas-turbine 
automobile in the world. The engine is a straight- 
forward open-cycle type, with a single-stage centri 
compressor of maximum pressure-ratio 4: 1, driven by 
a single-stage turbine at 40,000 maximum r.p.m., with 
a separate single-stage power turbine running at 
34,000 maximum r.p.m. The engine was designed to 
give 200 h.p., and is intended for commercial vehicles 
and marine applications, as well as for use in private 
cars. It has given so far 90 per cent. of its rated power. 
The lay-out is such as to provide for the incorporation 
of a heat exchanger, which is still under development. 
There is a fair prospect of developing such small gas 
turbines to efficiencies comparable with those of the 
conventional automobile engine, and if at the same 
time they are develo to run on Diesel type, or, 
better still, residual oils, they would be very attractive 
alternatives. 

The gas turbines I have mentioned so far have been 
straightforward prime movers, but the gas-turbine 
cycle can be conveniently used in combination with 
other cycles and with industrial processes. It was in 
such auxiliary roles that the earliest gas turbines of 
the present epoch were used. For example, in Messrs. 
Brown Boveri's Velox boiler of 1932, the gas turbine 
running on the boiler combustion products is used to 
supercharge the air supply to the boiler. In 1938, the 
gas turbine was first used as part of the Houdry oil- 
cracking process. In this process, cracking takes place 
on the surface of a catalyst which in turn becomes 
covered by a layer of carbon. By using two catalytic 
chambers, the carbon is burned off one while the other 
is in use, and the heat of combustion of the carbon is 
used to drive the gas turbine. The power generated 
is used to drive other auxiliaries. Messrs. Brown 
Boveri have built at least 29 of these specialised gas 
turbines. 

A gas turbine may be used for generating power 
from such heat as is liberated from reactions in chemical 
works, and which might otherwise be wasted or used 
less effectively. A turbine of this character has 
been commissioned from Messrs. John Brown for the 





Coventry gasworks at Foleshill.’ In this case, the flue 
gases from continuous vertical retorts provide, by 
external combustion, the heat source for a closed-cycle 
gas turbine of 700 kW. These flue gases could alterna- 
tively have been used under steam boilers, and the 
choice of method is dependent on circumstances. The 
gas turbine can be used in a number of ways in com- 
bination with an exhaust-heat boiler to produce shaft 

wer and process steam with high overall efficiency. 
ope also be used as an exhaust-driven supercharger 
for a prime mover, and as a source of compressed air 
for blast furnaces and steel furnaces, taking the furnace 
gases as its fuel. 

Nearly all the gas turbines I have mentioned employ 
axial compressors. The design of axial compressors 
has progressed steadily in the past few years under the 
pressure of aeronautical demands, and to-day a 6:1 
pressure ratio with ten stages of compression and an 
adia hatic efficiency of 85 per cent. presents no difficulty. 
The axial compressor, with its hundreds of fixed and 
moving blades, is, however, quite an expensive article 
to design and make, and its performance is sensitive 
to fouling of the blades, which, also are liable to 
damage if any foreign body finds its way into the 
compressor. Consequently, some thought has been 
given to the possibilities of the centrifugal compressor 
which, though common in aircraft gas turbines, has 
been employed in few industrial designs, among them 
the 1,000-kW experimental engine of the Oerliken 
Company in Switzerland, and the Rover car. 

The centrifugal compressor is not as efficient as the 
axial, but it should be cheaper to make and it is very 
robust. This last quality is of the greatest importance 
now that we are considering the gas turbine for work 
in which toughness is sometimes more important than 
efficiency. ‘Whether to use an axial or a centrifugal 
compressor in a particular case will always depend 
upon the circumstances of that case. Centrifugal 
compressors for aircraft, of 4: 1 compression ratio and 
80 per cent. adiabatic efficiency, have been made, and 
the Oerliken Company have shown that, when the 
space restrictions of the aircraft do not apply and 
intercooling is used, 87 per cent. is possible. The 
present domination of the industrial gas-turbine field 
by the axial compressor does not therefore appear to 
be indicative of the relative merits of the two forms 
of compressor, and there is a strong case for trying to 
develop industrial centrifugal compressors of high 
efficiency to give designers the maximum choice in 
—s the engine most suitable to the job. 

Broadly, the efficiency of the gas turbine increases 
with the increase of the maximum gas temperature 
permissible. In the case of the turbine rotor and 
blading, higher temperatures become possible with the 
development of methods of cooling and the develop- 
ment of materials capable of bearing stress at still 
higher temperatures than the present ones. Both 
these lines of development provide problems for the 
metallurgist. For example, the anette sweat cooling 
of blading requires the development of sinteri 
methods to produce a blade of adequate strength, 
sufficiently porous to permit the passage through it 
of clean air to form a continually-refreshed insulating 
layer of air on the blade. Internal cooling by the 
passage of air or water through ducts inside the metal 
is another alternative which also demands the develop- 
ment of constructional methods. 

The development of metallic materials to work at 
higher and higher temperatures has been steadily 
pursued since the aircraft gas turbine first appeared, 
and this development must continue. The demand 
does not come only from the turbine disc and turbine 
blading. For example, material properties at present 
limit the maximum temperature in recuperative heat 
exchangers to about 800 deg. C., and advance beyond 
this figure is highly desirable. It is not surprising that 
research has begun into materials which are partl 
metallic and ly ceramic, a development which will, 
I hope, be taken as a challenge by pure metallurgists. 
Even if gas-turbine designers were content with present 
temperature standards, the programme facing their 
material suppliers would be sufficiently onerous. 
Cheaper materials are needed. This does not neces- 
sarily mean new alloys; there are the possibilities of 
cladding and enamelling. Cheaper constructional 
methods are needed. This suggests a drive for more 
weldable alloys and the development of welding 
technique. 

This has been a brief review of some aspects of the 
industrial gas turbine with particular reference to, and 
emphasis on, the British contribution and effort. It 
may possibly serve as an introduction to the more 
technical and specialised literature of the subject and 
emphasise, what most metallurgists probably already 
recognise, the immense extent of the new field which is 

iming their wares. Confidence in the gas turbine is 
no longer restricted to its pioneers, and metallurgists, 
who have played so big a part in bringing it safely 
through i ove have an even bigger part to play in 
guiding it, with due regard to economy, through its 
adolescence—always a difficult time. 





COAST PROTECTION AND LAND 
RECLAMATION.* 
By M. Du-Pxiat-Taytor, M.I.C.E., M.I.Mech.E. 


Aone the coasts of these islands, as in other coun- 
tries, man has waged an unceasing war against the 
sea with varying success. It was stated before the 
Royal Commission on Coast Erosion in 1911 that, 
over a period of 25 years, the loss had been 31,000 
acres and the gain 30,752 acres. There is not much 
consolation in the fact that these figures nearly balance, 
because what is lost is agricultural land, buildings 
and highways, but what is gained is only shingle and 
sand. Erosion may be due to spasmodic on-shore 
gales, but is generally caused by the littoral drift due 
to prevailing currents running more or less parallel 
to the shore line, and moving material from place to 
place. Erosion is very prevalent on the East coast 
and parts of the South coast, whereas accretion is more 
or less confined to the West coast. On the Holderness 
coast of Yorkshire, erosion has varied from 7 to 15 ft. 
per annum, and as an example of accretion, the shingle 
banks at Dungeness were stated to be growing out 
seawards at the rate of 18 ft. per annum in 1852, though 
a later observation, in 1897, indicated an annual advance 
of but 1} yards. At Blackpool and neighbouring sea- 
side towns, sand has accumulated to such an extent 
that the sea is now a long way from the promenades. 
Erosion in shingle or sand beaches is very common, 
owing to on-shore gales, and many instances of this 
have occurred. In some cases, the level of a beach 
has been reduced by 10 ft. or more in less than a week. 

The erosion of cliffs is generally due to the sea under- 
cutting the foot of the cliff. In the case of chalk cliffs, 
falls are also caused by the infiltration of rain water into 
fissures in the chalk, followed by frost. The material 
collects at the foot of the cliffs and does afford a measure 
of protection for a time after each fall. Erosion in 
shale, or similar, cliffs is not only caused by under- 
mining by waves, but also frequently by a lack of 
under-drainage, which results in slips. The remedy is 
to underpin the cliffs by retaining walls, and providing 
under-drains. 

Till recently, coast protection was in the hands of the 
local authorities or seaside land-owners and, in some 
cases, in those of the Catchment Boards operating 
under the Land Drainage Act of 1930, where the shores 
were adjacent to a land drainage outfall. In most 
instances, it was carried out efficiently by the local 
authorities or Catchment Boards, but often inefficiently 
or not at all by land-owners, who were unable or un- 
willing to finance such expensive works. This state of 
affairs has been remedied for the future by the Coast 
Protection Act, 1949, by which Coast Protection Boards 
are to be created with powers to carry out such works 
in their areas or to compel the land-owners to c 
them out. Where works are to be carried out at the 
expense of the owners, the repayment by the owners of 
the cost of such works may be spread in instalments 


ing | over a period up to 30 years. 


The principal expedients for coast protection or for 
the protection of reclaimed areas are the provision of 
groynes and walls, or embankments. Groynes take 
advantage of the littoral drift by acting as traps for the 
sand and shingle which is being carried along by the 
current, so building up the beach. Material accumu- 
lates on the side from which the normal current comes. 
On the other side, a certain amount of scour takes 
place, so that the beach is built up in a series of steps 
at right angles to the line of the foreshore. Groynes 
are frequently sited at right angles to the line of the 
foreshore. The angle of groynes in relation to the 
shore line is a matter of considerable importance, and 
varies according to the local conditions. The study 
of the action of waves and current upon foreshore 
materials by means of model experiments has only 
been undertaken hitherto in a few instances; but 
this will be more frequently carried out, in future, at 
the new hydraulic research station to be constructed 
near Wallingford by the Department of Scientific and 
Industrial Research. 

The old-fashioned high timber groyne is a familiar 
feature at the seaside, and there is often a drop of 
six to eight feet between the level of the beach on the 
lea and weather sides of them. These groynes have 
been superseded by the low type of groyne, installed 
at much more frequent intervals, which build up the 
beach much more regularly, instead of in the deep 
ridges caused by the high groynes. They are usually 
constructed of timber planking attached to timber piles. 

When these groynes perform their work efficiently, 
the beach is built up to the top of the planking, and 
if further accumulation is required the groynes must 
be raised. To enable this to be done rapidly and at 
small expense, a type of low groyne has been devised 
in which the planking is supported by steel screw 
piles. When the beach has made up to the top of the 
planking, the piles may be raised by unscrewing them, 





* Paper read before the Royal Society of Arts, in 
London, on April 26,1950. Abridged. 
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and the planks either added to or lifted. The machine 
used for screwing or unscrewing these piles is easily 
transported and is operated by a petrol engine. 

Where it is necessary to keep the shingle from 
drifting into a harbour mouth and so blocking the 
channel, and at the same time to build up the beach 
alongside so as to protect the works, very long and 
high groynes are sometimes used which partake of 
the character of breakwaters. One of these was con- 
structed at Rye Harbour, Sussex, in 1929, and consists 
of two lines of timber planking, supported by long 
timber piles, 10 ft. apart. The timber piles on the 
weather side projected 10 ft. above the crown of the 
groyne. This was for the om ge of supporting planks 
if the accumulation of shingle should rise above the 
level of the crown. The space between the lines of 
side planking was to be filled in with concrete. The 
groyne is 1,560 ft. long, and, within a very short space 
of time, it accumulated shingle up to the crown level. 
Its influence extended for over half a mile along the 
foreshore on the weather side, gathering many thou- 
sands of tons of material. This necessitated the plank- 
ing up of the projecting part of the piles, and the 
planked portion was filled to the top. 

In Holland, where the beaches are almost exclu- 
sively of sand, low stone groynes are in some cases 
used, which have proved very efficient on this type of 
beach. One of these, at Scheveningen, is composed of 
three layers of brushwood fascine mattresses, woven 
out of brushwood on shore, launched into the sea, 
towed into position and then sunk by loading them 
with stone. Wooden stakes were then driven through 
them into the sand beneath ; and the mattresses were 
then covered with basalt in blocks weighing 2 cwt. 
These mattresses accommodate themselves to any 
undulations or hollows in the sand surface, which are 
thus sealed off so that no further changes in the surface 
can take place. Groynes are no protection against 
on-shore gales, which occasionally occur on most 
frontages. No serious damage may occur as the result 
of one on-shore gale, but a series may cause disaster. 

Very frequently, sea walls alone are relied upon, 
without groynes, but a combination of the two has 
generally been found to be most satisfactory. The 
earliest and simplest form of walling is the clay bank 
covered on the seaward face with stones or block chalk. 
Hundreds of miles of these were constructed in early 
times around the Thames estuary and elsewhere. The 
lower Thames embankments date from Roman times 
and were extended during the Dutch occupation of 
part of Essex. The Dutch make great use of these 
embankments, but, as the soil in Holland is sand, the 
slopes of the walls are much flatter than in the case of 
the English clay walls. They also use various forms 
of covering, suitable for retaining sand. Labyrinths of 
timber stakes are, in many cases, driven at about 
mean tide level either in the beach or slopes. These 
are very effective in breaking up the force of the waves. 

The seaward face of these walls is protected by 
basalt stone pitching. The walls have a seaward 
inclination of | horizontal to one vertical, and they 
have berms or flat platforms between the top of the 
front slope and the foot of the sandhills behind. To 
retain the sand in these berms, they are often covered 
or “ thatched ” with straw, a form of protection which 
is very effective. In other cases, the seaward slope of 
the wall is protected with plain concrete steps, 3 ft. 
wide by 1 ft. thick, the surface of the steps being 
inclined towards the sea. Walls for reclaiming land 
from the sea are composed of clay excavated for the 
formation of a collecting drain behind the wall or from 
special — pits in the foreshore, and they are sited 
preferably some little distance behind the edge of the 
saltings. The sea walls, in exposed situations. are 
usually covered on their seaward slopes with block 
chalk or stone or concrete slabs. In the case of a 
recent reclamation at Wainfleet, on the north shore 
of the Wash, the wall is 10 ft. high above the marsh 
level, 61 ft. wide at the base, and 6 ft. wide at the 
crown, with a seaward slope of four horizontal to one 
vertical. It is sited some 70 ft. back from the sea 
edge of the saltings. The material for the bank was 
obtained partly by digging the main drain and 
trom borrow pits dug on the seaward side of the bank, 
not less than 20 ft. from the toe of the wall. The face 
of the wall was protected by planting herbage on it. 

The largest embankments of this type hitherto con- 
structed are those for reclaiming the Zuider Zee. They 
consist of a main dam and subsidiary embankments 
enclosing various areas. The average width of the 
main dam is 500 ft., and the crown is 24} ft. above 
mean sea level. The seaward portion of the main dam 
is constructed of boulder clay, dredged up from the 
sea bottom, but the rear part, for two-thirds of the 
width, is of sand. The faces of the slopes are protected 
by mattresses woven from willow fascines, and by stone 
pitching of basalt, obtained from Germany. The 
mattresses are made on shore, floated out into position, 
and sunk by loading them with stone. They are built 
up out of willow fascines, bound with wire or withies, 
and then wired together to form the mattress. This 





system is an essential feature of all sea defences in 

olland and it is not too much to say that, without 
its use, protection could not have been afforded on 
those sandy shores. 

The pitching on the face of the walls at the Zuider 
Zee is of basalt, and the form of the basalt blocks 
enables them to be fitted together with very close 
joints, so that no jointing material is required. Where 
the pitching was on temporary banks, however, the 
blocks were not fitted together, but retained by stake 
and wattle work. Both the sand filling and the clay 
surfacing of the main dam and polder walls were 
dredged up from the sea bottom. The clay was raised 
by bucket dredgers or floating cranes, and the sand 
mainly pumped. Local widenings were formed in the 
dam to provide areas in which the sluices and locks 
were later constructed. In the Zuider Zee there is 
only a small rise of tide, and hence the closure was 
effected without any special measures being taken. 

In recent practice, the use of bitumen in facing sea 
walls has been adopted. A mixture of bitumen, sand 
and asbestos fibre has been used for jointing concrete 
or stone blocks on the faces. The bitumen jointing 
prevents the infiltration of water behind the blocks 
and their displacement by the sea. At the same time, 
it is flexible and permits of a certain amount of move- 
tment. In 1945, a revetment consisting of a sand- 
asphalt carpet, 3 in. thick, was laid on a sea wall. 
This has proved very successful and has been extended 
for a length of nearly a mile by 24 ft. 6 in. wide. In 
Great Britain, in where no sea wall exists but 
only a shingle bank, the shingle is often retained by 
faggoting of chestnut or other twigs, bound together by 
wire and planted upright in the beach. Timber breast- 
works are also used. The object of both these methods 
is to retain the shingle in the “ full” of the beach, 
which itself forms the protection to the land behind. 

The old type of masonry or concrete sea wall had a 
vertical or nearly vertical face, surmounted by a 
projecting coping intended to throw back waves which 
travelled up the face of the wall. In spite of this, 
in gales the waves often shoot up 30 or 40 ft. into the 
air and the water falling back on the roadway behind the 
wall does extensive damage. Further, the shingle 
in front of the wall is washed out by the water falling 
back upon it and by the undertow. This may under- 
mine the foundation of the wall and so cause its collapse. 
A striking example of this is the frequent damage 
which occurred for many years at Seaford, prior to the 
inception of the works which are now being carried out 
there. The remedy is to construct a wall of sloping 
character, with or without steps, which will allow the 
waves to run up it and gradually spend their energy. 
A curved parapet is usually provided at the top to 
throw the water back on to the sloping part of the wall, 
whence it may flow back harmlessly to the sea. 

Some of the earliest of this type of wall were con- 
structed by the author some 20 years ago at Littlestone 
in Kent. The form adopted where the beach was steep 
consisted of a series of reinforced-concrete steps, sur- 
mounted by a parapet wall of curved face, intended 
to throw back the waves when their force had been 
partly broken by surmounting the steps. A variant 
of this design, where the beach was flatter, had, above 
the seaward steps, a wide and gently sloped platform. 
At the top was a parapet wall with a curved face as 
before. An expansion joint filled with bitumen was 
provided at intervals, to enable the walls, which were 
nearly two miles in length, to expand and contract 
with temperature changes. At another part of the 
Littlestone frontage, the beach was extremely steep 
and no step-type wall could be used. Here a barrier 
composed of two lines of steel piling was put in, the 
space between the piling being filled in with concrete. 
Following the Dutch practice, a labyrinth of oak-staves 
was driven in front of this wall, which proved very 
successful in entrapping and building up the shingle. 

Reclamation has been practised in many parts of the 
world from very early times. It can take two forms, 
of which the first is reclamation by the enclosure of the 
land by banks or walls and drawing off the water. 
What was the former sea bottom or salt marsh can then 


y | be cultivated. An example of this is the reclamation 


of parts of the Zuider Zee, in Holland. The second 
form is reclamation by filling, or depositing, upon land 
below sea level, waste material so as to raise the surface 
above sea level. An example of the latter type is the 
raising of a large area of land behind the Western 
Quays at Southampton Docks, by pumping on to it 
material dredged from the sea approach channels. One 
source of material for this purpose might be house or 
industrial refuse. The quantity of this collected 
annually in London is 14 million tons and the cost of 
disposal in 1930 was 1,100,000/., including the cost of 
collection. Now it must be nearly double that sum. 
Some years ago, the author was concerned in a scheme 
for reclamation of the marshes bordering the Thames, 
with this refuse, but it was not successful owing to 
difficulties in regard to the effluent to the river, the 
nature of which contravened the regulations of the 
Port Sanitary Authority. 





An early example of reclamation by enclosure jg 
that of the Romney Marsh. In 55 B.0., it was a 
shallow bay, nearly surrounded by shingle banks, 
During the Roman occupation, A.p. 50 to 448, a sea 
embankment, known as the Rhee Wall, was «on. 
structed from east to west, which, in combination ith 
the natural shingle bank at Dymchurch, comp! tely 
enclosed a large area. During this later period, va>ious 
reclamations were made, south of the Rhee ‘\\\l, 
mostly by ecclesiastical bodies. Various changes ‘ok 
place between the Fourteenth and Seventeenth ( en. 
turies. Hythe Haven was blocked with shingle anc ihe 
River Rother changed its course from its original ou ‘all 
near New Romney to its present one at Rye. Tho old 
harbour of Romney became blocked with shingle «nd 
on its site the town of Littlestone was built, much |: er, 
In the case of Romney Marsh, the process of reclam:‘ ion 
was largely effected by storms and littoral drift. 

Reclamation by filling is usually done with drei zed 
material. If this is clay, the dredging is done by the 
bucket-ladder dredger. If, however, it is sand or 
even shingle the material can be raised by a suct‘on 
dredger. At the Southampton Dock reclamation, the 
material to form the sea wall or enclosing bank was 
deposited under water by a floating machine. ‘he 
barges containing clay were drawn in between the t win 
hulls of this vessel and emptied by means of a bucket 
elevator, suspended from the overhead gantry. From 
this elevator the material was carried by a belt conveyor 
along a projecting boom, and tipped into the sea. 
Reclamation by filling is more costly than that by 
drainage, but is profitable where dredged or other 
material has to be disposed of somehow, or where it is 
necessary to raise the level of the land. For agricul- 
tural purposes, however, reclamation by enclosure and 
drainage is always used, as the level of the surface of the 
land is immaterial, provided it can be drained. 

The first thing to ascertain, when contemplating 
reclamation of this kind, is the nature of the soil. 
A chemical and physical analysis of the soil is made, 
on request to the County Agricultural Committee, free 
of charge, by the National Agricultural Advisory 
Service at Cambridge, who also give advice as to 
whether the land is worth reclaiming and, if so, what 
additions of lime, phosphates, etc., nag A be necessary 
and what crops it will be suitable for. Generally 
speaking, such land is only suitable for grazing for the 
first 18 months to two years, while the salt is being 
washed out of the soil by rainfall. During this period, 
the vegetation will still be halophytic, consisting of 
such plants as samphire, which will be gradually 
replaced by ordinary meadow grasses. As is well 
known, however, halophytes form good pasture for 
sheep. The present-day cost of such reclamation is 
401. to 1501. per acre, depending upon the length of sea- 
walling required per acre. A system of internal drainage 
is, of course, necessary in every reclamation by enclosure 
with ditches leading to an outfall sluice or sluices. 





SUMMER SCHOOL IN AUTOMATIC COMPUTING.—The 
Board of Extra-Mural Studies of Cambridge University 
announce that a summer school in programme design 
for automatic digital computing machines is to be held 
at the University mathematica] laboratory from Septem- 
ber 12 to 21. The course will give a basic training in the 
mathematical use of the machines, dealing with the 
procesges employed and their embodiment in programmes 
which specify the operations in detail. A syllabus and 
application form can be obtained from Mr. G. F. Hickson, 
M.A., secretary, Board of Extra-Mural Studies, Stuart 
House, Cambridge. 

Royal AERONAUTICAL SocteTy.—The annual general 
meeting of the Royal Aeronautical Society was held at 
4, Hamilton-place, London, W.1, on Monday, May 15. 
In the summary of the Society’s activities during 1949, 
which was presented at the meeting, the outstanding 
feature was the granting of the Charter of Incorporation 
on January 17, 1949; to mark this event, a Charter 
Scholarship was founded, to the value of 3001. a year, to 
assist a student wishing to undertake advanced work in 
aeronautics. The first award was made to John Anthony 
Dunsby, B.Sc., in September, 1949. The Second Inter- 
national Aeronautical Conference was held in New York 
in May, 1949; the third Conference, for which prepara- 
tions are now being made, will be held in London in 
September, 1951. A satisfactory i in membership 
is recorded, from 7,327 in 1948 to 7,610 at December 31, 
1949 ; these figures include the Australian, New Zealand, 
and South African divisions of the Society. The work > 
on technical data sheets covering structures, aero- 
dynamics, performance, fuels and oils, has continued ; 
about 250 sheets have now been issued. Arrangements 
have been made for the publication of a series of mono- 
graphs on materials, instruments, hydraulics, aero- 
elasticity, performance, and aerodynamics. The first 
of these monographs, “The Properties of Metallic 
Materials at Low Temperatures,” by Major P. Lither- 
land Teed, has been published by Messrs. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, W.C.2. 
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TWIN-SCREW PASSENGER VESSEL 
‘“*LADY WRIGHT.”’ 


THE twin-screw motor vessel Lady Wright, which is 
intended for service on the Gambia river, has success- 
fully completed her trials and is now being prepared for 
delivery. The vessel was ordered by the Crown Agents 
for the Colonies on behalf of the Government of Gambia 
and was designed and built by Messrs. John Morris and 
Company (Gosport), Limited, 1-5, Broad-street Place, 
Finsbury Circus, London, E.C.2.; she was ocon- 
structed at their Fleetlands shipyards, situated at 
Gosport, Hampshire. Messrs. Flannery, Baggallay and 
Johnson, Limited, of London, acted as consultants for 
the Crown Agents. A photograph of the vessel, taken 
during her trials in Southampton Water, is reproduced 
above. Her entry into service will provide an im- 
portant addition to the Colony’s transport facilities. 
The Lady Wright will provide a weekly service, taking 
cotton goods, tobacco, sugar and rice to the hinterland 
and returning with palm kernels and groundnuts, of 
which more than 40,000 tons are exported each year 
to Great Britain. Some 280 passengers can be carried, 
12 in the first class, 18 in the second class and 250 on 
deck and, to meet the special requirements of the 
Colony, the ship’s facilities will include a, bank, post 
office, and a hospital. 

The vessel has an overall length of 160 ft., a length 
between perpendiculars of 156 ft., and a moulded 
breadth of 30 ft. The depth, moulded, to the second 
deck, is 13 ft., and the p made forward and aft is 
6 ft. 4 in. and 7 ft. 6 in., respectively. The load 
displacement is 565 tons and the deadweight 200 tons. 
The hull, which is of steel construction, has been 
coated with zinc to resist the corrosive effects of service 
in the Gambia river, and the entire superstructure has 
been built from aluminium alloys supplied by the 
Northern Aluminium Company, Limited. The light- 
alloy structure extends upwards from the uppermost 
continuous deck and includes the wheelhouse and 
funnel; there are, therefore, two aluminium-allo 
decks, each some 92 ft. in length, with a boat deck 
extending to the transom. The associated deckhouses 
on the second, third and fourth decks are also of 
aluminium alloy. The materials used comprise Noral 
65 ST plates, together with 51 SW and 51 ST extruded 
sections. The house side plating and lower strakes 
are 0-03 in. thick, the upper strakes are 0-025 in. 
thick, and the stiffeners are 3} in. by 2} in. by ¥ in. 
angles. The beams are 44 in. by 3 in. by } in. and 
5 in. by 34 in. by } in. angles. The uppermost deck 
is of wood with 9in. by 0-35 in. tie plates at the centre 
line and the ship’s sides and a light-alloy deck is fitted 
in way of the wheelhouse. 

The use of light alloys is an important feature of 
the design as it permits the draught to be kept to a 
minimum, thereby retaining the maximum operational 
range with an increased deadweight capacity. It is 
understood that the total quantity of aluminium alloys 
used in the Lady Wright is approximately 35 tons 
and that this has taken the place of some 70 tons of 
steel, which otherwise would have been necessary. 

The vessel is propelled by twin screws, each of which 
is driven by a Crossley type HRL 5/30 330-horse-power 





two-stroke Diesel engine, to give a cruising speed of 
10} knots. The HRL series of engines, like all two- 
stroke engines manufactured by Messrs. Crossley 
Brothers, Limited, incorporates the system known as 
“‘exhaust-pulse pressure charging” whereby the 
sudden release of the exhaust gases from one cylinder, 
and the consequent rise of pressure in the exhaust 
manifold, is used to prevent the escape of air through 
the exhaust ports of another cylinder. At the same 
time, the pressure of the exhaust gases, by acting 
through the exhaust ports of the cylinder being filled 
with air, imparts a degree of supercharge; cylinder 
pressures in the neighbourhood of 12 lb. per square 
have been recorded before the compression stroke has 
commenced. As indicated by the type designation 
letters, the HRL 5/30 engine has five cylinders. The 
design of the engine is simple and straightforward, 
special attention having been paid to accessibility. 
The crankshaft is supported by six whitemetal-lined 
main bearings, which are spigoted into the cast-iron 
bedplate. The crankcase is a separate unit, and the 
cylinder block, which is a single monobloc casting, is 
secured thereto by through bolts which extend from 
the top of the block to the bedplate, thereby relieving 
the cylinder block and crankcase from tensile stresses. 
The cylinder heads are cast from a semi-steel alloy, 
and, as the engine is of the two-stroke pattern, they 
are of simple design, being fitted with a fuel valve, 
air starting valve and a relief valve only. The crank- 
shaft is machined from a solid forging, the coupling 
flange being forged integral with the shaft. The 
thrust block is built into the engine aft of the flywheel 
and is secured to an extension of the baseplate. The 
connecting rods are machined from steel forgings and 
are bored throughout their lengths for pressure lubri- 
cation of the gudgeon-pin bearings. The pistons are 
of the trunk type, the surfaces being ground finished. 

The scavenge pump, which is situated at the forward 
end of the engine, is of the reciprocating tandem-piston 
type and is driven from a forward extension of the 
crankshaft. The fuel pumps are arranged in,a unit at 
the forward end of the engine and are driven through 
spiral gearing from the crankshaft. Regulation of the 
output is on the spill principle, separate plungers con- 
trolling the spill ports. Provision is made for altering 
the quantity of fuel delivered to each cylinder and the 
timing of the injection is altered by eccentric bushes 
incorporated in the fuel-pump cam followers. The 
engine is started and reversed by compressed air in 
the usual manner, the air being distributed by poppet- 
type valves operated through gearing from the forward 
end of the crankshaft. Starting, stopping and reversing 
is effected by the rotation of a single large-diameter 
handwheel located at the forward end of the engine, 
all manoeuvring operations, as a consequence, being 
exceptionally simple. Starting air is provided by a 
water-cooled compressor, driven from the crankshaft 
by an eccentric. The engine-room auxiliaries for 
lighting and pumping were also supplied by Messrs. 
Crossley Brothers, Limited, while the switchboard, 
electric cabling and part of the electrical gear in the 
galley were supplied by the General Electric Company, 
Limited, Magnet House, Kingsway, London. 

As previously mentioned, the Lady Wright is 








designed to carry 280 passengers, 12 in the first class, 
18 in the second class, and the remainder as deck 
passengers. The 12 first-class passengers are accom- 
modated on the third deck in five two-berth cabins 
and two single-berth cabins. The first-class dining 
saloon is at the forward end of the deckhouse, and 
the entrance hall and toilets are on the second, or main, 
deck. The 18 second-class passengers are provided with 
one two-berth cabin and four four-berth cabins, all of 
which are on the third deck. The second-class dining 
saloon is at the after end of the deckhouse and the 
entrance lobby, together with the toilets, on the 
second deck. The master’s cabin and bathroom are 
on the fourth deck adjacent the wheelhouse and 
wireless room. The deck hands are accommodated in 
the raised forecastle, while the engineers’, mates’, 
stewards’, cooks’ and other crew accommodation is in 
the tween decks aft. The vessel has a cargo capacity 
of 120 tons, the winch and derrick serving the main 
hatchway, which is forward of the bridge, being capable 
of a 12-ton lift. A comprehensive wireless system 
has been supplied by the Marconi International Marine 
Radio Company, Limited. 





SoLID SMOKELESS FUELS.—An interesting description, 
intended for general readers, is given of the character- 
istics, the production and preparation of natural and 
manufactured smokeless fuels, and their utilisation and 
storage, in an illustrated booklet issued by the Solid 
Smokeless Fuels Federation, 1, Grosvenor-place, London, 
S.W.1, at a price of 2s. post free. The Federation, which 
is a group of organisations engaged in the production of 
Welsh anthracite, Welsh dry steam coal, gas coke, hard 
coke and carbonised ovoids, represents about 95 per cent. 
of the total solid smokeless fuels produced in the British 
Isles ; its primary object is to ensure that solid smokeless 
fuels shall be used as efficiently as possible. 





THE GAUGE AND TOOL MAKERS’ ASSOCIATION.—At the 
quarterly luncheon of the Gauge and Tool Makers’ 
Association, which was held at the Savoy Hotel, London, 
on Thursday, May 11, under the chairmanship of the 
President of the Association (Mr. F. W. Halliwell), the 
principal guests were the members of a delegation of 
some 45 business men from Detroit, Michigan, who are 
visiting Europe, headed by Mr. Phil Huber. In wel- 
coming the American guests, Mr. Halliwell urged that 
everything possible should be done to strengthen the 
friendship between the peoples of Britain and the United 
States. “Let us,” he said, “make it personal and 
individual wherever and whenever possible. On funda- 
mental matters of principle, our two peoples have the 
same outlook. We both believe—in spite of the apparent 
evidence to the contrary in this country at the present 
time—in the freedom of the individual, in the freedom 
of the common man, and in the freedom of the uncommon 
man, also.” Following Mr. Huber’s acknowledgment, 
Mr. Willis H. Hall, secretary of the Detroit Board of 
Commerce, said that the delegation were considering 
possible opportunities for the investment of American 
capital in Europe, and for the supply of American 
machine tools of types not being produced in Europe at 
the present time. 
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Manual on Fatigue Testing. American Society for 

‘Testing Materials, 1916, Race-street, Philadelphia 3, 

* Pa., US.A.. [Price 2°50 dols. in paper cover, or 
oo ee 


- $3315 dols. in cloth cover:] 
‘Ts ‘publication, which-has been. prepared by Com- 
mittee —E9 te Batagtes oft the -American -Seciety- for 
Testing Materials, is just what its title implies ; it deals 
with fatigue testing and not with the whole subject of 
fatigue ; ‘it does not give the results of fatigue tests or 
gonsider theories of fatigue failure, although the 
im: t question: of the limitations of fatigue tests is 
dent with. The Manual, of 88 pages, is divided into 
ght sections, eath of which has been prepared by a 
i t member of ‘the’ E9 "Committee, which has a 
total: membership of 34! “Mr. R.. E. Peterson, of the 
ef laboratories “OF ‘the Westinghouse Electric 
Corporation, who is chairmaiy of the Committee, drafted 
the introductory section, -whigh explains the scope of 
the -work ; but ‘this and all the others have 
een discussed by ; the. whéle Committee, who have 
“Additions where necessary. The 
practice and views $f the majority of the members, 
ut, as it.is their 'first‘attempt to produce a publication 
of.this kind, criticism and suggestions are invited. The 
other sections deal, respectively, with symbols and 
nomenclature, fatigue-testing machines, specimens and 
their preparation, test procedure and technique, the 
presentation of data, and the interpretation of data. 
The first section is-a brief bibliography of published 
work on the subject, but:some of the other sections 
conclude with bibliographies relating to the branch of 
the subject ‘covered.by: the section. The Manual is 
illustrated by’ numerous: diagrams and graphs, and 
should well ' fulfil its object, which is to supply useful 
information to those who‘ have under consideration the 
setting up of new fatigue-testing laboratories. 


In the Workshop. By ‘* Durtex.”. Volume II. Percival 
Marshall and.Company, Limited, 23, Great Queen- 
street, London, W.C22. ~ [Price 8s. 6d. net.] 

Iw reviewing the first volume in.this series, on page 660 
of our 168th volume’ (1949),. we recommended it to the 
attention of the engineering apprentice, as well as to 
the amateur for whom it was dsténsibly written, as a 
valuable repository ‘of practical “‘ wrinkles” which 
would develop craftsmanship.as well as save money. 
Vol. II confirms and strengthens this opinion. That 
the authors (the text reveals. that the book is a joirt 
production) write from a long experience is evident 
on every page, apart, from the occasional references 
to tools that were acquired 25 and even 50 years ago. 
The book is based on articles contributed to The Model 
Engineer and is written with an admirable lucidity, 
aided by numerous line illustrations of equally high 
quality. In the chapter on taper pins, reference is 
made to the use of taper broaches as an alternative to 
the more expensivé fluted taper-pin reamers. The 
broaches are not recommended, as they “appear to 
be ground free-hand ” and, therefore, are not depend- 
ably accurate in taper. Having seen them made, 
however, in the shop of a “little mester” whose 
world-wide, clientele consisted mainly of watch and 
clock makers, we can say that they were not ground at 
all, but were hand-filed ;‘ with remarkable speed and 
accuracy, all things considered, but naturally with 
less uniformity than is achieved in the quantity produc- 
tion of taper pins on automatic machines. The advice 
is good, therefore, not to apply them to a purpose 
for which they are not intended. 


Punches and Dies. By Franx A. Stantey. Fourth 
edition: ““McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
4-75 dols.]} McGraw-Hill Publishing Company, 
Limited, Aidwych’ House, Aldwych, London, W.C.2. 
[Price 40s. 6d. net.} 

THE advance in press technique which has widened the 

use of metal stampings and has transferred many jobs 

from the foundry or the forge to the press room, has 
influenced the new edition of this book. While the 
progress is due mainly te more complicated and 
elaborate tools, an addition to an early chapter stresses 
the importance of simple tools for short runs, or for 
the period when the design of an article may be subject 
to c before becoming fixed for real production. 

In addition tq the inclusion of many new items, the 

new edition has been The chapter on 

“Dies for Piercing and’ Blanking” now also includes 

instructions for working stainless steel, sheet aluminium, 

and nickel-base alloys, 4s well as Jaminated plastics. A 

new chapter is devoted to cemented-carbide dies. 

While the advantages of carbide cutting tools in metal- 

removing machine tools are generally recognised, it is 

less well known that press tools of these materials 
enable a superior finish, closer tolerances, and incom- 





parably longer runs to be obtained. War-time necessi- 
ties led to many improvements, and the chapter on 
“ Drawing Dies and Drawing Methods” has been 
extended by information on cartridge cases produced 
from steel because of the shortage of brass and copper. 
‘Ai seéond chapter relating te deowing dies has been 
added, in which, in addition to some material already 
published in the “'War-time Data Supplement ’’ of the 
third edition, there are data relating to stainless steel 
and non-ferrous materials. Notes on dies for handling 
thin stock are given in the chapters on ‘“ Combination 
Dies and Compound Dies,” and on ‘“‘ Methods of Bend- 
ing and Forming.” A rather short addition to the chap- 
ter on “ Miscellaneous Tools ” deals with strippers for 
shells ; feeding devices are mentioned only, although a 
fuller treatment would be useful. ‘The chapter on 
““ Dies for Automobile and Aircraft Work” contains 
new illustrations and describes large presses and large 
drawing work for the aircraft industry. Many chapters 
have remained unchanged, but some alterations should 
eventually be made ; for instance, the formula at the 
end of the chapter on “ Finding the Size of Blanks ” 
should obviously read D = +/2h(d + d’) + d®, which, 
though not entirely correct, would be at least’a reason- 
able approximation. 


Tenoning, Mortising and Boring. By A. H. Haycoox, 
The Technical Press, Limited, Gloucester-road. 
Kingston Hill, Surrey. [Price 10s. 6d. net.] 

THE long-winded sub-title, ‘‘ Describing practical 
methods of setting up and operating the machines, 
together with the technique used in the preparation 
and maintenance of the cutting equipment,”’ indicates 
that this book is addressed to operators of these wood- 
working machines, and it is pointed out in the preface 
that apprentices and trainees should be the main 
beneficiaries. This may explain why it is written in a 
rather excessively colloquial style; but readers who 
are used to facts and generally accepted principles 
may become somewhat weary of reading what the 
writer considers, what the writer favours, what the 
writer can state from his own experience, and what the 
writer did when he saw the method in use for the first 
time, to quote a few of the all-too-frequently recurring 
references to the writer. As this book is the second 
volume of a series on woodworking machines, it may 
be suggested that the operation of a machine, or the 
preparation of a tool, or the nature of a work to be 
carried out, would be better understood if the technical 
terms were explained in a glossary ; and better still, if 
appropriate drawings were included to illustrate the 
terms used. 





LAUNCHES AND TRIAL TRIPS. 

M.S. ‘‘ WAVENEY QUEEN.”—Single-screw trawler, 
built by Messrs. Henry Scarr, Limited, Hessle, for the 
West Hartlepool Steam Navigation Company, Limited, 
West Hartlepool. Main dimensions: 84 ft. by 21 ft. 6in. 
by 10 ft. ; gross tonnage 114. Diesel engine of 207 b.h.p., 
constructed by Messrs. Mirrlees, Bickerton and Day, 
Ltd, Stockport. Launch, May 3. 


M.S. “ MirFoRD COUNTEsS.”—Single-screw trawler, 
built by Messrs. Cochrane and Sons, Limited, Selby, 
Yorkshire, for the Milford Steam Trawling Company, 
Limited, Milford Haven, Pembrokeshire. Main dimen- 
sions: 105 ft. (hetween perpendiculars) by 21 ft. by 
11 ft.; gross tonnage, 150. Six-cylinder four-stroke 
Diesel engine, to develop 350 s.h.p. at 375 r.p.m., with 
reverse-reduction gear giving a propeller-shaft speed of 
125 r.p.m., constructed by Messrs. Ruston and Hornsby, 
Limited, Lincoln, and installed by Messrs. Amos and 
Smith, Limited, Hull. Launch, May 4. 


M.S. “* BarRoxK.”’—Single-screw cargo liner, to carry five 
passengers, built by Messrs. Hall, Russell and Company, 
Limited, Aberdeen, for A/S Jelélinjen (Managers: 
Messrs. Fred. Olsen & Co.), Oslo, Norway. Main dimen- 
sions: 258 ft. (overall), by 38 ft. by 25 ft. 3 in. to shelter 
deck; deadweight capacity, about 1,560 tons on a 
draught of 16 ft. 5} in. British Polar eight-cylinder 
Diesel engine to develop 1,310 b.h.p. at 250 r.p.m., 
constructed by Messrs. British Polar Engines, Limited, 
Govan, Glasgow. Trial trip, May 9. 

8.S. **‘ Kenuta.”—Single-screw cargo vessel, to carry 
twelve passengers, built by the Greenock Dockyard 
Company, Limited, Greenock, for the Pacific Steam 
Navigation Company, Limited, Liverpool. First vessel 
built for these owners and a sister ship to follow. Main 
dimensions: 476 ft. (between perpendiculars) by 66 ft. 
by 40 ft. 8 in. to upper deck; deadweight capacity, 
10,925 tons on a draught of 28 ft.; gross tonnage, 8,200. 
Reaction turbines with double-reduction gears, to develop 
9,400 s.h.p. at 108 r.p.m., constructed by Messrs. Parsons 
Marine Steam Turbine Company, Limited, Wallsend-on- 
Tyne, and two steam-generating units, constructed by 
Messrs. Babcock and Wilcox, Limited, London, E.C.4; 
installed by Messrs. John G. Kincaid and Company, 
Limited, Greenock. Service speed, 16} knots. Launch, 
May 22. 
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CATALOGUES. 


Core-Bonding Resin.—A folder describing their Bectle 
resin W.20, which is used for bonding foundry sand cores, 
has been issued by Beetle Bond, Limited (of the British 
Industrial Plastics Group), 1, Argyll-street, London, 
W.1, 


Rolling Mills.—Messrs. Davy and United Enginecring 
Company, Limited, Park Iron Works, Sheffield, 4, have 
sent us a publication which contains a succinct illustrateq 
account of the production of a rolling mill from the design 
stage to the final assembly and erection on the site. 


Cemented-Carbide Cutting Tools.—A catalogue of the 
new simplified range of their Escaloy cemented -carbide 
cutting tools has been prepared and issued by the English 
Steel Corporation, Limited, Vickers Works, Sheffield, 9. 
Detailed line drawings and dimensions of all the tools 
are included. 


Finishing Processes for Aluminium.—Messrs, Alumilite 
and Alzak, Limited, Trafalgar Works, Station-road, 
Merton Abbey, London, 8.W.19, have sent us a brochure 
describing their Alumilite, Alzak, Alrok and Alpol 
anodising and ancillary treatments for the protection, 
colouring and decoration of aluminium and its alloys. 


Non-Ferrous Alloys and Bearing Metals.—The Phosphor 
Bronze Company, Limited, Bradford-street, Birmingham, 
5, have sent us a brochure giving particulars of the 
composition limits, physical properties, and chief uses of 
their ‘‘ Cog-Wheel” and other non-ferrous alloys and 
bearing metals. 


Aluminium Alloys for Structural Engineering.—Exam - 
ples of typical aluminium-alloy bridge and roof struc- 
tures are shown in a publication issued by the British 
Aluminium Company, Limited, Salisbury House, London 
Wall, London, E.C.2. Methods of fabrication and erec- 
tion are also dealt with and tables of mechanical and 
physical properties are included. 


Industrial Furnaces.—Several publications, dealing 
with their shaker-hearth electric furnaces for the con- 
tinuous bright hardening and tempering of small steel 
components, annealing furnaces for whiteheart malleable - 
iron castings, and high-frequency induction furnaces 
for a forge shop, have been received from Birlec Limited, 
Tyburn-road, Erdington, Birmingham, 24. 


Electric Motor Control Gear.—We have received from 
Messrs. Allen West and Company, Limited, Brighton, 7, 
Sussex, an illustrated brochure of some of their electric- 
motor control equipment, such as air-break contactor 
starters, oil-immersed switchgear, fuses, and switch- 
board apparatus. Typical applications of this equipment 
in industrial, marine, and traction services are illustrated. 


Mobile Concrete Mizer.—We have received from 
Messrs. Benford, Limited, The Cape, Warwick, a folder 
which describes their new lightweight portable concrete 
mixer. This machine has been designed to meet the 
demand for a small mobile mixer and can be towed by 
a light car in a trailer specially designed for this purpose. 
The mixer is driven by a four-stroke petrol engine and 
mixes three cubic feet of concrete in each batch. 


High-Tensile Steels.—A brochure on low-alloy high- 
tensile steels, which publication has been produced by 
the United Steel Companies, Limited, 17, Westbourne- 
road, Sheffield, 10, on behalf of their subsidiary com- 
pany, the Appleby-Frodingham Steel Company, Limited, 
Scunthorpe, Lincolnshire, has come to hand recently. 
Particulars of the properties and applications of the 
firm’s high-tensile Kuplus, Tormanc, Cor-Ten and other 
steels are illustrated and desrribed. 


Floodlighting for Ships.—A new brochure describing 
their range of floodlighting equipment for use with ships 
has been received from Messrs. Clarke, Chapman and 
Company, Limited, Victoria Works, Gateshead, County 
Durham. The fittings described are designed for the 
floodlighting of ships’ decks, holds, etc., and wharves 
and docksides. All fittings are of cast aluminium, ano- 
dised to prevent corrosion by sea water, and the brochure 
gives full details of their construction. 


Low-Resistance Dust Collector.—Messrs. Prat-Daniel 
(Stanmore), Limited, Dalston-gardens, Stanmore, Mid- 
dlesex, have sent us a leaflet describing their low- 
resistance dust collector. The unit has been designed 
for use with small boiler plants, and the manufacturers 
claim that the efficiency under normal conditions is 
sufficient to meet the requirements of all local authorities. 
The leaflet describes the collector in detail and several 
examples of installations are illustrated. 


Mobile Mechanical-Handling Equipment.—A pamphlet 
calling attention to the latest improvements in their 
range of earth-moving equipment, mobile cranes and 
tractors has been issued by the Chaseside Engineering 
Company, Limited, Station Works, Hertford. This 
points out that all machines are now fitted with 12-volt 
Lucas starting equipment and, with the exception of the 
“ buffer ” tractor, are arranged with the control levers 
for the scoop-mechanism inside the driver’s cab instead of 





outside as hitherto. 








JOS 


ENGINEERING. 


613 








LININGS FOR IRRIGATION 
CANALS. 
(Continued from page 532.) 

THE possibility of local failure due to frost heaving, 
or hydrostatic pressure, is common to all the types 
of rigid lining dealt with in the first part of this 
article. In many countries, trouble from frost 
will not arise, although ground-water pressure 





behind a lining may occur anywhere. As an alter- 
native to the use of Portland cement, asphalt may 
be used as the basic material for canal linings. It 
may be used to form linings able to conform to a 
reasonable amount of settlement, or bulging, of the 
sub-grade without rupture. Asphalt was at one 
time obtained from natural deposits, mainly in the 
West Indies, but now, at any rate in the United 
States, the chief source of supply is from the refining 
of crude oil. It is available commercially in many 
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forms, ranging through fluids, semi-fluids and solids. 
This variety has enabled it to be used in various 
ways. The Bureau of Reclamation report lists eight 
types of application in which asphalt has been em- 
ployed either for lining canals, or for treatment of 
the surrounding earth. The list is as follows :—hot 
mix; cold mix; prime-membrane; buried mem- 
brane; prefabricated surfacing; pneumatically- 
applied asphalt; embankment injection; and 
cut-off walls. Some of these terms are self-explana- 
tory but others are not, and they will best be dealt 
with separately and in turn. 

Hot mix is made up with the solid or semi-solid 
asphalts, which are known as asphalt cements. They 
become liquid at temperatures ranging between 
250 and 350 deg. F., and have to be mixed and 
applied hot. They may be stiffened and given 
better weathering properties by mixing with 
finely divided materials such as diatomaceous 
earth, rock dust, Portland cement or silt. When 
cooled to air temperature, such mixes develop a 
high degree of cohesion and stability and form 
durable and flexible linings. When placed and 
compacted by hand labour, linings of this type are 
relatively expensive, but the material is well 
adapted to mechanical handling, and where condi- 
tions permit the use of properly-developed equip- 
ment low installation costs are possible. The 
first lining of this type laid by the Bureau of Reclam- 
ation was placed in the Contra Costa Canal of the 
Central Valley project in California in May, 1939. 
Two experimental sections, resp-ctively 220 ft. and 
308 ft. long, were laid with a 3 in. lining, the first 
by hand and the second by a concrete lining machine, 
this latter section being provided with wire-mesh 
reinforcement. During the first summer, bulges 
and cracks appeared in the reinforced section and 
were attributed to expansion of the wire mesh. 
Some erosion has occurred at the water line of the 
hand-placed section in the course of rine years of 
service, and it is considered that the use of a harder 
asphalt mix, such as is now employed, would have 
prevented this. Creosote, kerosene extract and 
sodium chlorate were used as soil sterilisers around 
the canal, and no appreciable weed growth has 
occurred. 

A view of work in progress on the second hot-mix 
lining laid by the Bureau of Reclamation is given in 
Fig. 8, on this page. The work was carried out on 
the Snipes Mountain Canal, Washington, in 1939. 
The illustration shows the general procedure for a 
hand-placed hot-mix lining. The material was 
prepared in a central plant, distributed on trucks 
and compacted with a winch-drawn roller operated 
from a tractor. The lining was in good condition 
after seven irrigation seasons except for a section on 
which sodium chlorate had been used as a soil 
steriliser, which showed excessive weed growth 
through the lining at the water-line early in 1946. 
Sodium chlorate had proved satisfactory on other 
sections and the failure was attributed to the 
leaching out of the chlorate by irrigation water 
applied to lawns above the canal. Fig. 9, on this 
page, shows a section of the Malheur Canal in 
Oregon, with a 2-in. thick lining placed in 1944. In 
this case, sand and crushed rock were used as aggre- 
gate, producirg a hard surface. The lining has stood 
up well except at the junction of a lateral with the 
main canal, where high water velocity and turbu- 
lence has resulted in serious erosion at the bottom. 

Cold-mix linings are made up of one of the liquid 
asphalts and an aggregate. They are mixed and 
laid relatively cold, usually at an air temperature 
between 65 and 100 deg. F. Less complicated mix- 
ing equipment is required than for hot mix and 
cold mixes are convenient to use, especially for small 
jobs. They have the considerable disadvantage 
in that they do not attain immediately a shigh 
degree of cohesion, so that if placed on steep side 
slopes plastic flow will ensue if an appreciable 
resistance to creep is not developed within @ reason- 
ably short period. Such mixes are accordingly 
limited in their uses and they have not yet been em- 
ployed in any large-scale installation. A test section, 
20 ft. long and 78 sq. yards in area, laid in 1943, 
employing a very fine sand as aggregate, developed 
large shrinkage cracks. The lining had not failed 
after five irrigation seasons, but the cracks were 
still in existence and it is thought that they will 
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have an important effect on the ultimate life of the 
lining. LININGS FOR IRRIGATION CANALS. 

In the third method of utilising asphalts for the 
construction of linings, which is termed prime- 
membrane, the material is applied in the form of 
spray. The procedure is simple and the costs are 
low. The first operation is the pre-priming of the 
ground by spraying it with an oil such as Diesel 
fuel. This acts as a soil steriliser and expedites the 
absorption of the asphalt layer which is sprayed 
in turn. Fig. 10, on page 613, shows the application 
of a prime-membrane to a surface previously pre- 
primed with Diesel oil. The whole procedure in 
forming a lining involves three operations. The 
first is pre-priming with Diesel oil; the second, 
priming with an asphalt of low viscosity, which is 
absorbed by the earth; and the third spraying 
with an asphalt cement to which diatomaceous 
earth has been added. The prime membrane forms 
a relatively waterproof layer to which the surface 
layer is bonded. The asphalt cement used for the 
surface layer has a softening point at about 150 deg. 
F. and is sprayed hot. The success of sprayed 
linings of this type depends greatly on the nature 
of the earth in which the canal is formed. Unless 
the priming materials are properly absorbed, a me” 4 . 
stable lining cannot be formed. Soils with a — BAe Enns 
high clay content and some types of fine sand do not Fic. 11 
prime well. Linings of this type.would appear to ane 
be relatively fragile; it is stated that they are 
readily damaged by canal-cleaning operations and 
by the hoofs of heavy animals. 

The fourth method of forming an asphalt lining, 
which is described as buried membrane, is of recent 
introduction and little information is yet available 
about its performance in practice. Buried-mem- 
brane linings are formed by over-excavating a canal, 
or canal section, laying an asphaltic membrance by 
spraying a heated asphalt cement to a thickness of 
about 0-2 in. and then covering it with a layer of 
earth, sand, gravel or rock to a depth of 1 ft. or more. 
The essential purpose of such a lining is to prevent 
leakage through permeable soils. As the membrane 
is protected from weathering and mechanical 
injury, it is expected to have a long life. The 
membrane would not be disturbed by normal main- 
tenance operations, such as weed removal; if, 
however, it is provided only with an earth cover 
the canal would be subject to erosion. Matters 
could be improved by laying a gravel blanket. 
It is expected that linings of this type would be 
low in cost, have a long life and effectively control — 
seepage. A trial buried-membrane installation was ik 
made on the Kalmath project in Oregon in 1947, : oat 
on a lateral canal with a 5 ft. bottom width and a * a“? ~ et, 
normal water depth of 3-2 ft. The soil was largely pam i : 
pumice, light in weight and subject to severe crack- 
ing, and the buried membrane was laid because it 
was feared that loss of water through seepage might Fic. 12. Lining ForMEpD FROM PREFABRICATED ASPHALT SHEET. 
be serious. Three types of asphalt were applied, two 
being blown asphalt cements and the other an 
asphalt emulsion. This latter was unsatisfactory 
as it did not form a sufficiently thick impermeable 
membrane. The soil cover was replaced by a 
dragline. 

Asphalt linings built up of prefabricated materials 
have been installed experimentally; they are 
expensive but may be justified in special cases and 
may be convenient for small-scale work. Asphalt- 
saturated felts have long been used as roofing 
materials and asphalt-impregnated prefabricated 
bituminous surfacing was used for advarce airfields 
during the war. These and other examples sug- 
gested the possibility of utilising materials of this 
type for lining small canals. They are likely to be 
expensive but for small laterals and ditches the 
cost of installation would be low and unskilled 
labour could be employed. It is thought that 
material supplied in rolls, like roofing felt, could be 
laid either longitudinally or transversely at very 
low cost and should have a useful life of four or 
five irrigation seatons. For work on a somewhat 
larger scale, blocks of sheets of prefabricated 
material could be laid. They would cost more than 
material in rolls and would be more expensive to 
install, but should have a longer life and should be 
sufficiently strong to stand treading by livestock. 

Three experimental installations of this latter 
type have been made. Fig. 11, on this page, shows Fig. 13. Compaction or Eartu Lryine By Sueers-Foot Rouier. 
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Fic. 15. Brick Lrntne oF SemictrcuLaR CANAL. 


one of them. This is on the Boise project in Idaho. 
The arrangements are generally the same in all 
three installations except that the size of the blocks 
differs. In one case, they are 1} in. thick and 
measure 34 in. by 60 in. They are made up of 1 in. 
thickness of fine sand-asphalt cement hot-mixed 
with a saturated cotton-canvas backing. The 
fabric extends 6 in. on two adjacent sides of the 
block to permit a degree of bonding between the 
blocks. The soil was treated with sodium chlorate 
steriliser and the blocks were laid by hand and sealed 
with a hot asphaltic compound. For one of the 
installations, the blocks were reduced in size to 
34 in. by 42 in. to facilitate manufacture, handling 
and placing. 

The laying, in a small lateral, of a lining formed 
from prefabricated sheet is illustrated in Fig. 12, 
opposite. The material, manufactured by the Shell 
Development Company, utilises sheet asbestos as 
a reinforcing medium, carrying a layer of fine 
sand-asphalt hot-mix materials, } in. thick. The 
sheets were 10 ft. long and 30 in. wide and were 
sufficiently flexible to be wrapped round a barrel 
at a temperature of 75 deg. F. The sheets, as shown, 
were placed trarsversely in the canal and the 





joints were sealed with an asphaltic compound. 
The edges were bent over to form a berm. After 
rather more than twelve months’ service, the lining 
was in fairly good condition except that some surface 
cracking had developed in the bend on the berm. 
The large sheets presented some difficulty in hand- 
ling and it is considered that installation on an 
important scale would necessitate fabrication on 
site. The high cost of this type of lining, however, 
probably rules it out except for small installations 
and special cases. 

The term applied to the sixth type of lining listed 
is self-explanatory. Pneumatically-applied asphaltic 
linings may be built upin the same way as Portland- 
cement shotcrete linings. Sand, or other fine aggre- 
gate, is carried by an airstream as in equipment used 
for shotcrete work. At the nozzle the asphaltic 
material is sprayed into the stream of aggregate, 
resulting in a mixing of the aggregate and asphalt 
as they are ejected, and the mixed material is 
sprayed on to the surface to be covered. An asphalt 
emulsion of the medium-setting type has proved to 
be the most satisfactory material; rapid-curing 
asphalts do not furnish such a stable surface as the 
emulsion. The rebound from asphalt-type linings is 








not so great as that from cement linings. Compared 
with these latter, however, the asphalt linings tend 
to be more permeable. This type of asphalt lining is 
more expensive to construct than hot-mix machine- 
placed linings, but where extremely irregular 
sections, or other factors, prevent the use of hot 
mix, it may be economically justified. 

The last two methods of using asphalt for canal- 
lining work are not strictly lining methods at all. 
Embankment injection and cut-off walls are designed 
to deal with seepage through the surrounding 
ground. Asphaltic material has been used in these 
applications to a limited extent. To deal with 
seepage, pipes are either driven, or placed in 
augered holes, in the permeable soil, or sand, forming 
the leaking strata. An asphalt emulsion, or a low- 
viscosity oil, is pumped under pressure through the 
pipes. As the lower strata become saturated the 
pipes are gradually withdrawn in order to deal with 
those lying at a higher level. In permeable ground, 
this procedure leads to the formation of imper- 
meable plugs up to 10 ft. in diameter. It is stated 
that the method promises to be an economical way 
of controlling seepage through canal embankments. 
The alternative method of constructing cut-off walls 
has also been applied to some extent. A trench 
is excavated in the leaky embankment, and the 
material removed is then mixed with an asphaltic 
oil and replaced; or the walls of the trench are 
coated with an asphaltic membrance and then 
refilled with the original material, or a suitable 
substitute. The method is convenient when the 
banks are formed of material which can be excavated 
by a trenching machine and is sufficiently stable to 
stand up and not cave in. 

In many cases, seepage from irrigation canals 
can be eliminated, or greatly reduced, without the 
use either of Portland cement or asphalt, by lining 
with selected earth material. The permeability of 
some soils can be greatly reduced by compacting 
or by mixing with other soils. Relatively imper- 
vious material is frequently available within reason- 
able haulage distance of a canal and may be used as 
a lining, placed either loose or compacted. Further, 
many soils may be rendered less permeable by the 
addition of a binder. Soil linings, unless they are 
chemically treated, are susceptible to weed growth 
which may reduce considerably the carrying capacity 
of a canal; and the mechanical removal of weeds is 
often expensive and may be destructive to earth 
linings. These disabilities are being eliminated in 
practice by the use of inexpensive weed killers. 
Weed growth is also considerably reduced by mere 
compaction of the soil and may also be controlled 
by soil sterilisation. This latter method of control, 
however, is effective for only a few years owing 
to the leaching out of the steriliser by the water in 
the canal. 

In some cases relatively fine-grained soils may be 
compacted effectively in place. By scarifying the 
soil, adding moisture and compacting with sheeps- 
foot or flat rollers, or other equipment, the permea- 
bility of some soils has been reduced to one- 
hundredth of its original value. In many cases the 
permeability of soils may be reduced by increasing 
their cohesive properties by the incorporation of 
material of a different character. Thus, granular 
soils may be improved by mixing with clayey soils, 
and vice versa. It is stated in the report that 
the type of earth lining which is most widely used 
is probably a loose earth blanket made up of selected 
fine-grained soils. Provided the soils are fine 
enough to be impervious in the loose state and are 
sufficiently stable against erosion, this type of 
lining may prove satisfactory. It is not so positive, 
permanent or efficient, however, as compacted 
linings of similar material. Its advantages are the 
ease with which it may be installed, either during 
the construction period or after the canal is in 
operation. The layer should be about 12 in. thick. 
Although with this type of loose lining much of the 
material may be lost by erosion, or during cleaning 
operations, the fine soil tends to penetrate into the 
canal bed and form a seal. When a compacted 
lining is to be formed, a 6-in. to 12-in. layer of selected 
fine-grained soils, protected by a blanket of coarse 
soil or gravel 6 in. to 12 in. thick, should give 
satisfactory results. The proper placing of the 
material is of importance. The method of com- 
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paction employed will depend on the plant available. 
Fig. 13, on page 614, shows the compaction of an 
earth lining by means of a sheeps-foot roller operated 
from a dragline excavator. 

Probably the cheapest way to reduce seepage 
losses in an earth-lined canal is by silting. Silt 
may be recovered from one section of a canal and 
deposited in another or, in some cases, may come 
from a water supply, or may be introduced from 
other sources. Seepage reduction by silting depends 
on the formation of a thin impervious surface 
membrane of silt and clay on the wetted perimeter 
of the canal. The membrane is highly susceptible 
to attrition at the water surface, puncture, deteriora- 
tion by weathering and destruction by cleaning 
operations. It cannot be regarded as a permanent 
type of earth lining, but in some gravels ahd coarse 
sands the silt may penetrate to a considerable 
depth and form an impervious lining which will 
give good service. 

Earth linings of 2 more elaborate type may be 
formed by mixing selected materials with the local 
soil. Bentonite has been used in this way on 
some canal work in the United States. Chemically, 
it is a hydrous silicate of alumina, but the natural 
deposits vary considerably in quality. Some 
bentonites show a strong affinity for water, wetting 
being accompanied by swelling, and this property 
has been taken advantage of in canal linings by 
mixing the material with soil. In some cases the 
results have been satisfactory but the costs were 
high. Portland cement is a more generally available 
material and has been used mixed with soil to form 
soil-cement. The use of this material for canal 
lining was apparently suggested by its successful 
employment for paving air strips and secondary 
roads during the war. As the material employs 
soil from the canal excavation, the cost is low and 
compaction is not necessary. Not all soils are 
suitable, however, those of a sandy nature being 
preferable. Soils containing more than 35 per cent. 
of silt and clay can be used but require a higher 
percentage of cement. 

The procedure when laying a soil-cement lining 
is to prepare the foundation by consolidating the 
loose material and moistening it just prior to placing 
the soil-cement. The soil for the mixture is pul- 
verised so that 80 per cent. of the material, exclusive 
of rock and gravel, passes a } in. sieve. The mois- 
ture content at this stage should be below the 
optimum but sufficient to allow satisfactory pulveri- 
sation. The cement is then added and the soil and 
cement thoroughly mixed. A soil-cement ratio 
of the order of 5 to 1 is used. Sufficient water is 
added to the mix before laying to allow for compac- 
tion and for loss due to evaporation during manipu- 
lation, transport and placing. The mixture is 
conveyed to and dumped into the canal, spread 
on the bottom and sides and compacted by sheeps- 
foot or flat rollers. As the compaction of side slopes 
may be difficult, it is advantageous to increase the 
water content to produce a plastic mixture and 
employ a slip-form in laying the slopes. 

The construction of a soil-cement lining is illus- 
trated in Fig. 14, on page 615. The canal section 
had a base width of 4 ft., side slopes of 1-5 to 1, 
and a slope length of 5-41 ft. The lining was 3 in. 
thick and about 4 cub. ft. of soil-cement were 
required per linear foot. The natural soil was 
made up of poorly graded fine sands. The canal 
was excavated by a dragline and finished with a 
ditching machine. For the construction of the 
lining, a travelling mixer and a paving machine 
were used. These can be seen in Fig. 14. The 
travelling mixer had an overhead storage bin, and 
a pick-up conveyor at the front. The sandy soil 
which was to be used for the lining was placed in a 
windrow along the side of the canal] and the loose 
cement was placed in a groove on the top of the 
windrow. The conveyor picked up the sand and 
cement and delivered them to the mill, where they 
were moistened and mixed ; they were then passed 
to the hopper of the paving machine and distributed 
over the bed of the canal. The machine, which was 
moved forward by a cable attached to a winch, 
carried a slip-form which, when properly operated, 
left a smooth finished lining. Actually, considerable 
difficulty was experienced in, stopping, starting and 
cleaning the slip-form, and it was necessary to patch 





the completed lining after curing. This latter 
operation was usually carried out by covering the 
lining with damp sand, which was applied as the 
paving machine moved forward. 

Still another method of stabilising soils to form 
canal linings is by treatment with resins in the form 
of powder. This is again a case in which experience 
with ground stabilisation for air strips has suggested 
application of the same methods to canal linings. 
From | to 3 per cent. of resin is required ; mixing 
and compacting are carried out in the same manner 
as with soil-cement, but a lining of this type does 
not have to be kept wet to cure. The use of resin 
for canal linings has not passed beyond the experi- 
mental stage and a length of resin-stabilised lining 
constructed by the Bureau of Reclamation in 1945, 
suffered considerably from erosion, indicating that 
linings of this type would have to be protected by a 
blanket of gravel or some other material. 

Final methods of lining irrigation canals which 
may be referred to are the use of brick or stone. 
Brick linings have been used to a considerable 
extent in India where cheap labour is abundant 
and material for the construction of concrete 
linings may not be readily available. As the 
coefficient of expansion of brick is approximately 
only half that of concrete, brick linings exhibit 
fewer temperature cracks and expansion joints 
are not necessary. Bricks are also well adapted 
for the construction of canals of semicircular section 
of the type illustrated in Fig. 15, on page 615. 
This section is hydraulically more efficient than the 
usual form but cannot be produced in concrete 
without the use of forms. Brick linings also require 
very little equipment for their installation, but, 
in general, are not likely to be adopted except 
in situations where cheap labour is available. 
They have, however, been used to a considerable 
extent in the Lower Rio Grande Valley iv Texas ; 
Fig. 15 shows construction proceeding in that 
area. Special bricks, 14 in. by 5} in. by 11} in., 
are used. They are formed with longitudinal 
holes which decrease their weight and into which 
the mortar penetrates and acts as dowel pins. The 
longitudinal edges of the bricks are formed with 
grooves for centring the reinforcing wire mesh 
which can be seen in the illustration. In this 
particular area, where suitable labour is available, 
this type of lining for small lateral canals is stated 
to be cheap and satisfactory. 

Little need be said about stone linings. They have 
been used for centuries in many parts of the world, 
but under labour conditions very different from 
those existing in developed countries to-day. 
Any work carried out at the present time is likely 
to be with rubble, rather than dressed stone, and 
in special situations. 


(To be continued.) 





ADMIRALTY INSTRUCTIONAL FILMS.—About 300 naval 
instructional films, dealing with such subjects as the 
stability of ships, fire-fighting in ships, electronics, navi- 
gation, etc., are now available for private showing by 
non-Service authorities and interested bodies ; they will 
not be available for exhibition to the public or to fee- 
paying audiences. Particulars may be obtained from 
the Director of Stores (5b), Admiralty, Whitehall, London, 
8.W.1. 

IRON AND STEEL ORDERS.—Two new Iron and Steel 
Orders have been issued by the Minister of Supply. In 
the first, the Control of Iron and Steel (Scrap) Order, 
1950, Statutory Instrument 1950, No. 754, the con- 
trolled maximum delivered prices of iron and steel scrap 
are raised. The second Order, the Iron and Steel Prices 
Order, 1950, increases the maximum prices for pig iron, 
cast-iron pipes and fittings, wire and wire products and 
rainwater and soil goods. These price increases 
are the result of higher transport costs. 


THE Port or ROTTERDAM.—To mark the completion 
of the work of restoring the city and port of Rotterdam, 
an exhibition entitled “‘ Rotterdam Ahoy!” is to be 
held there from June 15 to August 15. The aerial bom- 
bardment of 1940 laid waste some 645 acres of the city, 
and the dry docks, wharves, warehouses, cranes and 
other harbour equipment was systematically destroyed 
by the Germans before they retreated from Rotterdam in 
the autumn of 1944. The damage to the port has now 
been made good. The exhibition is laid out in the parks 
on each side of the Westzeedijk, at the northern end of 
the Maas Tunnel. 








COMBUSTION IN INTERNAL- 
COMBUSTION ENGINES. 
III.—THE COMPRESSION- 

IGNITION ENGINE.* 


By Proressor Ir. J. J. BRoxze. 


In the extent of its application, the compression- 
ignition engine is only a midget beside its spark- 
ignition colleague ; the compression-ignition engiiic 
industry is proud of millions of horse-power, where 
the automobile industry spouts forth millions of 
power units. Yet the compression-ignition engine 
is as fascinating as the other, and has my sneaking 
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preference as the nor,-glamorous work horse ; non- 
glamorous, that is, if we overlook the decoration 
on some American Diesel trains. It may be said 
readily, and as a theme for this lecture, that the 
compression-ignition engine is the job for hard 
work; it gets better and certainly becomes less 
critical about its fuel as more power is developed, 
and that is a definite contrast to the spark-ignition 
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* The third of four lectures on ‘‘ Combustion in Spark- 
Ignition and Compression-Ignition Engines,” delivered 
at King’s College, University of London, in 1949. For 
the first and second lectures, see pages 434 and 464, ante, 
respectively. The illustrations are numbered con- 
seeutively through the four lectures. 




















































































































well-known people, seems only to rise to fame when 
already middle-aged. Lately, the way to success 
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engine. It has had a hard youth and, like so many 


has been staked out by its development toward 
high speeds of rotation, but not before a lot of 
obstacles and undergrowth have been removed could 
one see this road really free. In this lecture, I 
shall deal with the direct aspects of combustion, 
which have to be mastered for ultimate success. 
The great difficulties encountered in controlling 
combustion in compression-ignition engines are 
twofold : the control of the actual mechanical work 
in getting the fuel timely within the combustion 
chamber, and the contro] of its subsequent reaction 
with the charge air. Complications arise from the 
difficulty of observing all the phenomena involved 
and accurately obtaining relevant data, and from 
the often—in high-speed engines—loose couplings 
between the two parts of the process that must, at 
all cost, be co-ordinated if one is to understand 
what is going on. All discussion about a pressure- 
time chart or a pv diagram—the principal sources of 
information—must be based on accurate thermo- 
dynamical charts, embodying ideal combustion ; 
that is, they should show pressure and other desired 
data as developed from a ‘‘momentaneous”’ and 
complete combustion of every particle of fuel at the 
very instant it enters the cylinder, a condition 
obviously not to be materialised. For this it is 
necessary to know accurately the course of injection 
in terms of quantity of fuel injected at every 
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moment during the injection period, for which there 
are now good apparatus and calculation methods. 
As it is an almost obvious truth that at no time can 
there be more energy developed than the fuelinjected 
up to that time has carried with it (and it will 
generally be less), one may learn what one wants 
to learn about conditions inside by noting the lag 
in energy development existing at any time. This 
may be studied when comparing the diagram with 
the stipulated ideal and actual combustion diagrams. 
The ‘‘ideal combustion ’’ diagram itself (Fig. 22) 
is of a typical thermodynamical character. The 
relationship between rate and duration of injection, 
efficiency and combustion pressures is certainly of 
interest, as well as the change in diagram with 
varying fuel charge (Fig. 23). It depends very 
much on the lag of actual combustion behind the 
ideal, in what measure these changes are reflected in 
the actual pressure cards; generally speaking, at 
low speeds it is more nearly complete than at high. 
Some features in engine behaviour may directly 
be traced thus, for instance, when a change-over 
is made from a fuel of low to one of higher specific 
gravity which has, in effect, a greater heat of 
combustion per unit volume (Fig. 24); this means 
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practically, a higher rate of injection in terms of 
heat units per degree, and the “ideal” diagram 
will show it by a higher maximum pressure, a shorter 
injection pericd and a higherefficiency. Ifthe engine 
does reflect this, one should not be surprised ; if it 
does not, probably the fuel of higher specific gravity 
has, at the same time, other features which result in 
slowed-up combustion. This may then be verified. 

The actual pressure diagram (Fig. 25) shows the 
three phases already referred to by Ricardo in his 
well-known book: ignition delay, uncontrolled 
pressure rise or explosion due to fuel already 
present, and consequent diffusive combustion of 
further fuel injected. Part of this may continue 
fairly long when conditions are bad, which is known 
as after-burning. Note here that one should never 
confuse the elementary conception of explosive 
and diffusive combustion with notions of combustion 
at constant volume and constant pressure, respec- 
tively. Fig. 26, herewith, shows, for instance, an 
actual pressure card from a low-speed compression- 
ignition engine with almost 100 per cent. diffusive 
combustion, but also a large part burnt at constant 
volume. This is merely a matter of timing of 
the process relative to piston movement. ’ 
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We must now turn our attention to the control of 
the combustion ; and let us single out two main 
items, knock and efficiency. The question of 
combustion knock is, of course, a major one in 
the operation of compression-ignition engines and 
is gaining in importance as units with bigger cylin- 
ders are being run at increased speeds. Knock, of 
course, is primarily caused by the uncontrolled 
pressure rise after the ignition delay, and the noise 
may have two sources : structural vibrations induced 
by the more or less discontinuous pressure rise, 
and gas vibrations within the combustion chamber. 
The former have been described many times ; the 
latter have been indicated incidentally, but never 
as systematically as in the case of spark-ignition 
engine detonation. However, their occurrence 
should not astonish anyone who is familiar with the 
elastic properties of dense air in volumes the size of 
combustion chambers. With respect to structural 
damage, unless knock is very severe indeed there 
need be no particular fear. The noise is the actual 
trouble, especially in crowded engine rooms with 
medium or high-speed machinery. Very often 
the trouble is more pronounced at medium than at 
high speeds. What do we know about the pheno- 
menon? First, the delay is of primary importance 
(Fig. 27), as is well known, and it may be held within 
reasonable limits by a combination of engine condi- 
tions and fuel ignition quality. Second, for an equal 
delay, the rate of injection has an influence, as may 
be guessed, but as the delay itself may also be 
influenced by this rate, the total influence is some- 
what variable. Yet use may be made of this 
relation to inject some fuel slowly in advance 
of the main body (pilot injection, or simply acceler- 
ated injection). In some engines this is achieved 
knowingly by arranging the injection system so as 
to produce a small pressure wave first, followed by 
the main wave, which fully opens the injection 
valve (Fig. 28). As the waves increase in height with 
increase in speed, some kind of a correction for 
increased speed is being obtained (Fig. 29), but at 
the cost of losing, at certain speeds, the desired pilot 
action. 

The degree to which the fuel is atomised, vaporised 
and mixed during the delay period is of very great 
importance with regard to the fierceness of the 
uncontrolled pressure rise. . It is certain that some 
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ignition, the reactions occurring distinctly in vapour 
phase ; but only a little localised vapour is neces- 
sary, and there need be no general evaporation. The 
difference in explosion after an equally long delay, 
between a volatile distillate fuel and a heavy residual 
fuel, with correspondingly less noise, may be noted 
(Fig. 30). 

The influence of turbulence is complicated. In 
general, by promoting dispersion of the fuel sprays, 
it will promote the speed of combustion and thereby 
increase knock for a given delay and injection 
system. On the other hand, with strong turbu- 
lence, it is possible to use a few jets, or only a single 
jet, which keeps its fuel mainly in a concentrated 
core (Fig. 31). With reasonably short delays, this 
may result in extraordinary smoothness due to the 
gradual merging of the explosion into the third, or 
diffusive, phase. Exceptionally strong turbulence, 
with velocities of 100 m. per second or more, may 
have disastrous effects on knock by destroying the 
rich core of the spray, thereby prolonging the 
ignition delay. The air-injection engine was very 
prone to rather critical settings due to this feature 
(Fig. 32). One could continue for hours on knock 
alone; a fascinating subject requiring years of 
study to master it to any degree, and loving care 
in the development of an engine—which it does not 
always get, as efficiency is thought more im- 
portant. 

Efficiency in a compression-ignition engine is 
mainly a matter of balancing losses due to after- 
burning with losses of power and heat due to strong 
movements in the charge, created to improve mixing. 
The ideal would seem an arrangement whereby the 
best mixing is obtained with the minimum of move- 
ment in the charge. This might be obtained by a 
multi-injector arrangement. Usually, however, we 
have to make one injector do, but fortunately one 
may often obtain a satisfactory result by employing 
100 per cent. or more excess air. In that case, 
very attractive fuel economies. are often achieved, 
together with low cooling-water losses, by the use 
of an undirected air intake with low air velocity, 
a multi-hole nozzle and an adapted piston crown 
shape (Fig. 33). It is of interest to reflect, with 
regard to the diffusion problem in such a combustion 
ehamber, that the largest eddies in the intake pipe 
are of the order of, roughly, 0-1 of the cylinder 





fuel must evaporate or crack in order to initiate 


diameter. This would mean that—very roughly 
indeed—eddy diffusion would be effective in areas 
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of that size and smaller. This is in reasonable 
agreement with practice, for such engines, with 
quiescent combustior chambers, all have six-hole to 
ten-hole atomisers, and the free space between the 
jets is of the order mentioned. 

The main task in such a case is to find the right 
compromise between the length of the injection 
period (which should be around 20 deg. crank angle), 
spray length, the number of sprays and the injection 
pressure. Often one may not be content with an 
allowance of 100 per cent. excess air, which serves to 
limit operating temperatures in engines operating 
constantly at full load, but one requires greater 
power. Supercharging may provide it without diffi- 
culties, if one is very critical about the efficiency of 
the supercharger and the manifolding. It is very 
easy to lose more than one gains by bad blowers, but 
even more than that by bad manifolding. The 
belief that volumetric efficiency is not important 
when one has power available—so little with these 
low pressures only !—has caused many disappoint - 
monts in supercharged engines. However, whether 
there is a blower or not, one naturally strives, in 
engines for intermittent power development, for 
higher air utilisation and, as more air is used, after- 
burning increases, evidenced by smoke and the 
rising fuel consumption per horsepower-hour. 


That smoke should be caused is a sign of things 
being seriously amiss with the mixing, for free carbon 
means local mixture patches with probably over 
double the theoretical mixture strength. The 
over-rich petrol engine does not smoke, usually. 
After-burning may be corrected by advancing the 
injection, which moves the delivery of the energy 
up nearer top dead-centre, but then the main part 
of the combustion occurs early and causes a high 
pressure (Fig. 34). Do not trust engines with high 
combustion pressures unless they have really out- 
standing fuel consumption. 

Checking up on after-burning may best be done 
by employing pressure cards (which must be very 
accurate indeed, however) and reproducing them 
on logarithmic paper (Fig. 35). The best indicator 
for such work is still the point-by-point type, like 
the Farnborough or improved versions, and with 
triple-checked drum-drive timing. Electronic indi- 
cators, indispensable though they are for much 
work, are no good here. 

For a given engine, load, speed and fuel, a given 
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It is very instructive to vary a factor and see what| . 


happens. We have done this frequently by varying 
the fuel.* The main variations introduced are those 
in volatility and ignition quality; the effect on 
the efficiency of various engines is shown in Fig. 36. 
It is obvious that one cannot speak about a distinct 
trend in fuel preference ; rather one may say that, 
given any fuel, one can work out the mechanical 
details to suit it. The differences in efficiency are 
most pronounced at very high loads, when the 
mixing meets with most difficulties. At the other 
extreme, no load, there is a more distinct trend, 
namely, that volatile fuels of high cetane number 
usually are the most efficient. This preference may, 
therefore, be in conflict with that shown at full load 
in the same engine. 

For the future, I venture to think that the 
combination of high supercharge, with a proper 
air excess of 100 per cent. or so in order to obtain 
great insensitivity to these mixing difficulties, and 
with full utilisation of the exhaust-gas energy (the 
compound engine) will become more and more 
widespread. The more one sees supercharging in 
compression-ignition engines, the more attractive it 
becomes; differences in fuel qualities tend to 
diminish, the efficiency increases. Wear problems 
are still serious on this path, in particular when 
applying it to the two-stroke, but great progress 
has already been made. 





LITERATURE. 


Engineering Structures. Butterworth’s Scientific Publi- 
cations, Limited, Bell-yard, Temple Bar, London, 
W.C.2. [Price 25s. (21s. to Research subscribers).] 

In September, 1949, a symposium was held in the 

University of Bristol on current problems in struc- 

tural engineering research, under the auspices of 

the Colston Research Society. The proceedings 
have now been published by the monthly journal 

Research as a special supplement, to form Vol. II 

of the new series of Colston Papers, which are, in 

effect, the transactions of the Society. The Colston 

Research Society, which perpetuates the memory 

of an Eighteenth-Century patron of education and 

the arts in the city of Bristol, had been concerned, 
for some years since its foundation in 1899, with 
the support of individual research projects, but it is 
now concentrating its resources and influence on 
the dissemination of scientific knowledge. The 
symposium was organised by Dr. A. G. Pugsley, 

Professor of Civil Engineering in the University of 

Bristol, and the 14 papers, now published under one 

cover, together with abstracts of the ensuing oral 

discussions, were presented by a representative 
sample of research workers and university teachers, 
including members from Cornell, Oslo and Delft. 
Sir Richard Southwell, who might properly be 
described as the guest of honour if he were not 
also @ member of the Colston Society, graced the 
proceedings with an address of outstanding interest 
and breadth of vision. Discoursing with the author- 
ity and experience of one who, for 40 years, has been 
one of the foremost architects of progress in engi- 
neering science, Sir Richard presents a bird’s-eye 
view of current trends and needs in structural 
research, and all in a manner which may be fully 
apprehended by the non-mathematical engineer. 
One of the first points made is that “‘ the essential 
unity of structural research, whether for ships, 
buildings or aeroplanes”? must be brought once 
more into sharper focus—a timely reminder in 
view of the ever-broadening front of activity in 
applied research. This thesis is developed with 
the help of some illuminating examples with empha- 
sis on the present importance of dynamics in 

a branch of applied science ‘‘at one time almost 

wholly concerned with statics.’’ As an illustration, 

he calls attention to a possible weakness in welded 
structures under fatigue, due to the lack of 

‘‘damping,”’ which, in riveted structures, is pro- 

vided by the hysteresis inherent in the presence 

of a riveted joint. In his own words, he risks a 

conjecture that ‘‘ it will not be long before structural 

engineers are faced by an urgent problem ; how to 
endow their structures with artificial ‘damping.’ 








* “Smoke in High-Speed Diesel Engines,” by J. J. 
Brueze and C. Stillebruer. 





- the problem must be solved if 
welding, now a development of great promise, is 
not to be set back by some disaster as unexpected 
and at first sight inexplicable as the ‘ aerodynamic’ 
failure of the Tacoma Bridge.’’ Here is food for 
thought, and, though it may be doubted whether 
structural engineers will take kindly to the sugges- 
tion that, in girder bridges, the riveted stiffeners 
could sometimes be avoided, with advantage, by 
introducing web corrugations, the whole of Sir 
Richard’s address merits close attention by all 
engineers with constructional interests. 

Of the body of technical papers presented at this 
symposium, it may be said that by no means all of 
them fall into that class of technical communication 
which engineering institutions order to be published 
‘* with written discussion,’’ as being too abstruse for 
oral presentation at an open meeting. Much of 
the work, however, needs further interpretation 
before it can be applied with advantage by the 
engineering designer. There is always a danger 
in extracting from scientific papers crumbs of 
apparently useful information, which may be mis- 
leading if applied out of their context. It is difficult 
in a short notice to single out particular papers for 
special mention, but Professor Pugsley commands 
attention by the straightforward and elegant way 
in which he has taken the sting out of some pro- 
blems in shear web bucking, which hitherto have 
been, studied largely by experiment because of the 
difficulties of rigorous solution by classical methods 
of analysis. In general, this volume of the Colston 
Papers will be most appreciated by research investi- 
gators ; and the practical designers will look forward 
hopefully to reaping the benefit of this work in due 
course, in revised handbooks and codes of practice. 





Radio Aerials. By Prormssor E. B. MOULLIN. 
Geoffrey Cumberlege, Oxford University Press, Amen 
House, Warwick-square, London, E.C.4. [Price 50s. 
net.) 

Ir seems appropriate that the appearance of this 

work should coincide with Professor Moullin’s 

tenure of the presidency of the Institution of 

Electrical Engineers, since, for years past, serious 

students of radio have found the papers appearing 

in the Journal and Proceedings of that Institution, 
under his name, of great interest and value. In 
the volume under review, the substance of many of 
these papers, together with much ordinary teaching 
material, has been incorporated into a substantial 
treatise on electromagnetic theory as applied to the 
diverse problems of antenne. This is the second 
of a series of ‘‘ International Monographs on Radio” 
published by the Oxford University Press, who state 
that ‘‘ whether the treatment is mainly physical or 
mathematical has been left a matter of personal 
choice.” In this instance, the synthesis of the 
physical and the mathematical has been most 
happily attained; due, undoubtedly, to the 
mastery that Professor Moullin has of the theoretical 
aspects of his subject, and the wide practical experi- 
ence that he has gained in the laboratories of one of 
the largest industrial concerns in England. Through- 
out the book there is an air of authority, which is 
only strengthened by such a frank statement as 

‘though the writer has often used Yagi aerials, he 

has not had experience of developing them, and 

therefore shrinks from writing much on the subject.” 

A similar intellectual honesty would improve many 

of the books being published to-day. 

While the treatment is very general, centimetric 
aerials of the horn and similar types are nowhere 
mentioned, and the title, Radio Aerials, seems to 
have been chosen to denote that radar aerials are 
not considered. Maxwell’s equations and the 
Lorentz equation and conception of retarded poten- 
tials are early established, and some apparently 
pedantic exercises are worked out, to establish “the 
alphabet and simple grammar of the language ” of 
the book. Chapter II develops some standard 
diffraction patterns, polar diagrams and power gains 
of curtain arrays, an exercise analogous to the 
study of the plane diffraction grating in physical 
optics. Chapter IIT deals with the problems of a 
long current-carrying filament in front of an infin- 
itely extended flat sheet reflector, including a 
discussion of Vee reflectors. Chapter IV passes 
naturally to the half-wave aerial combined with a 





Vee reflector, and Chapter V discusses the semi- 
infinite sheet, and network reflectors. Chapters VI 
and VII deal with some further problems of cylinders 
and flat sheets, and Chapter VIII, on the single 
isolated aerial, concludes the theoretical section. 

The next five chapters form the experimental 
section of the work. This does not comprise only 
a string of experiments to be performed by the 
student ; such experiments are included, but the 
whole scope is much broader. General technique is 
described, and an occasional aside—‘‘ The work has 
to be carried out in the field, often in cold, drizzle 
and high wind, and, therefore, it is essential that 
all instruments shall be very easy to handle ”— 
throws the whole subject into relief. Especially 
important are the results of experiments carried out 
by the author and others, which serve to illustrate 
the whole text. Results are given for ideal and 
practical cases, and the discrepancies between the 
two are discussed. A thorough study of this section 
should help to give the student some of the “‘ feel ”’ 
of the subject, a familiarity with the order of 
magnitudes which is so often lacking in graduates 
straight from technical schools and universities. 
The format of the book is naturally of a high 
standard, and should stand up well to the hard wear 
that it is likely to receive in the hands of students 
and designers of short-wave aerials. 


Indentation Hardness Testing. By VINCENT E. LYSaGuT. 
Rheinhold Publishing Corporation, 330, West 42nd- 
street, New York 18. [Price 5.50 dols.); and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 448. net.] 

WHATEVER may be the complete interpretation, in 
terms of fundamental physical properties, of the 
resistance of a substance to plastic deformation, the 
experimental fact remains that modern techniques 
of indentation hardness testing afford an index of 
quality which is remarkably consistent and instruc- 
tive. Combined with the rapidity and simplicity 
of the test, which is practically non-destructive and 
can be applied with a minimum of preparation to an 
actual component (as distinct from a separate 
Specimen assumed to be representative) these 
advantages offer an attractive means of production 
quality control. During and since the war, conse- 
quently, experience of indentation hardness testing 
has markedly expanded, and the corresponding 
scientific interest, both in its practice as an indus- 
trial routine and in the endeavour to understand its 
metallurgical implications, has led to advances of 
knowledge in a number of directions. 

Nevertheless, so thorough and comprehensive are 
some of the earlier books have a worthy successor to 
them calls for truly authoritative theoretical and 
practical knowledge of hardness measurement. 
Mr. Lysaght modestly disclaims such qualifications, 
but his 20 years of experience in designing and using 
hardness-testing apparatus, his obviously keen 
interest in every aspect of the subject, and the 
respect which his opinions command in the United 
States, are evidence of his ability to present a com- 
petent statement of important trends in hardness 
investigation. This he does, in cencise and readable 
style, after a sufficient historical introduction to the 
principles underlying hardness assessment and a 
critical survey of indentation testing machines, 
among which the dynamic Scleroscope and several 
types of portable instruments are included. 

Among recent developments in hardness testing, 
the elongated rhomboidal impression of the Knoop’ 
indenter is of unusual interest as being not yet 
widely known or used in this country for testing 
thin sheet material, hard cases and electrodeposited 
coatings. Mr. Lysaght deals expertly with these 
applications and writes instructively about the 
special problems raised by sheet metal, cylindrical 
surfaces, hot hardness, microhardness and the 
indentation testing of non-metallic materials, paying 
detailed attention to the techniques of measurement 
required in, different applications and to the relation- 
ship and significance of the index values obtaired 
from different instruments. The interest of his 
book to research workers is thus enhanced without 
detriment to its value to industrial metallurgists and 
mechanica] engineers, and his well-illustrated and 
fully-documented text can be recommended as a last- 
ing contribution to a science of growing importance. 
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ELECTRIC POWER-STATION 
EFFICIENCY.* 


By T. P. Everett, B.A. 


Tue history of the development of power stations 
has been one of constant striving for increased efficiency, 
and the record of the cost of a unit of electricity to the 
consumer over the = 50 years is a testimonial to the 
success of these efforts. In spite of increasing costs 
over much of this period, it is only recently that rising 
fuel and capital costs of plant have overtaken increases 
in efficiency and the price at which electricity can be 
econdmically marketed has had to be increased. The 
steady growth of load, and the concentration of genera- 
tion in a relatively small number of large stations has 
been a combined impetus to the plant designer to 
produce larger units, until to-day the majority of plant 
on order for the British Electricity Authority consists of 
units of 60 MW, the — size which, until recently, 
was considered suitable for more or less standard units 
running at 3,000 r.p.m. 

In an effort to overcome the plant shortage after 
the war, two standard sizes of unit were fixed by a 
Statutory Rule and Order, each size being associated 
with fixed steam conditions. The smaller of these 
two sizes, 30 MW, operating at 600 lb. per square inch 
and 850 deg. F., was established practice long before 
the war. The larger standard, 60 MW at 900 lb. pres- 
sure and 900 deg. F., represented the maximum advance 
which was considered at that time to be desirable under 
conditions of acute plant shortage. From considera- 
tions of size, efficiency and capital cost, development 
is rightly restricted to 3,000 r.p.m. machines; and a 
limit in the choice of size was set by the alternator end 
until many years of experience in the United States 
with hydrogen-cooled generators broke down prejudice 
against them inthiscountry. To-day, hydrogen cooling 
is accepted, and the way is open for a further advance 
in the size of the unit. 

At recent meetings of the International Electro- 
technical Commission a third standard unit was recom- 
mended by the British delegation, namely, 100 MW 
operating at a pressure of 1,500 lb. per square inch 

uge and a steam temperature of 1,050 deg. F.—a very 

advance in temperature, bearing in mind that 
the two smaller standards differ by only 50 deg. F. 
The choice of sites available for erecting new power 
stations is becoming more and more difficult and, with 
an annual increase in plant capacity of approximately 
1,500 MW, four new sites, each suitable for a large 
station, must be found each year. A year ago, there 
were only five stations in the British Isles with an 
installed capacity of more than 300 MW, and nearly 
40 per cent. of all the plant was in stations with 
individual capacities less than 100 MW. The desira- 
bility of concentrating plant in large stations is obvious 
from the operational point of view, particularly with 
the increased complexity of modern thermal cycles and 
the high degree of supervision still necessary to obtain 
maximum efficiency and reliability. 

To compare the possibilities of the next proposed 
step in improvement of the thermal cycle with what is 
obtainable with present standard conditions, and to 
form an opinion whether the proposed step is a logical 
one, the “ cycle efficiency ” has been worked out for a 
number of different steam conditions. To present as 
simple a picture as possible, consideration has been 
limited to eight cases, summarised in Table I, herewith, 
six of which are advances on the standard 900 Ib. and 
900 deg. F. cycle, and including the proposed 1,500 Ib. 
and 1,050 deg.F. cycle. 

The cycle efficiency may be defined as the thermal 
efficiency of a turbo-alternator unit with turbine and 
alternator efficiencies equal to 100 per cent. and with 
an infinitely large number of feed-heating stages, in 
each ef which the heat transfer occurs in a reversible 
manner. In each case, it has been assumed that feed 
heating is carried up to a temperature of 70 per cent. 
of the saturation pressure corresponding to the inlet 
steam pressure, and the vacuum been assumed to 
be 29 in. of mercury throughout. Change in vacuum 
cannot affect any arguments relating to the choice 
of live-steam conditions and, with a practical feed- 
heating system consisting of a normal number of stages, 
a higher regeneration temperature than that assumed 
would show extremely return. 

A column has been added in Table I showing the 
percentage gain in cycle efficiency related to the 900 lb. 
900 deg. F..cycle, and a comparison of these percentages 
shows how the “ law of diminishing returns ” operates 
both with increasing pressures and temperatures. 
For the three temperature copditions at 1,500 lb. per 
square inch, an increase in temperature from 950 deg. 
to 1,000 deg. F. shows.a percentage gain of 2-8 per 
cent, related to the “ standard ” conditions, while, for 
the next 50 deg, F. increase up to 1,050 deg. F., the 





* Paper presented at a meeting of the North-East 
Coast Institution of Engineers and Shipbuilders, held in 
Newcastle-on-Tyne on Friday, March 24, 1950. Abridged. 


corresponding is only 0-9 cent. Similarly, 
there are rahe, —atbak cammnees ob 1,000 deg. F., a 
steps of 300 lb. per square inch. An increase of pressure 
from 1,500 lb. to 1,800 Ib. shows an increase of 1-9 per 
cent., while a further increase to 2,100 lb. shows only 
1-5 per cent. gain, in spite of the fact that the method 
of fixing the feed temperature in terms of the steam 
pressure masks, to some extent, the diminishing gains 
in the case of varying ures. 

If the efficiency of the various components of the 
cycle could be taken as being unaffected by the terminal 
conditions adopted, a choice could be made solely from 
these figures and a comparison of costs and probable 
reliability. If the overall thermal efficiency for any 
particular design conditions is calculated for a com- 
mercial plant with a specific turbine and feed-heater 
performance and compared with the cycle efficiency, 
the ratio of these two quantities may be termed a 
“performance coefficient,” and will represent how 
nearly the actual plant attains the ideal for the terminal 
conditions chosen. The two items of plant affected 
are the turbine and feed-heating system, and the effect 
of terminal conditions on their performance has to be 
examined. 


TABLE I.—Final Feed Temperature equal to 70 per cent. 
of the Saturation Temperature Corresponding to the Inlet 
Pressure; Vacuum 29 in. Hg. 
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The efficiency of the high-pressure end of a steam 
turbine depends, in the main, on the initial steam 
volume. With units of the size under consideration, it 
should always be possible to provide a sufficient number 
of stages to utilise the available heat drop with the 
maximum efficiency available from the blade profiles 
to be used. If one turbine is bladed with a more effici- 
ent profile than another, or if one design has larger 
gland or blade-tip leakage losses than another, there 
will be differences in efficiencies ; but such differences 
should not themselves be dependent on the terminal 
conditions. Increasing steam volume naturally means 
increasing efficiency, but again the “‘ law of diminishing 
returns’ operates to set a limit beyond which no 
appreciable gain is possible. A study of the type of 
turbine with which the author is concerned has shown 
quite definitely that, for the size of unit contemplated, 
that is, 100 MW for pressures in excess of 900 Ib., the 
best possible design for a high-pressure cylinder pro- 
duces the same calculated efficiency for all cases in 
Table I, with the exception of Cases 1 and 8. In each 
of these cases, there is a falling off of approximately 
l per cent. taken over the first quarter of the total 
available heat drop, or } per cent. taken over the whole 
turbine. The design considered in these calculations 
consisted of one single-row impulse wheel, as a govern- 
ing stage, followed by reaction blading with radial 
sealing. No balance-piston losses were included, as 
it is the practice with this design to balance the thrust 
from the high-pressure blading against that from the 
intermediate-pressure. Gland losses were included in 
the calculation. It is considered that these conclusions 
may be generally applied to any design, though the 
conditions at which the maximum efficiency is reached 
may vary somewhat from case to case. 

ing out these calculations, it was assumed 
that the same general design could be adopted for all 
the pressures and temperatures involved, or that 
modifications which might have to be adopted for 
practical constructional reasons would not have the 
effect of preventing the most efficient blading scheme 
from being used. Designs already prepared show this 
to be reasonable in respect to all the pressures up to the 
highest considered, and to temperatures up to a limit 
of 100 deg. F. Any increase in temperature above this 
limit brings with it special difficulties of construction 
resulting from the limitations of materials in common 
use for lower temperatures. It appears from pre- 
liminary studies, and is confirmed by American practice, 
that the use of austenitic alloys for those parts sub- 
jected to the highest temperatures will be inevitable, 
and conventional design may be considerably altered 
by this change in material. As.is well known, the 


coefficient of expansion for austenitic steels is some’! 


50 per cent. greater than for ferritic materials and the 
author is not alone in having experienced trouble in 


weld joints between these different materials when 





subjected to repeated changes of temperature. Al- 
though the welds appehied when subjected to 
most careful examination before being put into service, 





cracks developed, after varying periods of fluctua ing 
temperatures, which were traced beyond reason:)le 
doubt to this cause. Special provisions will hav. to 
be made, therefore, if it is desired to combine the use 
of the two classes of material. The problem has bven 
investigated in considerable detail in connection \: ith 

ipe welds for the Sewaren power station, New Jer:y, 

e results of tests are described in a paper to ‘le 
American Society of Mechanical Engingers by H. 
Weisberg* and indicate that, while satisfactory joiats 
can be made for the small number of heating and coo! 
cycles to which the test pieces were subjected, «he 
design of parts subjected to the highest temperati :e 
was considerably complicated by the necessity © 
was considerably complicated by the necessity to ; 
vide for the relatively large differences in expansion 

The number of temperature cycles adopted for th... 
tests was chosen to represent the probable number of 
starts and stops over a machine life of 20 years. It 
is the practice of the British Electricity Authority io 
stipulate that any plant must be suitable for two-s!: {t 
operation, with the large number of temperature cy: ics 
which result. The difficulties are greatly increased 
thereby, as, in addition to the number of temperature 
cycles, the changes are likely to be more rapid as less 
time is available for starting up and putting on load. 
Differential expansion difficulties make it more difficult 
for the designer to keep leakage losses down to the 
minimum necessary for the attainment of maximum 
efficiency. The accuracy of regulation becomes of 
increasing importance as temperatures increase, and 
the designers of auxiliaries have fully kept pace with 
the exacting requirements of power-plant designers. 
Any temporary disturbance of the control gear becomes, 
however, of greater importance as margins between 
operating temperatures and limitations of the materials 
used become less. 

The adoption of higher pressures does not produce 
the same difficulties as increases of temperature. 
Wall thicknesses must be increased and joints other 
than those which can be welded are more troublesome, 
but no new technique is involved in increasing pres- 
sures alone up to at least the 2,100 lb. per square inch 
which is the maximum considered in this paper. More 
care may have to be taken in warming up to ensure 
that the very heavy metal thicknesses are not over- 
stressed by too steep temperature gradients, but in 
general, if the initial volume is sufficient to allow 
efficient blade heights and low leakage losses, the 
difficulties are not substantially greater than with 
present standard conditions. 

Arguments which are convincing in favour of high 
terminal conditions in the case of large power-station 
plant are seldom applicable in the case of smaller power 
units, whether for use on land or at sea. Only units of 
the largest size can be expected to take advantage of 
the higher eycle efficiencies which are possible with 
these higher conditions. There is always a price to 
be paid for any technical advance and one of the 
essentials for the successful operation of plant, such 
as is considered here, is a very high standard of opera- 
tional supervision; the economics of smaller units 
would certainly not justify such a standard. Sum- 
marising the effects of increased pressures and tem- 
peratures on the high-pressure end of the turbine. 
it is seen that high pressures are more easily dealt with 
than high temperatures ; that, for 100-MW units, the 
efficiency will not appreciably decrease until a pressure 
of 1,800 lb. is exceeded; and that temperatures in 
excess of 1,000 deg. F. necessitate a new technique in 
the design, which cannot lead to any increase and may 
cause a slight drop in efficiency. 

(To be continued.) 





Imports OF IRON ORE AND SoraP.—<According to 
statistics published in the Bulletin for Industry, two-fifths 
of the total supplies of iron ore used in iron and steel- 
works in this country during 1949 were imported. The 
two chief sources were Sweden, which supplied 35 per 
cent, of the imports, and French North Africa, which 
accounted for 27 per cent. of the total. Most of the 
2,000,000 tons of imported iron and steel scrap came from 
Germany. 


SUPPORT FOR WELSH POWER SCHEME.—A resolution 
supporting the British Electricity Authority’s scheme 
for the development of Welsh water power was unanim- 
ously passed by the North Wales District Committee of 
the Welsh Board for Industry at a meeting at Colwyn 
Bay. The Committee expressed the opinion that the 
proposals, by providing a supply of electricity in rural 
districts, would contribute towards counteracting de- 
population and would strength the economic life of the 
area. At the same time the resolution strongly urged 
the Authority to preserve the natural amenities of the 
region to the utmost. 





* “ Cyclic Heating Test. of Main Steam 
between Ferritic and Austenitic Steels—Sewaren 
ting Station.” Trans. A.S.M.E., August, 1949. 
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THE PAMETRADA RESEARCH 
STATION, WALLSEND. 


Durine last week, the Pametrada research station, 
Wallsend, was opened for inspection so that member 
firms and other interested bodies could see the work 
in progress and gain an idea of the scope of the station’s 
activities. The initials PAMETRADA, it will be re- 
called, stand for the Parsons and Marine Engineering 
Turbine Research and Development Association. This 
body was formed in May, 1944, to carry out research for 
the improvement of steam and gas turbines for marine 
propulsion and to establish a test station in which full- 
seale tests of turbine installations could be carried 
out, the need for such a plant having been felt for a 
considerable time. Trials of marine machinery have, 
of course, been carried out at sea on many occasions 
but their value has been limited by inherent difficulties 
such as the accurate measurement of power output, 
the separation of the steam used for auxiliary purposes 
from that taken by the main turbines, and the mainten- 
ance of uniform conditions during long runs. 

The functions of Pametrada, however, are by no 
means confined to the full-scale testing of turbine 
machinery as other duties undertaken by this body 
include the determination of standards for fit and 
finish required for the principal parts of turbine 
machinery, the carrying out of research on condensing, 
feed-heating, re-heating and other ancillary equipment 
associated with turbines, and the maintenance of a 
design section the duties of which include the design- 
ing of steam turbines and reduction gearing for 
member firms. The Association, however, did not 
inherit any buildings and all structures on the site, 
therefore, have been designed and built to their own 
requirements. Some of these can be seen in Figs. 1, 
2 and 3, on this page, which show the boiler thouse 
and part of the test house, the south end of the turbine 
and combustion building and the administration 
buildings, respectively. 

The design section plays an important part in the 
activities of the Association. It commenced work dur- 
ing January, 1945, and since that time has dealt with 
over 300 inquiries. Naturally, only a fraction of these 
have resulted in building contracts, but already up- 
wards of 65 installations have been built or are under 
construction to Pametrada designs. In the earlier 
days, most of the designs were of orthodox Parsons 
type. but the section soon began the development of 
its own designs, commencing with a high-pressure 
turbine of the impulse type employing a solidly-forged 
rotor, with discs formed by machining the forging, 
together with all-machined diaphragms of built-up 
construction. In the early stages, the cost of preparing 
a preliminary design in sufficient detail to enable the 
member firm concerned to prepare an estimate for 
purposes of tendering was about 60/. As experience 
was gained, however, the cost, naturally, was reduced 
and at present an average design, including preliminary 
blading and gearing schedules, costs approximately 
401. Sometimes the section is asked to provide brief 
particulars either for a preliminary estimate or, where 
little time is available, for tendering, and in such cases 
the cost is about 10/.. When a design is required for 
a large ship, which makes it necessary to investigate a 
number of alternative designs, the cost may amount 
to 100l., or more. Unorthodoxy for its own sake, 
however, is avoided and the design for any particular 
member firm is always considered in conjunction with 
machinery already constructed by them so as to pre- 
serve a planned continuity of design. 

Attention to inquiries from member firms, however, 
occupies only about a quarter of the design staff, the 
remainder being concerned with such problems as the 
designing of new machines and test rigs for the research 
station, the development of improved designs of com- 
ponents, the investigation of higher steam conditions, 
and the study of alternative gas-turbine cycles. A 
portion of the design section, for example, is engaged 
on fundamental investigations into the conditions 
encountered by turbine components. These investi- 
gations cover the strength of blade fixings, heat flow in 
cylinders and rotors, together with the associated 
stress gradients, and the development of improved 
blade profiles. New designs of gearing, involving 
epicyclic trains and reversing methods, also are being 
investigated, some of them showing distinct promise. 
They are, of course, more complex in construction and 
demand greater accuracy in = cutting and gearcase 
boring, but are so much smaller than orthodox designs 
that an overall saving is anticipated. Another section 
of the design staff is engaged in a study of impulse- 
turbine diaphragm construction and an alternative 
method in which the nozzle segments are brazed into 
convenient segmental lengths, and secured in the 
cylinder by a straightforward side-serrated attach- 
ment, is under consideration. The foregoing details 
refer to a part only of the work undertaken by the 
design section ; it is hoped, however, ‘that they will 








give an idea of the wide scope of its activities. 
(To be continued.) 





622 


ENGINEERING. 


_ JUNE 3; 1950. 








MODELS OF 


STEELWORKS 


PLANT AT THE ROYAL SCOTTISH MUSEUM. 























Fie. 1. 


THE ROYAL SCOTTISH MUSEUM, | 
EDINBURGH. | 


In the course of the post-war re-arrangement of | 
certain galleries in the Royal Scottish Museum, Edin- | 
burgh, the opportunity has been taken to carry out an | 
extensive reorganisation of the exhibits in the Hall of | 
Metallurgy. Under the direction of Mr. Alex. R. | 
Hutchieson, B.Sc., M.I.Mech.E., Keeper of the Techno- | 
logical Department, to whom we are indebted for the | 
following particulars and the accompanying illustra- | 
tions, a comprehensive series of exhibits has been | 

, dealing with the progress.of “Tron and Steel | 
through the Ages,” from the ore and meteoric iron to | 
the latest types of alloy steel, together with a number | 
of models of the various types of plant employed in 
the production of iron and steel. Three of these 
models, made in the Museum workshops, are illus- 
trated herewith, Fig. 1 showing a Scottish blast furnace 
of the type in use about 40 years ago; Fig. 2, a gas 
producer for a steel-making plant; and Fig. 3, a 
Siemens open-hearth regenerative furnace, partly 
sectioned. 

A “ family tree ” shows the relationship between the 
many branches of ferrous materials, products and 
processes, these being linked up with the series of 
models of furnaces, foundry equipment, etc., which 
are arranged in more or less: chronological order, but 
also in the order of their industrial use. A range of 
products, of familiar types and well-known properties, 
illustrates the effect of progressive increases in carbon 
content, simplified diagrams and a selection of photo- 
micrographs providing a guide to the more scientific 
detail. The illustrative examples range from a spray 
of lilies in wrought iron—an excellent specimen of the 
smith’s art—at the low-carbon end, to files, drills, a 
circular saw, and other carbon-steel tools. The ele- 
ments in alloy steels are covered by a striking exhibit 
arranged in five wall cases, the contribution of the 
Brown-Firth Laboratories at Sheffield. The elements 
are described, and their sources in different parts of 
the world indicated.by maps, accompanied by samples 
of manganese, nickel, chromium, etc., and each of 
these groups of elements is connected by a coloured 
“ feeder”? to a grid system, with similar distinctive 
colouring, from which subsidiary feeders lead the 
observer's eye to panels indicating the main classes 
of steel—wear-resisting, heat-resisting, acid-resist- 
ing,, tool steels, etc.—and the properties conferred 
by the. presence of the respective elements in the 
steels. 


The iron and-steel industry has collaborated closely 
with the Museum authorities in the preparation of the 
collection of exhibits. For example, Messrs. Colvilles 
Limited, and Mr. J. K. Honeyman, late of their staff, 





ScortisH Biast Furnace, c. 1910. 





Fie. 2. Mercuanicat Gas PRropucer. 
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Fic. 3. Sremens Open-HeartH REGENERATIVE FURNACE. 


have provided general guidance throughout the 
development of the scheme ; Messrs. Edgar Allen and 
Company, and Dr. Edwin Gregory, have provided the 
photo-micrographs ; and the Brown-Firth Laboratories, 
——— Dr. C. Sykes, have co-operated in, and have 
liberally contributed to, the preparation of the exhibit 
illustrating the alloy steels. The general principle 
followed in the display as a whole has been to limit 
the field to metals of primary use in engineering, but 
to include also sufficient historical material to satisfy 
antiquarian as well as metallurgical interests. The 
reorganisation of the Hall of Metallurgy is not yet 
complete, several sections being: still in. hand. e 
work some three years . the section on iron 
and being given priority ; but the Hall is being 
kept open to-the public while the re-arrangement and 
reconstruction - The 

Power and the Shipping Hall, it may be mentioned, are 
also open again. 


Hall of: Mechanical’ 





HyYpDRO-ELEcTRIC POWER IN NORTH WALES.—At 2 
meeting of the Merseyside and North Wales Electricity 
Consultative Council held last week, a resolution was 
carried by a large majority expressing the view that the 
proposed schemes for developing water power in North 
Wales, to which there has been considerable local opposi- 
tion, were in the best interests of the people and would 
assist in counteracting the depopulation of the rural 
areas. 


ELECTRICAL ASSOCIATION FOR WOMEN.—The twenty- 
fifth annual report of the Electrical, Association for 
Wemen, 35, Grosvenor-place, London, S.W.1, is: pre- 
sented in their Silver Jubilee Book, 1950, which, also 
contains a brief general review of the developments, 
over the past 25 yéars, in electric. heating, refrigeration , 
water-heating, lighting, ‘‘ motorcraft in the home, cook - 
ing, and tel munications ; and short sections on elec- 
tricity and medicine, and electricity in the Highlands. 
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ELECTRICAL EQUIPMENT OF FILM STUDIOS. 














Fie. 1. 








3°3-KV, 75-MVA SusstatTion SwITCHGEAR. 





Fic. 2. Mortor-GreneraTor SUBSTATION. 


TRENDS IN ELECTRICAL 
INSTALLATIONS, 


A USEFUL review of developments in electrical-wiring 
systems during the last few years was given by Mr. 
§.L.M. Barlow in a paper read before the Annual 
Conference of the Electrical Contractors’ Association, 
at Hastings, on Thursday, May 25. These develop- 
ments include the use of mineral-insulated copper- 
sheathed conductors and the grid suspension system, 
which, with its centrally-disposed catenary wire, 
replaced the original catenary system and made a 
much better job. Aluminium conduit had proved 
reasonably successful, but threading was not easy. 
oor pe. copper cost about twice as much as steel, 
but many specialised applications. Metal duct 








systems were adaptable and convenient, but the 
extended use of trunking, particularly when not filled 
with cables, tended to increase the fire risk 

In reviewing the relative advantages of copper and 
aluminium *bus-bar systems, the author laid stress on 
the use of proper jointing methods with the latter 
material. Aluminium, when bright, would carry 
some 20 per cent. less current for the same temperature 
rise than it would if painted black. ’Bus bar distribu- 
tion systems with fused tapping points were admirable 
from the standpoint of flexibility, but there was room 
for improvement in them .when used in ies, 
especially where large numbers of fractional horse-power 
motors were employed. An American trunking system 
devised for this purpose was only 3 in. wide Gyr 2 in. 
deep, with connecting sockets every 20 in. 


THE ELECTRICAL EQUIPMENT OF 
BOREHAM WOOD FILM STUDIOS. 


THE lighting of the stages of film studios is still 
effected by direct-current arc lamps, in order to obviate 
any tendency to flicker and to eliminate the hum, 
which is inseparable from the use of alternating current 
and would be picked up by the recording microphones. 
To ensure efficient performance of these arcs, a 110-volt 
supply from which the ripple has been smoothed out 
is employed. Another factor that must be taken into 
account is that while the maximum illumination may 
be required on several stages simultaneously, periods 
of high demand are of short duration and are inter- 
spersed by long intervals of very low load. At the 
same time, continuity of supply is essential to avoid 
loss of production time, and when power is taken from 
the mains the necessary conversion from alternating 
to direct-current must be effected as efficiently as 
possible. 

All these factors were taken into consideration in 
planning the electricity supply system for lighting and 
power which was designed by Messrs. Guy Morgan 
and Partners, and has been installed at the Boreham 
Wood studios of Metro-Goldwyn-Mayer British Studios, 
Limited, by Messrs. Crompton Parkinson, Limited, 
Aldwych, London, W.C.2. These studios consist of 
four 100 ft. by 200 ft. stages, which can be used as a 
whole or divided into two of 8,000 and 12,000 sq. ft., 
respectively. 

Power is obtained from the 11-kV mains of the 
Eastern Electricity Board, and is stepped down to 
3-3 kV in three 1,600-kKVA transformers. These 
transformers, which were constructed by the British 
Electric Transformer Company, Limited, Hayes, 
Middlesex, are of the outdoor type and are mounted 
on anti-vibration sound-insulating pads to prevent 
noise from being transmitted through the ground 
to the studios. They are designed to have an overload 
capacity of 100 per cent., or 6,000 kW, for 15 minutes, 
so that the full supply can be maintained when several 
stages are using their maximum lighting simultaneously. 

The output of these transformers and the input to 
the auto-synchronous motors of the motor-generators 
are controlled from a nine-unit switchboard which is 
installed in a separate building near the centre of the 
direct-current network. This switchboard, an illustra- 
tion of which is given in Fig. 1, is of the horizontal 
draw-out truck type, with air-insulated circuit and 
*bus-bar connections, the oil circuit breakers having a 
rupturing capacity of 75 MVA. The three transformer 
circuit breakers in the centre of the board are manually 
operated, but the other six are fitted with solenoid 
closing and are used as stator switches for the auto- 
synchronous motors. They are fitted with “ anti- 
pumping” relays to prevent them from being closed 
automatically after a fault. 

The six motor-generator sets which are installed 
in the same substation are illustrated in Fig. 2. Each 
consists of a 750-h.p. 3-3-kV auto-synchronous motor 
which runs at 600 r.p.m. and is coupled to two 250-kW 
120-volt direct-current generators, which are arranged 
on each side of it, and to an exciter. The motors are 
designed to operate automatically at unity power 
factor from no-load to full-load and are started by a 
motor-operated liquid rotor resistance, manufactured 
by Messrs, Allen West, Limited, Brighton. This 
starter is controlled by auxiliary contacts on the stator 
circuit breaker, with which it is fully interlocked. Since 
to obtain the full light output and the correct colour 
spectrum from the arc lamps the voltage must be 
maintained at the correct value under all conditions, 
the generators are compound wound to give a constant 
voltage between no-load and 100 per cent. overload. 
They are connected to a three-wire system of distribu- 
tion and, as each side of this is supplied from a separate 
set, a 100 per cent. out-of-balance current has no effect 
on the voltage regulation between mid-wire and either 
outer. 

The generators were designed and installed so as to 
reduce mechanical vibration and noise to a level 
much lower than that of standard machines. They 
were also designed so that the ripple in the output 
voltage is as low as 0-04 per cent. over a range of 
60 to 3,000 cycles per second. This has been further 
reduced to less than 0-01 per cent. by connecting a 
comparatively small capacitance across the direct- 
current *bus-bars, as shown ‘in Fig. 3, on page 626, 
which is a view of the rear of the direct-current switch- 
board. By adopting this procedure it has been possible 
to avoid the employment of transportable chokes and 
condensers on the stages ; and what’is more important 
to eliminate any audible hum on thé sound track even 
when ms eRe | recording is in progress. 

The output of the direct-current generators is con- 
trolled from a switchboard on the miachine floor, which 
was supplied by Messrs. Whipp and Bourne, Castleton, 
Rochdale, and is illustrated in Fig. 4,on page 626. 
Each generator panel on this board carries an air- 
break circuit breaker and -isolators for the. outer, 





equaliser and midwire circuits. ‘In addition, there is a 
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tor for the exciter. By 
installing a stator circuit breaker on the generator 
board it is possible to control the starting and paralleling 
of the auto-synchronous motors from that position. 

Direct-current distribution is effected from a switch- 
board on the gallery, which is visible in Fig. 2, and is 
equipped with eight 10,000-ampere Whipp and Bourne 
double-pole air circuit breakers and four 2,000-ampere 
breakers for the “ special-effects” supply. Each of 
these groups of feeders is provided with Evershed and 
Vignoles’ new type of summation and recording instru- 
ments. The supply from this board to the local dis- 
tribution boards on the stages is transmitted through 
two separate feeders. These feeders, as shown in Fig. 5, 
on page 626, are supported on the roof trusses of a 
glazed-covered way and each consists of four 6-in. by 
$-in. aluminium bars for the outers and two bars of the 
same size for the mid-wire. An independent special- 
effects feeder is installed alongside the main feeders 
which were wig by the British Aluminium Com- 
pany, Limited, London Wall, London, E.C.2, and were 
installed by Messrs. Barton and Young, Limited. 

In each of the four studios, the two main feeders are 
connected individually to an independent three-wire 
ring main, consisting of two 6-in. by }-in. aluminium 
bars for the outers and one 6-in. by }-in. bar for the 
mid-wire. These two ring mains are supported on the 
grid steelwork above the stage and are secured by 
brackets which are spaced far enough apart to pre- 
vent short-circuits being caused by electro-dynamic 
movement. They are protected by sheet-metal and 
wire-mesh guards, and expansion joints of aluminium 
foil are incorporated at appropriate intervals to counter- 
act the mechanical stresses that would otherwise be 
set up by longitudinal expansion. There are six 
main distribution boards at cat-walk level and two at 
floor level in each studio. These switchboards, which 
are connected to the ring mains, each carry one 2,000- 
— and four 300-ampere air-break circuit breakers 
and three 300-ampere double-pole air-break contactors. 
These contactors, which were supplied by Contactor 
Switchgear, Limited, Wolverhampton, are operated 
from a mobile console, and are used to control the light 
sequence from the stage. In addition, there are two 
“* special-effects ”. distribution boards in each studio, 
each of which is equipped with one 2,000-ampere, one 
1,000-ampere and four 300-ampere double-pole Whipp 
and Bourne circuit-breakers. The motor-operated 
shunt regulators for the main generators can also be 
controlled from this board to allow for variations in the 
* ial-effect ” voltage. 

'o allow for load shedding, three auxiliary sets have 
been installed by Messrs. Barlow and Young, Limited, 
19, Palace-street, London, S.W.1. Each of these sets, 
which are illustrated in Fig. 6, on page 626, consists 
of a 440-ITP “V12” Paxman Diesel engine directly 
coupled to a 333-kVA Crompton Parkinson alternator. 
These alternators are connected through a switchboard 
to a 1,000-kKVA 415/11,000-volt transformer, the 
secondary of which is connected to the main 11-kV 
switchboard in the motor- tor substation. This 
enables the whole of the to be taken from the 
mains or up to 1,000 kVA from the auxiliary sets. The 
sets can also be used to supply the normal studio 
lighting and power through two 500-kVA 400/230-volt 
transformers. 

To provide an alternating-current supply at a fre- 
quency nore constant than that from the mains, for 
camera drives, sound recording, and other equipment 
for which a very steady speed is necessary, two 20-kVA 
alternators driven by direct-current motors are installed 
and provide an output the voltage of which is constant 
within +1 per cent. and the frequency within +0-1 
per cent. An auxiliary direct-current supply to the 
studios during light-load periods is obtained from a 
60-kW twin-bulb mercury-arc rectifier. 





OLD CENTRALIANS LUNCHEON.—The next luncheon of 
the: Old Centralians will be held at Chez Auguste Res- 
taurant, 47, Frith-street, London, W.1, at 12.45 for 
12.55 p.m. on Wednesday, June 14. Professor O. A. 
Saunders is to speak on “*‘ The Future of the Gas Turbine.” 
Further particulars may be obtained from Mr. A. C. 
Vivian, Beaufort House, Gravel-lane, London, E.1. 





THE LATE Mr, J. C. CREBBIN.—We regret to record 
the death, on May 11, of Mr. James Charles Crebbin, a 
founder member, in 1898, and past President of the 
Society of Model and Experimental Engineers. Mr. 
Crebbin, who was 75 years of age, was for many years in 
the foreign department of the Bank of England and had 
travelled widely in Europe, Australia, South America, 
Turkey and elsewhere, taking advantage of these journeys 
to study engineering and other’models, and to establish 
contact with kindred model-making societies, wherever 
possible, He was President of the S.M.E.E. from 1933 
to 1936, subsequently being made an honorary member, 
and was a liberal contributor towards the acquisition and 
equipment of the Society’s new premises at 28, Wanless- 
road, London, 8.E.24, now nearing completion, 





Messrs. SiR ROBERT MCALPINE AND Sons (NEW- 
CASTLE-UPON-TYNE) LIMITED have received a contract 
valued at over 1,375,0001. from the British Electricity 
Authority, Great Portland-street, London, W.1, for 
piling and foundations for buildings and circulating- 
water culverts, as well as for an accommodation bridge, 
roads and railways for the new North Tees “‘C ” power 
station. The present North Tees “A” and “ B” sta- 
tions have an installed capacity of 110,000 kW. The 
capacity of the new “‘C” station will be 240,000 kW. 
The British Electricity Authority has also placed a 
contract, valued at over 550,0001., with Messrs. Sir 
ROBERT MCALPINE AND SONS (MIDLANDS) LiwireD for 
main railway sidings and preliminary works, sewage- 
disposal and reinforced-concrete works for the new 
Drakelow power station, near Burton-on-Trent. The 
station will have a total installed capacity of 240,000 kW 
when completed. 


Messrs. THE BRITISH THOMSON-HoUSTON COMPANY, 
LIMITED, Rugby, are to supply four 44,400-kVA 11,000- 
volt alternating-current generators of the vertical type 
to the State Hydro-Electric Department, Wellington, 
New Zealand, for the new Roxburgh power station in 
the South Island. Each generator will be driven at 
136-5 r.p.m., by @ 60,000-h.p. water turbine, which is 
to be manufactured in Canada. The overall diameter 
of the generators will be about 30 ft., and the total 
weight 350 tons each, of which the rotor alone will weigh 
180 tons. The value of the contract is over 500,0001. 

MEssRS. BRITISH INSULATED CALLENDER’S CABLES 
LIMITED recently shipped a large consignment of power 
capacitors to Canada to be installed in the system of 
the Shawinigan Water and Power Company, Quebec 
Province. The complete order consisted of a 15,000- 
kVAr bank of capacitors for operation at 11 kV, made 
up of sixty 250-kVAr units, which, under the conditions 
of the contract, were dispatched in one consignment. 





BOOKS RECEIVED. 


Ministry of Transport. Report by the Working Party on 
Increased Mechanisation in the United Kingdom Ports. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 4d. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Accident which Occurred on 3rd January, 1950, at 
Second Drove Level Crossing near Black Bank Station 
in the Eastern Region British Railways. H.M. Sta- 
tionery Offie, Kingsway, London, W.C.2. [Price 
6d. net.] 

Administration Report of the General Manager, Ceylon 
Government Railway, for 1949. Part II.—Revenue (F). 
The Government Publications Bureau, Colombo, 
Ceylon. [Price 1-85 rupees.] 

Rinehart Mathematical Tables, Formulas and Curves. 
Compiled by PRoFEssoR HAROLD D. LARSEN. Chap- 
man and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2, [Price 15s. net.] 

Wissenschaftliche Normung. No. 2. Normungszahlen. 
By Proressor OTro KIENZLE. Springer-Verlag, 
Reichpietschufer 20, Berlin W.35, Germany. [Price 
22.50 D.M. in paper covers; 25.50 D.M. bound.] 

The Anglo-American Year Book, 1950. Edited by 
PHYLLIS HaMLIN. The American Chamber of Com- 
merce in London, 7, York Buildings, Adelphi, London, 
W.C.2. [Price 25s, net.] 

Physics in Industry. The Acceleration of Particles to 
High Energies. Based on a Session arranged by the 
Electronics Group at the Institute cf Physics Conven- 
tion in May, 1949. The Institute of Physics, 47, 
Belgrave-square, London, 8.W.1. [Price 10s. 6d. net.] 

Prospection Géophysique. By EpMOND Rornué and 
PROFESSOR J.-P. Rorut. Volume I, Librairie Gau- 
thier-Villars, 55, Quai des Grands-Augustins, Paris (6e), 
France. [Price 3,500 francs net.]} 

Drop Forging. An Introductory Treatise on the Equipment 
and Methods of the Drop-Forge Shep and-the Thermal 
and Mechanical Treatment and Metallurgy of Drop 
Forgings. By HENRY Hayes. Second edition. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 6s. 
net.) 

Slide Rules. By W. A. SURFLEET. H. F. Bicknell, 32, 
High-street, Dover, Kent. [Price 2s. 3d., post free.] 
Personnel Management. Its Scope and Practice. By 
Dr. C. H. Nortuoorr. Second edition, Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 

street, Kingsway, London, W.O.2. {Price 18s. net.] 

Railway Expenditure and the Volume of Traffic. By 
Dr. W. A. TIMMERMAN. Part I. Submitted as thesis 
for the degree of Doctor of Commerce at the University 
of Pretoria, Union of South Africa. The Locomotive 
Publishing Company, Limited, 88, Horseferry-road, 
London, 8.W.1. [Price 208.] 

The Royal Institution of Chartered Surveyors. .4 Memor- 

andum on the Town and Country Planning Act, 1947. 

Offices of the Institution, 12, Great George-street, 

Westminster, London, 8.W.1. [Price 5s.] 











Mr. W. R. STEVENS, B.Sc., M.I.E.E., of the Researh 
Laboratories, General Electric Company, Limited, Mag: :t 
House, Kingsway, London, W.C.2, has been elected vico- 
president of the Illuminating Engineering Society for t'x« 
second year. He is already honorary Editor of tie 
Society’s Transactions. 

Mr. E, T. Jupae, director of Messrs. Dorman, Lo: ¢ 
and Company, Limited, has retired from the chairma.- 
ship of the Plant Engineering Panel of the British Iron 
and Steel Research Association, 11, Park-lane, Londo:\, 
W.1. Mr. Judge has been chairman since 1948, when b> 
succeeded Mr. W. B. BAXTER. Mr. J. F. R. JONEs, of 
Messrs. John Summers and Sons, Limited, is to succec: 
Mr. Judge as chairman of the Panel. 

Mr. R. G. W. ANDREWS has been appointed productic 
manager to Venner Time Switches, Limited, Kingsto, 
By-Pass-road, New Malden, Surrey. He has serve:! 
30 years with the company. Other appointments includ 
that of Mr. W. J. RYAN as deputy production managc: 
and that of Mr. R. A. ABBOTT as personnel manager. 

Mr. H. J. D. PENHALE, M.Inst.M.M., has been electe:! 
President of the Cornish Mining Development Associatio 
in succession to the late Mr. H. M. WHITE. Mr. J. H. 
TROUNSON is the chairman and Mr. F. B. MICHELL th: 
vice-chairman of the Association. 

PROFESSOR F. T. M. WHITE has been appointed to the 
Chair of Mining Engineering in the University of.Queens- 
land, Australia, and, in consequence, has resigned from 
the Colonial Mines Service. 

Mr. R. W. GRIFFIN and Mr. C. H. SmirH have opened 
@ consulting engineering practice under the style of 
Griffin, Smith and Partners, 28, St. James’s-place. 
London, S.W.1. They intend to specialise in instru- 
mentation and industrial-process control. 

Mr. ERNEST FISCHER and Mr. A. R. TAMBLYN have 
resigned their positions on the staff of the Directorate 
of Opencast Coal Production, Ministry of Fuel and 
Power. Mr. Fischer has taken up an appointment as 
technical assistant with the Zine Corporation, Limited, 
and Mr. Tamblyn has joined the staff of New Consols 
Mines, Limited, Cornwall. 

Mr. C. PrvkHaM, M.A. (Cantab.), manager of the 
publicity organisation of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, is 
retiring on June 30 after serving with the company for 
37 years. 

Mr. G. L. HATHERLY has been appointed lecturer in 
metalliferous mining in the University of Birmingham. 

Mr. S. Ripeway, A.M.I.Mech.E., A.M.I.Loco.E., has 
been appointed works manager of Messrs, W. G. Bagnall, 
Limited, } tive builders, Stafford. 

Mr. T. Moore, hitherto engineer-in-charge of the 
power-station department of Messrs. Davidson and 
Company, Limited, has been appointed assistant sales 
manager, for the northern area of the British Isles, in 
the power plant department of Messrs. Simon-Carves, 
Limited, Cheadle Heath, Stockport. 

On June 1, the headquarters of the DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH left Dorland 
House and Rex House, Regent-street, and moved across 
the road to Charles House, 5-11, Regent-street, London, 
$.W.1. The telephone number remains WHItehall 9788. 
Also as from June 1, the telephone number of Sir CLAUDE 
INGLIS, C.I.E., and the HYDRAULICS RESEARCH ORGANI- 
SATION OF THE DEPARTMENT, which is remaining, for the 
time being, at Rex House, 4-12, Regent-street, London, 
S.W.1, was changed to WHItehall 1952. THe MECHANI- 
CAL ENGINEERING RESEARCH ORGANISATION of the 
Department has been removed to Thorntonhall, Glasgow. 
(Telephone : Busby 1171.) 

The Manchester office of the BrusH ELECTRICAL 
ENGINEERING CoMPANY, LIMITED, is to be moved on 
June 6 to Victoria Buildings, 32, Deansgate, Man- 
chester, 3. (Telephone: Blackfriars 4426-7.) 








EFFICIENCIES OF BRITISH ELECTRIC POWER STATIONS. 
—According to a statement issued by the British Elec- 
tricity Authority the overall annual thermal efficiency 
of 14 stations during 1949 exceeded 25 per cent. The 
station with the highest efficiency was Battersea B with 
28-81 per cent., while next on the list were Fulham with 
26-49 per cent., Kearsley and Hams Hall B with 26-36 
per cent., and Liynfi with 26-09 per cent. A second 
group consisted of Battersea A with 25-89 per cent., 
Dunston B with 25-8 per cent., Barking B with 25-61 
per cent., Brimsdown A with 25-49 per cent., Earley 
with 25-38 per cent., Mexborough with 25-29 per cent., 
Little Barford, Meaford with 25-13 per cent. and 
Kirkstall with 25-01 per cent. Littlebrook B, Brims- 
down B, Cliff Quay, and the high pressure plant at 
Stuart Street, Manchester, none of which were working 
for the whole of the year reached figures of 26:85, 26-13, 
26-03 and 25-71 per cent., respectively. The figures for 
Kearsley and Kirkstall include only the high-pressure 
sections of the stations, i 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—The announcement of the de-control of 
most steel items occasioned little comment among 
makers here as rumours of the pending move had been 
circulating for some weeks beforehand. Generally 
speaking, however, the step received a hearty welcome. 
The inflexibility, which seems to be an essential concomi- 
tant of control, caused much frustration, while the 
volume of statistical returns to be handled had reached 
costly proportions on account of the extra staff entailed. 
The large ingot outputs coming from the steel melting 
shops continue to be disposed of readily. General 
industrial activity remains on an encouraging scale, and 
the aggregate demand for steel is impressive. Ship- 
builders are receiving orders for new ships at a better 
rate than that which prevailed in the opening montbs 
of 1950, and the amount of work contracted for is 
expected to maintain the bulk of the labour force in the 
yards fully employed beyond the end of the present 
year, The resulting heavy demand for ship and boiler 
plates is supplemented by steady consignments to loco- 
motive and wagon builders and power-plant producers, 
who have order books filled up for a period of years. 
Specifications for medium plates of } in. and thicker are 
keeping the heavy mills of the sheetmakers fully engaged, 
a fair tonnage being for export. Bookings for light 
sheets, both black and galvanised, continue to exceed 
deliveries. No improvement, however, is manifest in the 
re-rolling branch of the industry, where some short-time 
working still prevails. Home orders for small bars and 
light sections remain very scarce, while export business 
is diffieult on account of intense foreign competition. 


Scottish Coal.—A reversal of the trend from stock 
depletion to one of replenishment is now belatedly in 
evidence. Arrangements for the provision of house coal 
last winter were fairly satisfactory, although the favour- 
able weather was an important factor. By the end of 
April, without the help of deliveries from the North of 
England as in former years, stocks had come down to 
the 1949 level, but supplies did not come forward last 
month as they did a year ago, so that stock deterioration 
continued. Some of the large depots, which normally 
carry over @ fair quantity from the winter were reduced 
to very small tonnages. Recent deliveries have improved, 
however, and stocks are now increasing. The recovery of 
industrial fuel reserves is slower on account of the 
prevailing heavy consumption for manufacturing pur- 
poses. Pressure is being applied for deliveries of coking 
coals in view of the extra tonnages needed to tide the 
coke ovens over the forthcoming holidays in Lanark- 
shire, a problem accentuated by the general decline in 
production from the central areas this year. During the 
first 20 weeks of 1950 these zones provided 200,000 tons 
‘ess than in the corresponding period of 1949, This has 
meant heavier calls on Fife, the diversion of supplies, 
in turn, delaying the expansion of exports. Bunkers 
remain steady at the reduced level operative this year. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday, 

The Welsh Coal Trade.—Coal output at the South- 
Wales collieries, in the week ended May 20, reached its 
highest level of the year, namely, 488,662 tons ; this was 
the usual pre-holiday spurt. A number of pits in the 
coalfield, notably that at Llanbradach, established record 
outputs during the week. At Windsor Colliery and 
Bargoed, the output was the best for over ten years. 
These holiday spurts in production have very little effect 
upon market conditions, apart from sometimes helping 
the immediate stemming position. On this occasion 
operators were enabled to meet a few prompt orders, but, 
generally speaking, business has not been made any easier 
to negotiate. Salesmen are exercising caution in entering 
into any further business for delivery over the next few 
weeks, in view of the certainty of a substantial loss of 
output in the holiday week. Present programmes for 
both home and foreign markets are extensive and 
sufficient to keep practically the whole of potential 
Production on the move, Allocations of supplies for 
the overseas bunkering depots, for the month of June, 
were announced during the week as being 45,000 tons. 
This is rather more than has been supplied in recent 
months. Meanwhile a good demand has been encoun- 
tered for all descriptions from foreign consumers. The 
French trade again reflects a sustained activity while 
deliveries are proceeding steadily to the Italian market. 
A moderate trade is available with Spain and Portugal 
but there is no sign of any resumption of operations with 
the Argentine Railways. Trade with this market is 
restricted to cargoes consigned to public-utility under- 
takings. Home requirements have as yet shown no 
material seasonal reductiéns. The railways, public- 
utility undertakings and the iron and steel industry are 
making very heavy calls, and sales to these consumers 
are extensive over some time to come. Bunker descrip- 
tions are again difficult to secure while cokes and patent 
fuel are kept fully engaged. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The resumption of work after the 
holidays was made to-day. During the four days’ break, 
Saturday being a non-working day, a considerable over- 
haul of plant and machinery has been undertaken by 
maintenance staffs at steel and engineering works. 
Further progress was made with schemes of extension 
and re-equipment. Very satisfactory outputs of steel 
are being recorded, all earlier records being surpassed. 
In the Sheffield area, in the first three months of the 
present year, the average weekly production of steel 
ingots and castings was 44,800 tons, the March total 
being 45,000 tons. This represents an increase of 900 
tons over the weekly producticn in the corresponding 
period of last year, when new high records were achieved. 
The weekly average for the whole of last year was 41,000 
tons, compared with 39,400 tons in 1948, and 29,300 
tons in 1938. Steelmakers’ deliveries of semi-finished 
steel, excluding alloy steel, in the Sheffield area in March, 
averaged 16,000 tons a week, bringing the weekly average 
in the first three months to 16,500 tons a week, compared 
with 15,800 tons a week in the corresponding week of 
1949. Good progress is being made in South Africa with 
the steel enterprise sponsored by Messrs. W. T. Flather 
Limited, steelmakers, Sheffield. New works are ap- 
proaching completion at Springs, on the Witwatersrand, 
for the production of bright-drawn steel bars, hitherto 
acquired from the United States; the site of six acres 
will permit of considerable extension. The new company 
has as its chairman Mr. F. K. Kershaw, chairman of the 
Sheffield firm. Four steel technicians from Sheffield are 
supervising the final arrangements and layout of the 
works. 

South Yorkshire Coal Trade.—The last full week 
before the Whitsuntide holidays resulted in the best 
coal production of the year. Absenteeism declined con- 
siderably and sufficient coal reserves were built up to 
satisfy all needs during the period of the pit holidays. 
Locomotive hards were provided in ample quantity for 
the holiday-train traffic, and sufficient coking coal 
reached the coke works to ensure continuous production. 
It is hoped that summer buying of house coal will be 
stimulated by the price concession for the summer 
months. Export demands for steams and some cokes are 
well maintained. Patent fuel continues active. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iv one or two branches of the iron 
and allied trades, plants could deal with more work than 
they are at present executing but, in many departments, 
producers have difficulty in meeting all the requirements 
of customers though they are providing maximum ton- 
nage outputs for distribution. Fortunately there is no 
lack of raw material from home sources and the import 
of foreign iron ores is maintained at a high level, while 
merchants continue to offer large quantities of good iron 
and steel scrap. The latter are readily taken up, though 
stocks are accumulating at consumers’ yards, On the 
other hand, the scarcity of pig iron occasions uneasiness, 
and the outputs of several classes of finished steel are 
eagerly taken up as they become deliverable. Continen- 
tal competitors for steel orders are cutting prices in the 
world markets but producers between the Tees and the 
Tyne greatly welcome the abolition of Government control 
of tonnage distribution. Now that they are permitted 
to deal directly with their customers and to cater promptly 
for the special requirements of buyers without the inter- 
position of a State department, they confidently expect 
continued substantial sales at home and the expansion 
of export trade. 


Foundry and Basic Iron.—Ordinary foundry pig iron 
is still wanted in larger parcels than are coming forward 
and North-East Coast users are calling for increased 
deliveries from the Midlands, the producing area that 
has been their main source of supply for a considerable 
time. Very little of the local basic pig-iron output 
is available for other use than the needs of makers’ own 
consuming works. 

Hematite, Low-Phosphorus and Refined Iron.—The 
rather better deliveries of East-Coast hematite do not 
cope fully with the requirements of usual customers and 
the demand for the various grades of iron low in phos- 
phorus continues in excess of the supply. Manufac- 
turers of refined iron, however, manage to deal with 
buyers’ delivery claims in a manner which gives rise to 
no complaint. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers have good contracts to carry out 
but would welcome new orders for certain commodities. 
Various types of steel semies are in very ample supply 
and only moderate request, but several steel products 
are in brisk demand. Bookings for black and galvanised 
sheets are considerable and makers report a persistent 
heavy pressure for larger deliveries. 





NOTICES OF MEETINGS, 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








CHEMICAL SocteTy.—Ozford Branch : Monday, June 5, 
8.15 p.m., The Physical Chemistry Laboratory, Oxford. 
Lecture: ‘‘ Catalysis on Oxides,” by Professor W. E. 
Garner, F.R.S. 

JUNIOR INSTITUTION OF ENGINEERS.— Midland Section: 
Wednesday, June 7, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham. Repetition 
of Presidential Address on ‘‘ Mainly About Steel,” by 
Mr. A. Roebuck. 


RoyaL Socrery.—Thursday, June 8, 4.30 p.m., 
Burlington House, Piccadilly, W.1. (i) “ Diffraction 
from an Irregular Screen, with Applications to Iono- 
spheric Problems,” by Mr. H. G. Booker, Mr. J. A. 
Ratcliffe and Mr. D. H. Shinn. (ii) “‘ Travelling Dis- 
turbances in the Ionosphere,” by Mr. G. H. Munro (to 
be read by Dr. R. L. Smith-Rose). 

INSTITUTION OF PRODUCTION ENGINEERS.—Wolver- 
hampton Graduate Section: Tuesday, June 13, 7.15 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. Discussion on ‘‘ The Effective Use of 
Materials.” 





SHOWROOMS OF THE SELSON 
MACHINE TOOL COMPANY 
LIMITED. 


Tue firm of Messrs. The Selson Machine Tool 
Company Limited, was founded in 1871 and their first 
premises were in Queen Victoria-street, London, E.C., 
but the offices were subsequently transferred to Charles- 
street, Hatton Garden. The present company was 
formed in 1932 in conjunction with Messrs. George 
Cohen Sons and Company, Limited, the parent company 
of the “ 600” Group of companies, and at that time 
the Selson Company’s offices were situated at Abbey 
House, Victoria-street, London, 8.W.1, and the show- 
rooms were at Sunbeam-road, North Acton, N.W.10. 
The separation of the company’s offices from their 
showrooms was a disadvantage, and, when the oppor- 
tunity presented itself to acquire premises situated in 
an engineering estate in North Acton and capable of 
accommodating both offices and showrooms, the firm 
availed themselves of it. The new premises are in 
that part of the Cunard Works formerly occupied by 
Messrs. Armstrong Saurer Limited, and are in Chase- 
road, North Acton, N.W.10. The move from Abbey 
House to the Cunard Works was made in March and 
the new premises were opened on May 24. 

The firm’s new headquarters comprise roomy and 
modern accommodation for its staff and a large show- 
room having a floor area of 17,000 sq. ft., in which 
machine tools may be inspected under suitable lighting 
conditions. Whenever necessary, machines in the 
showroom can be put into operation, while another 
useful feature of the new premises is that the entrance 
is large enough to allow motor lorries to be driven 
into the showroom for the delivery or collection of 
machines. As is well known, the Selson Company 
supply and export new British machine tools and also 
import many types of high.grade machine tools from 
the United States and the European Continant. Amee 
those from America is the well-known Clevelan 
automatic, some 2,000 of which are at present in opera- 
tion in this country. 





THE SWANSEA STEEL-SHEET INDUSTRY.—The market 
report issued by the Incorporated Swansea Exchange 
states that, last week, quieter conditions were apparent 
in business in tin-plate, The home demand relaxed and 
there was a substantial reduction in the number of orders 
placed. Inquiries from the export market were not so 
numerous and the volume of business transacted.was 
on a moderate scale. The continued strong demand for 
steel sheets keeps makers employed to capacity, and new 
business remains difficult to negotiate. The scrap iron 
and steel market has a firm tone as a steady demand 
prevails for most grades of material. 


BrirtisH TRADE WEEK, PreRU.—The Commercial 
Secretariat of the British Embassy at Lima has reported 
that the British Chamber of Commerce in Lima is pro- 
posing to hold a “ British Trade Week ” in September. 
A trade directory, giving details of all British firms 
represented in Peru will be published, and, in addition, 
‘an exhibition of photographs illustrating British aircraft, 
motor cars, pumps, Diesel engines, machine tools and 
other goods is being arranged. Such photographs should 
be sent before June 15 to Mr. A. B. Savage, Information 
Division, Board of Trade, I.C. House, Millbank, 
London, S.W.1. (Telephone : WHItehall 5140, Ext. 53.) 
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the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada antelianneien fA 10 0 


er Ga di 45 0) 
Subscribers receiving incomplete copies through 


newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 


address. 


ADVERTISEMENT RATES. 





Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” . Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS 








Classified advertisements intended for insertion in 
the current week’s issue must. be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible $0: oukeids 
proofs for approval. 

The Proprietors will not hold themselves nsible 
for advertisers’ blocks left in their possession for more 
than two years. 


Combustion . in Internal-Combustion Engines. 
IIIl.—The Compression-Ignition Engine (Illus.) 616 


Titerature.—Engineering Structures. Radio Aerials, 
Indentation Hardness Testing .,........:...::ssesce 619 
Electric Power-Station Efficiency’? ..................:0-0 620 


» M 
The Pametrada Research Station, Wallsend (Jllus.) 621 
The Royal Scottish Museum, Edinburgh (Jlus.).... 622 








Trends in Electrical Installations ......................0.... 623 
The Electrical Equipment of Boreham Wood Film 
Studios (IUws.) 0.2.0.2... 623 
I wiicaitsonscessciissccncecsoceedd svat 624 
NS FERC eC: 624 
| EE a eee eRe Me 624 
EE | ea ae 625 
Notes from the South-West 0....0.........::0000 os PTS 625 
Notes from South Yorkshire 2000.0..0.0.0....cccccscese eoeseeee 625 
Notes from Cleveland and the Northern Counties... 625 
PUNE MINE o.oo ccc octnshesidosocustcacscaredeveleteitaestes 625 
Showrooms of the Selson Machine Tool Company, 
Dh iid ct issicertintonnssepdacnennsectuchopencecaccsanedcinebess 625 
Materials Handling in Industry ....................:ssese0e 627 


Electricity in Mines 
i ica sian ed age a ae 
Letters to the Editor.—Orthographic Projection. 
Finsbury Technical College Old Students’ Asso- 
ciation. Torsional Stress in Close-Coiled Helical 
Springs. The Elderly Engineer'............................ 630 
Electronic Instrumentation in Atomic Research 
RI ea hi enncSetsxinsigensctanitpn ass tanepiteiootsscseceiecigaeens 631 
Course in Engineering Metrology at Manchester .... 634 
ELIE D ELLE 634 
The Single-Screw Motor Tanker ‘“‘ Grena ” (Illus.) 635 
Aircraft-Design Developments (JUlus.) ..............0+0+ 
Rural Water Supplies ............... 639 
Annuals and Reference Books — ..............:cssssseseeeseees 640 
Launches and Trial Trips _.... 640. 


ENGINEERING | 


FRIDAY, JUNE 2, 1950. 




















Vou. 169. No. 4401. 





MATERIALS HANDLING IN 
INDUSTRY. 


Stxce the Anglo-American Council on Produc- 
tivity was formed in 1948, a number of industrial 
teams, representative of both employers and work- 
people, have visited the United States to study 
production methods there, and several of them 
have now presented their reports; but most of 
these reports—for instance, those on the steel- 
making and foundry industries—have related to 
particular branches of engineering production, more 
or less highly specialised ; with the natural result 
that a full appreciation of their significance is 
hardly likely outside the professional and indus- 
trial fields directly concerned. The latest report 
to be issued, however, that of the Materials Handling 
Productivity Team, is in a different category, in 
that its scope is so wide that there is hardly any 
department of industry or commerce which could 
not learn something from it. Its applicability is 
not confined to manufacture only, but to every 
stage from the raw materials to the ultimate destina- 
tion of the goods produced, and, virtually, irrespec- 
tive of the nature of the materials and goods. The 
report is particularly timely in that it has appeared 
on the eve of the opening at Olympia, on June 6, 
of the Mechanical Handling Exhibition; a con- 
junction of events that is not fortuitous and which, 
because it is deliberate, may be welcomed as one 
instance of the kind of liaison about which many 
have felt that Britain had something to learn. 

It will be observed that the title of the report— 
Materials Handling in Industry—is considerably 
more comprehensive than that of the Exhibition, 
which is concerned only with mechanical handling ; 
it conforms more closely, in fact, with the scope of 
the several regional conferences on the handling of 
materials that have been organised by the Institu- 
tion of Production Engineers and the British Insti- 
tute of Management. Mechanical handling, indeed, 
as the report points out, is merely a part of the 





larger subject of materials handling, albeit a highly. 


W. J. Dimmock, the assistant works manager of 
Messrs. Hoover, Limited, who acted as secretary of 
the Team, and was the representative on it of the 
Institution of Production Engineers, “ If this report 
is regarded not as an end, but as a beginning, far- 
reaching results can follow [because] we are con- 
vinced that one of the major influences on pro- 
ductivity in American and British industries is the 
outlook of the people’; and this is a report that 
‘the people,” at all levels, can understand. 

The Team consisted of twelve members, the 
leader being Mr. Alfred Roebuck, a director of 
Messrs. Hadfields, Limited, and a vice-president of 
the Institution of Mechanical Engineers. The other 
members need not be enumerated in detail ; it is 
sufficient to say that they represented both “ heavy ” 
and “light” industries, employers, designers, 
accountants, manufacturers, and trades unionists. 
Their agreed terms of reference were: “To study 
and report upon the circumstances which have led 
to the wide application of materials-handling aids 
and the use of power-driven hand tools in American 
manufacturing industry and the reasons why em- 
ployers and operatives welcome their introduction ” ; 
and “to report on the general principles which have 
been evolved as a result of their experiences, which 
may be applicable to British industry.” They 
travelled to New York, Chicago, Detroit, Buffalo, 


636 | Syracuse, N.Y., Binghampton, N.Y., Washington, 


and back to New York, studying not only manu- 
facturing, but also warehousing, and transport by 
road and rail ; and possibly one of the most import- 
ant lessons that they have brought back is the 
improvement in output that can be obtained, in 
very many cases, by merely facilitating the flow of 
material from one machine or process to the next, 
without any significant expenditure on new plant 
and equipment. ‘“ A steady uninterrupted flow of 
materials to and from each workman,” they state, 
“ will, on average, raise productivity by at least 
15 per cent., using existing productive machine 
equipment ”—a factor of major importance to a 
country that has been starved so long of usable 
capital that its industries have almost become 
habituated to a policy of “making do.” It is 
remarked that, “industrial taxation being less in 
the United States than in Britain, additional capital 
is available for mechanisation and for modernisation 
of industrial buildings”; an initial advantage 
which is enhanced by “the much greater freedom 
to carry out building operations.” 

As a result of their tour, the Team formulated 
nine main recommendations. The first and second 
of these were, that British directors, managers, 
architects and engineers should make a study 
of the best materials-handling practice in their 
own and other industries; and that individual 
companies should survey their present handling 
arrangements and determine the handling costs of 
sample components on each operation instead of 
treating them collectively as an “on-cost” of 
production. Thirdly, it is suggested that the second 
of these recommendations should form the basis 
for a “ method-improvement campaign” in indi- 
vidual companies, for the purpose of reducing the 
amount of handling required ; for, as is observed 
on another page of the report, “ handling and trans- 
porting add no value to the product, but they 
increase the cost.” The fourth and fifth points, 
which, like the first and second, naturally align 
themselves together, are that responsibilities should 
be allocated and defined for the function of materials 
handling so that it shall have continuous planned 
attention and that suppliers and customers should 
co-operate to this end; and that “each and every 
company” should “study its own handling pro- 
blem ” in order to increase its efficiency—not only 
now and once, but as a continuing process. 

Next, it is recommended that managements 
should endeavour to improve the utilisation of 
existing manufacturing equipment and factory 
space. The seventh proposal is that liaison should 
be established between the Handling Division of 
the American Society of Mechanical Engineers and 
‘the interested British professional bodies and 





specialist associations ” for the exchange of papers. 





628 


ENGINEERING. 


JUNE 2, 1950. 








standards, etc.—-which, it may be remarked, pre- 
supposes a considerable change in the attitude of 
the British engineering institutions towards mech- 
anical. handling, hitherto hardly regarded as a 
“professional”’ grade of study. Moreover, and 
eighthly, if is advised “‘that attention be given to 
the need in British universities and technical col- 
leges for additional facilities for teaching the 
principles of materials handling and its importance 
as, a factor in manufacturing and distribution 
costs”; a suggestion involving an even more 
fundamental change of outlook, but one that may 
yet come about if the ninth recommendation can 
be implemented. This is that ‘‘a positive lead 
should be given by engineering institutions, man- 
agement and trade associations, the Trades Union 
Congress, the Federation of British Industries, and 
the British Employers’ Confederation ” to promote 
“‘active and continuous encouragement of the 
study of materials-handling techniques and costs, 
together with the publication of factual informa- 
tion”; and to justify the conclusion of the Anglo- 
American Council on Productivity, published in 
1948, that, ‘If knowledge of the best practice in 
the United Kingdom itself can be made more 
generally available, and supplemented by know- 
ledge of the best practice in the United States and 
other countries, much will have been accomplished 
towards the solution.” 

Before these aims can be achieved, however, it 
will be necessary to eradicate the kind of obtuseness 
that has been evident among London dockers and 
stevedores, and elsewhere in this country, on more 
than one occasion and is manifested by an 
uncompromising refusal to allow new types of 
materials-handling equipment to be used to its full 
capacity—or, in some cases, to be used at all— 
unless under such conditions that there is no prac- 
tical advantage im using it. The report of Mr. 
Roebuck’s Team stresses again and again that 
American labour welcomes any innovation that 
transfers heavy work from the man to the machine. 
The report, recently published by H.M. Stationery 
Office, of the Working Party appointed by the 
Minister of Transport to study Increased Mechanisa- 
tion in the United Kingdom Ports is equally out- 
spoken in blaming British dock labour for the self- 
evident failure of attempts to speed up the turn- 
round of shipping by using mechanical aids in 
loading and discharging cargoes—operations which, 
it is well known, take longer in the British Isles 
than almost anywhere else in Europe, in ports of 
comparable importance. 

There may or may not be a genuine and wide- 
spread belief that the retention of obsolete methods, 
abandoned elsewhere, is a safeguard against unem- 
ployment; but the course of events suggests 
strongly at times that the real and impelling motive 
is a fear, among those who claim to voice the feelings 
and views of the rank and file, that their own 
occupations may be endangered if they show signs 
of readiness to change the opinions that they have 
previously expressed and to lean towards the view 
of American trade-unionists; as recorded in the 
report on Materials Handling in Industry, that such 
changes of method are inevitable and that progress 
camnot be impeded. American labour, in short, is 
progressively minded, even to the length of com- 
plaining, on occasion, because sufficiently up-to- 
date equipment for handling materials has not been 
provided. The Working Party’s report expresses 
the. belief that the restrictive practices obtaining 
in British ports ‘‘ must inevitably add a charge 
to many commodities passing through the ports for 
which there is‘no justification in the public interest, 
and which must eventually be the cause of the very 
condition they have been brought about to prevent.” 
There is no difference in principle or in fact between 
failure to avoid unnecessary labour and cost in 
handling goods in a factory and failure to do. so 
when the goods are in transit. In some places and 
circumstances, unaided hand labour may be the 
most efficient, but, such conditions are relatively 
rare ; iN many more instances, handling appliances 
are the quickest. and simplest means of increasing 
productivity and those who, for short-sightedness 
or from more questionable motives, oppose their 
introduction are doing a major disservice to their 
fellow men and ultimately to themselves. 


ELECTRICITY IN MINES. 


In the year 1948, a total of 468 persons were 
killed and 2,391 seriously injured in coal-mine 
accidents ; in the same period, electrical accidents 
caused the deaths of three persons and the non-fatal 
injury of 57. In some of these latter cases the 
injury should apparently not be rated as “ serious.” 
In view of these comparative figures, it would appear 
that electricity is a very safe agent for use in coal 
mines and that main efforts to reduce the total 
number of fatalities must be directed to other factors 
in miring work. There is, however, one possibility 
arising from the use of electricity in mines which 
may be of serious importance in the toll of accidents ; 
this is the ignition of firedamp by open arcing. 
Some of the worst colliery disasters have been 
attributed to this cause and it is, and apparently 
must remain, a potential menace. The year 1948 
was a fortunate period as it did not include any 
major explosion and only seven minor cases ; only 
one of these was due to defective electrical 
apparatus, 

The importance of firedamp ignition in the 
accident. record is shown by the fact that in the 
twenty years from 1929 to 1948 it caused 276 
deaths ; of this total more than half is to be attri- 
buted to serious disasters in 1936 and 1938. The 
276 deaths are not by any means all to be entered 
on the debit side of the electricity account, as is 
sufficiently illustrated by the fact that of the seven 
minor firedamp explosions in 1948, one was due to a 
naked light, one to a flame safety lamp which had 
been illegally dismantled, and four to smoking. 
None the less, serious colliery explosions may be 
caused by failure of electrical apparatus and it is a 
matter for great satisfaction that continuous 
improvement in its quality may be recorded. In 
his report* for the year 1948, the Electrical Inspector 
of Mines states that ‘‘flameproof enclosure and 
intrinsic safety have gone a long way towards 
eliminating the terrible risk of ignition of firedamp. 
A rigid standard of design of flameproof apparatus 
is now fully established and intrinsic safety has 
been extended to remote control circuits.” 

In the report of the Chief Inspector of Mines 
for the year 1948, which was reviewed on page 506, 
ante, it was stated that “‘ the majority (of accidents) 
were due either to human failure or to defective 
appliances or methods.” The Electrical Inspector, 
in his report, says much the same thing. After 
referring to the quality of apparatus, he remarks 
“we are left with the human element which shows 
little, if any, sign of improvement, and which was 
responsible for 84 per cent. of all electrical accidents.” 
In a tabular statement he records that of the three 
cases of death due to electrical causes, one is to be 
attributed to “installation and maintenance ” and 
the other two to “‘ misuse, negligence or ignorance.” 
There were 61 non-fatal accidents or dangerous 
occurrences, but these resulted only in 51 cases of 
injury. Of these, 13 were due to the cause first 
mentioned and 38 to the second. 

Attempts can be made to deal with the intractable 
human, element by the multiplication of safety 
appliances and by training. Unfortunately, the 
effectiveness of the former of these measures is 
itself dependent on the human element. As the 
report states, ‘the human element can defeat the 
most carefully designed interlocks by deliberate 
action.” It is not to be supposed that safety 
appliances will be tampered with “for fun” but 
cases of them being put out of action with the idea 
of facilitating some operation are not uncommon. 
Among the accidents recorded for the year 1948, 
was the case of a Joy loader which was. being moved 
back from the face when the trailing cable was 
caught by the stationary coal cutter and pulled out 
of the terminal box, There was a flash and the 
power was cut off. The operator spread out the 
cable ends to prevent accidental contact and 
left the pit, after notifying the deputy. The 
report, however, was not passed on to the electrician 
and the transformer switch, which had tripped on 
earth leakage, was reclosed. Later, a man entering 
the heading dislodged the loader cable causing the 
ends to short-circuit and being burned by the arc. 








* Report of 'H.M. Electrical Inspector of Mines for the 
Year 1948. H.M. Stationery Office: [Price 6d. net.) 





It was claimed that no person would reset an eart\:- 
leakage trip without calling an electrician to remo ‘e 
the defect, but a trap was set and two men wee 
seen to detach the locking device, by removing a 
nut, and to reset the switch. Another exam: ¢ 
of the same sort of thing was furnished when © « 
of the units of a drilling machine stopped. 1: 
operator, thinking the switch had tripped on ov r- 
load, pressed the reset button. The drill startid 
up but the connecting cable was found to be on fire ; 
all three phase conductors were fused away for a 
length of about aninch. Later examination show: d 
that the earth-leakage trip had been jammed by 2 
piece of stone placed behind the reset button, 
so that it could not trip. 

Incidents of this kind are discouraging, but tic 
same thing cannot be said about the general u-c 
of electricity in coal mines. In the last 20 year:, 
the total horse-power of motors installed in min«s 
has increased by 62} per cent. and during tie 
same period the fatal accidents decreased | 
45 per cent. The record of non-fatal accidents is 
not so favourable ; these increased by 28 per cent., 
giving a net rise of 17 per cent. in the combined 
total of fatal and non-fatal accidents. The average 
curve of fata] accidents shows a continuous fall 
over the years, and that for non-fatal accidents is 
tending to flatten out, and although a rise of 17 per 
cent. is not to be regarded with equanimity, in view 
of the very much greater rise in horse-power installed 
it may be regarded with reasonable satisfaction. 
The rate at which mechanisatior is now proceeding is 
indicated by the fact that during the year the increase 
in the number of motors used for coal cutting was 
257, for conveying and loading 1,244, and for other 
portable machines, 694. The increase in coal pro- 
duction, so essential in the national interest, will 
only be attained by a continuation of the process of 
mechanisation which these figures represent. 

The report, in general, refers to the quality of 
apparatus and plant in favourable terms. Trailing 
cables constitute the item which comes in for most 
criticism. In the last 20 years, 45 per cent. of the 
fatal and 35 per cent. of the non-fatal accidents were 
due to trailing cables and plugs, and it is stated 
that “‘it is safe to say that at least 80 per cent. of 
the cables involved in these accidents were un- 
screened.” Although, as mentioned above, the 
three fatal accidents and 51 of the 61 non-fatal 
accidents were attributed either to “ installation and 
maintenance ” or to ‘ misuse, negligance or ignor- 
ance”; two of the fatal accidents and 11 of the 
non-fatal were due directly to damaged unscreened 
trailing cables. On this matter the Inspector is very 
outspoken. He says: “‘I know of no valid excuse 
for retaining in use any longer a type of cable which 
has been shown, by innumerable accidents, to be 
highly dangerous.” During the past ten years, 
100 shock accidents have been associated with 
unscreened, and only nine with screened, cables. 

An example of an accident with an unscreened 
trailing cable was furnished by the case of a four- 
core cable which was lying across the floor and over 
which two men had to bring a conveyor pan to 
extend a conveyor. They attempted to protect the 
live cable by covering it with wood and stones, but 
the pan slipped off the stones and cut into the 
cable. Both men received shocks from which one 
of them did not recover. Earth-leakage protection 
was provided at the gate-end switch and at two 
other switches farther outbye, but they did not 
operate as there was no direct connection to earth. 
In another case, three men moving 4 conveyor 
trough dragged it on edge over an unscreened 
trailing cable which they did not notice as it was 
hidden by mud. The trough cut into the cable, 
all the men received shocks, and one of them died. 
Earth leakage was provided for the circuit in a 
switch outbye, but it did not operate. 

Nevertheless it is possible for H.M. Electrical 
Inspector of Mines, Mr. G. M. Harvey, to conclude 
his report on # note of optimism ; and to record 
that the main trend in the application of electricity 
to mining is definitely in the direction of increased 
safety. Part of the credit for this must be given 
to the mining engineer, who has introduced such 
remedies as improved ventilation and stone-dusting. 
Some must, however, be accredited to the electrical 
engineer for producing better equipment. 
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NO'I'ES. 
Roy4L AERONAUTICAL SocrEty. 


A Pictur: of the way in which the effort put into 
aviation has grown throughout all parts of the 
vorld, from the earliest days of powered flight up 
to the present time, was presented by Sir Richard 
Fairey, M.B.E., who delivered the 38th Wilbur 
Wright Memorial Lecture at a meeting of the Royal 
Aeronautical Society on Thursday, May 25, at the 
Royal Institution. The lecturer pointed out that 
world expenditure on civil aviation, which had risen 
to 390 million dollars by 1939, and was then checked 
by the second World War, rose rapidly from 1946 
onward, and, by the end of the financial year 1948, 
had reached 2,250 million dollars, including the 
Berlin air lift, the effect of which was quite impor- 
tant ; more than half this activity was contributed 
by the United States. These figures were dwarfed 
by those for military aviation ; in the first World 
War, world expenditure rose to a peak of 3,000 
million dollars, then fell to a level of about 250 to 
500 million dollars over the 13 years following the 
war. With the re-arming of Germany it began to 
rice after 1934 and during the second World War 
reached a peak, in 1944, of 47,000 million dollars, of 
which the German part was 7,500 million, dollars ; 
American, 23,500 million dollars; British, 6,750 
million dollars; and Russia, as well as can be 
judged in the absence of reliable statistics, 5,000 
million dollars. Russian expenditure was believed 
to be maintained at this level up to the present 
day, whereas that of the other powers had fallen 
far below the wartime peak. The lecture was 
preceded by the distribution of prizes, medals, and 
honours by the President. The Society’s highest 
honour, the gold medal, was awarded to Sir Geoffrey 
de Havilland, C.B.E. Mr. W. E. W. Petter and 
Mr. J. Smith, C.B.E., each received the Society’s 
silver medal for their work on the design of high- 
performance aircraft, and the Society’s bronze 
medal was awarded to Mr. A. C. Lovesey, O.B.E., 
for contributions to engine development. The 
British gold medal was presented to Major F. B. 
Halford, C.B.E., for work on the design and develop- 
ment of aircraft power plants. For their work in 
flight-testing, Mr. P. W. S. Bulman, C.B.E., A.F.C., 
and Captain J. Summers were each awarded the 
British silver medal. The George Taylor (of Aus- 
tralia) Gold Medal, for the most valuable paper 
read during the previous session, was presented to 
Mr. E. J. Richards. The R. P. Alston memorial 
prize was presented to Mr. F. C. Hemsley for his 
work as a flight observer. Other awards for papers 
read or published by the Society were, the Edward 
Busk memorial prize to Mr. D. L. Ellis ; the Usborne 
prize to Mr. C. M. Britland; the Sims gold medal 
jointly to Dr. D. E. Adams and Dr. A. N. Uttley ; 
the Pilcher memorial prize to Mr. J. Halm; the 
Orville Wright prize jointly to Mr. G. W. Trevelyan 
and Mr. D. R. Blundell, and the branch prize to 
Wing Commander E. A. Harrop, O.B.E. Air 
Marshal Sir Alec Coryton, K.C.B., K.B.E., M.V.O., 
Major Sir Hew Ross Kilner, M.C., and Mr. Charles G. 
Grey were made honorary companions of the Society; 
and honorary fellowship was conferred upon Mr. 
Robert Blackburn, O.B.E., Lieutenant-Colonel Sir 
Francis McClean, A.F.C., Lieutenant-Colonel Mer- 
vyn O’Gorman, C.B., Mr. T. O. M. Sopwith, C.B.E., 
and Sir Richard Fairey, M.B.E. 


THE PLaNNING PowERs OF THE MINISTER OF 
TRANSPORT. 

During the past five years, numerous Acts of 
Parliament have conferred large powers upon 
Ministers of the Crown, powers which enable them 
to carry the general provisions of a statute into 
effect. An Order made by a Minister becomes, in 
effect, as binding as any statute. The subject who 
is affected by an Order has to put up with it; but 
he is entitled to examine that Order with care, to see 
that the Minister has acted within his statutory 
power. The validity of an Order which affects 
every owner of land over which there is a right of 
way was recently discussed in the case of Harlow v, 
Ministry of. Transport and Others (66 Times Law 
Reports 824). We call attention to it because it 
shows how careful the Court will be to see that 
owners of property of all kinds are not interfered 





with by an unauthorised exercise of his power by 
a Minister. The facts are very simple. In 1886, 
a local Act of Parliament provided that part of 
the downs in a rural district, including three green- 
ways, should be reserved to the public at all times to 
walk over. In other words, certain permanent 
rights of way were created some 70 years ago. 
Purporting to act under powegs conferred upon 
him by the Town and Country Planning Act, 1947, 
the Minister of Transport made an Order stopping 
up the three greenways and directing the Rugby 
Portland Cement Company, Limited, to provide 
new highways. Objection was taken by the 
plaintiff (who represented certain societies) on the 
ground that the order was ultra vires. The Planning 
Act enables the Minister to stop up or divert a 
highway, although there is some enactment in force 
“for regulating any development of the land.” 
It was contended on the part of the Minister that, 
as the downs were under “development,” he had 
acted within his powers; but, unfortunately for 
him, the word ‘“‘development” was defined to 
mean ‘the carrying out of building, engineering, 
mining or other operations in, on, over or under any 
land, or the making of any material change in the 
use of any buildings or other land.” Mr. Justice 
Birkett held that the “development ” authorised 
by the Act of 1886 must amount to the carrying 
out of building operations, etc., or “the making 
of any material change in the use of the land.” 
“On the evidence before me,” he said, ‘it would 
not appear that any material change or any factory 
change at all had been made in the three highways 
specified in the Minister’s order . . . it was merely 
maintenance of existing use.” In the result, he 
quashed the Order of the Minister. In the early 
part of his judgment, Mr. Justice Birkett pointed 
out that the Ministry of Transport ‘“‘ may feel that, 
unless they have rather exceptional powers, their 
task of planning and development may be impeded 
and hampered”; but he clearly recognised by his 
judgment that a right of way is something of which 
those entitled to exercise it cannot be deprived, 
except by law 


Tue INLAND WATERWAYS ASSOCIATION. 


The annual general meeting of the Inland Water- 
ways Association was held in London on Friday, 
May 19, the chair being taken by Mr. Peter Scott, 
vice-president. The chairman, of the Association, 
Mr. R. F. Aickman, reviewed the events and accom- 
plishments of the preceding year (i.e., the twelve 
months ended March 31, 1950) in the constant 
endeavours that were being made to retain the 
British inland waterways in navigable condition 
and, in some cases, to restore them to that state. 
He also explained some of the difficulties of naviga- 
tion authorities in present circumstances; for 
instance, he said that the River Great Ouse Catch- 
ment Board had only some 6,000/. per annum at 
their disposal for the maintenance of the river. 
The Association had been partly successful, Mr. 
Aickman continued, in preventing the abandon- 
ment of the Rochdale Canal, though it was still 
almost unnavigable ; and there was some hope still 
for the Bridgwater and Taunton Canal. Coal 
traffic to Stourport power station, however, on the 
Staffordshire and Worcestershire Canal, which 
amounted at one time to 70 boats a week, had now 
shrunk to three boats, though the canal was in 
good order; this diminution he attributed to the 
surcharge on canal-borne coal. [Our own view is 
that the deciding factor is probably the mechanical 
problem of discharging the coal; railway wagons 
can be, and are, emptied by means of a tippler, 
whereas canal boats must be unloaded by grabs, 
supplemented by much hand shovelling.—Ep., E.] 
The River Avon lower navigation (from Tewkesbury 
to Evesham) had been acquired, Mr. Aickman went 
on, and it ‘was hoped that the rest of it would follow ; 
the intention was to form a Lower Avon Navigation 
Trust to administer it. The Kennet and Avon 
Canal had occupied much attention, and was now 
navigable again (though with some difficulty) from 
the Thames right through to the Severn. On the 
other hand, Sir Cyril Hurcomb, the chairman of the 
British Transport ‘Commission, was proposing to 
abandon, or to transfer to other bodies, over 300 
miles of canals, on the ground that the Commission 





could not continue to. maintain them for. the sake 
of a very limited use by a small-fraction of the 
population. It appeared, therefore, that the Asso- 
ciation’s campaign to save the canals must be 
pressed on, with the utmost vigour, or there would 
soon be few canals left to save. 


FEDERATION OF CoaTED Macapam INDUSTRIES. 


The annual luncheon of the Federation of Coated 
Macadam Industries was held at the Dorchester 
Hotel, London, W.1, on May 25. In proposing the 
toast of the Federation, the Minister of Transport, 
the Rt. Hon. Alfred Barnes, M.P., held out little 
hope of any immediate change in his department’s 
Official policy towards road development and road 
repair under prevailing economic conditions. Since 
the war, large arrears of work had been overtaken 
at the Ministry, and many demands might be made 
on highway engineers and their associates if the 
economic pressure were relieved. Mr. Cecil Martin, 
chairman of the Federation, quoted figures from 
the annual report showing that, despite the present 
policy of minimising road repair work, the tonnage 
of coated macadam manufactured or laid down by 
members of the Federation had increased from 
3,254,000 in 1945 to 5,028,066 in 1949. Large- 
gauge coated macadam, he said, was now a practical 
proposition for the foundations of new roads, 
though the recently introduced taxes on petrol and 
commercial vehicles would undoubtedly raise the 
prices of all grades. Mr. A. J. Lyddon, C.B.E., 
referred to various users of the material and stated 
that new applications were continually being sought. 
Brigadier A. C. Hughes, C.B.E., expressed regret 
that members of the Federation were prevented 
from contributing fully to the economic recovery 
of the nation by not having the freedom to make 
decent roads, and, as an instance, mentioned a 
case where the present permissible expenditure 
implied that road surfaces could be relaid only 
once in 57 years. The annual report states that 
it has not been possible to start building a per- 
manent laboratory, but, for the time being, research 
and testing work is carried on in premises at 310, 
Wandsworth Bridge-road, Fulham, London, S8.W.6. 


WastTE Paper RECOVERY. 


Practically throughout the war, but especially 
from 1941 to 1945, there was in this country an 
acute shortage of paper, but, among the general 
public, there was not any real appreciation of the 
quantities of paper involved, other than in periodical 
references in newspapers to the amounts collected. 
In the annual report of the Waste Paper. Recovery 
Association, however, there is a chart showing the 
gross consumption and the quantities recovered, 
year by year, from 1939 to 1949 inclusive, the report 
covering the twelve months ended December 31, 
1949. The total consumption (including paper for 
industrial needs, and paper and paper board for 
packaging) was 3,879,000 tons, of which 750,000 
tons (20 per cent., approximately) were recovered. 
In 1943, the consumption had fallen to a total of 
only 1,352,000 tons ; but the salvage still amounted 
to 700,000 tons (52 per cent. of the year’s consump- 
tion), of which local authorities collected 320,000 
tons and ‘‘ other sources,” 380,000 tons. The high- 
est percentage recovery, however, was in 1942, when 
it reached 61 per cent. (874,000 tons) out of a total 
consumption of 1,440,000 tons. The smallest 
recovery by weight was in 1945, when 583,000 tons 
(38 per cent.) were collected ; but the lowest per- 
centage recovery (other than the figure for 1939) was 
the 29 per cent. recorded for 1949, which repre- 
sented 796,000 tons of salvage out of a total con- 
sumption, of 2,745,000 tons. The report emphasises 
that the need for waste-paper recovery on a sub- 
stantial scale still continues. as the estimated demand 
for 1950 (780,000 tons) is-likely to be exceeded by 
some 50,000 tons if consumption maintains the 
rate recorded for the last quarter of 1949; but we 
should have liked to see in the report some warning 
against the indiscriminate pulping of industrial, 
legal and other records of possible historical value, 
and to the fact that expert advice on what to destroy 
and what to preserve can, be obtained on application 
to the secretary of the British Records Association, 
Mr. Robert Somerville, at 1, Lancaster-place, 
Strand, London, W.C.2. 
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LETTERS TO THE EDITOR. 
ORTHOGRAPHIC PROJECTION. 


To THe Eprror oF ENGINEERING. 


Str,—The illustrations of the admirable Murray 
orthographic-projection model which were repro- 
duced in your issue of May 12, on pages 521 and 
522, took us back nearly 30 years, to a time 
when we were collaborating in the preparation of a 
book on Machine Construction and Drawing which 
was published by G. Bell and Sons in 1922, but has 
been out of print for some considerable time. In 
an early chapter of that work, we described the 
orthodox British method of projecting views on to 
various planes at right angles and then proceeded 
to deal with the American system of projection in 
the following terms : 

“The method will be best exemplified by con- 
sidering the same solid as was dealt with in Figs. 8 
and 9. Imagine the solid placed inside, and with 
its faces parallel to the sides of, a rectangular box 
of transparent material. (See Fig. 10.) The solid 
is then viewed from outside, in directions perpen- 
dicular to each of the sides of the box in turn, and 
its outline traced on the sides of the box (neglecting | * 
perspective). Expressed in academic phraseology, 
it may be said that the solid is projected on to each 
of the planes forming the box. The resulting 
Picture on, say, the top of the box is then exactly 
the same as the plan obtained by the English method. 
The sides of the box are then unfolded until all lie 
in one plane, outside faces uppermost (Fig. 11) 
when five views (neglecting the rear elevation) will 
be obtained, projecting from each other, and differ- 
ing from the five views obtained by the English 
method only in their relative positions.” The idea 
of the transparent box was illustrated by a drawing 
in isometric projection. 

In preparing a number of mechanical drawings 
for this text-book, we made the bold choice (for 
those days) of the American method of projection 
throughout ; a practice which came in for-a great 
deal of strong criticism later, when the book was 
reviewed. It is consoling to see in your editorial 
references the recognition now accorded to American 
projection in British official circles and in the latest 
B.S.1. publication on drawing-office practice. 

Yours truly, 
H. E. Mereirt, D.Sc. 
Mavrice Pratt, M.Eng. 
London, 

May 22, 1950. ' 

[We reviewed the above-mentioned book on page 520 
of our 114th volume (1922), but without indicating any 


preference for either system of projection.— 
Ep., E.] 





FINSBURY TECHNICAL COLLEGE 
OLD STUDENTS’ ASSOCIATION. 
To THe Eprror or ENGINEERING. 

Sir,—With the passing of time, Finsbury College 
becomes more and more a memory, with its past 
students approaching.old age. It has been sug- 
gested that the time has come when the Old Stu- 
dents’ Association should be wound up, and its 
funds distributed. | Unfortunately, no up-to-date 
list of members is available, and so an appeal is 
made through the Press to past members of the 
Association to communicate with the writer (the 
honorary treasurer of the Association) with a view 
to calling a meeting in London, to discuss the sug- 
gestions and to dispose of the funds available. 

Several suggestions have been made, such as an 
annual prize for students in one of the branches. of 
training for which Finsbury was so notable—that is, 
electrical engineering, mechanical engineering, and 
chemistry—or for a grant to any Old Students who 
have.met with adversity. It may be that there are 
other ideas, and it is ‘with this in view that an appeal 
is: made to all past. members of the Old Students’ 

, Association of Finsbury to write and express their 
views as to the disposal of the funds, and, at the 
same time, to say if they would be able to attend a 
“meeting:in London in the near future. This meet- 
-ing, itis suggested, should be made an occasion of 
» ve-union before the final a of —_ Associa- 
‘tion. 





At the proposed meeting, also, there would be 
put forward a scheme to wind up the Silvanus P. 
Thompson Memorial Fund, and the Streatfield 
Memorial Lecture Fund. Neither of these Funds 
is, in fact, part of the Old Students’ Association, 
but suggestions from any who are interested in 
them would be welcome. The funds available are 
approximately as follows: Finsbury Old Students, 
275l.; Silvanus P. Thompson Fund, 133. ; Streat- 
field Fund, 1251. 

Yours faithfully, 
W. B. THompPson, 
Hon. Treas., Finsbury Technical College 
Old Students’ Association. 
Elleray, Regent-road, 
Altrincham, Cheshire. 
May 16, 1950. 





TORSIONAL STRESS IN CLOSE- 
COILED HELICAL SPRINGS. 


To THe Eprror oF ENGINEERING. 


Str,—I am obliged to Dr. Sopwith for pointing 
out, in his letter on page 360 of your issue of 
ane. 31, that some of the results in my article 

in your issue of March 3 can be simplified. His 
recommended empirical formula - oa ~ 
covers a good range of values of c and gives the 
designer a very simple form with more than sufficient 
accuracy. 

Professor F. R. Archibald, in your issue of May 12, 
on page 541, arrives at a somewhat similar 
formula, but his analysis appears to me not to be 
in accordance with the principles of statics. Using 
the notation of my article by substituting R + y 


for his r and A for his =. his value of the ‘“‘ trans- 
verse shear stress ”’ is 


certainly 


R 


-s 


w 
A v 


ges R 


But this gives a total force [eas parallel to the 


axis of the spring equal to aoe W, which does not 
balance the load W. This could be rectified by 


: vT =a 
taking g = 


Si Ray which would make 


[aaa = W;; but even this distribution of stress |“ 


would involve a ‘torque p= aw 


yqdA = 
needing a correction of the torsional stress (a 
reduction). This correction can, of course, be 
made, but then the simplicity has gone; I think 
Dr. Sopwith’s frankly empirical formula is to be 
preferred. 
Yours faithfully, 
A. Moruey. 
Sham Castle-lane, Bath. 
May 22, 1950. 


To THe Eprror oF ENGINEERING. 

Srr,—Professor Archibald’s derivation in your 
issue of May 12, on page 541, of a curvature 
correction factor of the same form as that given in 
my letter in your issue of March 31 is of considerable 
interest. I should like to make two comments. 

The value derived for the maximum direct shear 
stress can be expressed in the form : 

80 WR 10 e¢ /4W 
O- Benn a ei (se) 

For a straight bar.(c = ©) this gives a ratio of 
maximum to mean: shear stress of 10:9. This 
value should be 4:3.on the simple theory or 1-23 
on the exact theory. (The value 10: 9 is, of course, 
the ratio of strain energy to that for uniform stress 
distribution). It would be more logical, therefore, 
to substitute 4:3 for 10:9, giving a correction 


5 
} or (oar) ‘This value is 
Archibald’s. ; 


— 


Professor Archibald states that it is enti; ely 
reasonable that his method should give a hivher 
value than the others, since it allows for a fur’ her 
stress-concentration. While this may. apply to 
some of the simplified formule, it does not apply 
to those of Freiberger and Géhner. The separa:ion 
of the stress into separate components—in this «ise, 
into that due to torque and that due to direct shoar 
—though often a convenient process, is a very 
arbitrary one ; solutions of the exact equation: of 
elasticity, if obtainable, automatically include all 
these components, together with others which 1.ay 
not appear in the separate component solution. In 
the present case, it would appear that the neglec!ed 
components are of the opposite sign to those taien 
into account ; probably they are due to the displace- 
ment of the centre of rotation from the centroid. 

Yours faithfully, 
D. G. Sorwits, 
Superintendent. 
Engineering Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
May 22, 1950. 





THE ELDERLY ENGINEER. 
To THE Eprror oF ENGINEERING. 


Str,—Like Mr. Willans (see page 602, ante), I, 
too, was rather disappointed to see so few letters 
appearing on this subject following on your leading 
article. I am afraid the matter is taken too much 
for granted to-day. Why do so many people in 
official positions dealing with the subject, when 
confronted with the problem, adopt a purely 
defensive attitude, instead of attempting to find a 
solution ? The suggestion I put forward, which 
finds so much favour with Mr. Willans, of a factory 
staffed entirely with people over 40, was one which, 
as I stated in my previous letter, was carried out 
successfully in the United States. I doubt very 
much, however, if there are enough public-spirited 
employers left in this country who would be pre- 
pared to adopt a similar scheme, even if it has proved 
successful in America. Maybe in a country like 
ours, with penalising taxation, any such people 
remaining have been taxed out of existence. 

I was particularly interested in Mr. Willans’s 
reference to the mass production of TP 12 engines 
carried out by so many sub-contractors during the 
ar, and, with him, I believe that firms could 
usefully sponsor sub-contract factories of this 
type to absorb the older men. I would refer readers 
who are interested in this subject to a recent debate 
in the House of Commons, widely reported in the 
daily Press, and given, in detail in Hansard, vol. 470, 
No. 193, col. 724/752, for November 25, 1949. I 
sent to one of the Members of Parliament who 
initiated the debate all the evidence I had on this 
subject, which he, in turn, passed to the Minister of 
Labour. It was evident from the reply of Mr. Isaacs, 
which he kindly sent me, that his Ministry are fully 
alive to the subject, and were doing all they could 
by way of propaganda, etc., but he emphasised that 
the solution lay with industry itself. Something 
more positive than propaganda, however well 
directed it may be, is required, and it is for this 
reason that I drew attention in my previous letter 
both to the scheme started by Mr. Sams and also 
to the one carried out successfully in America. It 
would be interesting to see if any of your readers 
could suggest other means of tackling this serious 
problem. 

Yours faithfully, 
G. Vivian DaviEs. 

65, Gloucester-place, 

London, W.1. 

‘May 30, 1950. 





GENERATING PLANT EXTENSIONS.—The British Elec- 
tricity Authority have received the consent of the 
Minister of Fuel.and Power to the establishment of a 
new generating station at Connah’s Quay, Flint. The 
first section of this station will consist of two 30-MW 
sete, two 300,000-Ib. boilers and one cooling tower, but 
the ultimate installed capacity will be 180 MW. Consent 
has also been received to the extension of the Bonny- 
bridge, Stirling; station by one 15-MW set, thus increasing 





its capacity to 81 MW. 
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ELECTRONIC INSTRU-. . 
MENTATION IN ATOMIC 
RESEARCH.* 


By Dents Taytor,t M.Sc., Ph.D., M.LE.E., 
F.Inst.P. 


A witpE variety of electronic instruments have 
been designed in connection with the British atomic 
energy programme, and in this lecture it is proposed 
to give an.account of the design and purpose of 
these instruments. Electronically, many of the 
developments are straightforward and involve 
well-known circuits; the novelty is, for the most 
part, in the application. The sections of the 
programme to be discussed are (i) the safety and 
control eireuits associated with an atomic pile ; 
(ii) radioactivity assay instruments ; (iii) automatic 





equipment ; (iv) effluent activity measuring appa- 
Fig.1. 
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rod of boron carbide. This materia] is a strong 
absorber of neutrons. Let us suppose that the 
control rod is withdrawn slightly so that K is just 
slightly greater than unity. This obviously leads 
to neutron multiplication. It might be thought, 
at first sight, that this multiplication would be very 
rapid, since the time of a neutron generation— 
birth to death—is of the order of 10-* second, and 
so in a second we should get 1,000 generations of 
neutrons and, in consequence, a very rapid build-up 
of flux. Very fortunately, however, control is 
made possible by a lag in the emission of neutrons 
after fission. About 1 per cent. of the neutrons are 
delayed by times of the order of 1 minute. To take 
an example, if K is increased from unity to 1-01, the 
additional 1 per cent. which brings multiplication 
will be born up to a minute late and this provides 
the system with a most desirable inertia. Hence, to 
increase the power level of a pile, the contro] rods 
are partly withdrawn thus increasing K above unity. 


Fig. 2. 





D.C. 


ion current is collected, amplified and applied to the 
trigger circuit which operates the shut-down 
mechanism. Fig. 2 is a schematic diagram of the 
circuit used. In this case, the current collected 
from the ion chamber is. applied to the load resistor 
and the voltage across this load resistor is measured 
with a direct-current valve voltmeter, the indica- 
tion being on a power-level recorder. The output 
of the valve voltmeter is also applied to two circuits 
each containing a direct-current amplifier, a trigger 
circuit and a relay which operates the shut-down 
mechanism. In the first circuit, manual setting of 
the trigger level is provided. The actual setting 
used depends upon the maximum pile power 
permissible, which, in the case of an air-cooled pile, 
depends upon the temperature, pressure and 
humidity of the cooling air. The function of the 
second circuit is the same as for the manual control, 
but this time the bias voltage is set automatically 
by the number of fans in operation in the cooling 
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ratus ; and (v) radiation monitoring and surveyiltg 
instruments. 

Before discussing the safety and control circuits 
associated with an atomic pile, something must be 
said about the principle upon which it operates. 
An atomic pile or nuclear reactor consists of an 
assembly of uranium rods in a “ moderator” of 
graphite or heavy water. The most important 
characteristic of a pile is the neutron multiplication 
factor K. If K is less than unity, the pile will not 
function, while if K is greater than unity, a divergent 
reaction will result and one neutron then produces 
an infinite number of neutrons in a pile of very large 
size. If, however, the pile is small, many of the 
neutrons will escape before they can produce 
fissions. A pile must therefore be over a certain 
size before a chain reaction can develop. At this 
critical size the proportion of neutrons escaping is 
such that the effective Ky, = K — K =). 
The pile is then in equilibrium and the neutron 
density will remain constant. 

The magnitude of the multiplication constant is 
controlled by moving into or out of the pile a control 





* Lecture delivered at the Scientific Instrument 
Manufacturers Association Symposium on ‘ Electronics 
and Instrimentation in Industry,” held in London, 
November 2 to 4, 1949. 

+ Atomic Energy Research Establishment (Ministry 
ot Supply), Harwell. 


The power level, and hence the development of heat, 
then increases exponentially with time, the time 
constant varying as the excess K is made available. 
When the desired power level is reached, the control 
rods are wound in, reducing K to unity again. 

Fig. 1 illustrates diagrammatically the construc- 
tion of an atomic pile. The centre portion a consists 
of an assembly of uranium rods in a moderator, 
b is a reflector, and c is a concrete shield. In 
addition to the control rod already referred to, 
one or more shut-down rods are provided. These 
are necessary to provide shut-down facilities as an 
emergency measure in the event of the pile power 
increasing beyond a preset figure. Cooling air or 
cooling water is drawn through the pile to ensure 
that the temperature rise is not excessive. The 
production of heat in the pile is accompanied by the 
release of powerful radiations, neutrons, y-rays and 
high-speed electrons. These’ are, for the most part, 
confined within the pile by the concrete shield c, 
which reduces the number escaping to a safe level. 

The operating power level is usually determined 
by measuring the number of neutrons entering an 
ionisation chamber, indicated in Fig. 1.. A special 
type of ionisation chamber is necessary. This is 
filled with an inert gas, but boron is deposited on 
one of the electrodes. Alpha-particles are produced 
from the boron by reaction with the neutrons and 





it is the «-particles. which ionise the.gas.. The small 


system. Should a fan fail, the circuit automatically 
comes into operation. Fig. 3 gives some further 
circuit details. The valve voltmeter is a long-tail 
cathode follower and this is followed by a 4irect- 
current amplifier consisting of double triodes con- 
nected as a non-phase reversing amplifier. 

In practice many additional electronic cireuits are 
necessary for the satisfactory operation of a pile. 
Thus, it is necessary to provide circuits to repeat 
back in the control room the positions of the control 
rods and the shut-down rods ; it is also necessary to 
provide information in the control room about the 
temperature, pressure and humidity of the cooling 
air, and about the activity (if present) of the cooling 
air, etc. For these and other reasons, a pile-control 
room, even for a relatively small size pile, may 
presents a somewhat formidable appearance. Fig. 4, 
page 632, illustrates the contro] rcom of the “‘ Gleep,”’ 
which is the small pile at the Atomic Energy Re- 
search Station, Harwell. 

Another important phase of the instrumentation 
work at Harwell] is in connection with the provision 
of radioactivity assay instruments. These are of 
many different types, but the most popular assay 
instrument at the present time is that using the 
Geiger-Miiller counter as the detector-element. This 
system is shown schematically in Fig. 5, page 632. 
It comprises the. Geiger-Miiller counter itself, which 
produces an electrical discharge for each particle 
which enters its sensitive volume and is counted; a 
stabilised. power unit to supply the high voltage 
(usually about 1,000 volts) needed to operate the 
counter; an amplifier to amplify the ‘pulses ” 
produced by the counter to the necessary level to 
operate the scaler ; and the scaler, which registers 
and totalises the pulses received. In carrying out 
a measurement, the material to be assayed is placed 
in a standard position beneath the counter, the 
counter, source and source mounting being sur- 
rounded by a suitable lead housing. This is to ensure 
that the “‘ background counts” are reduced to a 
constant minimum value.. The E.H.T. voltage is 
then adjusted so that the counter is operating on 
the plateau of the counting rate-voltage charac- 
teristic. It is operated in this region because any 
slight variation of the voltage supply will then have 
a negligible effect on the recorded counting rate. 
When the counter is operating at the’: correct 
voltage, measurements’ are made (a)-of the back- 
ground counting rate without the radioactive sample 
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in position beneath the counter, and (5) of the total 
counting rate (background + sample) with the 
radioactive sample present. The difference between 
these two eounting rates gives the counting rate 
due to the sample, which, in turn, is proportional to 
the amount of radioactive material present in the 
sample. The factor of proportionality is determined 
by the geometry and counting efficiency of the 
counter, and may be measured for the experimental 
arrangement used if a standard source, of known 
activity, is available. 

In some cases, a counting-rate meter is used in 
place of the scaler and register. This consists 
essentially of a circuit comprising a condenser 
shunted by a meter and a high resistance. The 
pulses of current are averaged by the charging and 
gradual discharging of the condenser through the 
meter and high resistance, so that an average value 
of the pulse arrival] rate is given by the meter reading. 
The counting-rate meter gives a direct indication 
of the counting rate and is particularly valuable 
when a continuous record of the activity is required. 
The scaling circuit, however, is often preferred 
because of the greater accuracy which it allows. 
Fig. 5 includes a unit designated a “timer,” the 
purpose of which is to switch off the scaler after a 
preset number of “counts” or a preset “time ” ; 
this eliminates the need for an attendant to watch 
the apparatus during the measurement. Count- 
controlled operation, using a preset number of 
counts instead of time-controlled operation using 
a preset time, is often preferred because then all 
the measurements are made to the same statistical 
accuracy. 

The type of Geiger-Miiller counter shown in 
Fig. 5 is of the end-window type. There are, how- 
ever, many other types of counters and even many 
other types of G.M. counters. In many measure- 
ments, for example, it is an advantage to obtain 
higher sensitivity and this may sometimes be 
achieved by using a thin-wall tubular counter and 
wrapping the sample round the tube. This method 
is often used when the radioactive substance to be 
assayed has been precipitated on a filter. A type 
of counting system which is now proving very 
popular is that using the flow-type proportional 
counter. This system uses a similar circuit to that 
shown in Fig. 5, but a high-gain amplifier must be 
employed and the scaling circuit must include an 
amplitude discriminator. Many gases and mixtures 
of gases can be employed in flow-type proportional 
counters, but methane and argon are tending to 
be used in this country. Argon is often preferred to 
methane because it is not inflammable and because 
operation is possible at a lower voltage. The gas 
is passed through the counting tube in a slow stream 
at a pressure slightly above atmospheric. The 
window is eliminated in this type of counter and the 
source to be assayed is placed inside the counter. 
This is a big advantage as it allows the method to 
be applied to very weakly active materials, the 
emissions from which are not able to penetrate the 
window of the usual type of G.M. counter. 

Another type of counter which is proving very 
popular is the scintillation counter. The component 
parts of such a counter are illustrated by the 
photograph reproduced in Fig. 6, opposite. It com- 
prises a phosphor (in two closed tubes in the fore- 
ground towards the left), a photo-multiplier (right 
foreground), the resistor chain, etc., for producing 
the various dynode voltages for the operation of the 
photo-multiplier, and a light-tight box with a light- 
tight window. The purpose of the latter is to keep 
out external light while allowing the free passage 
of the particles or quanta to be detected. The 
radioactive source is placed in a standard position 
with respect to the window of the counter, and the 
particles or quanta emitted from the source produce 
light seintillations in the phosphor which are 
detected, in turn, by the photo-multiplier; the 
electrical impulses resulting are amplified, and then 
applied to a scaler and register (or in some cases a 
ratemeter) and counted in the usual way. Different 
phosphors are used according to the type of activity 
to be measured. Thus zinc sulphide is used for « 
counting. For y counting, sodium iodide activated 
with thalium is used. Scintillation counters are 
much used for «-activity. measurements, and for 


y-activity assays they are gradually finding applica- 
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tions in those cases where a higher counting 
efficiency than that possible with the simple G.M. 
counter is required. 

In some of the researches carried out at Harwell 
and elsewhere, very large numbers of radioactive 
samples have to be assayed. In these circumstances 
it is often an advantage to make use of automatic 
apparatus of which Fig. 7, opposite, illustrates an 
example ; it allows the automatic assay of up to 
30 samples in series. This is achieved by placing the 
samples on suitable holders around a turntable and 
bringing them, in turn, to a G.M. counter or other 
suitable detector. The activity thus measured is 
recorded on a tape printer. At the beginning of the 
cycle, the first sample to be counted is brought 
under the counter by the appropriate rotation of the 
turntable, and the holder on which the sample dish 
rests is raised automatically to bring the sample 
into a standard position under the detector. The 
detector is surrounded by a lead housing in, the 
normal way to reduce the effects of external radia- 
tion, and the lead-filled sample holder, when in 





position, completes the shielding. 




















One Unit 

The two racks of equipment shown on the right 
of the turntable in Fig. 7 contain the E.H.T. power 
unit for the operation of the detector-element (G.M. 
counter or otherwise), the timer, the scaling circuits, 
the tape printer and the control circuits for se- 
quencing the operations of the turntable, scaler, 
printer, etc. Apparatus of this kind can be set up 
before leaving the laboratory in the evening and 
the 30 samples will be counted automatically and 
the results recorded before the next morning. 

In making measurements of this sort, one may 
have to deal with activities covering a relatively 
large range and it may be necessary to make back- 
ground measurements as a check at intervals. To 
provide independent count or time control for each 
sample would be very complicated, and most forms 
of automatic sample changer employ count-con- 
trolled operation, but the preset number of counts 
has then to be the same for all samples in any one 
batch. This is obviously inconvenient if weak 
activities have to be measured along with strong 
activity samples. A more satisfactory method is 
to employ count-controlled operation for a fixed 
number of counts, but, to arrange an, over-riding 
time control so that in the case of weak activities, 
for which a fixed number of counts would occupy 
too long a period, the count is terminated by the 
time control. Still -another method, which. is 
rapidly winning favour, is that in which the count 
is terminated after a period depending upon the 
total number of scaler and timer impulses counted. 
In'this case, if N is the total number of count + 
time impulses ‘and T is the total number of time 
impulses, then the counting rate is ™ 
When the counting rate is high, the number N 


='—— 1. 








JUNE 2, 1950. 


ENGINEERING. 


633 








ELECTRONIC INSTRUMENTS 


IN ATOMIC RESEARCH. 





Fie. 6. SornTitLaTion-TyPE CoUNTER. 

















Fic. 7. Automatic AssayInc APPARATUS FOR RADIOACTIVE 







































































SAMPLES. 
Fig. 9. Fig.10 Fig. 71. 
| Recorder Recorder Recorder 
Counting Rate 
Rate Meter Meter 
| 
Amplifier 
Power 
Supply 















































Amplifier 




















f 

















Fie, 8. Counters FoR AssAYING RADIOACTIVE 
LiquiDs. 


(called the summation number) comprises a large 
number of scaler impulses and a small number of 
time impulses. This means that frequent recordings 
of the counting rate are made. When the counting 
rate is low, N is mainly comprised of time impulses, 
and the recordings are made infrequently. By a 
suitable choice of the number N and the frequency 
of the timing impulses, it is possible to achieve 
reasonable statistical accuracy for the higher 
counting rates without wasting time on the lower 
counting rates. In practice, this method of control 
is very suitable in those cases where the counting 
rate may vary over several decades, and this method 
is being made use of in several automatic equip- 
ments associated with assay instruments. 

Another important phase of the instrumentation 
work at the A.E.R.E. is in connection with the 
measurement of the activity of liquids. This arises 
in connection with assay work in the laboratory, 
activity monitoring of effluent, and for control 
purposes in chemical plants using active liquors. 
The special type of, G.M. counter used for liquid 
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assays is shown in Fig. 8. The counter on the left 
is the more popular type. The liquid is poured into 
the annular space between the counter proper and 
the outside tube. The particle or photon emission 
from the active liquor passes into the sensitive 
volume of the counter and produces a discharge 








for each particle (or y-ray photon) detected. These 
discharges are counted using a register, or a scaler 


and a register if the rate of arrival of particles (or 
y-ray photons) is high, and the count rate gives a 
measure of the activity of the liquid. For routine 
work, the counter on the left has the disadvantage 
that it is difficult to clean, and so for some purposes 
the counter on the right is preferred as the ground- 
glass stopper joint makes it relatively easy to clean. 

The G.M. counters described above are used for 
assay work. For monitoring’ the ‘f- or y-activity 
of the effluent, say from a “ hot ” chemical labora- 
tory, the method illustrated in the diagram, Fig. 9, 
may beemployed. It uses a G.M. counter in the exit 
pipes and these give a discharge for each £-particle 
or y-ray photon detected. These discharges are 
amplified and applied to the counting-rate meter. 
In this case a continuous indication is provided on 
a recorder. 

The G.M. counter is''satisfactory for monitoring 
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relatively weak activities (of the order of 10-7 curie 
per litre). For higher activities it is usually better 
to use an ion chamber and measure the ion current 
produced. This current is amplified and applied to a 
recorder. The ion chamber may be placed actually 
in the liquid, or in a standard position above the 
surface of the liquid, as shown in Fig. 10, page 633. 
In the latter case, the level of the liquid surface may 
have to be maintained constant, as otherwise the 
sensitivity of the system will vary. This method is 
often employed for monitoring activities of the order 
of 10- curie per litre and above. If a y-activity 
measurement is required, relatively thick walls are 
employed for the ion chamber, but if a f- or a- 
activity measurement is required, then a chamber 
with a thin window to allow the passage of the 
B- and a-rays into the chamber must be provided. 
In the case of monitoring «-activity of liquids, the 
position of the liquid source with respect to the 
detector is very critical, and it is then an advantage 
to use the drum system illustrated in Fig. 11, page 
633. This is also of value when measuring a-activity 
in the presence of B- or y-activity. In this case 
advantage is taken of the larger pulse heights 
produced by «-particles as compared with B-particles 
(and y-ray photons). The pulses from the counter 
are applied to an amplitude discriminator circuit 
which transmits only those pulses above a certain 
height so that only those pulses due to the 
a-particles are counted. 

The simple system shown in Fig. 9 is used for 
B- or y-activity monitoring of effluent, etc. When 
higher sensitivities are required, the system shown 
in Fig. 12, page 633, may be employed. This uses 
two G.M. counters—one in the effluent and the 
other in a vessel containing uncontaminated water. 
The counts from both counters are amplified and 
counted and the difference in the two counts is 
applied to a recorder. The cancelling circuit 
shown in Fig. 12 starts a new integrating period 
when, V, builds up to 200 volts. Ths method has 
been used with success for monitoring activities as 
low as 10-* curie per litre. A typical chart is 
shown in Fig. 13, on page 633. 

(To be continued.) 





COURSE IN ENGINEERING 
METROLOGY AT MANCHESTER. 


At the request of the Grants Committee of the 
University of Manchester, a full-time course of instruc- 
tion on engineering metrology was first provided in the 
Manchester Municipal College of Technology in 1949 
and substantial sums were made available for the 
purchase of new equipment. Engineering metrology 
involves the science and practice of measurement as 
applied to mechanical and production engineering and 
to scientific and industrial research. Though much 
knowledge on such subjects as measuring and gauging 
systems and the functional accuracy of machine tools 
has been accumulated in this country, the provision 
of a suitable course of instruction is rendered difficult 
by the high cost of equipping and maintaining the 
necessary laboratories and obtaining the services of 
expert instructors in relation to the small number of 
men requiring such specialised training. It was in 1944 
that with the cordial co-operation of many Manchester 
firms, the Ministry of Education and the National 
Physical Laboratory, a small metrology laboratory 
was opened at the Municipal College of Technolgy to 
provide facilities for measurements in relation to the 
mechanical-engineering researches at the College, to 
assist in the solution of the problems of industry and 
to form the basis for a course of instruction. At the 
same time, a machine-tools laboratory was opened to 
provide the complementary facilities covering processes 
and means of production. 

The success of the last year’s course has decided 
the College authorities to arrange a second full-time 
course during the 1950-51 session, when the instruments 
will be rehoused in new and larger laboratories. 
The course will commence on Thursday, October 5, 
1950, and terminate in June, 1951. The general 
syllabus includes instruction in such subjects as quality 
control, the kinematics of gearing, instrumentation, 
limits and dimensioning, physical optics and electronics. 
A constant stimulus is provided by direct contact 
with research and development work both within and 
without the College. Candidates for admission to the 
course must possess a university degree in engineering, 
physics or mathematics, or a Higher National Certifica’ 
or Diploma in mechanical, electrical or production 
engineering. A College certificate will be awarded 
on the satisfactory completion of the course. 





LABOUR NOTES. 

WAGE increases were reeeived by 223,000 workpeople 
in the United — during April. These net 
increases in the full-time weekly-wage rates of the 
employees concerned amounted, in all, to approximately 
40,0001. a week and represented an average of nearly 
4s. a head. Among the persons principally affected 
were those employed in the pottery industry, in indus- 
trial canteens, in the retail-tailoring trade in Northern 
Treland, and in gas-supply undertakings. Operatives 
in Bury and the surrounding district engaged in the 
manufacture of cloth for mechanical pi also 
received increases in their wage rates. National 
standard rates of wages were adopted for adult labourers 
in three classes of gas-supply undertakings, and these 
resulted in increases of varying amounts according to 
the area of employment. Of the total increases of 
40,0001., about half was the result of Orders made 
under the Catering Wages Act and the Wages Councils 
Act. The Ministry of Labour Gazette for May reports 
that a further 11,000. resulted from wage ments 
made by Joint Industrial Councils and similar joint 
standing bodies established by voluntary agreements. 
The remaining increases, about 9,000/., were mostly 
due to arbitration awards. 


During the first four months of the present year, 
2,197,500 workpeople in the United Kingdom received 
net increases in their full-time wage rates, which were 
estimated by the Ministry to total 354,000/. a week. 
In the corresponding months of last year, there were 
net increases amounting to 434,100/. in the weekly full- 
time wages of 3,206,500 persons. Comparative figures 
for January to April, 1948, show that, during those 
four months, 2,544,500 employees received net increases 
aggregating 719,700/. a week. Changes in the hours of 
labour during the first four months of the present year 
haye been few. The only change which came into 
operation during April affected workpeople in the 
pianoforte-making industry, whose working week 
was increased from 44 to 45 hours. This increase in 
hours was accompanied by an increase in their maximum 
annual holiday with pay, from one week to two weeks. 


For the fourth successive month, no change was 
recorded in the rates-of-wages index figures for April. 
At the end of that month, the index stood at a level 
of 110 for all employees, and at 109, 113, and 113, for 
the men, women and juvenile classes, respectively. 
This index measures the movement, month by month, 
in the level of weekly- rates in the United Kingdom, 
compared with their level on June 30, 1947, which is 
taken as 100. 


Industrial disputes in progress in the United Kingdom 
during April numbered 130, and, in these, 34,700 
employees were involved and 159,000 working days were 
lost. During March, 178 strikes were in being, in which 
30,500 workpeople were concerned and approximately 
127,000 days lost. Comparative figures for April, 1949, 
show that 138 disputes were then in and that, 
in these, 40,600 persons were involved and 135,000 days 
were lost. Of the 159,000 days lost in April last, 155,000 
were lost by 33,700 operatives involved in the 115 
stoppages which commenced during that month. 
It is worthy of note that, of this number of operatives, 
only 29,600 were directly involved in the disputes. 
The remaining 4,100 were thrown out of work at the 
establishments where the stoppages occurred, but 
were not themselves parties to the strikes. 


Of the 115 stoppages which began during April last, 
five arose out of demands for increases in wages and 
36 were on other wage questions. In these two cate- 
gories, 4,700 persons were directly involved. Four 
strikes, directly concerning 100 operatives, arose owing 
to difficulties over hours of work. Questions respecting 
the employment of particular classes or persons were 
responsible for 21 disputes, in which 3,500 workpeople 
were directly involved, and a further 48 disputes took 
place owing to other difficulties ing working 
arrangements. The remaining strike, in which 14,400 
were concerned, arose out of the action of a trade union 
in expelling certain of its members. 


Strikes which ended during April last numbered 122 
and, of these, 49 were in progress for less than one day, 
but 2,300 employees were directly involved in them. 
A further 30 stoppages, directly involving 4,900 work- 
people, lasted for two days and another twelve, in 
which 1,600 operatives were directly concerned, lasted 
for three days. Of the remainder, 13, directly involving 
5,800 employees, continued for from four to six days, 
and 18, directly involving 16,000 persons, were in 
progress for a period exceeding six days. 


A new wage claim which, it is estimated, will affact 
more than 400,000 miners employed on a day waye, 
is to' be mted by the- National Union of Mine. 
workers. The executive committee of the Union decided 


on May 25 to demand an increase in the men’s pay of 


2s. 6d. a shift and to seek an early meeting with the 
National Coal Board for the Forme | subniission of the 
new claim. Miners who work five shifts in @ week are 
paid for six, and, as it is understood that the Union 
desires the increase to apply to “ bonus” shifts, the 
increase, if granted in full would thus raise the mini. 
mum wages of those concerned by 15s. a week. This 
would bring the minimum rates of pay of the day-wave 
men to 51. 15s. for those employed on the surface, and 
to 61. 10s. for those engaged on underground wort. 
The Union contends that both categories of day-rate 
men must be considered to rank as lower-paid opera- 
tives and that, consequently, their claim does not 
clash with the wage-stabilisation policy of the Govern- 
ment. 


Local piece-rate agreements apply to the remaining 
employees in the coal-mining industry, who number 
about 300,000 in all. The vast majority of these are 
engaged on work at the coal face and they earn con- 
siderably more than the rates which apply to the 
day-wage men. The National Coal Board are under- 
stood to have expressed their willingness to consider 
some form of improvement in the wage rates of the 
lower-paid coal-mining employees, as was reported 
on page 606, ante. It was suggested, however, that the 
Union should withdraw its request for a revision of the 

ment which provided for the payment of a cost- 
of-living bonus. This, the Union are understood to be 
unwilling to do, owing to the possibility of reper- 
cussions over the payment of a bonus of 2s. 8d. in 
some cases, under local arrangements, but the Union’s 
cost-of-living proposal is expected to be held over 
during the negotiations on the new claim. 


The claim of the National Union of Railwaymen for 
some improvement in the wages of the lower-paid 
railway emplo was discussed at a meeting between 
officials of the Union and Sir Eustace Missenden, 
chairman of the Railway Executive, on May 26. The 
general secretary of the Union, Mr. J. B. Figgins, is 
understood to have presented the view that the 
increases, which were recently imposed on railway- 
freight charges, should make a considerable amount of 
new revenue available to the Executive. This, in turn, 
should make it ible for the Executive to afford 
some measure of relief to the harder-pressed railway 
employees. The Union is also thought to have urged 
upon the representatives of the Executive the detri- 
mental effects upon efficiency and recruiting of the 
present level of wages paid to the lower grades of 
railwaymen. Sir Eustace undertook to consider the 
views put forward by the Union and to make known 
the Executive’s answer at an early date. 


New demands for wage increases on behalf of many 
classes of railwaymen in the employ of the Railway 
Executive and London Transport Executive are likely 
to be presented in the immediate future. The annual 
conference of the Associated Society of Locomotive 
Engineers and Firemen, which met at Folkestone 
iain this week, decided at a private session on May 30 
to instruct its executive committee to present a claim 
on behalf of the Union’s 90,000 members. No specific 
sum was mentioned in the statement which was issued, 
at the close of the private session, by Mr. J. G. Baty, 
the general secretary of the A.S.L.E.F., and it appears 
that the annual conference has left the working out 
of the details of the claim to the Union’s executive 
committee. Those likely to be affected by the new 
claim are cleaners, motormen, firemen and engine 
drivers in the employment of British Railways and 
the London Transport Executive. 


The continual shri of its labour force remains 
the most serious problem facing the coal-mining 
industry. The total number of miners on colliery 
books on May 13 was only 704,600, compared with 
726,500 on May 14, 1949. There has thus been a 
decrease in colliery manpower of 21,900 in one year. 
The number of men wae at the coal face declined 
from 297,800 to 291,100 during the same twelve 
months. Voluntary absenteeism dropped from 5-56 
per cent. during the first 19 weeks of 1949 (to May 14) 
to 4-97 per cent. for the first 19 weeks of the present 
year (to May 13). Total absenteeism also declined, 
during the same comparative periods, from 12-78 per 
cent. to 12-25 per cent. Tonnage estimated to have 
been lost owing to strikes, recognised holidays, and 
other causes reached a total of 2,371.40 tons during 
the first 19 weeks of the current year. compared with 
a total of approximately 2,669,600 tons during the 





corresponding period last year. 
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SINGLE-SCREW MOTOR TANKER 


THE NETHERLANDS 
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Fig. 2. 


THE SINGLE-SCREW MOTOR 
TANKER *“* GRENA.”’ 


Tue Netherlands Dock and Shipbuilding Company, 
Amsterdam, have in hand at present a number of 
orders for tankers which, in all, total some 200,000 
tons deadweight. Among them are seven vessels, each 
of 16,000 tons deadweight, for Norwegian owners, the 
first of which, the motor-tanker Grena, was delivered 
recently to Messrs. J. Ludwig Mowinckel’s Rederi, 
Bergen, Norway. A photograph of the Grena is 
reproduced at the top of this page, from which it will 
be seen that the design is of the usual single-deck type 
with poop, bridge and forecastle. The length overall 
is 521 ft. 5 in., and between perpendiculars, 495 ft., 
while the moulded breadth is 67 ft. 9 in. The depth 
is 36 ft. 54 in’and the summer draught 28 ft. 43 in. 

The cargo space is subdivided in 24 tanks by two 
longitudinal and ten transverse oiltight bulkheads. 
There is a dry-cargo hold forward with a deep tank 
below for fuel or water ballast, which also has an 
oiltight longitudinal bulkhead along the centre line. 
The bulkheads in the cargo tanks and the deep tank 
forward are all of the corrugated type. The main 
pump room is between Nos. 4 and 5 centre tanks and 
is equipped with two’ horizontal duplex double-acting 
main cargo pumps and one horizontal duplex double- 
acting drain pump, the capacity of each cargo pump 








WILTON-FIJENOORD DoxForp ENGINE. 


being, approximately, 400 tons an hour. A further 
pump room is arranged in the forward deep tank ; this 
pump room, however, is smaller, containing only one 
ballast pump and one fuel-oil pump. 

The vessel is propelled at a service speed of between 
13$ and 14 knots by a single screw, driven by a Doxford 
opposed-piston Diesel engine manufactured under 
licence by Messrs. Wilton-Fijenoord, Schiedam, Hol- 
land. Itisa five-cylinder unit having a bore of 670 mm. 
and a combined stroke of 2,320 mm., the rated output 
being 5,500 brake horse-power. A photograph of the 
engine, erected in the builders’ shop, is reproduced 
in Fig. 2 ; the design follows standard Doxford practice. 
The cylinder jackets and upper and lower pistons 
are cooled by fresh water in accordance with usual 
practice, the cooling water being taken to the top pistons 
through flexible rubber tubes and to the bottom pistons 
by a series of hollow swinging links. Each cylinder 
has two fuel valves working on the ‘“ common rail” 
system, the fuel pumps being situated at the after end 
of the engine just above the flywheel.. The scavenge 
pump is of the reciprocating double-acting type ; it is 
driven from the main crankshaft and is situated between 
Nos. 3 and 4 cylinders. The controls are fitted at the 
starboard side of the engine opposite the scavenge- 
pump connecting-rod assembly. 

The fresh water for cooling the main-engine cylinder 
jackets and pistons is circulated. by two electrically- 


“GRENA.”’ 


DOCK AND SHIPBUILDING COMPANY, AMSTERDAM. 





| driven pumps situated in the port wing of the engine 
jroom. The salt-water cooling system is supplied by 
| an electrically-driven pump, also situated in the port 
wing of the engine room, an electrically-driven ballast 
pump acting as a standby for this service. There are 
| two lubricating-oil pumps, the system including an 
oil cooler which, together with the main cooler, was 
supplied by Messrs. Serck Radiators, Limited, Warwick- 
road, Birmingham. The fresh-water pumps, salt- 
water pumps and lubricating-oil pumps were supplied 
by Messrs. Drysdale and Company, Limited, Yoker, 
Glasgow, other pumps supplied by this company 
including a valve-housing cooling pump, two bilge 
pumps, a fuel-oil transfer pump and an oil-supply 
pump, all of which are electrically driven. Three oil 
purifiers are installed against the forward engine-room 
bulkhead ; these were manufactured by the Alexandra 
Separator Company, Limited, 25, Pancras-road, London, 
N.W.1, and are arranged for purifying the lubricating 
oil and fuel oil, respectively, the third separator acting 
as a standby to both services. 

Current for the electrically-driven auxiliary machi- 
nery and ship’s services is supplied by two ome 
sets, each driven by a Stork three-cylinder Diese 
engine developing 225 brake horse-power at 400 r.p.m., 
the output being 150 kW at 220 volts. In addition, 
there is a steam generating set supplied by Messrs. 
W. H. Allen, Sons and Company, Limited, Bedford. 
The set consists of a steam engine arranged to drive 
one 220-volt generator and one 110-volt generator 
arranged in tandem, the outputs of which are 40 kW 
and 30 kW, respectively. The two Diesel generators 
are located one at each side of the main engine and 
the steam generator forward of the starboard Diesel 
generator. Two Scotch boilers are situated on a flat 
at the after end of the engine. The boilers operate at 
a pressure of 180 Ib. per square inch and were supplied 
by Stockton Chemical Engineers and Riley Boilers, 
Limited, Stockton-on-Tees. They are designed to 
burn oil fuel under forced draught, but the port boiler 
is arranged to work on the exhaust gases from the 
main engine. The forced-draught fan, which is steam- 
driven, was supplied by Messrs. James Howden and 
Company, Limited, and the feed pumps by Messrs. 
G. and J. Weir, Limited. 

The accommodation is of an exceptionally high 
order, all seamen and motor men being provided with 
separate cabins. These are arranged on the main deck 
at each side of the engine casing, the mess rooms and 
smoking room for the crew being situated at the port 
side of the poop. The chief engineer has a separate 
day room and bedroom at the forward end of the 
poop, and the cabins for the second, third and fourth 
engineers, the assistant engineer and the electrician 
are on the same deck. The master’s accommodation is 
on the forward boat deck below the bridge and consists 
of a day room, bedroom and separate office. The 
pilot’s and doctor’s accommodation also is situated. on 
this deck, while the cabins for the mates and appren- 
tices, together with the saloon and hospital, are on the 
deck below. The officers’ messroom and.smokeroom 
are at the forward end of the after boat deck. 
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AIRCRAFT-DESIGN 
DEVELOPMENTS.* 
By Str Freperick Hanpiey Paaes, C.B.E. 


In the last few years there have been spectacular 
increases in the world high-speed records, which are 
made possible largely by the increased power and 
light ae of the turbo-jet unit. To achieve these 
speeds, the aircraft designer has reduced parasitic 
drag by making the wetted surface of the aeroplane as 
small and as clean as possible. This has led to smaller 
wings and insteased wing loadings, and has resulted 
in higher stalling speeds, and, in consequence, to longer 
runs for take-off and landing. Airport facilities have 
had to be extended to make civil aviation possible on 
the international trunk lines. Throughout the world 
it has been assumed that an increase in landing speed, 
caused by a higher wing loading, could be tolerated 
and that, if necessary, runways would be length- 
ened to suit. Before the second World War, runways, 
and certainly most municipal airports. were grass 
surfaced and seldom exceeded 3,000 ft. in length. The 
war made necessary the rapid creation and extension 
of runways, vast structures of hard core and concrete, 
which previously would not have been considered 
economic. It is now commonplace for even a small 
aerodrome to have in the runways the equivalent of 
10 miles of first-class 40-ft. wide roads. The runways 
at London Airport and at Filton are 10,000 ft. long 
and about 300 ft. wide. 

There is a limit, however, to this policy of big run- 
ways; not only are they expensive in money, but the 
amount of land immobilised is unjustifiable. In civil 
air operation the installation of a first-class runway may 
be impossible because of cost, particularly in some of 
the undeveloped areas; in military operations the 
need for a very long runway deprives air power of the 
flexibility in strategy which is essential. 

The object of this lecture is to draw the attention 
of the operator, the designer and the airport authorities 
to the mounting capital and upkeep costs which must 
be borne as part of the price for air operations, and to 
review those aircraft design developments which would 
lead towards reducing the runs for take-off and for 
landing of future types of aircraft. The operator should 
welcome lower landing and take-off speeds, because 
they would provide additional safety. It seems 
reasonable to suppose that with slower minimum flying 
speeds, there would be a reduction in the use of alter- 
native aerodromes when weather conditions were bad. 
This would lead to higher utilisation of a fleet of aircraft. 

The effect on aeroplane performance of increasing 
wing lift can be illustrated by the changes which 
result on the Hermes 4 aircraft. If we increase the 
maximum lift coefficient Cz max., of the Hermes 4 
progressively up to about 3-5, it can be seen from 
Fig. 1 that there is a substantial reduction in the total 
take-off run required to clear a 50-ft. obstacle. Beyond 
this value, the further reduction up to a Cy max. of 5 
is not worth while. It will be noted that a reduction in 
all-up weight gives a much greater reduction in the take- 
off run for low values of Cy max. than for high values. 

With an increase in maximum lift coefficient comes 
an increase in the induced drag; consequently the 
wing span must be lengthened to minimise this rise. 
Fig. 2 shows the increasing significance of induced 
drag as the minimum flying speed is reduced, and 
the importance of using a high aspect ratio (the 
ratio of span to mean chord). If we increase the 
maximum lift coefficient of the Hermes 4 from 1-8 to 
2-8, but keep the wing loading unaltered, the induced 
drag is kept unchanged only if the aspect ratio is in- 
creased from 9-06 to 14-2, that is, the span is increased 
from 113 ft. to 141-4 ft. The aspect ratio required 
to maintain induced drag unchanged for higher values 
of Cy max. would result in a structure of such a span 
that the increased weight would be prohibitive; the 
question of using a higher Cy, max. and correspondingly 
increased aspect ratio, cannot be considered as an 
aerodynamical problem only, but must take into 
account the resulting increase in wing-structure weight. 
Fig. 3 shows how the estimated weight of the Hermes 4 
wings, of constant area, rises with increase in span ; 
it is assumed that the ratio of wing span to root thick- 
ness and the all-up weight, 85,000 Ib., have been kept 
constant. For an increase in aspect ratio from 9-06 
to 14-2, required to maintain constant induced drag 
for an increase of Cy, max. from 1-8 to 2-8, the wing 
weight rises by 860 lb. Unless, therefore, the all-up 
weight of the aircraft can be raised by considerably 
more than 860 lb., to allow for changes in the tail 
structure, the change is not worth while. The effect 
of aspect ratio and allowable all-up weight on take-off 
becomes even more significant if the aeroplane is 
to be operated in the tropics at high altitudes, particu- 
‘arly with turbo-jet power units. 

Broadly speaking, there are four ways of increasing 
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lift : by increasing the circulation around the wing by 
rotating a flap and thus increasing the wing camber, 
by increasing the wing area by a backward chordwise 
movement of a trailing-edge flap, by preventing break- 
down of the flow at the stall by means of slots, and 
extending the angular range of incidence for useful 
lift, and by increasing the circulation over the wing by 
applying forced boundary-layer control. The oldest 
method of increasing the circulation around a wing 
was by in ing the wing camber, either by warping 
the wing or rotating a flap downwards. Later develop- 
ments were the split flap and the Handley Page slotted 
flap. To increase lift still further, the trailing- 
flap was moved backwards as well as rotated, as in the 
Zap and Fowler flaps, so as to increase the wing chord 
aad, therefore, the effective wing area. In Table I, 
opposite, particulars are given of test results of the lift 
increments for different types of full-span flaps. The 
actual lift increments realised in full-scale flight will be 
less, and the induced drag will be increased if the flaps 
extend outboard for only a portion of the span, and if the 
continuity of the flaps is broken by the fuselage or 
engine nacelles. If full-span flaps are to be used, some 
alternative is needed to the ordinary aileron controls. 
Spoilers and ailerons in the flaps, etc., have not been 
i by pilots generally, so that if the full value of the 
lift increment is to be obtained, an alternative accept- 
able method must be developed. It is necessary a 
to ensure that the parasitic drag of the wing is not 
unduly increased with the increase in lift, otherwise the 
initial climb will be adversely affected. A flap for 
low parasitic drag is shown in Fig. 4, together with 
the results of wind-tunnel tests upon it. It will be 
seen that the form drag of the wing remains practically 
constant over a wide range of lift coefficients. With 
trailing-edge flaps only, the actual maximum lift 
coefficient seldom exceeds about 2-7. Full-span lead- 
ing-edge slots give higher values of Cymax. but 
require higher angles of incidence in landing. 
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The case of flaps on the swept-back wings used on 
en presents a special problem, 
particularly in wing sections with a sharp nose and a 
far-back maximum ordinate. Some flaps tested on a 
swept-back wing are shown in Fig. 5 and the test 
results are shown in Fig. 6, opposite. The following con- 
clusions can be drawn from these results: slotted 
flaps will delay the angle of stall more than any of the 
other flaps tested but do not give a high lift coefficient. 
The pitching-moment curve is unstable, and suggests 
that the slotted flaps delay the stall of the centre 
section, which is an undesirable feature. The Junkers 
flap gives results in all respects, a 30 per cent. 

chord flap set at 40 deg. giving a Cy, max. of 1-66. 
From Fig. 7, opposite, it will be seen that the Kriiger 
type of nose flap has lift and pitching moment charac- 
teristics similar to the feoeiner Page leading-edge slot. 
The use of a nose flap transfers the stagnation point 
from the critical sharp nose to the more stable rounded 
nose of the flap and, at the same time, reduces the pres- 
sure gradient that would otherwise exist behind the 
sharp leading edge of the aerofoil. In this way, early 
separation at the nose of the aerofoil is avoided and 
higher values of Cz, max. are developed. As swept- 
back wings normally stall first at the tips, the instal- 
lation of outboard nose flaps, or orthodox leading- 
slots, is beneficial at the stall. Opinions are 
divided as to whether the leading-edge slots should be 
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TABLE OF REFERENCES TO FIG. 6. 


a No flaps. 

b Slotted flaps, 57-2-per cent.span. Flap angle 60 deg. 

c Split — 30-per cent. chord (constant) at 60-per cen. 
chord from leading edge. Flap angle 60 deg. 

d Split flaps, ey cent, to 10-per cent. chord at trailing edge. 
ay eg deg. &. chord ( 

e Split flaps, 30-per cent. chord (constant) at trailing edge. 
Flap angle 60 deg. 

f Junkers flap, 30-per cent. chord (constant) at trailing edge. 
No gap. +? angle 60 deg. 

g Junkers flap, 30-per cent. chord (constant) at trailing edge. 
Gap 4 <4 cent. chord. Flap angle 60 deg. 

h Junkers flap, 30-per cent. chord (constant) at trail:ng edge. 
Gap 1-per cent. chord. Flap angle 60 deg. 





automatic or power-operated. Both methods have 
given satisfactory results. 

The problems of change of trim resulting from the 
use of high-lift devices are only an extension of those 
associated with normal tail-plane and elevator design. 
There should be a sufficiently large and unshielded 
portion of the elevators to give the necessary amount 
of tail-heavy pitching moment, equal to the increase 
of pitching moment at zero lift due to the flap setti 
plus the nose-heavy moment produced by the fixed 
tail plane. 

Trailing-edge lift devices produce a change in the 
camber of a basic wing and cause the entire pressure 
distribution to be stepped up. If, in addition, the 
flap increases the wing chord by its rearward movement 
there is a further increment in the lift. Table I shows 
that slotted flaps of all kinds give greater lift incre- 


TaBLE I. Mazimum Lift Coefficients for Fully Flapped 








Wings. 
: Increase in 
= CLmax. | Cr max. Due 
to Flap. 
American Tests. (Infinite aspect ratio) 

Wing (NACA 23012) without flap .. 1-55 — 
Wing with 20-per cent. chord plain 

flap a oe “ue ie 2-40 0-85 
Wing with 20-per cent. chord split | 

flap wa ae my - 2-55 1-00 
Wing with 20-per cent. chord Hand- 

ley Page slotted flap - eas 2-80 1-25 
Wing with 20-per cent. chord slotted 

flap moved to rear (Fowler) ie 2-90 1-35 
Wing with 30-per cent. chord slotted 

flap moved to rear (Fowler) ag 3-20 1-65 

British Tests. (Aspect ratio 5-0) 

Wing (H.P. 51, thickness /chord ratio 

0-16) without flap. . mS aol 1-13 —_ 
Wing with 40-per cent. chord slotted 

flap moved to rear (Fowler) onl 2-95 1-82 
Wing with 40-per cent. chord slotted 

flap with 10-per cent. split flap 

moved to rear (Fowler) .. - 3-23 2-10 
Wing with 40-per cent. chord double 

flap <“ rye a ey 3-57 2-44 
Wing with 31-per cent. chord slat . . 2-27 — 
Wing with 31-per cent. chord slat, 

40-per cent. chord slotted flap 

moved to rear (Fowler) .. a 3-89 1-82 
Wing with in cent. slat, 40-per 

cent. chord double flap .. ss 4-44 2-44 





ments than split flaps. This is because the air which 
has to flow over the upper surface of the flap is first 
speeded up by passing it through a Venturi passage 
formed by the flap and the rear part of the wing, and 
is then used to energise the boundary layer. This 
permits the pressure distribution over the whole wing 
to be stepped up still higher. For greater lift incre- 
ments, artificial aids are needed to feed energy into 
the air flowing over the rear part of the wing. 

A report issued in 1941 gave the results of wind- 
tunnel tests on boundary-layer control to determine 


the quantity of air and the power required. High lift 
coefficients up to 7 were obtained on two-dimensional 
models. Wind-tunnel tests on boundary-layer control 
showed that there was little difference in the power 
required, whether the air was sucked into or ejected 
from a wing. This led to the proposal that the quantity 
of air a to give boundary-layer control could be 
halved if air were sucked into the inboard half of the 
wing span and then ejected from the outboard half. 
When the best sizes of slots for the combined scheme 
were checked experimentally, it was found that the 
quantity of air to be moved per second was extremely 
large and, consequently, the power required was 
excessively great. 

On account of the large powers required and the 
weight involved, progress in the application of boundary- 
layer control for increased lift has been disappointingly 
slow ; the Germans were the first to indicate a possible 
solution to the practical problems. Among the first 
schemes that were examined, and found to be too 
heavy, was the use of a gas turbine to drive a blower. 


™Z|Then followed an interesting and important series 


of model and full-size ground tests on the Arado 232 
aircraft, which used a rocket-operated feed-pump for 
the movement of the air to give boundary-layer control. 
A diagram of this arrangement is shown in Fig. 8, on 
page 638. Although rockets are not highly efficient 
thermodynamically, their simplicity and absence of 
moving parts make them inherently reliable and suit- 
able units for the control of boundary layer. 

In an aeroplane similar to the Hermes 4, the rocket 
would be used as a jet pump and directed as a multi- 
nozzle jet, as shown in Fig. 9, on page 638, into a con- 
vergent mixing chamber. The fuel carried would 
enable two take-off and two landing operations to be 
made, with an endurance of 45 seconds per operation, 
or 3 minutes in all. The fuel would be hydrogen 
peroxide with calcium or sodium permanganate as the 
reactor. The speed of the jet of steam and oxygen 
issuing from the reaction chamber would be about 
3,500 ft. per second, and the temperature in the reaction 
chamber would be about 500 deg. C. The jet would be 
mixed with air so that the jet temperature, disc 
as steam over the wing, would be reduced to about 
100 deg. C. 

Some general conclusions can be given on wings with 
various types of flaps subjected to boundary-layer 
control: British tests show that as the flap chord 
is increased there is a saving, up to a maximum lift 
coefficient of 6, in the quantity of pressure air used and 
in the past required. This suggests that the flap 
chord should be as large as possible and should have 
a rearward translational, as well as a rotational, move- 
ment. German tests show that, where suction is 
used for boundary-layer control of lift, the efficiency of 
the flap falls off when the chord is increased above 
about 25 per cent. of the wing chord. Experimental 
evidence indicates that the size of the slots in the wing 
should be different for the two systems. For pressure 
slots, the ratio of the slot depth to the chord should 
be 0-0075, whereas for suction slots the ratio should be 
0-03. 

From a mathematical analysis which has been made 
of the effects of applying boundary-layer control to 
increase the maximum lift coefficient of the Hermes 4 
aeroplane, it is concluded that the power required to 
operate boundary-layer control for lift is proportional 
to (wing loading). This makes it costly in power for 
modern civil transport ai t with wing loadings 
60 to 80 lb. per square foot. In the German experi- 
ments a wing loading of 24 1b. per square foot was used, 





of | from 4 to 6} per cent. of the all-up weight. 


Aspect ratio determines the duct length and, to a large 
extent, the duct losses. The power required can be 
reduced, therefore, if the aspect ratio is kept small, 
but high aspect ratios must be used if the induced 
drag is to be kept low. For aeroplanes similar to the 
Hermes 4, Fig. 10, page 638, shows that the horse-power 
required to ensure a Cy, max- of 5-0 is about} ten times 
that required for a Cymax. of 3-0. However, the 
take-off performance with a lift coefficient of 5-0 is not 
much better than that at a lift coefficient of 3-5; it can 
be seen from Figs. 10 and 11, page 638, that at a lift 
coefficient of 3-5 the horse-power required, 840, and the 
weight of the equipment and fuel, 3,550 lb., is reason- 
able. In order to reduce to a minimum the power 
required for the operation of boundary-layer control, 
the wing system should be as efficient as possible ; this 
would suggest full-span flaps with, possibly, spoiler 
lateral controls. 

An interesting conclusion may be drawn by com- 
paring the effect of boundary-layer control during take- 
off with that of rockets used directly to augment the 
thrust at take-off. Whereas boundary-layer control 
enables a reduction to be made in the ground run, which 
is by far the greater part of the total run, rockets will 
not lower the stalling speed of the aeroplane but will 
only make possible a reduction in the distance from 
take-off to climb to 50 ft., through an increase in the 
available rate of climb. An example based on the 
Hermes 4 aeroplane will make this clear: Fig. 12, 
page 638, shows for this aircraft, at a weight of 
85,000 lb., the ground run, the distance from take-off to 
climb 50 ft., and the total distance from the start of the 
ground run to reach 50 ft. height, plotted against maxi- 
mum lift coefficlent. - If boundary-layer control equip- 
ment is used to increase Cy max- to 4-0, the fuel re- 
quired being 948 Ib., the ground run is reduced from 
1,293 yards, at a Cy max- of 1-8, to 540 yards, and the 
distance eovered from then on to climb to 50 ft. is 
reduced from 337 yards to 230 yards. The total distance 
covered to reach a height of 50 ft. is 770 yards. If 
rockets are used to increase the thrust for take-off, the 
ground run will be practically unchanged, because owing 
to the short duration of the rocket (9 seconds) it can be 
operated only towards the end of the ground run. The 
added thrust will be 9,480 lb., and this will reduce the 
distance to climb to a height of 50 ft. from 337 yards 
to 76 yards. The total distance covered to reach a 
height of 50 ft. is 1,293 + 76 = 1,369 Rockets 
will thus be more beneficial during take-off if used to 
augment lift rather than thrust. 

Of the four methods of increasing lift which have 
been discussed, forced boundary-layer control offers 
the greatest promise for further development. With 
high wing loading, such as 50 to 60 lb. per square foot, 
it would probably not be profitable to use a maximum 
lift coefficient greater than 4. Although the equipment 
and fuel would involve an addition to the basic equipped 
weight at take-off of some 5,200 lb., it should be possible 
to take off within a distance of 900 yards to climb over 
the 50-ft. barrier, and to increase the take-off weight by 
at least 10,000 lb. Not only would there be a savi 
in runway length, but also an increase in the use 
load. Although the egenncn: pd control system 
adds complications, the actual flap system would be 
simpler than for normal high-lift devices and would 
give a certain weight saving, which has not been taken 
into account. 

Undercarriages for air transports at present weigh 
A weight 
analysis of the Hermes 4 shows that the weight of the 





undercarriage units is some 3,500 Ib. (4-24 per cent. 
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of the all-up weight) or almost 25 per cent. of the pay- 

load. Although the weight is reasonable by present 

standards, the potential payload lost is considerable ; 

particularly in the case of 8 aeroplanes required to carry 

out a non-stop London-New York service, where the 

= may be no greater than the weight of the 
nding gear. 

Before we examine the possibilities of an under- 
carriageless aeroplane we may look first at some of the 
fundamental problems. In order to land, the pilot will 
endeavour to lose all vertical velocity on the aeroplane 
and, although this velocity is not normally more than 
about 2 ft. per second, it is usual to make the aeroplane 
capable of withstanding the loads set up by a vertical 
velocity of 11 ft. per second. On impact with the 
ground the kinetic energy of the aeroplane, in a vertical 
direction, must be dissipated by a resistant force 
provided either on the aeroplane or on the ground. 
Practice has generally put the shock absorber on the 
aeroplane, in the form of the pneumatic wheel and 
oleo-leg arrangement. Examples of types of aircraft 
already in operation in which normal undercarriages 
are not employed are a flying boat, which uses water 
as the natural medium to take the shock of landing ; 
and an aeroplane fitted with an arrester gear to pull it 
up and, at the same time, force it down to make a 
belly-landing on to a resilient mat providing the shock- 
absorbing device. This method has been developed 
in the United Kingdom to enable naval aeroplanes to 
be landed on aircraft carriers. 

The requirements of any method of take-off and 
landing are that the take-off and landing of normal 
aeroplanes should not be interfered with ; the landing 
area should be cleared as quickly as possible, certainly 
without an increase on present-day times; taxying 
of the modified aeroplane should be carried out as 
easily as at present ; the initial cost and subsequent 
upkeep should be considerably less than that of the 
runways normally provided ; and operation should be 
simple and reliable so that the passengers’ confidence 
is retained. It is not possible, within the limits of this 
lecture, to develop a fully-reasoned case for and against 
the flying boat. In spite of its attractions, the flying 


boat has had only moderate success and its future is | 


uncertain. It is probably true to attribute the present 
preference for the aeroplane over the seaplane to the 
world-wide establishment of aerodromes and facilities 
during the second World War. Flying boats have to 
compete against aeroplanes using these established 
facilities. Catapult launching, and landing on a special 
mat with the assistance of arrester gear, are more 
suited to carrier-borne aircraft than to civil-transport 
aeroplanes operating at busy airports, where lack of 
mobility would make such a scheme unworkable. 

A return to the lower tyre pressures which were 
customary before concrete runways were employed 
would permit grass aerodromes to be used again ; but 
for modern aircraft the number of wheels necessary 
would be excessive and their stowage, when retracted, 
impossible. The substitution of track undercarriages 
for wheels would give an aeroplane greater freedom of 
operation on grass ; but the greater weight and heavier 
cost of upkeep of the track undercarriage, compared 
with the normal wheeled chassis, make its use unattrac- 
tive. A logical conclusion—so far as take-off is con- 
cerned—is to mount the track, or its multi-wheeled 
equivalent, on a bogie. The wheeled bogie would be 
provided with a sufficiently large number of wheels, 
so that with lower tyre pressures it could be operated 
from grass aerodromes. On this bogie the aeroplane 
would be loaded and at the point of take-off, the bogie 
would be released from the aeroplane and left on the 
ground. An example of this method of take-off on a 
small scale is that of the provision of wheels under- 
neath the floats of a seaplane for taking-off from a 
land base. The take-off bogie could, if required, be 
power-driven to increase the acceleration during take- 
off and reduce the take-off run. If immediately the 
aeroplane became airborne, this ground bogie were 
left behind, the weight and drag of the undercarriage 
would be eliminated. The drag of the Hermes 4 under- 
carriage, measured at 100 ft. per second, amounts to 
385 Ib. out of a total drag of 2,000 Ib. ; its elimination 
would increase the initial rate of climb by 300 ft. per 
minute, and would reduce the horizontal! distance to 
climb to 50 ft. from about 300 yards to 220 yards at 
an all-up weight of 85,000 lb. The saving in under- 
carriage weight would be available to increase the 
payload. In place of the landing gear, a skid under- 
carriage of sufficient height would be provided so that 
loading on to the take-off bogie could be carried out 
in much the same way as stillages are lifted on trucks 
for transport. 

To land on skids would be but a development of the 
successful belly landings which have been made with 
aircraft in emergency, generally with little damage to 
the fuselage and to airscrews on high-wing aircraft. 
On jet-propelled aeroplanes the question of propeller 
clearance does not arise, and the problem is simplified. 
An aircraft would either have to be adapted to take 
some common type of bogie, which would impose 
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limitations on the design of the aeroplane, or alter- 
natively each aeroplane would require its own type 
of bogie at each aerodrome at which landings were 
to be made. The merits of such equipment require 
further consideration after there has been more 
development work. In trans-Atlantic services, how- 
ever, where the payload forms only a small percentage 
of the all-up weight, if most of the undercarriage 
weight is saved, the gain in payload is so substantial 
that there is a promising case for the immediate 
development of the undercarriageless aeroplane. It 
would perhaps be strange if there were a return to this 
method of launching and landing, for it is the method 
by which the Wrights originally carried out their 
classic flights—with a pylon and rail to launch their 
aircraft, and skids upon which to land it. 

Runway lengths and aerodrome costs can be greatly 
reduced if there is a reduction in minimum flying speed. 
If the use of concrete runways is retained, a further 
saving in aerodrome cost can be effected if airports 
can be operated with a single uni-directional runway. 
For this, aeroplanes must be able to land with drift 
in a cross-wind. The use of the tricycle undercarriage 
has made possible landing in cross-winds, but such 
operations impose higher loads on the undercarriage, 
which may be reduced by using a castoring under- 
carriage. With this arrangement the .2roplane may 
approach and fly on to the runway in a somewhat 
crab-like fashion, but with the wheels set in the direction 
of the runway length, lower stresses are imposed on 
the undercarriage ; the aeroplane can use runways 
with high values of cross-wind velocity, but at the 
expense of some added weight to the undercarriage. 
Here, again, there would be a reversion to a pioneer 
type of undercarriage, for the castoring type of landing 

r was a feature of the original Bleriot monoplane. 
f the tricycle undercarriage were increased in strength 
to withstand landing in high cross-winds, or if the 
castoring undercarriage were used, uni-directional run- 
ways could be used to a greater extent than at present. 
Such runways would greatly simplify navigational-aid 
systems for use in bad weather and the placing of 
airport buildings and taxi strips. 

If minimum flying speeds are reduced by forced 
boundary-layer control, the aeroplane is not increased 
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in size and the cruising speed and payload are not 
affected adversely. Lower minimum flying speeds 
also give rise to the possibility of extending air trans- 
portation to undeveloped and under-populated regions. 
For such feeder work, grass aerodromes are quite 
feasible ; whether they can be used instead of prepared 
concrete runways depends upon whether undercarriage 
developments will make it possible. With the trend 
towards uni-directional runways in place of the present 
triangulated runway schemes, the value of lower 
minimum flying speeds is evident ; with distances for 
take-off and landing reduced to 900 yards, the use of 
one landing strip for take-off and landing, with the 
airport buildings situated around the centre of the 
strip, becomes possible. Even with prepared concrete 
runways this would reduce appreciably airport costs 
and upkeep. 





CHART SHOWING BRITISH STANDARD NOMENCLATURE 
FOR ALUMINIUM ALLOYs.—The publication, by the 
British Standards Institution, of specific:tions B.S. Nos. 
1470, 1471, 1473-1475, 1476 and 1490 for aluminium 
and aluminium alloys for general engineering purposes 
has brought within one system of symbol nomenclature 
materials, both cast and wrought, which have become 
familiar under several different systems. The better 
known of these systems were the former B.S. “ L ”’ and 
“TT” series, the D.T.D. series, and the “ Services Sche- 
dule of Non-Ferrous Metals and Alloys ” (B.S./S.T.A. 7). 
A chart prepared by the Aluminium Development Asso- 
ciation, 33, Grosvenor-street, London, W.1, relates, very 
effectively, the new system of nomenclature with those 
that it replaces. The chart, which is intended for wall 
mounting, shows the materials under their various 
forms, and, in addition to the new British Standard 
classification and the numbers of related specifications, it 
also states the approximate composition of each item in 
terms of the major constituents. Two British Standard 
specifications in the new series (B.S. Nos. 1472 and 1477) 
have yet to be published, and this is noted on the chart. 
By using the chart, engineers who have become familiar 
with the S.T.A. 7 and other systems will be able to 
identify readily and speedily materials urder the new 
systems. 
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RURAL WATER SUPPLIES.* 
ky Perer Lamont, M.A., A.M.LC.E., M.I.W.E. 
Tne development of piped water ra aged in rural 
e 


areas has been confined almost exclusively to the 
50 vears, pr it should be wanes that the 
provision of supplies to the cities and towns of 
Eng'and and Wales has, for the most part, taken place 
"y during the past 100 years. Some town supplies 
of course, Seiatieellly older. The first Royal 

taortal for the supply of water was granted to the 
city of Gloucester in 1357. Hull was granted a Royal 
Charter in 1447. Plymouth’s supply, sponsored and 
constructed by Sir Francis Drake, dates.from 1590 ; 
and the New Mises supply in London was completed 
in 1613. These were exceptions, however, and develop- 
ment did not begin in earnest until the cholera 
epidemics, which first occurred in 1830 and which, for 
over 30 years, were a serious menace to public health. 
About this time, the development of steam pumping 
engines and cast-iron pipes first made the provision of 
piped public supplies an seek proposition. After a 
Royal Commission reported adversely on the 
country’s water supplies in Te44 and the law of water 
supply had been codified for the first time in the 
Waterworks Clauses Act of 1847, development became 
much more rapid. By 1871, schemes of water supply 
had been initiated by “pp proximately 32 per cent. of 
the urban Saletan and by 1878 the figure had risen 
to approximately 43 per cent. These figures do not 
include the contribution made by statutory water 
companies, which would add considerably to those 
totals. By 1914, urban water development was 
virtually complete, though, as soon as the initial 
demand had been satisfied, the problem of keeping 
pace with the rapid growth of that demand immediately 
arose. Largely as the result of this energetic develop- 
ment, cholara had virtually disappeared by the end of 
the Nineteenth Century, while deat ths from typhoid 
fever decreased from 320 per million in 1871-80 to 
less than five per million in 1930-40. 

It was inevitable that rural water supplies should lag 
behind those to cities and towns. The total population 
administered by the Rural District Councils of England 
and Wales is approximately 8 million, but the “ truly 
rural” population would appear to be approximately 
64 million. This represents approximately 15 per cent. 
of the total ary of England and Wales and is 
spread over at 90 per cent. of the total area, so 
that the average density of population is not more than 
one-fiftieth of that in the cities and towns. The 
development of water supplies to such 2 popu- 
lated areas did not present any insuperable engineering 
problems, but the economic difficulties were, and still 
are, considerable. 

In 1914, a return made by all water authorities 
revealed that, in 70 per cent. of the parishes, less than 
one-third of the population received a piped supply ; 
from which it is ee that, at that time, approxi- 
mately one-third only of the rural population had a 
piped supply. Ree Md was encouraged by the 
Local Government Act of 1929, which empowered 
Rural District Councils to contribute from the general 
rate fund towards the cost of a water-supply scheme 
to a particular parish. Until then, each parish had 
to bear the cost of its own particular scheme. By 
the same Act, County Councils were empowered to 
make contributions towards the cost of rural schemes. 
Development did not, however, begin in earnest until 
financial inducements were offered. A start was made 
in 1929 with the Development (Loans and Grants) Act, 
under which grants were made as a measure of unem- 
ployment relief. This scheme, which had to be cur- 
tailed during the economic crisis of 1931, was followed 
by the Rural Water Supplies Act, 1934, under which 
1,000,0001. in Government grants was made available. 
The grant was so arranged that the net capital cost of 
an oo scheme, after making allowance for the 
capital value of anticipated revenue, was shared equally 
between the Government, the Rural District Council 
and the County Council. By the time that the 
1,000,0001. was exhausted in 1939, schemes to the total 
value of 7,200,000/. had been carried out in approxi- 
mately a quarter of the parishes in England and Wales. 

In 1939, the state of development of rural water 
supplies was given in detail by the Minister of Health 
in reply to a Parliamentary question. The statement 
revealed that the percentage of parishes having a piped 
supply, or in which the work of providing a piped 
supply had begun, varied from under 30 per cent. in 
Norfolk and Radnor to 100 per cent. in the Isle of 
Wight, Surrey and the Holland Division of Lincoln- 

hire. The overall percentage of parishes supplied 
i that time was 69 per cent. and was substantially 
the same in England and in Wales. Development has 
been more rapid where local circumstances made the 
provision of supplies economically possible. The rapid 
development in the Home Counties has been made 





* Paper read before the Royal Society of Arts, London, 
on May 17,1950. Abridged. 





possible by high density of population, and high rainfall 


and favourable logical features have, no doubt, 
influenced the rate of development in the North and in 
parts of Wales. Some areas have also profited by 


past | their position on the route of trunk mains supplying the 


larger cities. On the other hand, low density of popu- 
lation, low rainfall or unfavourable logical features 
have retarded development in Norfolk, Suffolk, Devon, 
Cornwall, and parts of the Midlands. 

It is estimated that the 7,754 parishes supplied in 
1939 contained at least 80 per cent. of the total rural 
population, though by no means every house and farm 
in the parishes supplied is likely to have been connected 
to the mains. Country folk are often reluctant to incur 
the expense of connection to the main until compelled 
to do so by the failure of their private supply during 
a drought, and many isolated houses and farms are 
so far from the mains that connection would be very 
expensive. It can fairly be claimed, however, that, 
in 1939, at least two-thirds of the rural population 
actually had a piped supply of water, as compared with 
one-third at the beginning of the first World War. 

General progress on rural water supplies was inter- 
rupted by the second World War, but, when supplies 
were given to aerodromes and other military estab: _ 
ments, it was often found possible to give piped su 
plies to villages and farms which were convenient 
situated. The National Farm Survey, carried out - 
the Ministry of Agriculture during 1941-43, revealed 
that a piped supply was available in 47 per cent. of the 
farmhouses, and in 37 per cent. of the farm buildings, 
of England and Wales. Pi water was available in 
fields in 16 per cent. of all holdings, covering 21 per cent. 
of the total field area. As the area of permanent and 
temporary pasture represents 59 per cent. of the total 
field area, it may be inferred that piped water is avail- 
able in one-third of all pastures. mal shortages 
of water were, however, still experienced by 19 per cent. 
of all holdings. To increase home food production the 
Ministry of Agriculture carried out an energetic cam- 
paign for the extension of water supplies to farms. 
Direct grants, of up to 50 per cent. of the cost of the 
work, were given to farmers for the extension of mains 
to farms and farm buildings. Over 45,000 supplies to 
farms, thus covering one-seventh of the total number of 
holdings, have been completed as a result of this 
scheme, which is still in force. 

General rural development was once again encouraged 
by the Rural Water Supplies and Sewerage Act of 1944, 
under which the Government set aside a fund of 
15,000,000/., out of which grants could be made for 
rural water supply and sewerage schemes in England 
and Wales. As a result of this Act, rural schemes to a 
total estimated cost of 46,300,0001., covering 90 per 
cent. of all parishes in England and Wales, were sub- 
mitted to the Ministry of Health by October, 1949. 
Permission to start work had been given for schemes 
totalling 12,600,000/. and covering 35 per cent. of all 
parishes, and schemes totalling a further 13,000,000/., 
and covering a further 15 per cent. of all parishes, had 
been approved in principle. At the present time, it is 
probable that over three-quarters of the rural popula- 
tion has a piped water supply. The balance of a little 
under two million represents less than 5 per cent. of 
the total population of England and Wales. As an 
overall record of water supply, this must surely be 
unequalled anywhere in the world. By the Water 
Act of 1945 the law of water supply was recodified for 
the first time in almost a hundred years. This Act 
contains a number of provisions affecting rural water 
supplies. 

ural parishes may derive piped supplies from purely 
local sources, but more usually they either form part of 
the statutory area of supply of a water authority, or 
receive a metered supply in bulk from a water authority. 
Statistics on a parish basis are not available, but the 
Water Engineers’ Handbook reveals that approximately 
one-fifth of the Rural District Councils of England and 
Wales are supplied entirely from their own sources, 
another fifth are partly so supplied, another fifth form 
part of the statutory area of supply of a water authority, 
and the remaining two-fifths receive metered supplies 
in bulk from statutory water authorities. It will be 
observed that Rural District Councils, acting singly, 
are responsible for the distribution in detail of four- 
fifths of all rural water supplies, and two-fifths of all 
Rural District Councils operate their own sources of 
supply. Although this system may be entirely satis- 
factory in particular cases, it is, in general, far from 
satisfactory on economic and public-health grounds. 
Rural District Councils vary widely in area and popula- 
tion, but the average population of these Council areas 
is approximately 17,000, spread over an average of 
122 square miles. The total water requirements of 
such an “‘ average ’’ Council would be of the order of 
300,000 gallons per day at the present time, rising 
eventually to approximately 650,000 gallons per day 
with the development of piped a schemes, and 
more intensive agricultural and horticultural methods. 

There is much to be said for the view that the ideal 
size for a rural waterworks undertaking is the smallest 


area in which it would be possible, without imposing 
an undue rate burden on the undertaking, to employ a 
fully qualified technical, administrative and mainten- 
ance staff, and to provide the buildings, stores, trans- 
port and equipment required to operate, maintain and 
develop the undertaking, and to give a reasonable 
standard of service to the individual consumer. The 
resources of the average Rural District Council fall far 
short of this standard. Fewer than one in five of those 
rural undertakings with their own sources of supply 
have a qualified water engineer in charge of day-to-day 
operation. In the majority of such undertakings, the 
duties of water engineer are carried out by the Council’s 

surveyor or sanitary inspector, in addition to his 
numerous other duties. No criticism is intended of 
either of these efficient and hardworking officials, but 
the multiplicity of their other duties makes it impossible 
for them to exercise that constant vigilance over the 
purity of the water which is the prime duty of any 
engineer operating a source of supply. In these cir- 
cumstances, the potential danger to public health in 
the event of pollution of the source is obvious; and 
small isolated sources are particularly. susceptible to 
such pollution. Apart from the question of purity, 
preoccupation with other duties and lack of specialised 
technical knowledge often lead to haphazard develop- 
ment and inefficient operation. Too often, those most 
closely concerned are unaware that inefficiency exists. 

Perhaps the most important single factor affecting 
operational efficiency is that of waste inspection. By 
no means all of the water fed into the distribution 
system reaches the consumer. Some is lost through 
leakage from mains and services, dripping taps, defec- 
tive flushing cisterns and other fittings. The exact 
amount of waste cannot be determined exactly, as 
there is no hour during the night or day when legitimate 
consumption ceases entirely, but, by observing the 
rate of flow during the early hours of the morning and 
making allowance for known large consumers, it is 
possible to obtain the minimum night flow which, 
though not entirely waste, is regarded as a reliable 
index of the waste. Many water authorities have 
found by experience that the value of the water saved 
by systematic waste inspection amply repays the cost 
of such inspection, but few, if any, Rural District 
Councils have any system of organised waste inspec- 
tion. As it is common knowledge in waterworks 
undertakings where waste inspection is practised, 
that waste increases immediately inspection is tem- 
porarily suspended, it is suspected that the amount of 
waste in many rural undertakings must be unduly high. 
Some of the larger and more densely populated Rural 
District Councils could, with advantage, employ a full- 
time trained waste inspector, but the average Council is 
too small for this purpose. One trained inspector 
could serve at least two “‘ average”’ Rural District 
Councils and this again points to the conclusion that 
the ‘“‘ average ’’ Rural District Council is too small a 
unit for the efficient supply and distribution of water. 

Many of the difficulties at present facing rural water- 
supply undertakings could be overcome by regrouping 
them into larger units. It is not s that 
regrouping is necessary in every single case or that it 
should be carried out in accordance with a single pre- 
determined inflexible plan. Neither is it sug; 
that regrouping should follow local authority boun- 
daries throughout, though this should be done wherever 
possible, for administrative convenience. It is sug- 
gested, however, that regrouping might, according to 
local circumstances, be carried out either by the 
absorption of rural areas into the statutory areas of 
supply of neighbouring urban water authorities, or 
by the formation of joint Water Boards. Absorption 
would be particularly suitable for rural areas surround- 
ing a municipal or county borough. The urban water 
undertaking, which might be administered either by the 
local authority or by a statutory water company, 
would, in many cases, already be supplying most of the 
surrounding rural areas in bulk, and would usually be 
able to cater for the remainder without undue difficulty. 
This procedure would give the rural areas the benefit 
of urban water and an urban standard of service, in 
many cases at a greatly reduced cost. 

The formation of joint Water Boards would be more 
appropriate in areas where the ratio of rural to urban 
population was sufficiently high for it to be desirable 
that each rural authority should share in the control of 
the undertaking. Such Boards would be able to 
operate more cheaply than the individual Rural District 
Councils, and they could be relied upon to deliver 
water of assured quality and to give a higher standard 
of service to the individual consumer. Opposition to 
each of these suggested measures has in the past come 
from both sides. On the urban side there has been a 
reluctance to absorb partly developed rural areas for 
fear that the heavy cost of development would lead 
to an increase in the urban water rate; while, on the 
rural side, intense local pride has often prevented such 
proposals from being considered objectively. It is 
possible, however, that, if a fresh approach were made 





at the present time, the atmosphere might be more 
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favourable. The larger urban authorities, still smarting 
in many cases from the loss of their gas and electricity 
undertakings, are not anxious to lose their waterworks. 
It is probable that such authorities, and, of course, the 
urban water companies, would agree to absorb sur- 
rounding rural areas rather than lose control altogether 
under nationalisation. The smaller urban authorities 
would agree, no doubt, to become constituent members 
of joint Water Boards for similar reasons. 

The rural authorities, faced with the prospect of 
raising water rates and deficiency rates to hitherto 
unheard-of levels in order to meet the very heavy cost 
of projected water schemes, are inning to realise 
that a very heavy price will have to be paid for con- 
tinued independence. They, too, would probably 
welcome the opportunity of shedding some of the 
financial load on to their urban neighbours and would 
doubtless prefer a share in a joint Board to complete 
loss of control. Reorganisation on the lines suggested 
would considerably reduce the number of undertakings 
supplying rural areas. The reorganised undertakings 
would each be sufficiently large to employ the technical 
staff necessary to administer, maintain and develop 
the undertaking and to safeguard the purity of the 
supply, but they would not, if wisely chosen, be so large 
that there would be a danger of losing touch with the 
needs of individual consumers. Such reorganisation 
was envisaged in the White Paper, A National Water 
Policy, issued by the Coalition Government in 1944. 
Under the Water Act, 1945, which followed the White 
Paper, the Minister of Health was given compulsory 
powers to vary the limits of supply of waterworks 
undertakings and to order their amalgamation and the 
formation of joint Water Boards. So far as the author 
is aware, these powers have seldom, if ever, been used. 


Unit Water Requirements : Average Daily Consumption. 


| 
Consump- | 
tion, alls. 

| per Head. 





Remarks. 





These figures assume that 
waste will be kept to the 


practical jum 


| Including water for cooling 
and cleansing. 
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Agri: we : | | 
cow per 10 acres. . | 4 | Poorly stocked land. 
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Ordinary pasture. 
Rich pasture. 


1 
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Horticultural : 
Glasshouses a 
Cold frames x 
Overhead irrigation 


3 ” 
24» 


Heated or unheated. 


Based on + in. of water per 
10 days, on average. 


750 
1,100 








In a rural area, it is particularly difficult to estimate 
the probable consumption some ten or twenty years 
ahead. Among the factors which have to be considered 
are the future rate of development of piped sewerage 
in the district, the trend of agricultural and horticul- 
tural development, and the possible development of 
industries associated with agriculture and horticulture. 
It is important that a careful estimate, based on the 
most reliable information available, should be made ; 
otherwise, there is a danger that the system of mains 
will either be wastefully large or that it will be too 
small, in which case costly duplication may be required 
within a very few years. In the past, the tendency 
has almost invariably been towards under-estimation 
of future needs and many rural schemes now before 
the Ministry of Health contain pro to duplicate 
mains which have only been in use for a comparatively 
short time. _ P 

In the accompanying Table, average figures are 
set forth for domestic, agricultural and horticultural 
requirements, together with an estimate, in each case, 
of the ratio between the demand during the maximum 
hour and the average hourly demand. This last 

is also difficult to estimate, but it is vitally 
important in the design of the distribution system. 
The figure given in the Table for domestic requirements 
in a fully sewered area is below that normally ado 
by the Ministry of Health (30 gallons per head per day), 
but it is considered adequate, provided that waste is 
not permitted to become excessive. 

The cattle and stock requirements given are total 
requirements, and allowance must be made for any 





water available from other sources. Piped water is, 
however, considered essential for the production of 
“ accredited ” milk. For this reason, it is thought that 
dairy cattle will eventually be supplied aioe from 
piped sources. The figures for horticultural require- 
ments per acre are astronomical in relation to those 
for normal agriculture, though the proportion of any 
particular rural area devoted to horticulture is usually 
small. eee of South Lincolnshire, however, the 
horticult consumption is already equal to one-fifth 
of the total agricultural consumption and this must be 
equally true of the other market-gardening areas. 
Intensive cultivation under glass and overhead irriga- 
tion both make crops virtually independent of the 
weather, increase the yield from each acre of ground 
and shorten the growing period, thus making it possible 
in many cases for additional crops to be grown during 
the same season. Provided that the necessary water 
can be made available, it is expected that these new 
methods will be developed on an ever-increasing scale 
in the future. The present ratio of maximum to 
average hourly demand is, for domestic purposes, from 
2 to 2$:1. For dairy purposes, it ranges up to 4:1, 
and, for horticultural purposes, up to 6: 1. 
(To be continued.) 





ANNUALS AND REFERENCE BOOKS. 


The Industrial Safety Manual and Directory, 1950. 
—tThis new year-book should be welcome as a general 
reference work for the industrial safety officer and all 
who are seeking information on some aspect of indus- 
trial safety. The book is divided into two parts, the 
manual and the directory. The manual consists of a 
number of contributions by specialist authors, covering 
a wide range of safety problems ; a section giving par- 
ticulars of the principal safety organisations; and a 
comprehensive ified bibliography of books and 
periodicals. The subjects covered include the prin- 
ciples of accident prevention, statutory requirements of 
the Factories Acts, the functions of safety committees 
and safety offices, accident statistics, safety propa- 

anda, mechanical, electrical and chemical hazards, 
fire rotection, protective clothing and equipment, 
ventilation and heating, dust and dust control, lighting, 
the use of colour in accident prevention, and industrial 
medical services. The directory section of the book 
consists of three parts—a broadly classified list of the 
names of suppliers of various categories of safety equip- 
ment, with cross-references to their addresses; a 
more detailed classified list of safety equipment and 
protective devices, also with cross references to the 
names and addresses of suppliers ; and an alphabetical 
list of names and addresses of manufacturers and 
suppliers. Thus, in seeking in the directory for a par- 
ticular piece of apparatus, it is always necessary to turn 
over some more pages in order to find the manufac- 
turer’s address; this ment is irritating and 
should, if possible, be enekied in future editions. It is 
a pity that the first and second sub-sections could not 
have been combined ; the reason given for this curious 
arrangement is that manufacturers who sent in cata- 
logues were included in the middle, more detailed, 
section, while other manufacturers appear only in the 
more broadly classified first sub-section; manufac- 
turers in both these sections appear in the alphabetical 
list. The classified equipment section will undoubtedly 
be very useful, though it is by no means complete ; 
for example, it might be supposed from this list that 
temperature-control systems are manufactured by one 
firm only, which is certainly not the case. The book 
is edited by J. Vernon Bosly, B.Com., and is — 
by the Practical Press, Limited, 1, Dorset Buildings, 
Salisbury-square, London, E.C.4, at a price of 25s. net. 

Engineers’ Dictionary : Spanish-English and English- 
Spanish.—This is the second edition of an American 
dictionary which, being originally published during 
the recent war, did not receive as much attention in 
this country as its excellent qualities deserve. Being 
of 8vo size, it is more convenient to handle than the 
so-called “ ket” dictionaries. The author, Mr. 
Louis A. Robb, M.A.S.M.E., states in his preface that 
he has avoided any definition of words as, for a direct 
translation from the one language to the other, such 
elaboration is unnecessary ; but he does indicate the 
origin of some words, giving both the country and the 
branch of engineering in which they originated. So 
far as it is practicable to test a dictionary by random 
selection, the author’s claim that he has included most 
technical terms in common use appears to be sub- 
stantiated; the book is sufficiently up to date to 
include, for instance, “‘ magnetometer” (though not 
“* isotope”). The arrangement, with a separate line 
for each word, ili rapid reference. The 
Engineers’ Dictionary is published in the United States 
by Messrs. John Wiley and Sons, 440, Fourth-avenue, 

ew York 16, at the price of 12-50 dols. ; and in Great 
Britain by Messrs. emm and Hall, Limited, 37, 
Essex-street, London, W.C.2, at 100s. net. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ British GENERAL.”—Single-screw tanker for 
carrying petroleum in bulk, built by the Furness Ship- 
building Company, Limited, Haverton Hill, County 
Durham, for the British Tanker Company, Limited, 
London, E.C.2. Ninth vessel of an order forten. Main 
dimensions: 490 ft. 10 in. (overall) by 61 ft. 9 in. by 
33 ft. 11 in.; deadweight capacity, 12,150 tons on 
draught of 27 ft. 62 in. Vickers-Armstrongs /Dox’ord 
four-cylinder opposed-piston reversible oil engin of 
3,100 b.h.p. at 108 r.p.m., constructed by Messrs, Vickers- 
Armstrongs Limited, Barrow-in-Furness, and inst«ileq 
by the shipbuilders. Trial speed, 12-66 knots. Tria) 
trip, May 10 and 11. 

M.S. “ LANCING.”—Single-screw tanker for carrying 
oil in bulk, built by the Blythswood Shipbuilding Com. 
pany, Limited, Glasgow, for Hvalfangerselskabet 
“Globus ” A/S, Nanset, near Larvik, Norway. Main 
dimensions: 516 ft. (between perpendiculars) by 
70 ft. 6 in. by 37 ft. 9 in.; deadweight capacity, 17,750 
tons on a draught of about 30 ft. Doxford five-cylinder 
opposed -piston two-stroke engines of 5,600 b.h.p., con- 
structed by Messrs. David Rowan and Company, Limited, 
Glasgow. Mean speed on trial, about 14} knots. Tria] 
trip, May 11. 

M.S. “ PATHFINDER.”’—Single-screw vessel for carrying 
bauxite ore in bulk, with accommodation for twelve 
passengers, built and engined by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 
Tyne, forthe Pan Ore Steamship Company, Panama City, 
Panama. Main dimensions: about 447 ft. (overall) by 
60 ft. by 29 ft. 6 in. to upper deck ; deadweight capacity, 
about 7,500 tons. Hawthorn-Doxford five-cylinder 
oil engine, developing 3,400 b.h.p. at 135 r.p.m. Trial 
trip, May 11 and 12. 

8.S. ‘‘ Hypra.”—Single-screw cargo vessel, built and 
engined by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, for Bruusgaard Kiésterud Skibsaktjeselskab, 
Drammen, Norway. Second vessel of two. Designed 
for the Chinese coastal trade. Main dimensions: 281 ft. 
(overall) by 41 ft. 10 in. by 18 ft. 7 in.; deadweight 
capacity, about 2,300 tons on a draught of 16 ft. 6 in. 
summer freeboard. Fredriksstad steam motor and two 
boilers arranged for burning either oil or coal. Launch, 
May 16. 

M.S. ‘‘ LANGLEECLYDE.”—Single-screw cargo vessel, 
carrying twelve first-class passengers, built by the 
Blythswood Shipbuilding Company, Limited, Scotstoun, 
Glasgow, for the Medomsley Steam Shipping Com- 
pany, Limited, London, E.C.3. Main dimensions: 
460 ft. by 62 ft. 6 in. by 41 ft. 6in. to upper deck; dead- 
weight capacity, about 10,500 tons. Barclay Curle- 
Doxford six-cylinder opposed-piston two-stroke oil en- 
gine, to develop 6,800 b.h.p., constructed by Messrs. 
Barclay, Curle and Company, Limited, Glasgow. Service 
speed, 15 knots. Launch, May 16. 


M.S. “‘ TANEA.”—Single-screw tanker for the carriage 
of white oils in bulk, and packed products, on coastwise 
traffic, built by Messrs. John Crown and Sons, Limited, 
Sunderland, for the Shell Company of New Zealand, 
Limited, London, E.C.3. Main dimensions: 332 ft. 
(overall) by 46 ft. by 17 ft. 6 in.; deadweight capacity, 
3,100 tons on a draught of 16 ft.; gross tonnage, 2,830. 
Hawthorn-Werkspoor six-cylinder four-stroke solid- 
injection Diesel engine, to develop a maximum of 
1,500 b.h.p. at 140 r.p.m., constructed by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, Newcastle- 
upon-Tyne. Service speed, 11 knots. Launch, May 17. 


M.S. “ BririsH UNION.”—Single-screw oil tanker, 
built and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, for the 
British Tanker Company, Limited, for the Anglo- 
Iranian Oil Company, Limited, London, E.C.2. Thirty- 
sixth tanker built for these owners. Main dimensions: 
490 ft. (overall) by 61 ft. 9 in. by 34 ft. 1 in. ; deadweight 
capacity, 12,167 tons on a summer draught of 27 ft. 73 in. 
Swan Hunter-Doxford four-cylinder opposed-piston oil 
engine to develop 3,100 b.h.p. at 105 r.p.m. Speed on 
trial, 12} knots. Trial trip, May 24. 





ENGINEERING DATA ON MONEL METAL.—Messrs. Henry 
Wiggin and Company, Limited, have issued an interest- 
ing publication, entitled ‘‘ K Monel-Physical and Mech- 
anical Properties,”” which gives comprehensive data on 
this material. This precipitation-hardening nickel- 
copper alloy has the corrosion resistance of Monel metal, 
combined with mechanical properties equal to those of 
some heat-treated alloy steels. Thus, the Grade D 
material, which is cold-worked and thermally-hardened, 
has a proof stress of 44-58 tons per square inch, and a 
maximum stress of 62-75 tons per square inch, combined 
with good ductility and toughness; the Izod impact 
strength of Grade D is about 26 ft.-lb. The brochure 
contains results taken at both normal and elevated tem- 
peratures, covering compression, shear, fatigue and other 
tests. Copies of the publication may be obtained gratis 
on application to Messrs. Wiggin, Wiggin-street, Birming- 
ham, 16. 
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ECCENTRIC-TYPE OPPOSED- 
PISTON MARINE DIESEL 
ENGINE. 


THE extensive building programme at present 
under way in the Belfast yards of Messrs. Harland 
and Wolff, Limited, includes the construction of a 
series of single-screw tankers, each of 24,000 tons 
deadweight and single-screw cargo vessels each of 
14,000 tons deadweight, all of which will be driven 
by one of the builders’ single-acting eccentric-type 
opposed-piston two-stroke Diesel engines. This type 
of engine is interesting as it has been developed 
to a high degree of efficiency during the last few 
years and thus represents the builders’ latest 





tion and suitable for bolting to seatings formed on 
the double bottom of the tanker. The cross- 
members of the bedplate support the main-bearing 
bushes ; these are of the cast-steel whitemetal-lined 
type and have 1 mm. eccentricity so that the bottom 
halves can, be easily removed with the crankshaft 
in position. All main bearings are of the same 
length and the top halves of the bushes are secured 
in position by cast-steel keeps. An oil-tight sump 
is incorporated in the bedplate and the thrust block 
is integral with the after end of the bedplate, as is 
usual with this type of engine. 

The crankshaft is made in two parts which are 
coupled together by solid flanges and fitted bolts. 
Both sections are of the fully built-up type, forged- 
steel crankpins and journals being shrunk into cast- 

















Fie. 1. Tor or Enorvz, Looxinc Forwarp. 


practice ; a detailed description, therefore, should 
Photographs of one of the 


prove of interest. 
engines, which will be installed in a tanker at 
present under construction for Messrs. Fred. Olsen 
and Company, Oslo, are reproduced in Figs. 1 and 2 
on this page, in Fig. 3 on page 642, and in Fig. 8 on 
page 643, all of which show the unit on test in the 
builders’ works. It has seven cylinders, the bore 
being 750 mm., the main stroke 1,500 mm. and the 
exhaust stroke, 500 mm. The mean indicated 
pressure is 6 kg. per square centimetre, the service 
speed, 110 r.p.m., and the output 7,500 brake horse- 
power. The length of the engine over the crank- 
ends is 55-6 ft., and the height, measured from the 
tank tops to the top of the running gear, 29-7 ft. 
Drawings of the engine showing athwartship and 
longitudinal sections through a single cylinder are 
reproduced in Figs. 4 and 5, on Plate XXIII, from 
which it will be seen that the engine is of the cross- 
head type and that the exhaust pistons are of the 
same diameter as the main pistons. The general 
arrangement of the engine follows the builders’ usual 
design, the bedplate being of welded-steel construc- 





piston, this method of construction increasing the 
surface of contact between the crankwebs and 
journals, thereby ensuring a tight fit and, at the 
same time, giving a shorter engine. Welded-steel 
construction is used for the main frames which 
support the scavenge-air belt; the frames are 
bolted to the bedplate and are joined to each other 
by the crosshead guide plates. Welded-stee] con- 
struction is also used for the scavenge belt, which is 
bolted to the top of the frames and arranged to 
support the cylinders. The bottom inside surface 
is set at an angle to assist in drainage, and stuffing 
boxes are installed where the piston rods pass 
through to ensure air tightness. The crank- 
case is completely enclosed but large inspection 
doors are provided to give easy access to the cross- 
head and crankshaft bearings. As a safety pre- 
caution, quick-opening diaphragm-type relief valves 
are fitted to each crankcase compartment and, as a 
further precaution, a pipe is led from the top of the 
crankcase to a vapour-extraction fan which, when 





steel crankwebs. Each crankweb casting incor- 
porates an eccentric for controlling the exhaust 





installed on the vessel, will exhaust at boat-deck 
level, the end of the pipe being fitted with a goose- 
neck and a gauze. 

The cylinder liners are cast from a vanadium 
iron and are machined both internally and extern- 
ally. A flange is cast integrally with each liner 
by which it is bolted to the scavenge belt, this 
arrangement ensuring complete freedom for vertical 
expansion. Fresh-water cooling is employed for 
the cylinders, cooling-water jackets of cast iron 
being arranged on the outsides of the liners, suit- 
able hand holes giving access to the water spaces. 
Ports are incorporated at the bottom of each cylinder 
to admit air from the scavenge belt and further 
ports at the top of the liner communicate with the 
exhaust belt, the two sets of ports working together 


~ - 








Fie. 2. ConTrot PLaTroRM. 


to give efficient uniflow scavenging of the cylinders. 
The connecting rods are of forged Siemens- 
Martin mild steel with forked top ends and T- 
shaped bottom ends. The crankpin and crosshead 
bearings are of cast steel lined with whitemetal 
and the connecting rods are bored longitudinally 
for lubricating the crosshead bearings. The cross- 
heads are machined from a steel forging, the centre 
part being square to take the piston rods and the 
ends turned to form gudgeon pins in the usual 
manner. Cast-steel guide shoes are bolted to the 
crossheads, the ahead and astern faces being lined 
with whitemetal. The guide plates are of cast iron 
and are provided with the usual guide bars bolted 
in position to take the astern thrust. The piston 
rods are of forged Siemens-Martin steel and are 
connected at their upper ends to the pistons through 
circular flanges forged solidly with the rods, the 
lower ends being held to the crossheads by large 
circular nuts fitted to the tapered ends of the 
rods. 

Both the main and exhaust pistons are particu- 
larly interesting as each is made in two parts, 
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namely, a crown of special heat-resisting steel and a 
flanged sleeve of close-grained cast iron which acts 
as the piston-ring carrier. On the main pistons, 
the base of each crowu has a facing fitted with steel 
studs ; these pass through holes drilled in the flange 
of the piston-ring sleeve and the top flange of the 
piston rod, the assembly being held together by 
nuts fitted on the studs and tightened against the 
under face of the piston-rod flange. The exhaust 
pistons are of similar construction, but in this case 
the ring carriers are sandwiched between the crowns 
and the piston skirts which close the exhaust ports. 
As previously indicated, the exhaust pistons are 
controlled by eccentrics formed on the main crank- 
shaft. There are two eccentrics for each exhaust 
piston ; these are located one on each side of the 
associated crankpin and each is arranged to drive 
a crosshead assembly through separate eccentric 
rods, the crosshead assemblies being situated one 
on each side of the main piston guide ; the eccentr‘c 
rods are forked and are fitted with rigid pins. Each 
crosshead, in turn, is connected by two long rods, 
known as side rods, to a yoke piece bolted to the 
skirt of each piston so that each exhaust piston, in 
effect, is connected to the crankshaft by four side 
rods, two crosshead assemblies and two eccentric- 
rod and strap assemblies. 

Lubricating oil is employed as the cooling medium 
for both the main and exhaust pistons, oil from the 
main forced-lubrication system being used for this 
purpose. Oil for the main pistons is fed to the 
crossheads by two telescopic pipes, one for the inlet 
and one for the return. The moving members of 
the pipes are mounted on a bracket fitted to the 
crosshead and, after entering the crosshead, the oil 
passes through a tube situated in the bored-out 
piston rod and enters the piston crown. After 
circulating through the piston crown, the oil 
returns down the annular space formed between 
the inlet pipe and the piston rod to the outlet 
telescopic pipe and then to the return main through a 
visible-flow sight box. The oil for cooling each 
exhaust piston is fed through a telescopic pipe 
assembly, the stationary members of which are 
bolted to the top of the cylinder liner, the moving 
members being mounted on a bracket attached 
to the piston yoke. A pipe integral with each 
piston assembly leads the oil to the piston crown 
and after it has passed round the piston, the oil 
returns to the main through a visible-flow sight 
box as for the main pistons. 

Scavenge air is supplied to the cylinders by two 
rotary blowers of the builders’ design and manufac- 
ture. These are mounted on brackets attached to 
the main frames at the port side of the engine and 
are driven through. speed-increasing gearing by 
roller chains from the engine crankshaft. Means 
are provided for adjusting the tension of the chain 
and flexible-torque couplings are fitted to the driving 
shaft to relieve the load on the chains when 
maneuvring. The rotors are of the four-lobed type 
and are machined from hollow iron castings; the 
rotor vanes, however, do not mesh but are geared 
together. The bearings are supplied with oil from 
the main forced-lubrication system. Air-intake 
silencers are fitted to the blowers and automatic 
change-over valves are provided for interchanging 
the suction and delivery ports when revesting. 
Suitable trunking is, of course, installed along the 
side of the engine to lead the air into the scavenge 
belt. The exhaust manifold is of mild-steel con- 
struction and is connected to the exhaust belt on 
each cylinder by branch pipes. It is supported 
from the engine structure by brackets and is pro- 
vided with the usual expansion pieces. 

The fuel-injection pumps are arranged along the 
starboard side of the engine, there being a separate 
pump for each cylinder. They are supplied with 
fuel oil by an engine-driven surcharging pump 
which, in service, will draw from a service tank 
through a duplex filter and discharge to the suction 
side of the fuel-injection pumps. The surcharging 
pump is of the builders’ reciprocating type and has 
a capacity of 5 tons an hour, the body of the pump 
being of cast iron and the internal parts of steel. 
The fuel-injectiou pumps discharge directly to 
the fuel valves, the engine being designed for 
solid injection. Each pump is operated by a cam 
fitted to a common fuel-pump camshaft; this is 
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of mild steel and is mounted in bearings supported 
by brackets on the front of the engine frame. The 
bearings are lubricated from the main forced- 
lubrication system and the shaft is driven by a 
roller chain from the crankshaft. The same cam is 
used for ahead and astern running, there being a 
lost-motion clutch in the camshaft drive. The 
fuel-pump bodies are of mild steel and the pump 
barrels are lined with special quality cast iron; 
the pump plungers are of case-hardened carbon 
steel. The cams also are of the same material and 
the rollers and spring seats are of 3 per cent. nickel 
case-hardening steel. The quantity of fuel delivered 
is varied by rotating the pump plungers, helices 
formed on the plungers altering the effective stroke 
in the usual manner. The fuel-regulating gear is 
operated by hand and, of course, the emergency 
governor, and the plunger of any fuel pump can be 
put out of action while the engine is running. The 
cams have symmetrical ahead and astern lift-curves 
and are designed so that a quick cut-off is ensured. 
Each cylinder is fitted with two fuel valves of the 
builders’ design ; they are of the automatic spring- 
loaded type and, as previously indicated, are operated 
by the pressure generated by the fuel-injection 
pumps. The valve bodies are of mild steel, the 
spindles and nozzle-ends being of non-shrink steel 
and the springs of a silicon-manganese alloy steel. 
They are cooled with fuel oil by-passed from the 
surcharge supply to the fuel-injection pumps. 
The cylinders are also fitted with a starting valve 
and a safety valve ; the relative positions of the fuel 
valves, starting valve and relief valves can be seen 
in Fig. 7, on Plate XXIII, which shows a transverse 
section through one of the cylinders. The starting 
valves are of the builders’ automatic spring-loaded 





type and are operated by compressed air, the de- 
livery of which is controlled by a distributor rotating 
at engine speed. The valves are of stainless steel and 
the valve casings of cast steel, the dimensions being 
such that quick and easy starting is ensured. The 
engine is reversed by operating a lever at the control 
position, this lever being interlocked with the start- 
ing lever and connected to a change-over cock in 
the air-supply pipes to the starting-air distributor. 
The reversing lever is moved first to the ahead or 
astern position so that, when the starting lever is 
operated, the starting air is directed to the cylinders 
in such a way as to turn the engine in the selected 
direction ; the appropriate lift curve of each fuel- 
pump cam then comes into operation. 

The engine is provided with the usual accessories ; 
these include a governor, tachometer and counter, 
indicator gear, pressure gauges and thermometers. 
The governor is of the builders’ inertia type and 
is arranged to shut down the fuel supply if the 
engine tends to race. The drums for the indi- 
cating gear are actuated by suitable cams; the 
indicator cocks are made to British Standards Insti- 
tution dimensions. Sight-feed mechanical lubri- 
cators are fitted for cylinder lubrication and these 
are Operated by the same shaft as that for the 
indicator gear. The engine has been designed so 
that, should the owners desire it, furnace oil can be 
used continuously in service by incorporating the 
minor modifications required for maintaining the 
oil at the correct temperatures at the fuel pumps 
and fuel valves. This particular engine is arranged 
to drive the sea-water and fresh-water circulating 
pumps, the lubricating-oil pumps and the fuel 
surcharging pump referred to previously. The 
pumps are arranged along the port side of the 
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engine at starting-platform level and are driven by 
a roller chain and suitable gearing from the main- 
engine crankshaft. The sea-water pump has a 
capacity of 320 tons an hour and the fresh-water 
pump of 270 tons an hour, the two lubricating-oil 
pumps each having a capacity of 180 tons an hour. 

Particular care was taken during the design of 
the engine to ensure good accessibility and ease of 
overhaul. As a result, the overhauling arrange- 
ments are exceptionally complete and the gear 
supplied enables maintenance work in port to be 
reduced to a minimum. The crankcase chambers, 
as previously mentioned, are provided with large 
doors and inside the crankcase there is ample 
room to work on the main, bottom-end and cross- 
head bearings. When required, the connecting rods 
and eccentrics can be withdrawn through the crank- 
case doors which are bolted to the frames and pro- 
vided with lifting handles and lugs. The bottom 
pistons and rods can be withdrawn vertically where 
headroom permits and lowered on to strong beams 
incorporated in the top platform; alternatively, 
the pistons can be withdrawn through the scavenge 
belt. To render this possible, the liners have been 
made in two parts, a smaller detachable portion 
containing the air-inlet ports being bolted to the 
main part of the liner. When it is required to 
remove the piston, the nuts securing it to the piston- 
rod top flange are removed and the piston lowered 
until it occupies the detachable portion of the liner. 
Special skids are then placed below, and against the 
base of, the liner and the bolts securing the detach- 
able portion are removed. The piston rod is then 
lowered clear of the piston and the detachable 
portion of the liner, with the piston inside it, is 
moved along the skids to the outside of the scavenge 
belt. The complete operation is comparatively 
simple and the arrangements are particularly 
valuable on vessels in which there is little head- 
room. 

The engine is of exceptionally clean design and is 
completely free of dampers, de-tuners, etc. It runs 
with noteworthy smoothness and absence of noise 
and vibration and, as will be appreciated from the 
description of the reversing gear, is easy to 
maneuvre. It is designed to start with an air 
pressure in the reservoirs of approximately 356 Ib. 
per square inch, but it is understood that it will 
start on an air pressure as low as 140 Ib. per square 
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inch. During shop tests, the engine was put through 
all the mancuvres which it will be expected to 
perform in service and, in every case, responded 
to the controls without delay. Perhaps the most 
remarkable feature is its slow running propensities, 
as during preliminary trials it ran satisfactorily 
at 19 r.p.m. and, later on, at 16 r.p.m., with com- 
plete smoothness. Recently, it was run at 10 per 
cent. overload, that is, at 8,300 brake horse-power 
at 114 r.p.m. and showed no sign of distress. It 
is designed for a continuous rating of 1,250 brake 
horse-power per cylinder at 115 to 120 r.p.m. and 
this type of engine can carry continuously a mean 
indicated pressure of 6-75 to 7 kg. per square centi- 
metre ; during its earlier life, however, it will 
probably be operated at conservative ratings. There 
is a smaller size of engine of the same type, namely, 
620 mm. bore, 1,400 mm. main stroke and 470 mm. 
exhaust stroke. Both sizes of engine are made 
with varying numbers of cylinders and the range 
of powers covered by them is 3,000 brake horse- 
power to 10,000 brake horse-power in from four to 
eight cylinders. 





RUBBER IN AIRCRAFT.—A survey of the uses of rubber 
in an aircraft has been given in a booklet by Messrs 
T. L. Garner, M.Sc., and J. F. Powell, M.A., issued gratis 
by the British Rubber Development Board, Market 
Buildings, Mark-lane, London, E.C.3. The subjects 
discussed include the mechanical properties and the 
processing of rubber, aeroplane tyres, de-icing equipment, 
hydraulic applications and oil seals, anti-vibration 
mountings and undercarriages, hose and tubing, fuel 
tanks, and miscellaneous uses. 


LABORATORY CONTROL OF ADHESIVES.—The May issue 
(Bulletin No. 89) of Aero Research Technical Notes, 
issued by the Technical Service Department, Aero 
Research Limited, Duxford, Cambridgeshire, contains a 
reprint of a paper read by Mr. S. T. Harris before the Forest 
Prodacts Research Society, Madison, Wisconsin, U.S.A., 
on the laboratory control of synthetic resin adhesives 
within manufacturing plants, before and during use. 
Samples of the resin as received, and at various points in 
the process, are used to form specimens 1 in. wide, 
consisting of an }-in. core with a veneer face on each 
side, under simulated plant conditions of pressure, time, 
and temperature. The specimens are then subjected to 
a tension test. It is claimed that it is possible by these 


LITERATURE. 


Heat Pump Applications. By EmMory N. KEMBER and 
SaBERT OGLEsBY, JR. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 6 dols.}; and McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 51s. net.) 

In view of the tardy, but increasing, interest shown 
in this country in the possibilities of heat pumps in 
relation to the economics of fuel and power, the 
appearance of the present book is welcome. It is 
desirable to point out, however, the limitations in 
the scope of the material presented. Firstly, 
except for one short chapter in which brief references 
are made to certain Swiss applications, to one special 
British application to air-conditioning and to one 
Egyptian application, all the information presented 
is derived from American sources. Secondly, of the 
installations described, only two Swiss and one 
American embody vapour compressors, and all the 
remaining installations incorporate heat pumps of 
the normal type, working on refrigeration cycles. 
Thirdly, all the compressors are electrically-driven, 
except in one large Swiss heating installation, in 
which a steam turbine provides the drive, and in 
certain small American heat pump units, in which 
gas and gasoline engines are used. Within these 
limitations, nevertheless, the authors have carried 
out the intention, expressed in the preface, that 
their book should present “‘ a summary of the many 
contributions to the advancement of the heat 
pump.” 

That the book is a summary is borne out by the 
subjects of the chapters. A brief introduction is 
followed by three chapters in which are described, 
respectively, commercial, industrial and residential 
installations ; the first of these, as well as the third, 
is, incidentally, limited to air-conditioning. In the 
next two chapters, and coming unexpectedly at 
this stage of the book, are discussions of the thermo- 
dynamics of refrigerants and cycles, and heat-pump 
cycles. Chapter 7, on heat sources, which will be 
found by many readers to be the most informative 
of all, is devoted chiefly to consideration of the 
ground as a heat source. The subjects of the next 
five chapters are practical in character and are 
headed, respectively, compressors, fans and ducts, 
electric motors, heat exchangers, and accessories. 
Temperature and design data form the subject of 
the next chapter, but are limited to air-conditioning ; 
and then follows a chapter on storage and hot-water 
units. In the last chapter, abstracts of 35 United 
States patent specifications are given; these deal 
mostly with air-conditioning, though solar heat 
and a deep-well circuit for ground water as a heat 
source are included. Some 70 references to original 
papers, etc., are distributed at the ends of the 
chapters, almost half of these being concerned in 
some way with heat sources. In passing, the 
observation may be permitted that, among so many 
American papers, it is odd that the research work of 
Professor Estel B. Penrod and his colleagues at the 
University of Kentucky is not included; it has 
been fairly extensively publicised in the Engineering 
Experiment Bulletin of the University’s College of 
Engineering, and elsewhere, and his various papers 
include references to practically every heat-pump 
installation of any size in the United States. 

A considerable collection of information is thus 
presented to the reader in a small compass. The 
influences of the extremes of seasonal temperatures 
and cf climate in the United States are to be observed 
in the great emphasis given to installations for 
air-conditioning, though the relative neglect of 
industrial application in that country is less easy to 
explain. That there are three companies making 
electrically-driven sets for heating and cooling small 
houses and involving powers up to only 5 kW, and 
one gas engine-driven design of only 22 brake horse- 
power, will come as a surprise to many. Apart from 
the value to them of the information presented in 
this book, some of those who look for wider applica- 
tions in this country of the heat pump and thermal 
compressor will be encouraged by the extent of 
the practical developments in America. It remains 
to be said that the publishers have done their part 
well, the authors’ numerous and clear diagrams, in 








mans to eliminate much waste of material. 





particular, being very satisfactorily reproduced. 
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1899-1949. By JonN DUMMELOW, M.A. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester. 


Tue Metropolitan-Vickers Electrical Company, 
Limited, have issued this handsome volume to 
commemorate the golden jubilee last year of the 
foundation of the undertaking, to which attention 
was directed in ENGINEERING at the time. 

As is well known, this organisation began as the 
British Westinghouse Electric and Manufacturing 
Company, which was registered on July 10, 1899, 
and soon afterwards started the erection of a factory 
on the Trafford Park site where, in a greatly 
expanded form, its activities are still carried on. 
A nucleus staff, subsequently somewhat irreverently 
known as the “Holy Forty,” and including such 
well-known names as Professor Miles Walker and 
Mr. A. P. M. (now Sir Arthur) Fleming, were sent 
to Pittsburgh for training. Simultaneously, a team 
of Americans arrived in this country to assist in the 
organisation of production, which actually began 
in 1902. 

Although, compared with future development, 
progress was slow at first, and not without its 
crises, the life of the company moved steadily 
towards an ordered pattern, matters being assisted 
by careful organisation and selection of staff, 
especially for the higher appointments. This 
development was stimulated by the first World 
War, with its increasing demand for all types of 
electrical equipment, and production rose satis- 
factorilys On the other hand, it began more and 
more to be found that American control was a 
severe handicap. In May, 1917, therefore a British 
holding company was formed ant in September, 
1919, the Metropolitan-Vickers Electrical Company 
came into being. A period of difficulty, due to post- 
war conditions, followed, but well thought out re- 
organisation by skilled executives enabled the corner 
to be turned and by 1928, when Associated Elec- 
trical Industries, employing 30,000 people, assumed 
control, the shallows had been negotiated and the 
course set for a period of prosperity. 

The volume, however, is rather a record of person- 
alities than of financial, economic and technical 
facts, although these all find their place. Insistence, 
both directly and by inference, is quite rightly laid 
on men rather than measures. The most interesting 
parts of the book are therefore the potted biographies 
of those who have played and are playing so large 
a part in carrying out the work of the company 
and the account of the social and other activities 
which have so important a role in such an organisa- 
tion. Where so many are concerned there is always 
a certain danger in mentioning the names of only a 
few. Nevertheless, any notice of a history of this 
kind would be incomplete were attention not called 
to such pioneers and faithful servants as J. S. Peck, 
for so many years the consulting electrical engineer, 
K. Baumann, the chief mechanical engineer, G. A. 
Juhlin, G. H. Fletcher, A. G. Ellis, G. H. (now 
Sir George) Nelson, P. W. Rand, D. B. Hoseason, 
W. A. Coates, Sir Felix Pole, W. C. Lusk, D. V. C. 
Dannett, and last, but by no means least, Sir George 
Bailey, the present chairman. In this connection 
it is interesting to trace the gradual rise of those 
who have been connected with “ Metro-Vick ” since 
the early days from junior positions to posts of the 
highest responsibility, and rather more sobering to 
note, from the photographs with which the volume 
is lavishly illustrated, the change in their personal 
appearances. It is also worth recording that those 
who have for many years held such subordinate, but 
still important, positions are foremen receive due 
recognition. - 

The preparation of this history with its excellent 
accounts of all phases of the company’s activities 
must have meant considerable work, both in the 
collection of the information and its subsequent 
condensation and arrangement. The editor, Mr. 
John Dummelow, is to be congratulated on the 
result and in having produced a most interesting 
chapter in electrical history. It is being issued, 
inter alia, to all employees of the company with 
over 25 years service, and to those members of the 
Metropolitan-Vickers Long Service Association who 
are living in retirement. We feel sure the volume 
will be closely studied, as indeed it deserves 

to be. 


Report of the 1948 Summer Symposium on Noise and 
Sound Transmission. The Physical Society, 1, Low- 
ther-gardens, Prince Consort-road, Londou, S.W.7. 
[Price 17s. 6d.] 

Tus is the second publication of the Acoustics 

Group, the youngest of the specialist sections spon- 

sored by the Physical Society, and it is a welcome 

and timely one. Though the practical significance 
of studies relating to noise and sound transmission is 
obvious, and the continuing interest in this impor- 
tant branch of applied acoustics is evident on 
reference to such journals as that of the Acoustical 

Society of America, no representative international 

gathering had assembled to discuss the subject for 

many years. The Acoustics Group are to be 
congratulated on their initiative in remedying such 

a state of affairs by convening this Symposium in 

association with the Royal Institute of British 

Architects. It was held on July 14-16, 1948, and 

provided a valuable opportunity for investigators 

from twelve countries to present their own findings, 
to make contact with their colleagues and discuss 
outstanding problems with them. Almost all the 
papers presented are contained in this report; 
only two contributions appear in abstract, and one 
of these is scheduled for publication elsewhere. 

Dr. A. J. King, of the Metropolitan-Vickers Elec- 

trical Company, acted as recorder and co-ordinated 

the papers for publication. 

A review of the problem of noise measurement is 

provided by Mr. R. S. Dadson, and the possibilities 
and limitations of the objective measurement of 
noise are discussed by Mr. P. Baron. Instruments 
for the measurement of vibration and noise are 
described by Mr. R. S. Hogben, Dr. A. J. King and 
Mr. D. A. Nutt, and a rapid wave-form analyser 
by Lord Halsbury. Mr. W. A. Allen adopted the 
questionnaire technique in his study of domestic 
noise, analysing the replies from some 2,000 
British homes. A note on noise in schools appro- 
priately originates from the Public Health Depart- 
ment of Salford. Trouble from noise is liable to be 
particularly acute in blocks of flats unless proper 
precautions are taken and extra expense in con- 
struction incurred. Plans made in connection with 
the sound insulation of experimental flats in the 
course of erection at Rotterdam are described by 
Mr. Van den Eijk and Mr. C. W. Kosten, who outline 
proposals to compare 38 different floor constructions, 
32 types of partition wall, alternative plumbing 
systems, etc. Work along similar lines in this 
country is summarised by Mr. P. H. Parkin and 
Mr. H. R. Humphreys, of the Building Research 
Station. Among the various structural components 
studied are partitions and panels, windows, party 
walls, floating and wood joist floors. Noise measure- 
ment in ships and on board aircraft, electrical inter- 
fererce with broadcast programmes, the analysis of 
machinery noise and noise arising from chokes 
incorporated in fluorescent lighting units are more 
specialised topics that receive attention. 
To render results from different laboratories 
directly comparable, standard methods for the 
measurement of airborne and impact sound trans- 
mission must be agreed upon, and in this connection 
the provisional Code communicated on behalf of 
an informal Working Committee by Mr. P. H. 
Parkin is of major importance. The corresponding 
Swedish standards are detailed by Mr. L. V. Bruél, 
and additional suggestions are submitted by Mr. 
Vv. L. Jordan, of Copenhagen. Miscellaneous 
contributions include papers on the relation between 
the coefficient of absorption and the Sabine coeffi- 
cient, complex sounds and artificial voices for use 
in acoustic tests, the dynamical properties of rubber, 
the treatment of ducts and the transmission of 
reverberant sound through single walls. The com- 
prehensive character of the programme covered 
in the course of the symposium should ensure that 
this report is widely consulted. 





ATRorRAFT USED FOR TOP DREsSING.—A Freighter 
aircraft, built by the Bristol Aeroplane Company, Limited, 
Filton, Bristol, recently gave a successful demonstration of 
top dressing land with superphosphate, over hilly country 
in Wales. The aircraft was fitted with an experimental 
1-ton wooden hopper, and operations were directed from 
the ground by radio telephone. An area of 52-9 acres 





was covered, of which 29-7 acres received over } cwt. 
per acre. 









ELECTRONIC INSTRU- 
MENTATION IN ATOMIC 
RESEARCH.* 


By Denis Taytor, M.Sc., Ph.D., M.LE.E., 
F.Inst.P.t 
(Concluded from page 634.) 

Tue handling of radioactive materials involves 
hazards of a rather special kind and special instru- 
ments are necessary to ensure that adequate 
precautions are being taken. There are really 
three different health and contamination hazaris 
to be considered ; firstly, many radioactive materia/s 
are dangerous in extremely minute quantities when 
inhaled or ingested. It is, therefore, necessary to 
conduct all experimental work with such materia/s 
in an efficient fume cupboard and, where possible, 
to work with “closed ’’ containers. Secondly, all 
radioactive materials present some contamination 
danger and contamination of laboratories, instrv- 
ments, clothing, etc., must be kept down to an 
absolute minimum to guard against any possible 
inhalation or ingestion hazard and to ensure proper 
reproducibility of experimental work. Thirdly, all 
radioactive materials are dangerous in somewhat 
larger quantities through the external effects of 
their radiation, so that proper screening of such 
sources must be provided during experimental 
work, 

Fig. 14, opposite, shows a corner of one of the 
“hot ” chemical laboratories at Harwell. It should 
be noted that the chemical apparatus containing the 
radioactive material is in position behind the lead 
wall, so that the operator is protected from the 
harmful y-rays. Furthermore, it should be noted 
that all the operations are conducted by remote 
control and observations are made through a 
mirror system, not directly. In the upper part of 
Fig. 14 can be seen a large cylindrical instrument 
suspended from the roof. This is an ionisation 
chamber and it operates in conjunction with a 
direct-current amplifier and suitable trigger circuits 
to operate an alarm if either the radiation intensity 
(dose rate) or the dose received since the beginning 
of the day’s work should rise above a preset level. 
The purpose of the monitor in this case is therefore 
to check that the health precautions are adequate, 
and to give an alarm signal if they are not. 

Many different types of monitoring instruments 
are required in a laboratory of this sort. The main 
instruments are :—{i) personal monitors, to mea- 
sure the cumulative radiation exposure of each 
individual in the laboratory ; (ii) surveying instru- 
ments, for measuring radiation intensities in the 
different parts of the laboratory to allow experi- 
mental work to be planned so that individual 
exposure is kept down to a minimum ; (iii) area 
monitors, to check radioactive contamination on 
the benches, fittings, on instruments, on the floor, 
and if necessary in the air breathed in the labora- 
tory; and (iv) personnel contamination monitors 
to check radioactive contamination on the hands, 
clothing, etc., of the staff and others who frequent 
the laboratory. 

One of the most popular methods of personal 
monitoring is that using the photographic film 
badge, but the fact that photographic development 
of the exposed film and examination, with a densito- 
metre is needed before the dosage can be assessed 
naturally limits the usefulness of this method. 
Another type of personal monitor is the pocket 
ionisation chamber. These comprise a conducting 
case, which forms the outer electrode, and an insu- 
lated inner electrode. These are charged and 
carried on the person. Exposure to radiation 
causes the air in these chambers to become ionised 
and therefore conducting. Hence the electric charge 
gradually leaks away, and the loss of charge during 
exposure gives a measure of the total dose received. 
The insulator used in these chambers has to be 





* Lecture delivered at the Scientific Instrument 
Manufacturers Association Symposium on “ Electronics 
and Instrumentation in Industry,” held in London, 
November 2 to 4, 1949. 

+ Atomic Energy Research Establishment (Ministry 
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so good that any natural leak of the instrument is 
negligible. Some pocket ionisation-chamber instru- 
ments are incorporated in the electrometer mea- 
suring apparatus. The electrometer is then a 
gilded-quartz fibre the deflection of which can be 
observed with a suitable optical system. Instru- 
ments of this type have been made as self-con- 
tained units, about the size of an ordinary fountain 
pen, and they are very popular for personal monitor- 
ing. Another form of apparatus has been designed 
shaped like an ordinary wrist watch so that they 
can be strapped on the wrist when in use. 

Fig. 15 illustrates the design of the type of survey 
meter used for £- and y-monitoring. It comprises 
an air ionisation chamber and an electrometer valve 
circuit. The current from the ionisation chamber 
passes through the grid resistors and the volt drop 
across these is applied to the electrometer valve 
and measured by a backed off voltmeter in its 
anode circuit. In this case, the ionisation chamber 


is provided with a thin window, which is kept closed 
for y-monitoring, but is opened to uncover a thin 
window of polythene for 8-monitoring. 

For contamination monitoring the instrument 
visible on the left in Fig. 14 is used. This employs 
a G.M. counter arranged in the form of a probe. 
The pulses from the counter are transmitted through 
a cable to the main unit, where they are amplified 
and counted in a counting rate meter. The pulses 
are also presented aurally on a loud speaker; the 
latter is a particularly valuable facility when deal- 
ing with low count rates. For «-monitoring a 
phosphor-photomultiplier combination is employed 
in place of the G.M. counter as already explained. 

In some radiation monitoring instruments light 
weight and small size are essential. This arises in 
the case of the prospecting instruments used by 
geologists and mining engineers. In this case it 
is useful to employ low voltage G.M. counters so as 





to economise in the weight of the E.H.T. batteries 
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required, and cold-cathode valves so as to eliminate 
the need for a filament battery. Fig. 16 shows a 
typical circuit for such an instrument. The pulses 
from the G.M. counter are applied to the trigger 
electrode of the cold-cathode valve and, during 
each pulse, the valve becomes conducting allowing 
the anode capacitor to discharge once through the 
tube for each pulse. The microammeter in the 
anode circuit reads the mean charging current, 
which bears a linear relationship to the pulse arrival 
rate and so can be calibrated in counts per minute. 

There are many other types of radiation monitor- 
ing and survey instruments, but space will not 
permit mention of them all. In conclusion, one 
example of the “‘ personnel contamination ” class 
of monitor will be mentioned. This is the “door- 
post monitor ” shown schematically in Fig. 17. It 
is used to detect the movement of y-radioactive 
materials through an open doorway or corridor. 
It is often used at the exits of “hot” chemical 
laboratories to prevent the accidental removal of 
sources to “clean” areas. Counters, each 5 ft. 
long, are mounted on each side of the doorway and 
are connected to the main unjt which provides an 
E.H.T. supply for the counters and all the counting 
circuits. The counting circuits are designed in this 
case, to satisfy three requirements: (a) to provide 
an alarm if a source greater than a stated value is 
carried through the doorway; (b) to provide an 
alarm if the background of either counter dis- 
appears, indicating failure of a counter ; and (c) to 
provide an alarm if the mains supply fails. The 
operation of the circuit should be clear from Fig. 17. 
The particular cause of the alarm is made apparent 
by the operation of the indicator lamps, of which 
there are three. Only the two indicator lamps in 
circuits (a) and (6) are shown in Fig. 17. 

Acknowledgment is made to the Director of the 
Atomic Energy Research Establishment, Harwell, 
for permission to publish this lecture. 





* Rosot HAND ” FOR POWER PRESSES.—Messrs. Nuf- 
field Metal Products, Limited, Birmingham, have in- 
creased the output of their presses by installing an air- 
operated “‘ robot hand ” for removing pressings whith 
previously had to be lifted by an operator, or sometimes 
by two operators. At present the appliance is manufac- 
tured only in the United States. 
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COMBUSTION IN 
INTERNAL-COMBUSTION 
ENGINES.*  _—__. 
IV.—CHEMICAL EFFECTS. 


By Proressor Ir. J. J. BRorze. 


So far, we have been dealing with the mechanical 
and thermal aspects of the combustion processes. 
Now we shall come back to the starting point and 
insist that they are, in essence, chemical. That 
does not hold only for the combustion process as 
such, but also for the very partial combustion that 
the lubricating oil undergoes and for the corrosive 
action of oxidation products, in their widest sense, on 
engine materials—a prominent cause of wear and 
deterioration. 

If we open up an engine and take the piston out, 

we declare there is carbon in the top ring groove, 
possibly hard carbon at that. Such a statement 
horrifies the chemist, and he may, if he concedes 
it to be carbonaceous matter, find that it consists 
mainly of a large percentage of a highly oxygenated 
binder product, belonging to the class of humic 
acids, mixed up with some highly dehydrogenated 
condensation product called soot. He is of very 
much help to us in making this statement, the more 
so as he tells us that this particular oxygenated 
product can only be formed as a result of oxidising 
reaction around 250 deg. C. at an oil-metal interface 
—not in the full liquid phase or in vapour phase— 
so that it must be the result of oxidation of the 
thin film of oil clinging to the hot piston metal itself. 
Therefore, this part must have been too hot. The 
soot is essentially formed under flame-temperature 
conditions by temporary shortness of oxygen, 
resulting in cracking of the overheated hydrocarbon 
molecules and condensation of the dehydrogenated 
skeletons. This product, when formed, is so stable 
against oxygen attack that, once cooled down below 
some 1,200 deg. C., its life is too long for the engine 
cycle. So we know that that part must have 
entered this ring groove from above, and we must 
look for the cause in the combustion process. By 
such analysis, we must go slowly forward to find 
out what is the cause of every bit of deposit in the 
engine, of the constituents of dirty oil, of the colour 
and smell of the exhaust gas, and we shall be able 
to find the ways for improvement. 

Let us now look at some features of the reactions 
of hydrocarbons and oxygen. There are to many 
aspects to these reactions that to deal with them 
fully, to the extent of our present knowledge, would 
take a full year’s course. There are the differences 
of temperature levels: crankcase oil oxidation at 
150 to 250 deg. F., piston-ring groove deposits 
developed around 500 deg. F., pre-flame reactions 
from 500 to 1,000 deg. F., flame up to 5,000 deg. F. 
There are liquid-phase and vapour-phase reactions, 
self-ignition and propelled flame, blue and yellow 
flames, lean and rich mixtures, wet and dry mix- 
tures. All these various features are of influence on 
engine performance and deterioration, and of most 
of them we know only a little. 

The most commonly known type of oxidation is 
the liquid-phase oxidation of oil in the crankcase, 
due to its high temperature and its absorption of 
oxygen from the air. Oil is always practically 
saturated with oxygen, unless the rate of oxidation 
becomes very great, but even then the relatively 
thin films, streaming down the walls in the running 
engine, offer plenty of access. These reactions are 
all chain reactions. Aromatic constituents, parti- 
cularly those consisting in the lubricating-oil cuts 
of naphthaline nuclei with tail structures, take up 
oxygen relatively rapidly and form resins, at first 
soluble in the oil ; on further oxidation, these develop 
into finely dispersed colloidal solids which may 
coagulate into oxidation sludge. This matter 
contains relatively little oxygen and is soluble in 
light aromatics. It is, of course, troublesome in 





* The fourth and last of a course of lectures on “‘ Com- 
bustion in Spark-Ignition and Compression-Ignition 
Engines,” delivered at King’s College, University of 
London, in 1949. The previous three lectures were 


reprinted on pages 434, 464 and 616, ante, respectively. 
The illustrations are numbered consecutively through the 
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quantity, as it may separate out by centrifugal or | 
surface-active forces—for instance, when finely 
divided water enters the oil (condensation)—and 
cause clogging in the lubricating-oil system. 
Generally speaking, these aromatic constituents 
are nowadays removed from the oil, certainly for 
high-grade engine oils. 
The main constituent, then, is most often of a 
paraffinic character. Paraffin, as a word, is derived 
from parum affinis = little affinity. This mis- 
leading name dates from the days of the discovery 
of paraffins and denotes their behaviour relative 
to halogens, sulphur and certain acids. At engine 
temperatures, their affinity for oxygen is, however, 
remarkable and around 250 deg. F. they oxidise 
rapidly into fatty acids, the reaction products 
containing much volatile light acid, such as formic 
and acetic acid. Peroxides are formed as inter- 
mediate products and these are highly important 
because the oxygen contained in them is very 
active and is easily handed on to further stages. 
For the prevention of corrosion, it is of importance 
that the volatile fatty acids be removed, one of the 
main reasons for ventilation. In an engine crankcase, 
this is mostly assured ; in turbine oil systems, for 
instance, it must often be produced artificially. 
Much air cannot harm the oil, as it is saturated 
anyway; of course, one should not overlook the 
danger of carry-off. At temperatures above 300 deg. 
F., such as occur sometimes, the reaction may 
become downright dangerous, and certain bearing 
materials, lead and cadmium, may be quickly and 
badly corroded. 
Now these oxidation reactions are very compli- 
cated mechanisms and depend on many factors 
which may determine or change their course. 
Fortunately, we may make use of this feature to 
intercept the reaction by snapping one of the chain 
links ; for instance, by introducing some matter 
which destroys intermediate oxidation products. 
Such bodies are called anti-oxidants. 
In the liquid-phase reactions, curiously enough, 
a small percentage of aromatics has an anti-oxidant 
effect on the reaction from paraffins to fatty acids 





four lectures. 








(Fig. 37}, and so have certain sulphur compounds 
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often found in natural oils. We should not, 
therefore, over-refine an oil by removing all the 
non-paraffins; and, certainly, we should not 
overdo the whole business of increasing this stability 
against liquid-phase oxidation, as another feature 
emerges with which we must reckon, that is, the 
solubility or dispersability of oxidation products. 
I shall deal with this later, when the oxidation 
picture is more complete. 

An entirely different way of oxidation occurs in 
the vapour phase, when oil vapours react with 
oxygen at somewhat higher temperatures, say, 
400 deg. to 600 deg. F. This reaction may take 
place in the hotter recess of the piston and between 
piston and cylinder, where hot gases blow by, but 
it may also occur between the fuel and the air in 
the first stages of self-ignition, and, when an oil 
engine is cold and on the verge of misfiring, veritable 
streams of these oxidation products may be formed. 
The products from this reaction are aldehydes and 
peroxides, which may condense into higher mole- 
cular products with a brownish to black appzarance, 
sometimes called lacquer. These products are 
characterised by solubility in alcohol on account of 
their OH-group. The oxygen content is higher than 
for the first group, some 20 to 25 per cent. These 
products may be found on piston skirts and often 
in the lower ring grooves, where they may be 
responsible for lower-ring sticking ; in the case of 
the misfiring or late-firing cold oil engine, severe 
lacquering of the entire cylinder may occur, so that 
it may not be possible to restart the engine (Fig. 38). 
The products are entirely insoluble in oil. 

The special oxidation products formed at the 
oil-metal interface at high piston temperatures have 
already been mentioned. They form the third 
category of engine oil deposits and their occurrence 
limits the top-ring groove temperature and bottom 
(inside) temperature to which one may go without 
top-ring sticking trouble or severe carbon forma- 
tion inside the piston. Certain classes of anti- 
oxidants may increase the safe temperature 
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In this connection, it is of use to mention the 
importance of knowing much more precisely the 
operating temperatures of pistons. We have 
developed in our laboratory a method for this 
purpose with which this is performed continuously 
on all test engines. It is done by means of thermo- 
couples, built into the piston at all interesting 
points (Fig. 39). The couples are led down to 
contacts which are closed when the piston is at 
bottom dead-centre (Fig. 40). The circuit thus 
closed contains a potentiometer arrangement, which 
should be adjusted to obtain a zero reading (Fig. 41). 
Indication of this is obtained by inserting an induc- 
tive coupling in the circuit which, after amplifica- 
tion, makes the difference visible on a cathode-ray 
screen. Thus the potentiometer may be instantly 
adjusted to zero reading, and the millivoltage read 
off. The accuracy is plus or minus 3 deg. F., and 
the arrangement enables the observer to follow 
changes in load, ignition or injection timing, etc., 
directly. In a certain case, we were even able to 
observe rotation of the top ring, as, every time the 
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gap passed the measuring point, an increase in 
temperature was noted. This was in an aero engine 
running at 2,400 r.p.m., and the top ring rotated 
roughly once a minute. 

Recently, we had the task to consider whether 
a certain Diesel engine could be converted safely 
into a gas engine of higher output. With this 
arrangement, we were able to say, after relatively 
few hours’ running, that the piston temperature 
would be lower even at that load than the Diesel’s, 
and that operation would be quite safe without 
any change to the piston. 

The actual picture of engine fouling and oil 
deterioration is very complex, as it is not only a 
matter of the degree of oxidation, but of contamina- 
tion by combustion products, of which we have 
mentioned soot and lacquer already. But the main 
question is one of equilibria ; equilibrium between 
rates of formation and rates of disappearance 
(Fig. 42)—burning off and Joss with used oil—and 
equilibrium between the quantities of these oxida- 
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keep in solution or in suspension (Figs. 43 
and 44).* 

Some oils oxidise more readiiy than others, but 
nevertheless keep the engine as clean. It is only 
some ten or twelve years since the practical signi- 
ficance of this point has been reaiised. Hitherto, it 
was known that engines would stay more or Jess 
clean under different conditions and with different 
types of lubricating oil, but one accepted the result 
more or less; until it was shown in the United 
States that very great improvements could be 
obtained by adding soap-like materials to the oil, 
which resulted in much cleaner pistons, particularly 
in the case of high-speed Diesel engines, where 
maintenance was a critical item and ring-sticking 
was frequent. It was found that such additives 
worked mainly by preventing flocculation and 
adhesion of oxidation products when these became 
unsoluble, or, as the colloid chemist calls it, they 
peptise these products. This is a result of surface 
action, a field of physical chemistry which in many 
ways is of interest to the motor engineer—boundary 
lubrication, emulsions, corrosion, wear. Such addi- 
tives are called detergents and have found extensive 
application. The total amount of oxidation of the 
lubricant is not markedly lowered, but the products 
are removed from the dangerous spots (Fig. 45). 
The results have been an increased serviceability 
and popularity as well as allowable output of the 
high-speed Diesel engine. The oil becomes black 
quickly, as the finely dispersed particles do not 
settle out (Fig. 46, on page 648). 

More recently, attention has been given to the 
curious phenomenon that quite high percentages of 
additive are necessary to achieve these results, 
whereas theoretically some few hundredths of 1 per 
cent. would suffice. It was shown by van der 
Minne, who is responsible for considerable advances 
in the chemistry of used oils and deposits, that the 
peptising action was counteracted by oxidation 
resins formed in the oil, and, in themselves, also 
bodies with some peptising action.t In fact, some 
of these resins were responsible for quite decent 
engine results from highly oxidisable oils. The 
matter of these antagonistic bodies has been investi- 
gated further and has led to new concepts of non- 
aqueous colloids. 





* “ Altération de l’Huile de Graissage dans les Moteurs 
Diesels rapide,” by C. A. Bouman : 2me Congrés Mondial 
du Pétrole, Section IV (Utilisation), pages 514-523 
(1937). 

t “‘ Flocculation and Peptisation in Oil as Dispersion 
Medium,” by J. L. van der Minne: Rec. Trav. Chem., 





tion products and the quantities that the oil can 


vol 65, pages 549-555 (1946). 
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I will now cut out a whole section of very inter- 
esting engine chemistry, such as that dealing with 
sulphur and its oxides, as that subject has been dealt 
with extensively in a paper read before the Auto- 
mobile Division of the Institution of Mechanical 
Engineers by Mr. A. Wilson and myself,* and also 
the highly interesting and topical subject of high- 
temperature oxide chemistry, which plays havoc 
with sparking plugs under certain conditions. I 
would rather discuss some points about flames. 

In my first lecture, I discussed a very much 
simplified statistical way of looking at the complex 
radical reactions in ignition and flame. In the 
same statistical way, we must try to treat another 
feature of flame, namely, radiation. It is well 
known, of course, that hydrocarbon flames may be 
blue or yellow, resulting in widely different radiation 
characteristics, which affect heat loss from the 
flame. It is true that these are of more interest 
to the industrial fuel user than to the engine man. 
In engines, convection heat losses are vastly pre- 
ponderant owing to bigh density, active movement 
of the burning gases and small dimensions of the 
flames, so that their emissivity is small. (For a 
given condition of flame, this varies with flame di- 
mensions as 1 — e~*!, where k = emission coefficient.) 
Only in internal-combustion turbines, with lower 
gas densities and sometimes greater dimensions of 
the combustion chamber, radiation may be more 
directly interesting from this point of view, and even 
critical. There is, however, more to it than heat 
joss ; the chemistry involved in blue and yellow 
combustion is obviously different, and, whereas 
both come to the same end, their intermediate 
products, which must always be seen as the building 
stones of engine deposits and the undesirable con- 
stituents of exhaust gas, are as different as day and 
night. The blue flame is the result of a gradual 
breakdown of the hydrocarbon molecules, forming 
radicals which turn into aldehydes, low molecular 
acids, and never free carbon for more than an 
infinitesimal moment, so that it does not attain the 
structure or size of a particle in the optical sense. 

Typical results, therefore, are: no luminescence 
other than gas emissivity at high temperatures ; 
the blue derived from CH and C, radicals (perhaps 
some CO radiation) ; line spectra due to impurities 
of inorganic origin, such as sodium compounds ; 
on chilling, in contact with cold walls, CO, alde- 
hydes, condensable or oxidisable to hydro-acids— 
never soot. 

The conditions for this reaction are simply: 
extremely homogeneous mixture, and mixture not 
excessively rich, certainly within our technical 
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limits. This process may be fully materialised in 
dry-carburetted spark-ignition engines, as well as 
in vaporising burners such as may be used in 
interna]l-combustion turbines. In a special atomising 
burner (Fig. 47), in which atomisation and mixing 
had been developed to a maximum of homogeneity, 
it has been proved that all sufficiently volatile 
chemical types of hydrocarbons may be burned 
with a blue flame up to or even over the theoretical 
fuel/air ratio.* If the mixing conditions are less 
perfect, this process may still go on in the greater 
part, but here and there, where excessively rich 
portions do occur, the hydrocarbon may crack 
owing to the intense heat and form carbon skeletons 
which, in the short time before they may reach 
nearby oxygen, may have condensed into clusters 
which optically may be regarded as particles and 
emit black-body radiation. There is evidence now 
that this phenomenon starts at a critical and well 
defined ratio between the components. 

Hence result intense radiation of a black-body 
character, and the possibility of soot in the com- 
bustion gases or on cold walls. In the combustion 
gas, it may be caused by oxygen shortage, but 
usually by chilling the carbon particles below some 
1,200 deg. C., when the carbon-oxygen reaction 
slows down rapidly. This accounts for Diesel 
exhaust smoke and internal-combustion turbine 
smoke, where the enormous air excess stops the 
reaction effectively as far as carbon particles are 
concerned. Soot on the engine combustion-chamber 
walls will also result. Even in the spark-ignition 
engine, this may occur when the mixture is wet, 
owing to the local rich spots originating from each 
droplet. We had very much trouble in operating 
an engine with quartz windows until we thoroughly 
dried the mixture; then we could operate on 
benzene, even a rich mixture. 

It is of interest to note that, as one might expect, 
the compression-ignition engine usually shows soot 
in the used oil; there is, however, little carbon 
formed in the combustion chamber from the lubri- 
cating oil, as the excess air is enough to burn this 
clean (Fig. 48). In the petrol engine, there is usually 
little or no soot in the used oil, but, owing to mix- 
tures around the theoretical, the lubricating oil does 
not burn away until it has built up to a certain 





* “ Sulphur in Diesel Engines,” by J. J. Broeze and 
A. Wilson, read before the Institution of Mechanical 
Engineers (Automobile Division). Automobile Engineer, 
vol. 39, page 118 (1949). 





* “New Ways of Burning Liquid Fuel,” by W. L. 
van de Putte and H. K. J. van den Bussche. Trans. 
Fuel Econ. Conference, The Hague, 1947, vol. 3, pages 
1183-1205 (1948). 
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equilibrium thickness where it becomes incandes- 
cent, which may be a function of load and time 
(Figs. 49 and 50, respectively). This exchange of 
places between the remnants of fuel and lubricating 
oil is one of the most curious paradoxes found in 


engines. 

As I have already stated, the total state of con- 
tamination of an engine at a certain moment is a 
matter of the equilibria which are being approached, 
have been reached or have been overstepped. We 
must know about the laws that govern these 
equilibria, as the ideal condition is that where all 
the equilibria involved in the build-up of deposits 
may be harmlessly tolerated ; then we may operate 
the engine indefinitely until wear or the fear of 
breakage forces us to a replacement of parts. 

This goal can be reached through a working 
knowledge of the chemical processes involved, of 
which I have given a brief sketch ; through a proper 
engineering knowledge of design factors and oper- 
ating conditions as they reflect on these processes ; 
and through a proper selection and care of the 
lubricant, which must, in our modern conception, 
beside its primary and secondary functions of 
lubricating and cooling, act as the eternal internal 
cleansing agent. 














40 60 
Hours 





STANDARDISED HyDRAULIC GEAR Pumps.—A range of 
small hydraulic gear pumps has been produced by the 
Plessey Company, Limited, Ilford, Essex, which use 
hydraulic pressures within the pumps to provide axial 
loads minimising the clearances between the bearings 
and the gears. The pumps are available in three size 
groups, a single pump in each group weighing about 
12 lb., 52 lb., and 12% lb., respectively ; but the stan- 
dardised components can be selected to give a total of 
14 capacities, with deliveries ranging from about 1 gallon 
per minute at 3,000 r.p.m., to 23 gallons per minute at 
2,500 r.p.m. The three groups have only three port- 
adaptor sizes, but these are designed so that the inlet 
port of one group fits the outlet port of the next larger. 
Either elbow-type or straight-port adaptors may be 
fitted to each pump body, and they provide a number 
of different directions of inlet and outlet porting on each 
pump throughout the range. Each pump can be assem- 
bled to allow for eit direction of rotation, and has a 
taper-shaft extension with a Woodruff key to accom- 
modate a variety of drive adaptors. Reversibility is 
effected by ehanging the relative position of the driving 
and driven gears, and by turning the mounting flange 
through 180 deg. The gearwheel bearings on one side 
of a pump are sliding fits in the bores of the pump body, 
and they are axially loaded by bleeding oil from both 
the high-pressure and low-pressure sides of the gears. 
Machined grooves in the sides of the bearings adjacent 
to the gears form small reservoirs which help to relieve 
any excessive pressure into the high-pressure and low- 
pressure ducting through which the oil is bled. The 
whole area on the other side of these bearings is sealed 
by a ring, and is covered by a flat mounting plate. The 








pump body is cast from an aluminium alloy. 





Ss mF 8 


——rllC Tee lOO rl rhlU'Y 


JUNE 9, 1950. 


ENGINEERING. 


649 








THE DEVELOPMENT OF SINGLE- 
ANODE MERCURY-ARC RECTIFIERS. 


In a paper on “ The Continental Development of 
Single-Anode Mercury-Arc Rectifier Valyes of High 
Power,” which he read before the Institution of Elec- 
trical Engineers on Thursday, March 16, Dr.-Ing. 
H. von Bertele said that by about 1935 the large increase 
in the demand for this equipment had necessitated the 
revision of designs both from the economic point of view 
and with respect to manufacturing facilities. In addi- 
tion, further revision was necessary owing to the wider 
technical applications. A comparison of requirements 
showed a desire to increase both the size and ou 
of the units. A 24-anode steel tank rectifier for 8,000 
am at 750 volts was, however, about 3 m. high 
and 3-2 m. in diameter, while it weighed about 11 tons 
without cooling water. No further increase in size 
seemed advisable when transport and manufacturing 
difficulties, which increased rapidly as the size, were 
considered. As regards efficiency, the saving 
of a few volts in the arc-drop meant an important 
saving of power consumption of, for instance, con- 
tinuously-operated electrolytic plants. In aluminium 
electrolysis with batch units of about 40,000 amperes 
at 750 volts, a reduction of five volts in the arc-drop 
might correspond to a saving of 1-72 million kWh 
per annum. A large number of small rectifier units 
with a low arc-drop were therefore preferable, as 
far as losses were concerned, to a small number of 
very large rectifiers. Any increase in the number 
of units, however, resulted in more space being re- 
quired, so that the installation costs rose. The best 
compromise with multi-anode valves had usually been 
to employ larger sizes, but slightly to increase the 
number of units and to run them at somewhat below 
full load. In.the United States these considerations 
had let to sectionalised installations consisting of two or 
four relatively small steel tanks in one framework 
and with one set of auxiliaries and transformers. 

To overcome these conflicting tendencies it seemed 
advisable to split up the multi-anode systems into 

i ode units without a vacuum pumping system. 
‘This was intended to increase the efficiency a simplify 
both production and installation. The idea of using 
single-anode mercury-arc valves was supported by 
experience with the ignitron. The first results, how- 
ever, were not encouraging. Although carefully 
prepared and well-screened anodes were used, the 
outputs were generally lower than in multi-anode 
systems using the same components. Trouble also 
occurred owing to the tendency of the cathode spot 
to move out of the pool and to disappear abruptly, 
although the energy required for excitation was above 
normal. In a second series of valves based on igni- 
tron, operation at continuous load was only possible 
at very low currents. Development was therefore 
concentrated on continuously-excited systems. When 
this was done it was found that, in order to define 
the stresses on which a general design method could be 
based, the various processess taking place in the rectifier 
had to be re-investigated. 

To begin with, a small steel system was built. This 
was based upon the glass-bulb arrangement, with 
alterations dictated by manufacturing possibilities 
and the particular ideas of the designer. Its break- 
down loading was then investigated under both experi- 
mental and — working conditions. After the 

-elimination of numerous faults, and after increasing the 
sizes of the anodes far beyond those of the equivalent 
glass-bulb types, a certain balance between output and 
reliability was obtained. Successively larger units 
were then built to the same design. 

This process of development continued very slowly 
because practical results were only obtained months, 
and sometimes years, after the design had been made, 
very often when some of the reasons for a icular 
step had been forgotten. Nevertheless, in the course 
-of 15 to 20 years, each of the large rectifier manufac- 
turers had made a — of units which 
would operate reliably, although differing remarkably 
from each other in external a ce and design. 
The nominal current was fixed “ experience as the 
current which could be carried for a reasonable time 
without back-firing. The statistical occurrence of 
back-fires made the rating less precise than that of 
other electrical machinery, and also made it impossible 
to establish the stresses produced by an observed 
breakdown load. 

When seeking general design rules correlating the 
physical size of a mercury-discharge device with the 
kilowatt output, it was surprising to find that mercury- 
are rectifiers of very different appearance operated with 


-equal reliability and had similar electrical characteris- 


tics. This had led to the conclusion that some internal 
features must exist which were common to all and were 
wesponsible for their electrical performance. This 
should lead to the creation of rules for predicting the 
performance of a chosen design and, alternatively, 
make it possible to design a satisfactory device for 


‘special operating conditions. 





ELECTRICALLY-OPERATED GOLD 
CYANIDATION PLANT. 


THE ore at the El Sid gold mine, situated between 
Kena on the Nile and Kosseir on the Red Sea, consists 
of very tough quartz with some metallic sulphide 
minerals, the latter being mainly pyrites. Most of this 
occurs in bands of chlorite which run through the 
quartz, while the rest is disseminated through the 
quartz mass. Small quantities of galena and blende are 
also present, the former occurring as isolated crystals in 
the quartz and the latter as aggregates of crystals in 
both the quartz and the chlorite. The vein traverses a 
contact of granite and schist. Tests showed that a high 
percentage of gold could be recovered by amalgamation 
and a high extraction could be effected by cyanidation 
either of the amalgam or the ore. Plant for this 

was therefore installed by the Fraser and 
oe eel Works of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
and has been in operation, by the Egyptian Mining and 
Prospecting Company, for about two years. Exten- 
sions, which will approximately double the original 
capacity of the mine, are now in progress. Historically, 
the mine is of interest since gold was first obtained in 
the area as long ago as B.c. 1320, and the present 
workings are believed to be sited on others from which 
gold has been recovered by many generations of 
Egyptians. 

The ore, after the run of-mine material has been 
removed at the shaft, is reduced in a 20-in. by 12-in. 
jaw crusher, set at 14 in. It is then carried by train 
to the mill and discharged into a 10-ton bin. This is 
provided with an over-cut hand-operated radial gate, 
which regulates the supply to a 20-in. Symons cone 
crusher with an output of 30 tons } in. or } in. 
feed, which is the daily requirement. This crushed 
ore is taken by a 16-in. belt conveyor to the 50-ton 
fine-ore bin, whence it is delivered to the scoop box 
of a conical ball mill, the diameter of which is 36 in. 
This mill, in which the ore is ground in cyanide solu- 
tion, is arranged in a closed circuit with a 16-ft. 8-in. 
by 1-ft. 6-in. classifier of the rake type. Its size at 
the outlet of this classifier is about 2 per cent. plus 
100 mesh I.M.M., and it is discharged at the rate of 
30 tons in a 24-hour day. 

The plant is arranged so that the discharge from the 
ball mill flows to the strakes by gravity and the strake 
tailings are pumped by a 2-in. centrifugal pump to the 
rake classifier. Alternatively, the bal] mill and classifier 
can be operated on a closed circuit, the overflow 
gravitating to the strakes, after which it is pumped to 
the primary thickener. In the third method of opera- 
tion the classifier overflow is led directly to the primary 
thickener by gravity. 

This primary thickener is 12 ft. in diameter and 
8 ft. high. It discharges a mixture of 50 per cent. 
solid and 50 per cent. liquid by weight, the clear over- 
flow, which amounts to about 150 tons in 24 hours, 
flowing to two tanks, each of which is 12 ft. in diameter 
and 6 ft. high. From these tanks, which are fitted with 
filter bottoms, the solution flows to a steady-head tank, 
which feeds two standard extractor boxes, each of 
which has seven compartments and is 36 in. wide. 
Following the extractor boses is a tank with a V-notch 
by means of which the quantity of solution passing 
can be estimated. 

The thickened pulp from the primary thickener is 
pumped to two 10-ft. by 12-ft. agitators, which are 

in series and are of the combined mechanical 
and air agitator type. Here the pulp is agitated at 
a dilution of 1-25 solution to 1 of solids by weight. 
The pulp from these agitators flows to the counter- 
current decantation system, which consists of four 
thickeners in series. Barren solution is added to 
the penultimate thickener and 30 tons of make-up 
water in 24 hours to the last thickener in the series. 
The pulp is taken from this tank to the tailings after 
a sample has been automatically withdrawn for testing 
purposes. 

The clear overflow solution from the first decantation 
thickener flows to three 8-ft. diameter by 8-ft. high 
sump tanks, from which the weak solution is pumped 
to two head tanks and piped thence to the ball mill and 
agitators. The barren solution from the extractor 
boxes, after passing the V-notch tanks, flows to a 
concrete sump from which it is pumped to two further 
tanks and led thence to the third decantation thickener. 
The precipitate is cleaned in a lead-lined mild-steel 
acid vessel, which is fitted with a conical bottom, a 
galvanised-iron hood and telescopic flue pipe. The 
installation is completed by a six-chamber filter press, 
which is served by two 1} in. by 2} in. plunger pumps 
and an oil-fired water heater. The precipitate is dried 
and roasted in an oil-fired furnace, which can take two 
18 in. by 12 in. by 4 in. trays, while for melting there 
is an oil-fired furnace in which a 20-pint crucible can 
be inserted. All the machines mentioned above are 
driven individually by electric motors, the aggregate 
horse-power of which is 173. 
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In last week’s article on the Pametrada research 
station, it was pointed out that, when the Association 
was formed, it did not inherit any buildings and that 
all structures on the site, therefore, have been designed 
and built to the Association’s own requirements. The 
station is situated on the north bank of the river Tyne 
on a plot of land leased from the Parsons Marine Steam 
Turbine Company, Limited, and adjoins their Turbinia 
Works. The buildings comprise the full-scale test-house 
referred to in our previous article, a research house, a 
turbo-combustion building, laboratories, administrative 
buildings and other smaller buildings such as the pump 
house, workshops, transformer house, etc. Probably 
the most interesting of these is the test-house which, as 
previously indicated, has been designed for ing out 
full-scale trials on marine turbine machinery. it is 
illustrated in Fig. 7, opposite, which shows part of the 
machinery for a Daring-class destroyer on trials. The 
test bed measures 83 ft. long by 21 ft. 8 in. wide and the 
main floor is supported by auxiliary steelwork 7 ft. 3 in. 
above the level of the bed so that service pipes, etc., 
can be kept below floor level ; if greater width, however, 
is required at any one point, the steelwork can be 
dismantled locally. This form of construction can be 
seen in Fig. 8, on page 654, which also shows the holding- 
down arrangements for the machinery under test. 
The circulating-water pipes extend the full length of 
the test bed and are arranged so that connections can 
be made at any point. 

The permanent equipment for the test-house includes 
a large hydraulic dynamometer, a smaller “ 
matic’ brake, a high-pressure boiler and an experi- 
mental turbine. The hydraulic dynamometer was 
designed and manufactured by Messrs. Heenan and 
Froude, Limited, Worcester ; it is capable of absorbing 
outputs up to 60,000 shaft horse-power, the speed 
range at maximum input being between 160 r.p.m. and 
360 r.p.m., and it has complete stability at an input as 
low as 2,700 h.p. at 125 r.p.m. It is not directly 
reversible, but has been designed symmetrically so that 
astern trials can be carried out by reversing the body 
in its frame. The body weighs under 75 tons and can 
be handled comfortably by the overhead crane, the time 
taken to reverse the body and re-align the complete 
machine being approximately eight hours. The 
process of alignment is eased considerably by the provi- 
sion of fine-control jacks, which form a permanent 
part of the machine, and the fitting of a Ward-Leonard 
control system to the overhead crane. This enables 
accurate control of the crane to be obtained and, if 
required, a hoisting rate of one inch per minute with 
a load of 75 tons can be made available. The torque 
reaction of the dynamometer is measured by hydraulic 
cylinders, the accuracy of which can be checked by a 
detachable arm; this is fitted to the dynamometer, 
loaded with weights, and the results compared with the 
dial readings. The ‘‘ Dynamatic” brake also was 
supplied by Messrs. Heenan and Froude, Limited ; it 
is used for loading turbines and transmission assemblies 
and is capable of absorbing up to 4,000 h.p. at speeds 
ranging from 3,000 r.p.m. to 9,000 r.p.m. 

The high-pressure boiler was designed by Messrs. 
Foster Wheeler, Limited, Aldwych House, Aldwych, 
London, and was nncemcnag by Messrs. Richardsons, 
Westgarth and Company, Limited, Hartlepool Engine 
Works, Hartlepool. It has been installed to provide 
steam for the turbines used to drive various test rigs 
and to gain experience with high-pressure and high- 
temperature operation of turbine components. The 
boiler has an evaporation of 32,000 lb. per hour at 
a pressure of 1,200 Ib. per square inch and a temperature 
of 950 deg. F. at the superheater outlet. A second- 
stage superheater also is provided which raises the 
temperature to 1,150 deg. F., the corresponding pressure 
being 1,100 lb. per square inch gauge. The superheat 
temperature is controlled within fairly close limits by 
altering the amount of fuel delivered to the two 
portions of the combustion space in the usual manner, 
but more accurate control is obtained by means of a 
Foster-Wheeler de-superheater, which handles all the 
steam from the superheater and is capable of reducing 
the temperature almost to satu ation point, The 
boiler operates with distilled water, which is de-aerated 
before use, and the permanently-installed boiler equip- 
ment includes a de-aerating feed-heater, a 35-tons per 
day distillation plant, a motor-driven high-pressure 
feed pump, and a pumping and heating plant for the 
fuel oil. The boiler and the second-stage superheater 
are illustrated in Figs. 5 and 6, respectively, on page 650. 

The experimental turbine has been designed to 
accept a number of designs of rotors and casings so 
that it can be used for research in connection with the 
determination of the efficiency of various combinations 
of nozzles and blading. It is provided with its own 
auxiliaries such as extraction pump, forced-lubrication 
pump, lubricating-oil tank, etc., the complete unit being 
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arranged so that it can be moved about the buildings | 
with comparative ease and, when in position, only the | 
essential services such as steam, circulating water, 
electricity, etc., need to be supplied. For more general | 
work, the Association have acquired two turbines from | 
the Admiralty, each of which develops 4,000 h.p. at | 
5,000 r.p.m., while several turbines from turbo- | 
generator sets of various sizes have been obtained from | 
other sources to provide auxiliary drives. 

To enable the appropriate boiler, and its associated | 
auxiliaries, to be tested at the same time as the propel- | 
ling machinery, a separate boiler house has been con- | 
structed ; this can be seen in Fig. 1, on page 621, ante. 


Fie. 5. 


It has been designed so that the vertical sections| 


forming the wall of the house parallel with the railway | 
can be removed and the boilers for testing moved | 
bodily on to permanent seatings inside the house. | 
The boiler house is constructed from standard troughing | 
sections, having flanges 6 in. deep, which are bolted | 
together with tarred felt interposed between them to 

form airtight walls. Air locks are provided for use | 
when operating under closed-stokehold conditions and | 
the complete house is capable of withstanding an | 
internal pressure of 30 in. of water; at this pressure | 
the leakage is approximately 5,000 cub. ft. per minute. | 
To provide an outlet for the boiler uptakes, sections of | 
the roof have been made detachable and an airtight | 
seal is formed by means of temporary plating. After | 
leaving the boiler room, the uptakes are led to a} 
permanent funnel installed on the roof of the research | 
building. The boiler room is capable of housing two | 
of the largest naval boilers when working under closed- | 
stokehold conditions and the Association expect no | 
difficulty in housing boilers of the mercantile-marine | 
type. 
Water for the main and auxiliary condensers and 
the hydraulic dynamometer is supplied by three pumps 
installed in a separate pump-house on the bank of the 
river. The pumps are of the Vickers-Gill propeller 
type and are seated at the base of the motor, the 
propellers being located so that there is always a head 
of water regardless of tidal conditions. They are 
arranged so that they can be raised in sections by 
means of a power hoist situated in the roof of the pump 
house. Entry of mud, etc., to the shaft bearings is 
prevented by supplying the bearings with high-pressure 
shore water and the piping has been arranged so that, 
when required, a reverse flow of water can be supplied 
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for cleaning purposes. The pumps are driven by 
induction motors and, in view of the limited speed 
control, arrangements have been made to by-pass 
some of the water when reduced quantities are required. 
Air ejectors are provided for priming the pumps on 
starting and flow-meters are installed in the discharge 
piping. The dynamometer pump discharges to an 
overhead tank so as to maintain a steady head, adjust- 
able pipes leading the water to the dynamometer to 
allow its position to be changed. 

During the open week, trials were being concluded 





on the machinery and boilers for a Daring-class des- 
troyer. Although details of the actual machinery 
cannot be given, some notes on the type of trials carried 
out may prove of interest. The erection of the boiler, 
turbines and gearing, together with certain of the 
auxiliaries, was carried out by the Wallsend Slipway 
and Engineering Company, Limited, and the remainder 
ot the work, including the fitting of the necessary 
instruments, was completed by Pametrada. In all, 
the machinery was run for 407 hours, of which 23 hours 
were spent in astern running. For descriptive purposes, 
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the tests may be divided into two main categories, 
namely, the main trials, which were concerned with 
the efficiency and performance of the machinery, and 
associated researches, the latter including the measure- 
ment of quantities not normally observed. The main 
trials included the accurate measurement of all import- 
ant quantities under many different operating condi- 
tions. The fuel and condensate were weighed, two 
20-ton tanks, permanently installed in the test-house, 
being used for weighing the condensate. The gland 
condensate also was weighed and the air removed from 
the condenser was recorded on a gas meter. 

After the preliminary proving tests, which included 
short runs at low speeds and loads, and a no-load over- 
speed test followed by an inspection, the consumption 
trials were proceeded with. The instruments were 
checked by carrying out a six-hours run at 20 per cent. 
full power, after which short consumption trials at 
5 per cent., 10 per cent., and 15 per cent. full power 
were accomplished. Then followed a six-hour con- 
sumption trial at 20 per cent. full power and shorter 
runs at both light- and deep-draught revolutions at 
different vacua, ranging from 25 in. to maximum. The 
six-hour consumption trials and light- and deep- 
draught runs were then repeated for 40 per cent. full 

wer and 60 per cent. full power with short runs in 

tween at steadily increasing eutputs, the series of 
tests culminating with an hour’s run at full power. 
At the conclusion of this series of tests, the machi 
was opened up for a complete inspection and adjust- 
ment of the quill shafts and, on re-assembly, the six- 
hour consumption trials, together with the shorter runs 
at light and deep-draught revolutions, were repeated at 
full load and at overload, that is, with all nozzles 
opened. The tests were concluded with a consumption 
trial at 500 shaft horse-power, this trial being in 
progress during the open days. 

During the trials, the opportunity was taken to mea- 
sure the torsional and axial vibrations over a compre- 
hensive range of powers and the noise levels in the 
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boiler-room fan flats. Manceuvring and astern trials 
were also carried out, the former including runs from 
cold to full power, part-load acceleration trials and 
berthing trials comprising rapid starts to 10 per cent. 
full power from a “ dead ” engine and “ crash ” stops 
through to astern running at 10 per cent. power from 
20 per cent., 60 per cent., and 100 per cent. ahead powers. 
The astern trials comprised a two-hours astern run, 
then runs for periods ranging from one to four hours 
followed, in each case, by immediate ahead runs at 
10 per cent. full power for 30 minutes and, finally, from 
cold to full astern. 

As previously mentioned, several associated re- 
searches were carried out during the trials. To assess 
the distribution of torque between each pair of quill 
shafts and also to obtain some idea of power distribution 
between the turbines, strain gauges were fitted to the 
quill shafts and connected by means of slip-rings to an 
indicating instrument specially developed for the 
purpose. Turbine-rotor and gear movements and vibra- 
tions were measured by capacitance gauges fitted to 
various points on the gearing and turbine shafts, 
while rotating thermocouple assemblies were inserted 
in the bores of both high-pressure and low-pressure 
turbines for measuring the bore temperatures, the leads 
being led out through slip-rings. Other associated 
researches carried out included the measurement of 
the pressure drops along the main steam piping, and 
across the boiler stop valve and the main steam strainer, 
the determination of the high-pressure and low-pressure 
turbine-casing temperatures by thermocouples, the 
measurement of the heat-transfer distribution over the 
condenser heating surface, the determination of the 
position of the after end of the high-pressure rotor 
relative to the casing when running, and the use of 
Taylor, Taylor and Hobson alignment telescopes to 
measure turbine distortion. 

It is, of course, not possible to give any of the results 
obtained during the trials, but, according to a statement 
issued by the Admiralty, a great deal of invaluable 














information has already been gained, the confirmation 
of design data being, perhaps, the most important 
single item. Furthermore, the behaviour of the 
machinery under transient conditions has provided 
fresh knowledge of what actually occurs during 
mancuvring. Analysis of the results is still in hand 
and it is understood that arrangements have been 
made for the continuance of the majority of the asso- 
ciated research schemes during the next series of trials. 

The work of the Association, as previously mentioned, 
is by no means confined to the full-scale testing of 
marine turbine machinery ; considerable work is in 
progress with regard to the development of com- 
ponents for both steam and gas turbines. To enable 
efficiency values for transmission gearing to be deter- 
mined, for example, separate back-to-back tests of 
complete are carried out. In these tests, 
two gearboxes are “locked ” together with an adjust- 
able hydraulic torque-loading coupling inserted in the 
shaft which connects the two pinions together. The 
coupling is used to impose a load on the teeth, and the 
complete assembly is driven by one of the general- 
service turbines; a photograph showing this arrange- 
ment is reproduced in Fig. 9, on page 654. Tests are 
also in progress on a range of hydraulic couplings, 
developed by the design section, for both ahead and 
astern working. The couplings are being driven 
by a turbine through a torsionmeter, the power being 
absorbed by a brake, and the tests are aimed at the 
determination of the efficiency of the couplings together 
with their mancuvring characteristics. The aero- 
dynamic characteristics of “ cascades” of nozzle and 
blade groups for turbines and compressors are investi- 
gated in a low-pressure air-testing plant installed in the 
research house. This comprises a two-stage centri- 
fugal blower capable of delivering 7,000 cub. ft. of free 
air a minute against a pressure of 3 lb. per square inch, 
and the usual form of traversing gear for “ searching *’ 
the flow pattern. It is designed to carry out tests on 
blading and nozzles at the correct aerodynamic scale 
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for both impulse and reaction blading in the high- 
pressure and intermediate-pressure regions of a turbine 
at velocities up to half that of sound. The complete 
installation is illustrated in Fig. 4, on page 650. 

Tests have to be carried out, however, on low-pressure 
last-row Nema wheels, etc., which are beyond 
the capacity of the low-pressure t. A high-pressure 
prrapes. vant is being i ied, wom which, 
when complete, will consist of a 2,000-kVA synchronous 
electric motor driving a direct-current generator, and 
two large blowers driven by electric motors. The 
blowers will have capacities of 40,000 and 22,000 cub. ft. 
per minute suction volume, respectively, and will be 
arranged so that they may be driven separately or 
together, either in series or parallel. The blowers will 
discharge into ducting connected to the inlet of the 
turbine under test, the exhaust returning to the blower 
suction line. The blower plant will also be used for 
testing gas-turbine combustion chambers and heat 
py Hy = oe for which will be housed 
on a floor above igh-pressure air testin t. 
There will be two convertion test bays so hak while 
one is in use, the other can be prepared for running. 
An observation room will be situated between the two 
bays to hold the instruments and protect the operators ; 
this room can be seen in Fig. 10, on page 654, where it 
is shown under construction. Gas from the combustion 
chambers will be led, to a gas turbine to 
drive a further compressor which, when required, will 
boost the air to a pressure of 100 Ib. per square inch 
absolute. A permanent heat exchanger will be installed 
to provide heated air for the combustion chambers and 
sufficient space is left to mount an experimental heat 
exchanger. This floor is also being used to accommo- 
date the sprayer-testing laboratory, part of which is 
illustrated in Fig. 11, on page 654. 

Although most of the more important items of 
equipment available to the Association have been 
referred to in the foregoing, the description is by no 
means complete, as ne reference has been made to the 
laboratories, electronics and metallurgical sections, etc. 
It is hoped, however, that the brief descriptions of the 
various equipments will serve to show the wide 
of work that can be undertaken. The Association is 
fortunate in that its Research Director, Dr. T. W. F. 
Brown, M.I.Mech.E., in addition to carrying out his 
arduous duties as director, has found time to present 
a number of papers, including the 13th Parsons Me- 
morial Lecture, entitled “‘ British Marine Gas Tur- 
bines ”; the 16th Andrew Laing Lecture, “‘ A Marine- 
Turbine Research and Testing Station,” to which 
reference was made in compiling this article; and a 
further paper, on “ The Geared Steam Turbine,” pre- 
sented before the Institute of Marine Engineers. 

(To be continued.) 





CONTRACTS. 


MEssRS. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LmaTED, Marconi House, Chelmsford, Essex, have 
received an order from the British Broadcasting Corpora- 
tion for television equipment, which includes nine of the 
firm’s image Orthicon cameras, an eight-channel studio 
vision mixer and an outside broadcasting trailer and 
tractor. The B.B.C. has also ordered three 5-kW vision 
transmitters and three 2-kW sound transmitters from 
the Marconi Company for the television services. Also 
THE MARCONI INTERNATIONAL MARINE COMMUNICATION 
CoMPANY, LIMITED, Marconi House, Chelmsford, have 
received orders for “‘ Transarctic ” transmitter-receivers, 
providing both radiotelephony and telegraphy facilities, 
for six new ships under construction at the Sunderland 
shipyard of MEssRS. WILLIAM PICKERSGILL AND Sons, 
LimITED. The six vessels are for the British Electricity 
Authority and will be managed by Messrs. Stephenson 
Clarke, Limited. Marconi “‘ Oceanic ” sound-reproducing 
installations, each having six loud speakers, are also 
to be fitted on the ships. 


MEssRS. BOULTON PAUL AIRCRAFT LIMITED, Wolver- 
hampton, have received a contract for a considerable 
number of their Balliol advanced -training aircraft for the 
Royal Air Force. In this machine, the instructor and 
the pupil are seated side by side. The aircraft is fitted 
with folding wiags and can be readily equipped for 
naval operation, including deck landing. 


Messrs. G.P.U. LimiTep, Palace of Engineering, 
Wembley, Middlesex, have received orders from the 
headquarters of the British Electricity Authority, in 
London, to install a ring-main system, covering the 
temporary supply of current for large on-site contracts 
at present being executed on the site of the new power 
station at East Yelland, N. Devon. The initial work 
will consist mainly of providing three main distribution 
centres round the site of the new power station, which 
will be served by two overhead lines bearing the eight- 
wire ring main. The remainder of the system will be 
supplied by two four-core 0-25 sq. in. cables connected to 
the distribution gear in the temporary Diesel generating 
station already installed by the company. 





BRITISH STANDARD 


SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Fire Hydrants.—A revision of specification B.S. No- 
750, which relates to sluice-valve and screw-down 
underground hydrants, and also to the dimensions of 
the openings of surface boxes for use with such hydrants, 
has now been issued. The specification was first pub- 
lished in 1937 in response to a request, submitted by 
the National Fire Brigades Association and supported 
by the Home Office, for the standardisation of items of 
fire-fighting equipment. The essential dimensions of 
the hydrants are specified and details of the materials 
to be used in their construction are given, together 
with particulars of hydraulic and flow tests. It is 
stipulated that the spindles of all hydrants shall be 
scre so as to close.when turned in a clockwise 
direction, and it is also specified that the direction 
of opening shall be permanently marked on the hydrant 
cover. principal amendments in the revised 
specification are the exclusion of any differentiation 
between types of screw-down hydrants, and the 
inclusion of a flow test. An appendix which gives 
the essential information to be furnished by the pur- 
chaser at the time of an inquiry or order has also been 
included. [Price 2s., postage included. ] 

Dimensions of Stoneware Pipes for Chemical Pur- 
poses.—A new specification, B.S. No. 1634, relating to 
the dimensions for spigot and socket and conical- 
flanged stoneware pipes and pipe fittings for chemical 
purposes has now Sen issued. It has been prepared 


in response to a request submitted jointly by the 
Association of British Chemical Manufacturers and 
= British Chemical Plant Manufacturers’ Association. 

e 
sions 


ification provides tables for standard dimen- 
or single and double 90-deg. junctions, single and 
double 45-deg. junctions, 90-deg. bends, 45-deg. bends 
and equal and unequal T-pieces and crosses. Details 
of methods of test for determining the accuracy of 
conical flange fittings are also given. [Price 2s. 6d., 
postage included.] 





BOOKS RECEIVED. 


United Nati E Commission for Europe. 


Industry and Materials Committee. European Engineer- 
ing Industry. Availability of Products for Export. 
United Nations London Information Centre, Russell- 
square House, London, W.C.1. 

The Things We See. No. 6. Ships. By Davip PvE. 
Penguin Books, Harmondsworth, Middlesex. [Price 
2s. 6d.) 

The Magnetic Amplifier. By J.H.REYNER. Stuart and 
Richards, 10, Bramerton-street, London, 8.W.3. 
[Price 15s. net.) 

Diamond Tool Patents. No. 1118S. Truing of Grinding 
Wheels. By W. JACOBSOHN. Supplement 1949. 
Industrial Diamond Information Bureau, Industrial 
Distributors (Sales) Limited, 32-34, Holborn Viaduct, 
London, E.0.1. [Price 7s. 6d.] 

United States National Bureau of Standards. Applied 
Mathematics Series No.8. Table of Powers of Complex 
Numbers. By HERBERT E. SALZER. The Superinten- 
dent of Documents, U.S. Government Printing Office, 
Washington 25, D.C., U.S.A. [Price 25 cents.] 

Quakers in Science and Industry: Being an Account of 
the Quaker Contributions to Science and Industry During 
the 17th and 18th Centuries. By DR. ARTHUR RAISTRICK, 
The Bannisdale Press, 46-47, Chancery-lane, London, 
W.C.2. [Price 21s. net.] 

Eighty Years of Enterprise, 1869-1949 : Being the Intimate 
Story of the Waterside Works of Ransomes and Rapier, 
Limited, of Ipswich, England. By R. STaNLEY Lewis. 
W. 8. Cowell, Limited, Butter Market, Ipswich, 
Suffolk. [Price 10s. 6d. net.] 

Great Engines and Their Inventors : The Story of Machine 
Power. By G.S. RansHaw. Burke Publishing Com- 
pany, Limited, 180, Fleet-street, London, E.C.4. 
[Price 10s. 6d. net.] 

Iron and Steel Directory and Handbook, 1950. Sixth 
edition. The Louis Cassier Company, Limited, Dorset 
House, Stamford-street, London, S.E.1. [Price 25.] 

Definitions and Formulae for Students. Metallurgy. 
Compiled by E. R. Taytor. Fourth edition. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 1s.] 

The Technical Aspect of the Design of Roads. A Survey 
of Current Methods of Approach to the Design of Roads 
and Runways for Engineers and Students. By STEWART 
CHAMPION. The Technical Press, Limited, Gloucester- 
road, Kingston Hill, Surrey. [Price 30s, net.] 

Machinery’s Screw Thread Book. Fifteenth revised and 
enlarged edition. Machinery Publishing Company, 
Limited, National House, West-street, Brighton, 1. 
[Price 7s. 6d.] 








PERSONAL. 


The Minister of Supply has appointed Sir WILLIAM 4, 
STANIER, M.I.Mech.E., F.R.S., chairman of the board 
of directors of Power Jets (Research and Developmen), 
Limited., He has been a director of Power Jets since 
1944, 

Mr. J. E. SwWInDLEHURST, M.A., M.I.C.E., has bec: 
elected President of the Institution of Structural Enzi- 
neers, 11, Upper Belgrave-street, London, S.W.1, for the 
session 1950-51. 

Smr ALEXANDER MCCOLL has retired from the boari 
of the Vacuum Oil Company, Limited, Caxton House, 
Westminster, London, 8.W.1, after 45 years of service 
with the company. The vacancy on the board has bee 
filled by the election of Mr. J. BLAKE MIDDLETON, who 
will take charge of the manufacturing department and 
be responsible for the design, construction and initial 
operation of the company’s projected new refinery at 
Coryton. 

Mr. G. J. Brown, M.I.Mech.E., formerly the vice - 
chairman, has been elected chairman of the Western 
Automobile-Division Centre of the Institution of Mech- 
anical Engineers. 

Proressor B. ©. CarTeR, M.I.Mech.E., F.R.Ae.S., 
A.R.0.S8ce., D.1.C., is now in the research wing of the 
Fighting Vehicles Design Establishment of the Ministry 
of Supply. 

Mr. S. Camm, C.B.E., F.R.Ae.S., Mr. G. R. EDWARDS, 
M.B.E., B.Se., F.R.Ae.S., and Masor F, B. HaLrorp, 
C.B.E., F.R.Ae.S., have been elected vice-presidents of 
the Royal Aeronautical Society. 

Mr. T. H. REDFERN, chairman and managing director 
of Redfern’s Rubber Works, Limited, Hyde, Cheshire, 
has been elected President of the Federation of British 
Rubber Manufacturers’ Associations for the year 1950-51, 
in succession to Mr. G. E. BEHARRELL, deputy-chairman 
and managing director of the Dunlop Rubber Company, 
Limited. 

Mr. RoBert CHatmMers, 0.B.E., B.Sc. (St. Andrews), 
M.I.Mech.E., has retired from the position of senior 
divisional engineer, Public Institutions Division, London 
County Council. 

Mr. H. E. Stryues, B.Sc., A.R.1.C., who entered the 
service of the London General Omnibus Company in 
1927, has been appointed superintendent of laboratories 
to the London Transport Executive, 55,° Broadway, 
London, 8.W.1. 

Mr. ARTHUR ForRRINGTON, M.I.Mech.E., has been 
appointed general service manager on the staff of Messrs. 
Ruston and Hornsby, Limited, Lincoln. 

Mr. James VENUS, A.M.I.N.A., has now taken up 
the appointment of naval architect with the Aluminium 
Development Association, 33, Grosvenor-street, London, 
W.1. Mr. Venus will be responsible for continuing and 
extending the Association’s programme of investigations 
into the large-scale application of aluminium alloys to 
ships of all types. 

Mr. H. W. F. FREER, M.I.Mech.E., has joined the 
staff of the Commonwealth Railways, Port Augusta, 
South Australia, and has been made assistant chief 
mechanical engineer. 

Mr. M. R. NEVILLE, M.C., M.A. (Cantab.), A.M.LE.E., 
who is on the staff of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, has 
been appointed manager of the publicity organisation 
of the company, in succession to Mr. C. PINKHAM, M.A. 
(Cantab.), who, as stated on page 624, ante, is retiring 
on June 30 after 37 years of service with the company. 


Mr. H S. Hanson, A.M.I.Mech.E., has been appointed 
assistant head draughtsman of British Railways, Central 
Drawing Office, Eastern and North Eastern Regions, 
Doncaster. 

Mr. H. F. Cuastney, who has held the position of 
establishment officer to the London Division of the 
British Electricity Authority since the vesting date of 
the Authority, has been promoted deputy secretary to 
the London Division. 

Mr. G. L. WAREHAM has been appointed publicity 
manager to the Skefko Ball Bearing Company, Limited , 
Luton, Bedfordshire. 

THe RAPID MAGNETTING MACHINE COMPANY, LIMITED 
Lombard -street, Birmingham, 12, announce that their 
separating equipment and lifting magnets will now be 
handled in Scotland by Messrs. JoHNn S. YOUNG AND 
CoMPANY, LImITED, 257-261, Eglinton-street |Glasgow, C.5. 

Messrs. ELtiorr BROTHERS (LONDON), LIMITED> 
Century Works, Lewisham, London, S.E.13, who cele- 
brate their 150th anniversary this year, announce that 
they have concluded an agreement with the FISHER 
GOVERNOR COMPANY, Marshalltown, Iowa, U.S.A., for 
the manufacture in England of the complete range of 
Fisher automatic-control specialties. A new company, 
the Fisher Governor Company, Limited, Century Works, 
8.E.13, have been formed to market these products in 
Great Britain, the Commonwealth, and Europe (except 
Canada). 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel.—The recent confirmation of greatly 
improved supplies of oil and petroleum have focused 
attention on the tanker-carrying capacity of the world, 
ard hopes are high, in shipbuilding circles here, that the 
potential 1 in busi in the oil trade will be 
reflected in further orders for tankers. Recently, the 
rate of ordering new v ls of different types has im- 
proved, but still more contracts are necessary to ensure 
full employment in the industry. The importance to the 
stoel interests here, of course, is paramount, as the yards 
are the chief consumers of Scottish steel. Meanwhile, 
however, the aggregate demands from all users require 
a very high level of steel-ingot production, which, thanks 
o asplendid effort by all concerned, is being maintained. 
Raw materials circulate freely as required, while a con- 
tented labour force is taken almost for granted. Ship 
and boiler plates are being freely specified, and orders 
for large sections and bars are moderately good. Buoyant 
conditions prevail in the sheet trade, both for home and 
export, business in the latter being confined mainly to 
galvanised material. Sheetmakers are in receipt of 
galvanised material. Sheet makers are in reoeipt of 
improvement, however, is visible in the home demand 
forsmall bars and light sections, while orders from abroad 
are mostly from Dominion sources, other markets being 
affected by the intense competition from Continental 
preducers. 


Scottish Coal.—The general industria] activity is on 
a par with that enjoyed by the steel trade, with the result 
that coal consumption is on a heavy scale. Colliery 
outputs have been showing no indication of expansion 
to meet all requirements, and stock-building for next 
winter is slow and patchy. Electricity stations are 
laying down fair tonnages, but gasworks find it difficult 
to bring their holdings up to the desired level. At the 
moment, attention is being given to the provision of 
additional supplies to tide them over the closure of the 
Lanarkshire pits this month. Coke-ovens, too, are a 
perennial problem in this respect, but fair progress 
towards meeting the situation is being made. Little 
stimulus has been given to sales of house coal by the 
reduction of 2s. 6d. per ton during the summer, but this 
is not unexpected inasmuch as the concession has 
balanced more or less the rise imposed to meet increased 
railway charges. Merchants are busy, however, laying 
down winter stocks, which are increasing steadily week 
by week. The balance between inland obligations and 
the available supplies from the pits is too slender for 
much improvement to be made in the rate of exports, 
which continue to disappoint shippers. Bunkers remain 
steady, the supply being approximately equal to the 
demand. 











NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Welsh Coal Trade.—The decline in man-power in 
the South Wales mines continues unchecked. In the 
week ended May 20, the latest period for which figures 
are available, 76 fewer men were employed at the South 
Wales mines than was the case at the previous census. 
The present total is 101,908. For the whole of the 
South-Western Division, which includes the Forest of 
Dean and the Bristol and Somerset coalfields, as well as 
the Welsh coalfield, the number of colliers is now only 
108,191, which is less than the figure for South Wales 
alone 18 months ago. In spite of the decline, however, 
the output in South Wales, in the week ended May 20, 
namely, 456,814 tons, was more than 7,000 tons above the 
level reached in the corresponding week of last year. 
The intervention of the Whitsun holidays and the 
subsequent crop of absenteeism at the mines has made 
operations extremely difficult on the Welsh steam-coal 
market, There is a sustained demand for all grades, 
and operators, anxious to secure supplies for early 
delivery, have found their task an almost impossible one. 
In several instances, immediately following the holiday 
break, suppliers were unable to secure sufficient coal to 
permit them to keep up to date with their contract 
deliveries to their principalconsumers. Hence, deliveries 
fell into arrears. As potential outputs remain well 
sold over the next month or so, it is anticipated that it 
will be some time before suppliers will be able freely to 
consider fresh bookings. The needs of the home market 
are still accounting for the bulk of outputs, and the 
railways, public-utility undertakings and the iron and 
steel industry are making very heavy demands. Deli- 
veries abroad proceed steadily, with the chief activity 
again centring on the French trade. There are also good 
orders from Italy in hand. Following reports that the 
Argentine Railways, which earlier this year contracted to 
take about 750,000 tons of Welsh coals in 1950, have now 
settled their outstanding accounts with local shippers, it 
is expected that trade with these consumers will be 


resumed shortly. The Spanish and Portuguese trade is 
moderately active. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—A fairly satisfactory return to work 
after the holidays was made at steel and engineering 
works. Plant and machinery had been overhauled by 
maintenance engineers and the equipment is now ready 
for full production until the annual holidays and the 
August holiday break intervene. There is a good volume 
of work on the books and a fairly satisfactory rate of 
new bookings, in spite of foreign competition. Encour- 
aging reports have been received from representatives 
of the several Sheffield firms exhibiting at the Inter- 
national Trade Fair at Toronto. Numerous Sheffield 
firms have dispatched, by air, a variety of samples to 
all parts of the world, in response to requests from 
firms whose representatives were impressed with the 
Sheffield displays at the British Industries Fair. Samples 
dispatched included knife blades, saws, cutlery, screw- 
drivers, hunting knives, garden shears, and air com- 
pressors. The agricultural-steel firms are busily em- 
ployed and are pushing forward with orders for machine 
parts and edge tools required for the harvest, but there 
is a shortage of skilled labour at some of the works. 
Activity rules in factories producing engineers’ small 
tools and permanent magnets. 


South Yorkshire Coal Trade.—The holidays and unoffi- 
cial extensions thereof have reduced the available stocks 
of coal considerably. The demand for steams is strong, 
both from industry and from the railways. Coking coal 
is in high request to enable stocks heavily drawn upon 
during the holiday break to be replenished. Hard coke 
is selling well but gas coke moves only slowly. House 
coal is seasonally quiet. Full allocations of coal for 
export are being absorbed, and some orders are awaiting 
execution. For bunkering purposes large steams and 
washed mixtures are in request. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The market continues firm and 
active and outputs of iron and steel are large and expand- 
ing. The distributable tonnage of mest commodities is 
eagerly taken up and producers of some descriptions of 
material, through running plant to capacity limit, have 
difficulty in keeping pace with their customers’ require- 
ments for home purposes and for export. Fortunately, 
deliveries of raw material from home sources of supply 
remain on a satisfactory scale and imports of foreign 
iron ore continue to be substantial. There isno easement 
in the demand for good iron and steel scrap ; consumers 
have managed to add slightly to their stocks but the 
needs are great and the recent rise in prices has not 
checked buying. Merchants continue to provide the 
market with large parcels and business is brisk. Certain 
qualities of pig iron are less scarce than they have been 
but the shortage of low-phosphorus grades till occasions 
inconvenience at consuming plants. Outstanding factors 
which are having a stimulating influence on the North of 
England iron and allied trades are the improvement in 
sterling and the discontinuance of various restraints on 
market transactions. 


Foundry and Basic Iron.—aAll distributable ordinary 
foundry pig iron continues to be eagerly snapped up. 
Almost the only source of supply is the Midland produc- 
ing area and the pressure for an increase in deliveries 
from that area is persistent. North-East Coast con- 
sumers do not hesitate to pay the recent large rise in 
price necessitated by the much increased rail freight. 
Tees-side basic-iron makers provide no tonnage other than 
that conveyed in its molten state direct to their own steel 
plants. 


Hematite, Low Phosphorus and Refined Iron.—Some 
improvement in deliveries of East Coast hematite can be 
reported, but the usual buyers continue to call for larger 
parcels than they are receiving. Low- and medium- 
phosphorus grades of iron are still wanted in greater 
quantity than sellers can provide. Refined-iron manu- 
facturers are actively engaged and have well-filled order 
books. They continue to handle commendably their 
delivery obligations, and, after dealing satisfactorily with 
the requirements of their usual home buyers, manage to 
allocate an occasional small lot for export. 


Manufactured Iron and Steel.— Departments of industry 
turning out semi-finished and finished iron commodities 
have a good deal of work to execute, but, in one or two 
branches, orders can be placed for reasonably early 
delivery. Steel semies are now obtainable in ample 
quantities and the heavy outputs of finished steel are 
almost sufficient for the current extremely large needs. 
Buyers of black and galvanised sheets, however, are still 
asking for larger deliveries than are coming forward and 
the demand for steel strip continues greater than the 
available supply. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF PRODUCTION ENGINEERS.—Wolver- 
hampton Graduate Section: Tuesday, June 13, 7.15 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. Discussion on “‘ The Effective Use of 
Materials.”’ 


RoyaL STaTisTicaL SocteTy.—Wednesday, June 21, 
5.30 p.m., London School ef Hygiene and Tropical 
Medicine, Keppel-street, W.C.2. Annual Meeting. 


IRON AND STEEL INSTITUTE.—Iron and Steel Engineers 
Group: Wednesday, June 28, 4, Grosy gardens, 
Westminster, 8.W.1. 10.30 a.m., “‘ Heating and Ven- 
tilation in the Iron ard Steel Industry,” by Mr. F. R. L. 
White. 11.45a.m.,“‘ Lighting in Iron and Steel Works,” 
by Mr. G. W. Levey. 1p.m., Lunch Interval. 2 p.m., 
“‘The Supply and Distribution of Water to Iron and 
Steel Works,”’ by Mr. J. L. Daniel. 








ALUMINIUM-ALLOY BARGE. 


Wuat is claimed to be the first aluminium-alloy 
dumb barge to be built and launched in this country 
was recently exhibited by the makers, the Fairmile 
Construction Company, Limited, Cobham, Surrey. 
The prototype, a 100/150-ton barge, is similar to the 
familiar flat-bottomed, swim-ended type of barge used 
on the Thames, but was not designed specially for this 
work. It was built on jigs and fixtures designed for 
series production for the export market, and for the 
delivery abroad of barges either complete or in sub- 
assemblies for erection on site. : 

The barge, which has been designed in accordance 
with Lloyd’s requirements, is of overall length 
80 ft. 3 in., moulded breadth 20 ft., and moulded depth 
5 ft. 9 in., and is built of an aluminium alloy with sea- 
water corrosion-resisting properties, supplied by the 
Northern Aluminium Company, Limited, Banbury. 
Although the cost of production is about 50 per cent. 
in excess of that for a similar barge in steel, also 
made by the Fairmile Construction Company, Limited, 
the weight is less than half (14 tons compared with 
30 tons), resulting in reduced draught and, therefore, 
less power for towing, and lower shipping rates in 
transit. A further advantage resulting from the use 
of non-corrosive alloy is that painting of the barge is 
unnecessary and, indeed, undesirable, except in special 
circumstances. The periodic charges for scaling and 
painting necessary for a steel barge are therefore 
obviated, resulting in reduced upkeep costs. 

Riveted construction is used throughout. The shell 
and deck of the barge consist of }-in. plates. The 
bottom plates in the hold are riveted to Z-bars, 7 in. by 
3 in. by 3 in. by ¥ in. thick, and the centre keelson 
is 4 in. by 4 in. by } in. thick T-bar. The ceiling of 
the hold is not included in the standard ification 
and is normally intended to be of wood. e laps at 
the joints are filled with Bostick cement. The frames 
of the hold consist of 4-in. by 2}-in. by #-in. thick 
angle and are spaced at 1 ft. 9 in. centres, and the web 
frames are 9 in. by ¥~ in. thick, with a 2-in. flange. 
The chine and stringer are 4 in. by 4 in. by #4 in. thick 
angles. The bulkheads, of #-in. plate, are stiffened 
with 3 in. by 24 in. by # in. thick angle spaced at 
1 ft. 9 in. centres, and, if required, the hold can be 
divided into two or three sections with watertight bulk- 
heads between. The barge is fitted with six bollards, 
one fairlead and two swim-end access hatches. The 
last mentioned, with their accompanying ladders, are 
of zinc-sprayed steel. In order to simplify the erection 
of light-alloy barges abroad, the swim ends will nor- 
mally be completely assembled and the sides and 
bottom bundled flat in sections suitable for shipment. 
In this way the amount of riveting to be done on site 
will be reduced to a minimum. 





JoHN SMEATON’S ENGINEERING DESIGNS.—AS a 
memorial to their founder, the late Mr. Arthur Titley, 
M.I.Mech.E., an obituary notice of whom appeared on 
page 640 of our 166th volume (1948), the Newcomen 
Society have in preparation a Catalogue of the Civil and 
Mechanical Engineering Designs, 1741-92, of John 
Smeaton, F.R.S., preserved in the Library of the Reyal 
Society. The designs listed cover the course of Smeaton’s 
professional engineering work in Great Britain during the 
years stated and range from Cromarty, in the north of 
Scotland, to the Eddystone lighthouse, in the English 
Channel. They are complementary to those contained 
in the three volumes of his Reports, published in 1812, 
and includ? maps and town plans, drainage schemes, river 
and canal navigations, bridges, wind and water mills, 
steam engines, etc. Particulars may be obtained from 
the assistant secretary of the Newcomen Society, 43, 
King’s-road, Chelsea, London, S.W.3. 
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appearing under “ Situations Wanted.” Series dis- 
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“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
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lication, otherwise it may be impossible to submit 
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for advertisers’ blocks left in their possession for more 
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ELECTRICAL INSULATION. 


Tue subject of insulation is of perennial interest 
to electrical engineers. One of the reasons for this 
is probably that there is no single material which 
fulfils the necessary functions, and combinations 
must, therefore, be used. Moreover, the optimum 
combination will probably be found to vary with 
every application, depending not only upon the 
electrical, but on the mechanical, chemical and 
thermal conditions likely to be present at the place 
of use. In addition, the demands made upon the 
insulating materials available have become more 
severe as the scope of electrical engineering has 
widened ; and this increase in severity has stimu- 
lated endeavours to improve already well-tried 
substances and to discover others which, it is hoped, 
will perform the necessary functions more efficiently, 
The primary object of employing insulation is. 
of course, to prevent the current from flowing in 
other than the prescribed paths in the apparatus. 
It is desirable that the space occupied by the 
insulation necessary for this purpose should be a 
minimum ; in fact, in the early days, the kind and 
amount of insulation for a specific duty was deter- 
mined primarily by mechanical and manufacturing 
considerations. Working temperature, purity and 
chemical stability, however, soon came into the 
picture, and it was only after they had been dealt 
with that the electrical characteristics were taken 
into account. This state of affairs provides the 
explanation why combinations of materials, such as, 
for instance, cotton impregnated with varnish, were 
and still are used; while the cotton alone could 
have provided the necessary mechanical and elec- 
trical strengths, it could only do so if large quan- 
tities were used. By impregnating it with varnish 





to provide the resistivity and dielectric strength 





necessary to keep the current in its prescribed 
path, the amount of material could, however, be 
reduced, with advantages from the points of view 
both of design and economy. 

That was the position at the beginning of the 
century and it is probably true to say that, in many 
low-voltage applications, it is still true to-day, apart 
from improved methods of manufacture. Never- 
theless, such a statement contains the germs of over- 
simplification, so that it must at once be added that, 
in the developments which have taken place during 
the past 20 years, not only the electrical engineer 
but the physicist, the chemist and the mathematician 
have played important parts. It may also be 
added that one of the most fruitful results of all 
this work has been the improvement of the tech- 
nique of measurement under all pertinent conditions 
from direct-current to impulse and from power to 
radio frequency. Further, many difficult questions 
relating to the electric field, to the breakdown of 
gases at various pressures, to ionisation and corona 
discharge and to what have been called quasi- 
fundamentals, relating to breakdown, have been 
investigated and, in some cases, solved. The physi- 
cal data thus placed at the disposal of the engineer 
have led, in fact, perhaps more than anything else, 
to the successful design of the insulation systems 
of all types of equipment and particularly of that 
intended for use at high voltages. 

Unfortunately, directly the surface of the subject 
is more than scratched it is found to be one of 
extraordinary difficulty, requiring a range of know- 
ledge in various branches of science wider than is 
likely to be possessed by the average electrical 
engineer. The result is that published literature 
on insulation largely consists of specialised articles 
dealing with a few materials, alone or in com- 
bination. A further result is that some of these 
articles are hard to read and are therefore corre- 
spondingly of little value, while some, for reasons 
not unconnected with commercial enterprise, are 
content to promulgate one solution and to ignore 
the fact that there are alternatives. 

Those connected with insulation will therefore find 
a recent American document* of considerable interest 
and value. This attempts to give an unbiassed 
summary of the salient points of a large number 
of articles, books and other technical publications on 
the subject, as well as to co-ordinate and com 
the properties of the various materials available, 
and their use in present practice. It may be said 
that this endeavour achieves considerable success, 
although British electrical engineers may wish that 
the authors had thrown their net a little wider and 
not relied so largely upon American sources for their 
information. Even now, original literature from the 
States is not easy to come by. Moreover, it can 
hardly be expected that we should ignore the 
excellent work that has been done in this country 
by the British Electrical and Allied Research 
Association and others. 

The document first discusses and compares the 
properties of a number of insulating materials, 
including cellulose and its relatives—cotton, paper, 
rayons, and various synthetics. Glass, asbestos, 
mica and varnishes, including the silicones, are 
dealt with next and finally a section is devoted to 
oil. A chapter on the part played by insulation in 
the design of electrical machinery follows, in which 
it is pointed out that, to secure the maximum per- 
formance, the apparatus should be “ tailored ” for 
each application. If such a course cannot be 
justified by the size of application, a standard unit, 
which will meet the requirements, must be chosen, 
even though as a result there is some loss of efficiency 
in performance. In this connection, the factors 
that must be taken into account include such 
external factors as moisture, chemicals, dust and 
ambient temperature, and such load conditions 
as the length and frequency of the operating 
periods, and the degree and frequency of overloads. 

These latter conditions have, of course, assumed 
a prominence which has increased as the practice 
of interconnecting power stations has grown; for 
interconnection means that it is only necessary to 





* 4 Survey of Electrical Insulation Practices. By 
M. A. Faucett, C. Houpis and G. E. Leibinger. Urbana : 
University of Illinois. [Price 70 cents,] 
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run a fraction of the plant supplying an extended 
system continuously on base load. A large propor- 
tion of the rest can be shut down for varying periods 
during the evening, night and early morning, while 
the rest is kept ready solely to meet peak demands, 
which may extend over several hours. Experience 
in this country has shown that the consequent 
frequent starting and stopping may cause abnormal 
mechanical wear on the insulation, owing to the 
fact that the large forces that are set up cause the 
conductors to move in the slots. Moreover, as it 
may be convenient to run certain machines on 
overload for longer or shorter periods, the hot-spot 
temperature may exceed the rated temperature, with 
the result that the ageing of the insulation may be 
accelerated. The use of high speeds has the 
advantage of reducing the size and weight of the 
machines, and is of particular importance on motors 
used for traction. Such higher speeds, however, 
are accompanied by the drawback that the centri- 
fugal force on the windings, the slot linings and 
wedges and the coil insulation is increased, with 
the result that greater wear occurs. In dealing 
with non-rotating equipment, such as transformers, 
the above considerations also generally apply. In 
addition, the forces created by the magnetic field 
result in the movement of the conductors and bring 
about wear and abrasion of the insulation. This is 
particularly true in the case of welding transformers, 
which have to operate under short-circuit con- 
ditions. They must, therefore, be of considerable 
mechanical strength and possess a high rate of 
thermal conductivity. 

Perhaps the most valuable lessons that can be 
drawn from the statement of insulation problems 
given in this document is that much more informa- 
tion on the subject is still necessary. The physicist’s 
practical contribution to the matter has been mainly 
the provision of data about phenomena and the 
development of measurement techniques. As a 
result, the engineer has been able to choose the 
most suitable material for specific conditions more 
adroitly, to process it more consistently and to 
incorporate it more accurately in his overall design. 
On the other hand, the physicist has not been able 
to control insulating materials in the sense that 
alloys and magnetic materials can be controlled. 
The result is that his work has had less practical 
effect on insulation engineering than might perhaps 
have been e The same is true of the 
chemist and the mathematician, both of whom are 
also at work in this field. 

The position may be summarised by saying that, 
since Debye developed his idea of molecular polari- 
sation in the years from 1912 onwards and thus 
pointed the way towards an understanding of 
dielectric behaviour, headway has been made and 
the breakdown voltage of a large group of crystalline 
substances, for instance, can now be calculated 
from optical data alone. The acquisition of similar 
information for synthetic polymeric materials, on 
the other hand, has been handicapped by insuffi- 
cient knowledge of the internal forces governing 
the relaxation times, so that, although progress 
has been made, many more data aren before 
it will be possible to predict completely the elec- 
trical properties of insulating materials, and their 
variation with temperature and frequency, from 
chemical and structural data. The situation is 
hopeful, however, and it may not be long before the 
physical chemist and the molecular physicist will be 
able to specify precisely the molecular structures 
which will satisfy the particular requirements of the 
engineer. 

From the more practical aspect, it is apparent 
that the present classification of electrical equip- 
ment solely in terms of hot-spot temperatures is 
inadequate. It is suggested, therefore, that a new 
system should be devised, under which equipment 
would be divided into the standard and the excep- 
tional. The majority of the equipment in use 
would fall into the first category and would have 
to fulfil only a small number of requirements. The 
other group would comprise equipment which had 
to be designed with exceptional mechanical strength, 
resistance to moisture or chemicals, or for high- 
speed and high-temperature operation, or a com- 
bination of these. The suggestion is interesting and 
has much to recommend it. 





THE MECHANICAL 
HANDLING EXHIBITION. 


Tue Mechanical Handling Exhibition, which was 
opened at Olympia on Tuesday, June 6, by the 
Rt. Hon. Sir John Anderson, F.R.S., is only the 
second to be held, but already it has established 
itself firmly as one of the regular engineering events. 
Some of the exhibits have been on view already at 
the British Industries Fair at Castle Bromwich 
and some, no doubt, will be displayed at other fairs 
and exhibitions in, various parts of the country ; 
but this is in no way an argument against holding 
a special exhibition devoted to this branch of 
engineering only, for mechanical handling touches 
all branches of industry and, as was indicated in 
the recent report of the Materials Handling Pro- 
ductivity Team, which we reviewed on page 627, 
ante, offers a relatively simple and unquestionably 
profitable means to improve the productive efficiency 
of existing manufacturing plants. The Exhibition, 
which has been organised by our contemporary, 
Mechanical Handling, with the co-operation of the 
various trade associations concerned, is open daily 
(except Sundays) until June 17, from 10 a.m. to 
6.30 p.m. 

In conjunction with the Exhibition, a Convention 
is being held, with morning and afternoon sessions 
daily from June 7 to 10 and 12 to 16, inclusive, at 
which a series of 16 papers on various aspects of 
mechanical handling are being presented and 
discussed ; and at one of these meetings, at 3 p.m. 
on Monday, June 12, the members of the Materials 
Handling Productivity Team will attend to be 
questioned on their report, mentioned above. At 
two other meetings, in the morning and afternoon 
of June 13 (at 11 a.m. and 3 p.m., respectively) a 
discussion on mechanical aids is to be carried on 
between Captain Mark Hewitson, of the General 
and Municipal Workers Union, who is the Member 
of Parliament for Hull Central, and Dr. W. H. 
Garrett, a director of Monsanto Chemicals, Limited. 
We confess to some little doubt regarding the 
ultimate usefulness of this last event; a doubt 
engendered, perhaps by the complete futility of 
most of the discussions which have figured in broad- 
casting programmes, but partly, also, by the self- 
evident fact that, if either of the disputants were 
at all likely to be convinced and converted by the 
other, the transformation would be most unlikely 
to occur on a public platform. Such things may 
happen in revivalist meetings, but not at engineer- 
ing conventions. Sir John Anderson, in his speech 
at the inaugural luncheon on Tuesday, referred to 
a ship carrying 4,000 tons of sugar which was dis- 
charged in seven hours—but declined to state how 
much of the cost of discharging the cargo repre- 
sented the wages of men who were paid to stand by, 
performing no useful service whatever, but merely 
watching the cargo-handling plant at work. Such 
culpable waste of man-power and money is not 
going to be exorcised by platform discussions at 
Olympia—which, in any case, are not likely to be 
attended by any considerable number of those who 
are chiefly responsible for the continuance of the 
restrictive practices. 

Some means must be found, however, to bring 
home to the community at large the need to use 
every practicable means to facilitate the production 
and distribution of commodities of all kinds, and to 
cut out drudgery—especially wasteful drudgery. 
In 1949, British exports of cranes, hoists and other 
lifting machinery were valued at 7,774,7931., of 
conveyors and elevators at 1,882,252/., and of 
industrial power trucks at 794,838]. These ex- 
ports, which represented an aggregate increase of 
968,440]. over the corresponding value for the 
previous year, were being shipped to Britain’s 
competitors, and their competitive effect is cumula- 
tive. Economically, that effect might be largely 
negatived in course of time, if all the competitors 
were to take approximately equal advantage of 
the same types of labour-saving devices ; but the 
benefits of decreased drudgery, and of setting men 
free to do other and probably more skilled work, 
not to be so readily transferred to a machine, still 
remain, and should represent a permanent improve- 
ment in the general standard of living. 


It seems rather unfortunate that none of tec 
papers in the programme of the Convention appears 
to approach the problem from this angle. An 
opportunity is certainly provided for frank expres- 
sions of opinion in the discussions between, Captain 
Hewitson and Dr. Garrett on the general subject of 
‘Muscle or Machine,” and possibly a still better 
opportunity in the presence of Mr. Alfred Roebuck’s 
Productivity Team ; but these occasions, however 
spontaneous the questions and answers may be, are 
hardly so convincing as a straightforward addre=s 
by a forceful speaker who really believes in his 
theme. Of the papers to be presented to tlic 
Convention, the nearest to the specification that 
we have in mind is that of Mr. W. Puckey, entitled 
‘“Mechanical Handling—A Job of Production 
Engineering.” In this paper, Mr. Puckey presents 
arguments that are virtually unanswerable in favour 
of the maximum use of any equipment that will 
reduce the idle or otherwise non-productive time of 
both man and machine, and his remarks deserve 
wide publicity and study. They are addressed pri- 
marily, however, to the works executive ; what is 
needed even more urgently is something that will 
appeal directly to the man on the shop floor, and 
especially to those who, having little first-hand 
experience of the benefits to themselves of mechani- 
cal handling, are disposed to be antagonistic. 

Mere assertion, however, is not proof; to that 
extent, it is possible to sympathise with those whose 
instinct is to oppose any innovation that appears 
likely to ‘“‘do them out of a job.” If it can be 
shown—as we believe that it can—that these fears 
are groundless, the battle is half won: but, to be 
really effective, the arguments in favour of a greater 
flexibility of mind and action must come from men 
in similar position to those who will be affected, 
and not only from the ranks of employers. The 
members of the various Productivity Teams who 
have visited the United States have seen a great 
deal and have evidently learned much; but their 
stay in any particular plant has been short, so that 
they could only report on the conditions as they 
were during a day or two, and had no opportunity 
to speak from first-hand knowledge of improvements 
in the working and living conditions of individual 
operatives over a period of years. Moreover, the 
unfailing unanimity of report after report might be 
suspect in minds that are habituated to suspicion. 
If a few typical American working men—preferably 
selected by American union executives—could be 
brought over here to relate their own experiences in 
their own words, the prejudice against labour-saving 
devices might be more readily dispelled. 

This prejudice is not wholly without reason in 
the history of British industry ; the difficulty is to 
convince the prejudiced that the reasons which were 
valid 50 or even 20 years ago are not necessarily of 
equal validity, or of any validity at all, at the 
present day. As Sir John Anderson said in his 
speech, already quoted, ‘‘ The immediate results of 
the introduction of these devices is a reduced 
demand for human labour . . . Indeed, that is 
one of the main advantages that can be claimed for 
them, but here the short-term and the long-term 
effects must be distinguished. We need no longer 
fear the kind of riotous outbreak that was associated 
with the Luddite movement in the early years of the 
Industrial Revolution, but there is a i 
which takes other forms. . . . It is no use getting 
impatient about the matter. The memories of 
earlier bad days are not easily expunged, but the 
spectre of unemployment in this country should 
have been laid for good, if the declarations of policy 
to which all the political parties are committed have 
any real meaning. The truth is that, while there 
must be a benefit to workers in any case in the 
lightening of their labour, and while employers 
ought to be assured of a fair return on capital 
employed in installing new devices, the benefit 
should accrue in, the main, to the community, in the 
lowering of costs. It is precisely this advantage 
that labour will be withholding from the com- 
munity, to their own detriment in the long run, if 
they press resistance to change too far... . We 
should all be content in this matter to move slowly 
so long as we are satisfied that we are moving in 





the right direction.” 
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NOTES. 


THE Brrtupay Honovrs List. 

Some well-known names in engineering, science 
and industry appear in the King’s Birthday Honours 
lists published yesterday (Thursday). The seven 
Barons include Dr. E. W. Hives, C.H., managing 
director of Rolls-Royce Limited, and Sir Cyril 
Hurcomb, G.C.B., chairman of the British Trans- 
port Commission. Among those who have been 
created Knights, are Mr. A. J. Boyd, chairman, 
Railway Carriage and Wagon, Builders’ Association ; 
Mr. C. B. Colston, chairman, Hoover, Limited ; 
Mr. H. H. Harley, chairman, Coventry Gauge and 
Tool Company, Limited; Mr. George Legh-Jones, 
a managing director, Shell Transport and Trading 
Company, Limited; Dr. J. I. O. Masson, F.R.S., 
Vice-Chancellor, University of Sheffield; and Dr. 
J. E. Myers, Principal, Manchester College of Tech- 
nology. Sir Ben Lockspeiser, F.R.S., Secretary, 
Department of Scientific and Industrial Research, 
has ~~ bag A K.C.B., and Mr. C. K. Johnstone- 
Burt, B.Sc., M.I.C.E., principal deputy civil i- 
neer-in-chief, Admiralty, has fan paar d a co 


SuMMER MgeTInG or THE NewcomeN Society. 


The summer meeting of the Newcomen Society 
for the Study of the History of Engineering and 
Technology was held in Sheffield, from May 31 to 
June 3, under the presidency of Dr. C. H. Desch, 
F.R.S., and in association with the Sheffield Trades 
Historical Society, under their President, Mr. E. 
Walker, A.M.I.Mech.E. The programme opened 
with a meeting in the evening of May 31, when a 
paper on ‘‘ Water Power as the Foundation of 
Sheffield’s Industry,” illustrated by lantern slides 
of old Sheffield water mills, was delivered by Mr. A. 
Allison. On the following morning, a visit was 
paid to the Central Library, where the City Librarian, 
Mr. J. P. Lamb, had arranged a display of maps, 
documents, prints, ledgers, etc., relating to the basic 
trades of the district. Thence the members pro- 
ceeded by coach to the Abbeydale Works, in the 
valley of the Sheaf, a tributary of the River Don. 
The buildings, which form three sides of a square, 
were used formerly for the production of scythes 
from wrought iron and blister-steel bars, the tilt 
hammers and blowing engine being driven by water 
wheels. A steam engine provided stand-by power 
for the grinding shop. The crucible-steel melting 
shop, containing six Huntsman furnaces, was in 
use during the recent war. The works were bought 
by the J. G. Graves Trust and presented to the city 
of Sheffield in the hope that the buildings would be 
used as an industrial museum ; but, most regret- 
tably, the City Corporation have ruled otherwise 
and the future of Abbeydale is now in considerable 
doubt. From Abbeydale, the party returned to 
Sheffield to visit the works of Messrs. Thos. Firth 
and John Brown, Limited, where they were enter- 
tained to lunch by the firm and afterwards visited 
the open-hearth melting shop, the plate mill and 
hollow-rolling mill and the forge, with its 6,000-ton 
press. Then followed a journey by motor-coach 
to Elsecar, to see the atmospheric beam pumping 
engine (of 1787 or possibly earlier) which, on the 
Society’s previous Sheffield meeting, in 1931, had 
been worked under steam for their benefit, but which 
now stands boilerless and disconnected from its 
pump. Also at Elsecar are preserved some old 
Nasmyth tools, comprising a steam hammer, a 
shaping machine and a slotting machine, all of 
1851-53. The next visit (but with a halt en route 
to see the remains of a charcoal blast-furnace at 
Rockley) was to Silkstone Church, where Joseph 
Bramah was baptised in 1749, to inspect a new 
memorial tablet commemorating his bi-centenary. 
Here the party was joined by the Mayor of Barnsley, 
Alderman W. Leach, J.P., whose guests they were to 
tea before returning to Sheffield for the annual dinner 
of the Newcomen Society, in which the Sheffield 
Trades Historical Society joined. During the 
proceedings, Mr. E. Walker presented to the 
Newcomen, Society’s library, on behalf of the 
Sheffield Society, a specially-bound copy of The 
Water-Mills of Sheffield, by the late W. T. Miller, 
M.LC.E. A meeting followed, at which a paper on 

Early Iron-making in the Sheffield Area,” by 
Dr. R. A. Mott, was read and discussed. The 





programme for Friday, June 2, included a visit to the 
Little London Works of Messrs. W. Tyzack, Sons 
and Turner, Limited, to see scythe-forging by a 
water-driven, tilt hammer ; aninspection of medisval 
bloomery sites, under the guidance of Dr. Mott ; 
and visits to the blast-furnace plant of the Renishaw 
Iron Company—founded in 1782, but now com- 
pletely modernised—where the members were 
entertained to lunch; to Renishaw Hall (the home 
of the Sitwell family of ironmasters); and, on the 
return to Sheffield, to the crucible-steel plant of 
Messrs. Daniel Doncaster and Sons and the rolling 
mill (driven by a 700-h.p. beam engine) of Messrs. 
Kayser Ellison and Company. The meeting con- 
cluded on the Saturday morning, June 3, with a 
tour of the Porter valley, with its several miles of 
dams and water wheels, of which a full score are 
recorded by W. T. Miller. 


New Marine Rapio-TELEPHONE SYSTEM 
Mersty Docks. 

A further improvement in ship-to-shore com- 
munication facilities in the Mersey and its approaches 
was marked by the installation of a new radio- 
telephone system which was formally handed over 
to the Mersey Docks and Harbour Board, Liverpool, 
at a ceremony on the S.S. Galatea in Liverpool Bay 
on June 1. The new equipment has been produced 
jointly by British Telecommunications Research, 
Limited, of Taplow, and the Radio Gramophone 
Development Company, Limited, Bridgnorth, 
Shropshire, and it provides communication over a 
maximum range of 25 miles between the Port Radar 
station and portable sets. These sets, weighing 
less than 20 Ib. each, are housed in hermetically- 
sealed water-proof cases, and are taken on board 
ships by the pilots at the boarding stations. The 
new system replaces the earlier one used during the 
war to assist the masters and pilots of incoming and 
outgoing vessels ; together with the Gladstone Dock 
radar station, described in ENGINEERING, vol. 165, 
page 534 (1948), it now serves as part of a co-ordin- 
ated scheme for safeguarding shipping and giving 
advance docking instructions. The original equip- 
ment operated between a seven to nine-megacycle 
band, but in the post-war years it became subject to 
much interference from commercial radio stations ; 
other limitations were also revealed when the radar 
station was put into commission in 1948. The new 
apparatus is amplitude-modulated, and is, appar- 
ently, relatively free from interference ; it employs 
six radio-frequency channels within -the 154 to 174 
megacycle band allocated for harbour communica- 
tions by the Atlantic City World Radio Conference 
in 1947. Two of these are used for navigational and 
harbour supervision. There is a 100-ft. aerial 
on a tower at the radar station, to give a range 
of 25 miles, and another aerial on the same tower 
gives a range of 12 miles, for vessels in the river area. 
The remaining four channels are shared between nine 
dock stations having aerials giving ranges of eight 
miles. Docks farthest away from each other share 
the same channels, and a code calling system estab- 
lishes contact between a portable set and the 
required shore station. The shore stations and the 
portable equipment transmit at frequencies from 
163-1 to 163-6 megacycles, and from 158-6 to 159-1 
megacycles, respectively ; the channels are spaced 
100 kilocycles apart. The adoption of this two- 
frequency simplex-working with “‘ go ” and “ return” 
separated by 4-5 megacycles minimised the 
weight of the portable sets. When inward-bound 
ships arrive within the communications area they 
call up “Port Radar” and give their name, 
draught and expected time of arrival. This infor- 
mation is passed by land-line to the departments 
concerned, and when the vessel comes within range 
of the dock stations the pilot communicates directly 
with the dock master. Under adverse weather 
conditions, the combined radio-telephone and radar 
facilities also enable vessels to proceed more 
safely to anchorages in the Mersey or directly into 
dock, as may be required. 

STANDARDISATION IN INDUSTRY. 


With the object of interesting the staff and 
personnel in the important subject of standardisa- 
tion, the Brush Electrical Engineering Company, 
Limited, Loughborough, have been holding an 
exhibition on standardisation during the past week. 


FOR 





The exhibition has been designed to accentuate the 
considerable savings that can, be effected by reduc- 
ing the number and variety of manufactured parts 
and the tools used in their production, and awards 
have been offered for the best suggestions for further- 
ing this object. The Brush Company’s standardisa- 
tion, committee, by whom the exhibition was 
arranged, comprise the technical director, the 
chairman, secretary and representatives from the 
technical and production staffs. The system the 
committee have introduced owes much to that 
developed originally by Messrs. Petters Limited, at 
Yeovil ; this was so effective that, when the company 
was transferred to Loughborough, it was felt that it 
could be adopted, with advantage, by the parent 
company. The committee sit at regular intervals, 
their functions being to standardise within the com- 
pany’s organisation material and process specifica- 
tions which cover those raw materials, component 
parts, etc., in common use by the many departments 
of the company and its subsidiaries ; the setting up 
of new standard practices and methods ; the issuing 
of standard material specifications in an abridged 
form ; the co-ordination, of the work carried out in, 
the various drawing offices ; and, so far as practic- 
able, standardising the procedure and methods in 
the different design and technical departments. The 
primary duty of the committee is, in fact, to reduce 
the variety of articles and materials in common 
use by the company and thereby simplify store 
keeping and maintain the capital invested in stock 
at the lowest level compatible with efficient produc- 
tion. All these points are well illustrated in the 
exhibition which shows how, by intelligent co-opera- 
tion, the number of tools and component parts can 
be reduced by as much as 60 per cent. 





OBITUARY. 


MR, N. P. BEDSON. 


We regret to record the sudden death, on May 21, 
of Mr. Noel Phillips Bedson, B.Sc., chief engineer 
of Messrs. Richard Johnson and Nephew, Limited, 
of Manchester, and probably one of the most widely 
known specialists in wire manufacture, both in this 
country and overseas. Mr. Bedson, who was 
61 years of age, having been born on December 28, 
1888, was the third in succession of his family 
to be associated with his firm. His grandfather, 
George Bedson, was the inventor of the continuous 
rod-rolling mill, the introduction of which, in 1862, 
revolutionised wire production, and his father, J. P. 
Bedson, also contributed materially to its advance- 
ment, as did Mr. Bedson himself. His uncle, also 
J. P. Bedson, was well known for many years as 
lecturer in mechanics at Armstrong College (now 
King’s College), University of Durham, at Newcastle- 
on-Tyne. 

Mr. Bedson received his general education at 
Manchester Grammar School and proceeded to 
Manchester University in 1906, obtaining a B.Sc. 
degree, with first-class honours, three years later. 
He then served an apprenticeship of two years with 
the British Westinghouse Company, and went from 
there to Oberhausen, to serve a further year with the 
Giittehoffnungshiitte. In 1912, he took up an 
engineering appointment at the Siemens-Schuckert- 
werke, first in Berlin and later at Liége, where he 
remained until shortly before the outhreak of war 
in 1914. Returning then to England, he joined the 
staff of Messrs. Richard Johnson and Nephew, 
where he succeeded his father as chief engineer in 
1916. While in Germany and Belgium, Mr. Bedson 
had been engaged principally on the installation of 
electrically-driven rolling mills in steelworks, an 
experience which stood him in good stead when, he 
had to undertake extensive improvements to the 
plant installed by his father and grandfather, 
including the complete redesigning of his firm’s 
rod-rolling mill. He was an associate member of 
the Institution of Civil Engineers, a member of the 
Institution of Electrical Engineers and of the Iron 
and Steel Institute, and a member also of the Verein, 
Deutscher Eisenhiittenleute ; and though, being 
naturally of a retiring disposition, he contributed. 
but rarely to their proceedings, he was an acknow- 
ledge authority on all that appertained to rod and 
wire production. 
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LETTERS TO THE EDITOR. 


ENGINEERING AND THE PUBLIC 
HEALTH. 


To THe Eprror oF ENGINEERING. 


Sm,—In the closing paragraph of your leading 
article of May 26, on page 600, anie, you suggest 
that the new course in Public Health Engineering 
to be started at Imperial College, in October next, 
may be more likely to attract the medical graduate 
than the engineering graduate. 

To avoid misunderstanding of the position, may 
I be allowed to emphasise that the course is 
primarily intended for graduates in civil engineering 
and that three and a half days per week will be 
spent in the Imperial College and one and a half 
in the London School of Hygiene and Tropical 
Medicine ? 

Yours faithfully, 
A. J. Surron Preparp. 
Imperial College of Science and Technology, 
City and Guilds College, 
South Kensington, London, S.W.7. 
June 1, 1950. 





To THE Eprror or ENGINEERING. 


Smm,—I was interested to see your recent notices 
of the formation of the Public Health Engineering 
Division of the Institution of Civil Engineers, and 
references to the new course at Imperial College. 
It may be of interest to your readers to know that 
@ One-year post-graduate course in Public Health 
Engineering has also been instituted in this Univer- 
sity. 

For some years past, the Department of Civil 
Engineering in the University of Durham, in common 
with Departments in other Universities, has given 
lectures and laboratory instruction to under- 
graduates in Public Health Engineering (though 
usually not under this title). It is as a natural 
extension of this work that the Department is 
instituting in October, 1950, a one-year post- 
graduate course in Public Health Engineering. 
The subjects of this course, which is designed to 
train students for water engineering, sewage treat- 
ment and similar branches of the profession, will 
be Public Health Engineering, Public Health, 
Applied Bacteriology, Biology, Statistics and 
Planning Law. 

Yours faithfully, 
W. FisHer Cassie. 
Department of Civil Engineering, 
University of Durham, King’s College, 
Newcastle-upon-Tyne, 1. 
June 2, 1950. 





TORSIONAL STRESS IN CLOSE- 
COILED HELICAL SPRINGS. 


To THe Eptror or ENGINEERING. 


Smr,—As a result of the discussion with Dr. 
Sopwith, I realise that in deriving the formula for 
the maximum shear stress by the “eccentric 
rotation B” theory I made a slip in taking the 
torque as W R instead of W(R—A). Correcting 








this, -” is simplified to We and the maximum 
2a yKA 
shear stress to 
We (r—h) 1 (rh) 
yK A(R —?r) 2yK(R-r)* 
where 


n=r(Z -x) 
4c 


which is a negative value. Substituting this, the 
maximum shear stress reduces to 


We+4sy—-y 
2~ (7 -yYle-)’* 
And if y is taken as approximately 1 + 1a this 
becomes approximately 





0- 
ec + 0-25 78 


e-1 Ie 


The correction factor is a little below Dr. Sopwith’s 
empirical factor for curvatures greater than c = 9-2. 
The values of the curvature correction factors given 
in the table of my article should be as follows : 


6 4 3 2-5 2 
1234 1°378 1:°543 1-702 1-993 


These are remarkably close to Géhner’s values and 
slightly below them. This is not surprising, since 
the eccentric theory assumes that the shear stress 
at the surface of the wire can be perpendicular to 
the radius vector drawn from the eccentric point 
about which rotation is assumed to occur, whereas 
only a component can be so at most points on the 
surface. 

I understand that the above results, though 
simpler in form, are substantially similar to those 
given by Austin and quoted by Dr. Sopwith in the 
table in his letter on page 360 of your issue of 
March 31. 


e 
Correction factor 


Yours faithfully, 
A. Morey. 
Applegarth, 
Sham Castle-lane, Bath. 
May 28, 1950. 





ASSESSMENT OF RATES ON A 
PROFITS BASIS. 


To THE EpiTor or ENGINEERING. 


Stm,—I have read your article ‘‘ Assessment of 
Rates on a Profits Basis’ on page 570 of your issue 
of May 19, and I am interested to observe that none 
of the law authorities quoted makes any reference 
to the basis on which an “‘ engineer ’’ would approach 
the subject. Surely, rates are paid to enable local 
authorities to provide certain services such as roads, 
drainage, police, etc.? If this is agreed, then 
factories should pay according to the calls they 
make on such services. Initially, the assessment of 
the amount to be paid might cause some difficulty, 
though not more than that involved in assessment 
on a profits basis; and reasonable figures would 
soon be arrived at, and the range of error would be 
very much less than those quoted by you in some 
cases where the profits basis gives an assessment 
ten times that on the rent basis. 

I suggest that the profits basis is entirely irrational] 
—profits are dealt with by income tax—and that 
manufacturers should strive to get a basis agreed 
on which they pay proportionately to the services 
they receive from the local authority. It would 
seem that it is the law which is wrong. 


Yours faithfully, 
R. T. Mepp. 
Heathdene, 
Shoreham-road, 
Otford, Kent. 
May 26, 1950. 





THE ROYAL STATISTICAL SocreTy.—The library and 
reading rooms of the Royal Statistical Society, 4, Portu- 
gal-street, London, W.C.2, will be closed from Monday, 
July 24, to Saturday, August 19, inclusive. 





INSTITUTION OF MECHANICAL ENGINEERS.—The next 
examinations of the Institution of Mechanical Engineers 
will be held from Tuesday, October 3, to Friday, October 
6, 1950, inclusive. The closing date for the receipt of 
entry forms from candidates desiring to take the examina- 
tions at centres in Great Britain is August 31. The 
closing date for candidates sitting at centres abroad was 
May 31 last. Entry forms and further particulars can 
be obtained from the secretary of the Institution, Storey’s- 
gate, St. James’s Park, London, S.W.1. 





BRITISH GEAR MANUFACTURERS ASSOCIATION.—At the 
annual luncheon of the British Gear Manufacturers 
Association held at the Piccadilly Hotel, London, W.1, 
on Tuesday, June 6, Sir Norman Kipping, J.P., Director 
General of the Federation of British Industries, gave his 
impressions of a recent visit to Canada and the United 
States. British exporting firms, he said, were realising 
that Canada was not a “ short-term in-and-out market,” 
and Canadian firms were anxious to buy British rather 
than American products. He suggested that the Associ- 
ation, should take the initiative in organising a “‘ produc- 
tivity team.” Dr. Herbert Schofield,C.B.E.,A.M.I.C.E., 
M.I.Mech.E., Principal of Loughborough College, also 








METHODS USED IN THE 
STUDY OF INTERNAL- 
COMBUSTION ENGINES.* 


By W. P. MansFIELD, B.Sc. (Eng.), 
A.M.I.Mech.E. 


A COMPREHENSIVE account of the many metho:is 
that are employed in the study of internal-com- 
bustion engines would occupy a whole series of 
lectures. The present discourse is therefore limite:| 
to a consideration of some methods which ars 
applicable to piston-type internal-combustion en- 
gines under running conditions. Emphasis will be 
laid on the problems associated with various types 
of investigation and on some recent improvements 
in methods. The examples used as illustrations are 
taken from the work of the laboratory of the British 
Internal Combustion Engine Research Association. 

An important requirement of any method used 
to examine a process is that the introduction and 
operation of the necessary apparatus shall have 
either a negligible effect on the process or a known 
effect for which due allowance can be made. A 
negligible effect is much to be preferred. The 
measurement of the air flow to an internal-com- 
bustion engine affords a good example. The air 
flow is usually unsteady. In the atmospherically- 
charged engine, the unsteadiness is due to the 
intermittent aspiration of air by the individual 
cylinders. When a positive-displacement blower, 
whether of the rotary or reciprocating type, is used, 
a pulsating flow is produced by the action of the 
rotors or piston. Even when a centrifugal blower 
is employed the flow is not entirely steady since 
the pulsations produced by the intermittent air 
demand of the cylinders are transmitted through 
the blower. If a pipe is used to connect some form 
of air-flow meter to the engine, the variations in 
flow will give rise to variations in pressure in the 
pipe adjacent to the engine and hence to a series of 
pressure waves. These waves will undergo succes- 
sive reflections in the system comprising the normal 
engine intake, the connecting pipe and the air-flow 
meter, producing abnormal pressure conditions in 
the engine intake. According to the dimensions of 
the additional inlet system in relation to the engine 
speed and the inlet-valve timing the effect may be 
either to increase or to diminish the air flow. 

Such disturbances of the normal conditions may 
be avoided by connecting a large-capacity chamber 
directly to the engine intake passage or manifold, 
or the blower inlet. Fig. 1, opposite, shows a 
typical air-measuring installation of this kind, 
used on an atmospherically-charged single-cylinder 
four-stroke engine, the type of engine which has 
the greatest cyclic variation of air flow. The 
capacity chamber was provided with a projection 
which, in this case, surrounded the standard intake 
bend and filter. After measurements had been 
taken with the standard intake arrangement, first 
the filter and then the bend were removed to assess 
their effect, leaving the intake passage in the cylinder 
head directly open to the capacity chamber. After 
this, the effect of each of the variables associated 
with the intake passage, the inlet valve and the 
valve motion was determined. The capacity 
chamber was connected via a damping restriction 
to an air-flow meter of the well-known air-box type. 
The only appreciable change in the normal inlet 
conditions produced by this arrangement was a 
lowering of the air pressure to about 0-1 Ib. per 
square inch below atmospheric pressure. Fig. 2, 
herewith, shows a large Root’s-type blower from a 
German submarine engine, arranged for test. 
Capacity chambers were connected directly to both 
the inlet port and the discharge port to avoid the 
large pressure variations which result from the 
use of any form of pipe connected to the ports. 
Here again an air-box flow-meter was used. The 
blower was driven by a multi-cylinder air-cooled 
engine, mounted on a swinging frame for torque 
measurement. 

As with air-flow measurement, so in the deter- 





* Lecture entitled “‘ Equipment and Experimental 
Methods Used in the Study of Internal-Combustion 
Engines,” delivered at King’s College, University of 





spoke at the luncheon. 





London, on Tuesday, February 14, 1950. 
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mination of fuel-flow rate, continual vigilance is 
required to avoid false results. Some years ago, 
during performance tests of a compression-ignition 
engine, fuel-consumption measurements were being 
made by the well-known pipette method, in which 
the fall in fuel level from the upper to the lower 
calibration mark on the pipette is timed by stop- 
watch. A 50-c.c. and a 100-c.c. pipette, which had 
been carefully calibrated, were provided for mea- 
surements at low and high engine loads, respectively. 
On one occasion, the fuel-consumption rate was 
measured, first with one pipette and then with the 
other, at the same engine condition. Two substan- 
tially different results were obtained. Tests were 
then made with larger and smaller pipettes, and the 
results were plotted as shown in Fig. 3, herewith, 
from which it will be seen that the values of apparent 
specific fuel consumption varied considerably and 
that small pipettes gave very attractive figures. 
This inconsistency was due to the presence of air 
in the fuel inlet system. As the level of the fuel 
in the pipette fell, the pressure in the fuel inlet 
system diminished and the air in the system 











Fic. 2. Roor’s-Typz Blower ARRANGED FOR TEST. 
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expanded. Thus, at the end of the measured 
consumption period, the engine had received not 
only the known quantity of fuel from the pipette, 
but also a part of the fuel initially contained in the 
fuel inlet system between the pipette and the fuel- 
pump elements. 

The inlet system of a compression-ignition engine 
frequently contains a considerable volume of air 
collected at the top of filters, surge vessels and 
other spaces. Moreover, the presence of air is 
usually necessary to prevent violent pressure 
changes due to the spilling action of the injection 
pump or the action of a reciprocating feed pump, 
when this is employed. The possible magnitude of 
the effect of the expansion of this air during a fuel 
consumption measurement may be shown by an 
example. Consider an installation in which a 
100-c.c. pipette, having its two marks 10 in. apart, 
is mounted with the top mark 6 ft. above the 
ground, while a filter of 1-litre capacity is mounted 
on the engine at a height of 3 ft. 6 in. above the 
ground. If the specific gravity of the fuel in use 
is 0-850, and, in an extreme case, one-fifth of the 
filter is filled with air, then the absolute pressure of 
this air will diminish by 2 per cent. and the air 
will expand from 200 c.c. to 204 c.c. during the 
consumption measurement. The true fuel con- 
sumption during the measured period will thus be 
104 c.c. instead of 100 c.c., so that, if the engine 
has a true specific fuel consumption of 0-400 Ib. 
per brake horse-power-hour, a figure of 0-385 will 
be obtained. The use of a 50-c.c. pipette, under 
otherwise similar conditions, would result in a 
figure of 0-370 Ib. per brake horse-power-hour. 

The instrument now employed for fuel flow mea- 





surement has been devised to eliminate errors of 
this kind and to give a measurement directly in 
terms of weight, thus avoiding the need to measure 
the specific gravity of the fuel in use and to make 
corrections for changes in temperature of the fuel 
and vessel. This ‘‘ Bicera’’ flow meter is shown in 
Fig. 4, herewith. The vessel which contains the 
fuel to be metered is carried on two light arms, 
attached to a block. Also attached to the block 
at a suitable angle is a rod, carrying a counter. 
balance weight. The block is mounted by means 
of small ball bearings on a fixed shaft which projects 
from the back-plate. In preparation for a test 
the vessel is filled from the service tank through a 
pipe which enters the open top. As the vessel is 
filled, the increase in weight cavses the balanced 
system to rotate. The vessel descends and the 
weight moves outwards, thus exerting an increasing 
balancing torque. The reverse process occurs when 
the meter is connected to the engine system and 
the service tank is closed. The fuel flows out by 
syphon action through the pipe and the vessel 
rises at a rate dependent on the fuel consumption 
rate of the engine. By making the cross-sectional 


area of the vessel A = =. where w is the weight 


of fuel discharged during travel ¢ of the vessel, and 
p is the density of the fuel, a constant fuel level is 
obtained and hence a constant head on the fuel 
inlet system. Small variations of the fuel density 
produce only negligible changes in level. 

The movement of the vessel between any two 
points in its upward travel corresponds to the 
discharge of a definite weight of fuel. The passage 
of the vessel past two selected points in its travel 
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is indicated by an optical system, which magnifies 


the movement of the vessel 30 times. An electric 
lamp, with a bar-type filament, is mounted on the 
back-plate and at a short distance from it is fixed 
a hair wire in an aperture. Two lenses of short 
focal length are mounted in a strip attached to the 
fuel vessel. When one of these lenses is in line with 
the lamp filament and the hair wire, an enlarged 
image of the wire is projected via a mirror on to a 
ground-glass screen, which is provided with a datum 
line. As the first lens passes in front of the hair 
wire, the dark line which is the image of the wire 
moves up the screen and its passage past the datum 
line gives a sharp indication of the commencement 
of the consumption period. 

When the second lens passes, the process is 
repeated, indicating the end of the consumption 
period. There is no parallax error with this 
arrangement, and, therefore, the screen may be 
viewed from any angle. The consumption period 
may be timed by means of a normal type of stop- 
watch, and the recorded time, together with the 
known weight of fuel, gives accurately the mean 
rate of consumotion during the period. The pre- 
ferred method is to use a combined revolution 
counter and stop-watch, the two being set in 
motion simultaneously by thumb pressure on a 
eatch and later arrested simultaneously by a 
similar movement. In this manner, both the mean 
flow rate and the mean engine speed during the 
period of the fuel-flow measurement are accurately 
determined. 

The fuel meter is calibrated by passing the fuel 
discharged during the indicated period to a glass 
beaker, weighed on a chemical balance before and 
after filling. Calibration tests made at intervals 
over a period of several months with meters of this 
type have shown variations not greater than 0-25 
per cent. in the weight of fuel discharged during the 
indicated period. 

Among the measurements most commonly made 
are those of the mean pressure and mean tempera- 
ture of gases. In order to analyse engine behaviour 
by relating the actual conditions to those of the 
corresponding simple theoretical processes, there is 
@ need to express air temperatures and pressures, 
and exhaust temperatures and pressures, as single 
figures for a given running condition. When the 
cyclic variation of the pressure or temperature 
concerned is smal], measurements of the time mean 
pressure and temperature serve this purpose very 
well. When, however, as is frequently the case, the 
pressure or temperature undergoes large variations 
during the course of a single engine cycle, such 
measurements become of doubtful value because 
simple theory no longer applies satisfactorily, and, 
in the majority of cases, it is not the time mean 
quantity which is significant. : 

The following three examples make this clear. 
Firstly, if the pressure variations in the inlet or 
exhaust of a two-stroke cycle engine or a pressure- 
charged four-stroke cycle engine are large, it is 
not the mean air pressure and the mean exhaust 
pressure which determine the scavenge-air flow ; 
it is the varying inlet and exhaust pressures during 
the scavenge period only. As a second example, 
consider what occurs when a thermometer is 
mounted, in accordance with normal practice, in an 
exhaust branch close to the port or valve of a 
two-stroke cycle engine or a pressure-charged four- 
stroke cycle engine. The thermometer bulb is 
subjected first to a blast of hot exhaust gases and 
may then be surrounded, for the remainder of the 
cycle, by comparatively cool scavenge air. The 
reading will not indicate the true exhaust tempera- 
ture and, indeed, will have no simple meaning. It 
will be affected not only by changes in the true 
exhaust-gas temperature, but also by changes in 
the quantity and temperature of the scavenge air 
and by any change in the gas movements accom- 
panying the wave motion in the exhaust system, 
since these movements bring hotter or cooler gases 
to the-thermometer bulb. As a third example, 
temperature readings obtained in tests of a turbo- 
charged engine may be quoted. Thermometers 
mounted at the gas inlet and outlet of the turbine 
initially read 538 deg. C. and 443 deg. C., indicating 
a temperature drop of 95 deg. C. Changes were 
made to the turbine nozzle ring which increased the 





power output of the turbine, and hence increased 
the air flow. The thermometers then read 352 
deg. C. and 342 deg. C., indicating a temperature 
drop of only 10 deg. C. With the increased air 
flow, the scavenge air filled the short exhaust pipes 
leading to the turbine and surrounded both inlet 
and outlet thermometers during large parts of the 
cycle. It was thus impossible to.obtain any valid 
measure of the heat drop and thus to relate the 
actual working conditions of the turbine to those 
of the corresponding theoretical process. 

Even when the cyclic variations in pressure or 
temperature are comparatively small, so that the 
mean value has real significance, there remains the 
problem of ensuring that the apparatus used does 
indicate the true mean value. Some surprising 
results have been obtained when the pressure 
readings given by a mercury manometer have been 
compared with the time mean value computed 
from a pressure-time diagram. Fig. 5, on page 659, 
shows a pressure-time diagram checked by several 
methods, together with its computed time mean 
value, and the corresponding reading of a mercury 
manometer. The pressure pick-ups used to record 
the diagram and the manometer were connected 
in turn to the same point in a vessel, in which the 
velocity head was negligible. In this case, the 
manometer reading is lower than the lowest pressure 
reached in the vessel. Another example is taken 
from the records of tests on a turbo-charged engine. 
The pressure recorded by a mercury manometer 
connected to the exhaust pipe was 1-80 lb. per 
square inch, and the time mean pressure computed 
from a pressure-time curve was 4-32 Ib. per square 
inch, the connections being arranged in both cases 
to record the static head. The factors of importance 
here are the frequency and character of the pressure 
variations, the dimensions of any damping restric- 
tion used, the dimensions of the connecting tube, 
the volume of any air chamber employed at the 
manometer, and the dimensions of the mercury 
column. This problem has been examined experi- 
mentally and theoretically, and some, but not all, 
of the effects are understood. 

Diagrams showing the variations of pressure, 
temperature and other quantities throughout the 
cycle are the most satisfactory means of analysis in 
such cases. So far, attempts to record cyclic varia- 
tions of temperature have met with limited success, 
but pressure diagrams are obtainable by a variety 
of mean values. As an example, Fig. 6, on page 659, 
shows inlet, cylinder and exhaust pressure diagrams 
taken from an atmospherically-charged engine during 
a study of factors affecting volumetric efficiency. 

(T'o be continued.) 





Firms oF OIL REFINERY PROCESSES.—Four new 
educational films, suitable for a non-technical audience, 
on the production of high-grade petrol were demon- 
strated recently by the Shell Petroleum Company, 
Limited, St. Helen’s Court, Great St. Helen’s, London, 
E.C.3. The first film, “ Octane Number,” explains, in 
simple terms, the relation between compression ratio and 
power output and the way in which the anti-knock value 
of a fuel is d. The d film deals with 
*“* Cracking ” and shows how heavy oils are converted 
into petrol of a bigher octane value than the petrol 
produced by ordinary distillation. The third and fourth 
films are concerned with the manufacture and blending 
of aviation fuels. 





PREVENTION OF BOILER SCALE BY ULTRASONIC WAVES. 
—The current number of Swiss Technics (No. 2, 1950) 
describes an invention by the Swiss physicist H. Lossli, 
now manufactured commercially as the Crustex 
apparatus, which prevents the formation of hard deposits 
on the walls and tubes of steam boilers. The functioning 
of the apparatus depends on the fact, known for many 
years, that if liquid containing lime or crystals is kept 
constantly agitated at high frequency, the particles are 
prevented from uniting to form a crust. In the present 
apparatus a condenser is alternately charged and dis- 
charged from a source controlled by an intermittent 
mercury switch. The pulses are conveyed to the magnet- 
coil of an oscillator, in contact with the liquid, having in 
its field a tube of ferromagnetic material which is excited 
to magnetostrictive oscillations of 27,000 cycles per 
second. Oscillations of this frequency are thus imparted 
to the liquid and walls of the container and prevent the 
formation of scale. The Crustex apparatus is manufac- 
tured by Messrs. Marti and Hilfiker, 11, Weinbergstrasse, 
Ziirich. 
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USE OF OXYGEN IN ELECTRIC ’ 
ALLOY-STEEL PRODUCTION. 


A NEw development in the production of high-grede 
austenitic stainless steels in carbon-arc furnaces from 
scrap material which, hitherto, has been found difficul- 
to dispose of, has been perfected during the past two 
or three years at the Imperial Steel Works of Messis, 
Edgar Allen and Company, Limited, Sheffield. Brieily, 
the new process consists in using a long steel tube, >r 
“lance” as it is called, to pass oxygen gas throuvh 
arc-furnace melts to remove, by oxidation, carbon and 
such elements as silicon and manganese without, at 
the same time, causing heavy losses of chromium a; a 
result of oxidation. Prior to this development, most 
of the stainless-steel scrap or waste from the manu- 
facture of stainless-steel commodities, and comprisi:g 
ingot discards, sheet parings and other materiais, 
could only be remelted in comparatively small quan- 
tities in high-frequency induction furnaces. One 
element in stainless steel which must be maintained 
under control within a narrow range is carbon, and, 
in the chromium-nickel stainless steels it is usually 
desirable to produce finished material having a carbon 
content well below 0-08 per cent. In the arc furnace, 
experience has shown that it is impossible to prevent 
a pick-up of carbon in the steel, during melting, and 
often to such an extent as to render the steel prac- 
tically unusable for deep-drawing and similar opera- 
tions. The only method of removing the carbon was 
the relatively slow one of making additions of iron 
ore to the molten bath, during which process chromium 
was also reduced. It was this feature which hitherto 
severely limited the quantity of stainless-steel scrap 
which could be present in furnace charges. 

In the new technique employing oxygen it is actually 
an advantage to have present 0-5 per cent. of carbon 
in the melt before the oxygen is applied, as its oxidation 
generates heat and a vigorous “ boil”’ is obtained. At 
the Imperial Steel Works charges consisting entirely 
of 18:8 stainless-steel scrap are melted in a five-ton 
arc furnace. When completely melted, a process which 
usually occupies about three hours, the current is 
switched off and pure oxygen is blown into the metal 
bath by means of the lance, a long wrought-iron 
or mild-steel tube of ordinary commercial quality 
having an internal diameter of } in., the tube being 
gradually pushed farther and farther into the bath 
as its end melts away. During this operation the 
furnaceman is protected as much as possible from the 
heat by a metal shield. The first elements to be 
oxidised from the melt are silicon and manganese, the 
exothermic reactions increasing the temperature of 
the molten steel. Dense brown fumes, indicating an 
increase in FeO concentration, are given off at this 
stage, and, subsequently, when the oxidation of carbon 
takes place, yellow flames appear and the reaction 
becomes more intense, as may be seen in Fig. 1, oppo- 
site. Finally, the flame drops, the whole process 
being strongly reminiscent of Bessemer-converter 
technique, and a bath sample taken shows the carbon 
to be low ; figures of 0-04 or 0-03 per cent. are aimed 
at. During the injection of oxygen, some chromium 
is oxidised, thereby generating more heat, and the 
chromium oxide formed passes into the slag which 
covers the steel bath. After the termination of the 
oxygen blowing period, additions of ferro-silicon and 
ferro-chromium, or of a material known as “ silicon- 
chrome,” are made to the bath, thus reducing the 
chromium oxide present in the slag and returning it 
into the molten steel to the extent of about 96 per 
cent. The “ silicon-chrome,” which is a low-carbon 
material, containing 50 per cent. of silicon, 38 to 40 per 
cent. of chromium, and the remainder iron, has given 
promising results, although experiments with it are 


proceeding. 
At the end of the blowing iod, which usually 
lasts from 20 to 30 minutes and may be divided into 
two or more separate periods according to the beha- 
viour of the charge, the temperature within the furnace 
is high and is estimated to be above 1,750 deg. C. 
The bath, which is now quiescent, is allowed to 
“simmer ” gently for an hour or two, during which time 
it gradually loses heat and is finally tapped when the 
temperature is in the region of 1,600 deg. C. The cooling 
process may be accelerated by the addition of good 
clean scrap. The total time occupied from charging 
to tapping is about six or seven hours. As might be 
expected, the high temperatures generated during the 
process make severe demands on the refractory furnace 
lining, which normally consists of rammed dolomite. 
Experiments are being conducted with magnesite, but 
it is admitted that “‘ teething troubles ” connected with 
the furnace refractories are not yet completely over- 
come. The process, however, has many advantages. In 
addition to permitting the remelting of thousands of 
tons of iubienael scrap, which was previously 
regarded with disfavour and sold for what it would 
fetch, the process is relatively quick and makes less 





severe demands on the furnacemen, the oxygen, in 
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Fie. 1. Oxygen Biow tn Progress at ImperraAL Steet Works. 


IN ELECTRIC ALLOY-STEEL 





Fie. 3. InterIon oF Oxyaren Hovust, BrymMso STEELWORKS. 


effect, speedily and efficiently, doing the work of the 
lumps of iron ore which it was previously necessary 
to add, at intervals, during the process. A certain 
amount of electric power is also saved as the current 
is cut off entirely during the oxygen blowing period. 
The oxygen, it is interesting to note, is delivered to 
the works in the liquid state by tank wagons and, 
after passing through evaporators, is piped in gaseous 
form and under pressure to the melting shop, where 
the pressure of the gas, its rate of flow and the volume 
consumed are kept under control. 

A similar technique has been developed simultane- 
ously at the works of the Brymbo Steel Company, 
Limited, Brymbo, near Wrexham, Denbighshire, for 
the production of low-carbon alloy steels. Here 
chromium is not a problem, but all-scrap charges are 
worked down to the lowest possible carbon content 
without excessive consumption of electrical energy. 


Arc furnaces of 29 tons capacity are used, having been | 





re-designed, at the works from an initial capacity of 
15 tons. The oxygen is brought by pipeline to the 
melting shop from an oxygen house, shown in Fig. 3, 
on this page, equipped with two liquid-oxygen con- 
tainers, each having a capacity of 47,000 cub. ft. at 
N.T.P., and connected to evaporators. The bases of the 
oxygen containers are pivoted on one side and the oppo- 
site sides rest on the platforms of weighing machines 
furnished with scales giving readings in cubic feet, thus 
enabling the volume of gas consumed in the blowing 
operation to be read off directly and reported to the 
melting shop by telephone. As is the case at the 
Imperial Steel Works, Sheffield, when the metal has 
been melted, the current is switched off and oxygen is 
blown into the furnace through lances in. in diameter. 
A photograph showing the start of the oxygen-blowing 
operations at Brymbo is reproduced in Fig. 2, on this 
pose. The process is very similar to that conducted by 

essrs. Edgar Allen, but the temperatures involved are 
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Fic. 2. Srart or Oxyeen Biow at Brymso STEELWORKS. 


not so high, although the weight of metal melted is 
much greater. If possible, the carbon is run down from 
the melt to the desired composition in one operation, 
but intermediate slagging is necessary in some circum- 
stances. During the operation, the lance is consumed, 
as is the case in the chromium-nickel furnace at Shef- 
field, but, at Brymbo the furnacemen have developed 
a particular skill in coating the lance tip with slag so 
that normally a single lance suffices for the oxygen- 
blowing operation, which occupies about 30 minutes. 
Furthermore, at Brymbo, it has been found that satis- 
factory results are obtained by holding the tip of the 
lance just below the slag-metal interface, instead of 
plunging it into the metal bath. 

Both the developments outlined above have been 
brought to our notice by the British Iron and Steel 
Federation, Steel. House, Tothill-street, London, 
S.W.1, who recently organised visits to each of the 
works concerned enabling the process to be seen in 
operation. The Federation make it clear, however, 
that the process is the work of Messrs. Edgar Allen 
and the Brymbo Company and is the result of their 
enterprise and individual progress, the British Iron and 
Steel Research Association having been called in 
merely to give technical and other assistance. It is 
felt that the process has now reached a stage at which 
it should be of value to other users of arc furnaces. 
Last month a confidential conference of steelworks 
technicians, drawn from B.I.8.R.A.’s member firms, 
was held at Leamington Spa, where the new technique 
was fully described and discussed. As a result of this 
conference, further developments are expected in other 
steelworks, 





THE LATE Mr. C. C. W. STOODLEY.—We have learned 
with regret of the death, on May 13, of Mr. Cecil Charles 
William Stoodley, only a few months after his appoint- 
ment as general works manager to the Hotpoint Elec- 
trical Appliance Company, Limited. A native of Nor- 
wich, where he was born on May 21, 1899, Mr. Stoodley 
had a varied engineering experience in this country and 
the United States. He served in the Royal Flying Corps 
from 1916 to 1919, and subsequently was engaged on 
machine-tool construction and maintenance with Messrs. 
Harland and Wolff, Limited, Belfast, and, in the United 
States, with the Ingersoll-Rand, Brown Boveri, and 
Allis Chalmers companies, before joining the British 
Thomson-Houston Company at Rugby in 1932. He 
transferred from them to the associated Hotpoint group 
of companies in 1945. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “ BrieHton.”—Twin-screw vessel, to carry 1,450 
passengers on the cross-channel service between New- 
haven and Dieppe, under the joint ownership of the 
Bri Rail South Region, London, S.E.1, and 
the Société Nationale des Chemins de Fer Frangais, 
Paris. Built and engined by Messrs. William Denny 
and Brothers, Limited, Dumbarton. Main dimensions: 
311 ft. (overall) by 40 ft. 6in. by 16 ft. 9in.; gross ton- 
nage, 2,875. Two sets of all-impulse type turbines with 
single-reduction gearing of Pametrada design, and two 
Foster Wheeler oil-fired water-tube boilers, to develop a 
total of 18,500 s.h.p. Speed, when fully loaded, 24 knots. 
Trial trip, May 5. 


M.S. “ PorRTSMOUTH.”—Single-screw  self-trimming 
collier, built by Messrs. John Crown and Sons, Limited, 
Sunderland, for Messrs. Stephenson Clarke, Limited, 
London, E.C.3. Main dimensions : 253 ft. 6 in. (between 
perpendiculars) by 38 ft. 3} in. by 22 ft. 9 in. to raised 
quarter deck; deadweight capacity, 2,500 tons on a 
summer draught of 17 ft. 4 in. Clark-Sulzer eight- 
cylinder two-stroke single-acting direct-reversible Diesel 
engine, to develop 1,125 b.h.p. at 220 r.p.m., constructed 
by Messrs. George Clark (1938), Limited, Sunderland. 
Trial trip, May 24. 


M.S. “* DaLEBY.”—Single-screw cargo vessel, to carry 
twelve passengers, built by Sir James Laing and Sons, 
Limited, Sunderland, for Sir R. Ropner and Company, 
Limited, Darlington. First vessel of an order for two. 
Main dimensions: 443 ft. (overall) by 56 ft. 6 in. by 
36 ft. 6 in. to upper deck; deadweight capacity, 7,846 
tons on a summer draught of 23 ft. 7 in. Hawthorn- 
Doxford four-cylinder opposed -piston oil engine, develop- 
ing 3,000 b.h.p. at 105 r.p.m. in service, constructed by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newoastle-upon-Tyne. Speed, 12}knots. Trial 
trip, May 25 and 26. 


M.S. “ LonponN PRIDE.”—Single-screw tanker for 
carrying petroleum in bulk, built by the Furness Ship- 
building Company, Limited, Haverton Hill, County 
Durham, for Messrs. London and Overseas Freighters, 
Limited, London, W.1. First vessel of an order for four. 
Main dimensiors: 521 ft. (overall) by 67 ft. 6 in. by 
36 ft. 5 in.; deadweight capacity, 16,250 tons on a 
draught of 29 ft. 02 in. N.E.M.-Doxford five-cylinder 
opposed-piston single-acting two-stroke reversible oil 
engine, to develop 5,500 b.h.p. at 114 r.p.m. in service, 
constructed by the North Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne, and 
installed by Messrs. Richardsons, Westgarth and Com- 
pany, Limited, Wallsend-on-Tyne. Speed, 14 knots. 
Launch, May 31. 


M.S. “ BririsH PROsPECTOR.”—Single-screw tanker, 
for the carriage of petroleum in bulk, built and engined 
by Messrs. Harland and Wolff, Limited, Belfast, for the 
British Tanker Company, Limited, London, E.C.2. 
Second vessel of a series of three. Main dimensions: 
463 ft. (between perpondiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons on a summer 
draught of 27 ft. 7in. Harland-B. and W. six-cylinder 
single-acting four-stroke Diese] engine, to develop a 
service speed of about 12 knots. Launch, June 1. 


8.S. “ Brent KNOLL.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
the British Electricity Authority, London, W.1. Last 
vessel of an orderforfour. Main dimensions: 224 ft. by 
36 ft. by 16 ft. 3in.; deadweight capacity, about 1,700 
tons on a draught of 15 ft.2in. Triple-expansion super- 
heated steam engines, to develop 750 i.h.p. at 87 r.p.m. 
in service, and two forced-draught boilers, constructed 
by the North Eastern Marine Engineering Company 
(1938), Limited, Sunderland. Speed,10 knots. Launch, 
June 1. 


M.S. “Sr. Nintan.”—Twin-screw vessel, to carry 
160 first-class, 124 second-class, and 344 deck passengers, 
together with cattle and general cargo, built by the 
Caledon Shipbuilding and Engineering Company, Limited, 
Dundee, for the North of Scotland and Orkney and Shet- 
land Steam Navigation Company, Limited, Aberdeen. 
Main dimensions: 285 ft. 7 in. (overall) by 46 ft. by 
25 ft. 3 in. to shelter deck; deadweight capacity, 945 
tons on a draught of 14 ft. 8} in.; gross tonnage, 2,280. 
Two oil engines, together developing 3,200 i.h.p. at 
250 r.p.m., constructed by the British Polar Engines, 
Limited, Glasgow. Speed, 15 knots. Trial trip, June 2. 


M.S. “‘ MinsTER.”—Single-screw collier, built by the 
Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for Messrs. Stephenson Clarke, Limited, 
London, E.C.3. Main dimensions: 322 ft. (between 
perpendiculars) by 46 ft. by 22 ft. 4 in.; deadweight 
capacity, 4,750 tons on a draught of 20 ft. Kincaid- 
Harland-B. and W. five-cylinder trunk-piston single- 
acting two-stroke directly-reversible Diesel engine, to 
develop 1,600 b.h.p., constructed by Messrs. John G. 
Kincaid and Company, Limited, Greenock. Trial trip, 
June 5. 








LABOUR NOTES. 


THE traffic-receipts income of British Railways from 
all services for the first 20 weeks of the present year, 
to May 21, amounted to 117,087,000/., against a total 
of 118,804,000. for the corresponding period last year, 
ending on May 22. This represented a decline of 
1,717,000. Compared with the figures for the first 
20 weeks of 1948, ending on May 16, during which 
period the income of British Railways from traffic 
receipts aggregated 123,093,000/., the decline in 1950 
was much greater and amounted to 6,006,0007. It 
may be recalled that increases in the passenger-fare 
rates of British Railways took place in the autumn of 
1947. In spite of this, the income of the railwa: 
from that source dropped from 42,136,000/., for “yr 
first 20 weeks of 1948, to 37,075,000I. for the first 20 
weeks of 1949, and to 34,953,000/. for the corre- 
sponding part of this year. Thus, following an increase 
in rates, passenger receipts for 20-week periods declined 
by 7, 183, 0007. in two years. The traffic-receipts income 
of the London Transport Executive also showed a 
progressive decline over the same three comparative 
periods. the first 20 weeks of 1950, the income 
of that Executive totalled 21 ,239,0001., against 
21,617,000/. for the co mn period in 1949, a 
decline of 378,000/., and agai ding, p 891,0007. for the 
similar period in 1948, ad e of 652,000/. 


Traffic-receipts income of British Railways from all 
services for the four weeks ending on May 21, 1950, 
amounted to 24,658,000/., thus showing a im- 
provement on the total for the four weeks ending on 
May 21, 1949, which was 24,620,000/. Passenger fares 
produced only 7,461,000/. of the total for the four 
weeks in 1950, compared with 8,011,000/. of the total 
for the corresponding period in 1949. ing the four 
weeks ending on May 16, 1948, the railways’ traffic- 
receipts income totalled 25,524,000/., of which passenger 
fares accounted for no less than 9,527,0001. The 
traffic-receipts income of the London Transport Execu- 
tive for the four weeks ending on May 21, 1950, aggre- 
gated 4,391,000/. a total of 4, 521, ,0001. ‘for the 
four weeks ending on May 21, 1949, a decrease of 
130,000/. The receipts from all the services of the 
Executive, railways, "buses and coaches, and trams and 
trolley-’buses, all declined over these two comparative 
four-weekly periods. 


The total income received by the inland waterways 
section of the British Transport Commission during 
the first 20 weeks of 1950 amounted to 585,000/., 

inst 594,0001. for the corresponding period in 1949. 
Tolls, aggregating 269,000/., were the same in each 
period, but freight charges declined from 325,0001. in 
the 1949 period, to 316,000/. in that for 1950. It may 
be pointed out that, in the foregoing paragraphs, 
comparisons of 1950 figures with those for 1949 and 
1948 are affected by the increases in rates and charges, 
which were introduced on May 15, 1950, in respect of 
the traffic receipts for British Railways and the inland 
waterways section. These increases did not apply to 

nger fares and, consequently, they do not affect 
comparisons of figures relating to that source of income. 


The annual general meeting of the National Union 
of Seamen was held in London earlier this week. On 
June 5, Mr. Tom Yates, the general secretary of the 
Union, urged the members, in his annual report, to 
continue to support the wage-restraining policy of the 
Government. He stated that the general stabilisation 
of wage rates must remain in force, if the lower-paid 
employees were to receive some improvement in their 
rates. A higher standard of living for all must be 
won by still greater production. Mr. Yates, who is a 
member of the General Council of the Trades Union 
Congress, declared that an increase in wage rates “ all 
along the line, which would occur if irresponsible 
demands were pressed,” would raise costs throughout 
the whole industrial field. The result would mean high 
prices, not only in the home market, but also for the 
country’s overseas customers. There would be inflation 
at home and our foreign trade would experience great 
difficulties. 


Some 450 men, engaged by a firm of building con- 
tractors on work in connection with the forthcoming 
Festival of Britain, ceased work on May 31. This 
unofficial strike arose from an allegation by the men 
that two non-trade unionists were being employed on 
a tunnel extension from Waterloo Station to the 
Festival site. A joint utes commission consisting 
of three representatives of the Master Builders’ Asso- 
ciation and three officials of the National Federation 
of Building Trades Operatives met on June 5 to investi- 
= the dispute and to endeavour to settle the diffi- 
culty. 





A statement issued late on June 5 by the Nationa! 
Federation of Building Trades — declared 
that the difference which had led to the stoppage wa 8 
pee nen, Mo one between the National Federation o£ 
Building Trades Operatives and a firm of civil-engi- 
neering contractors. The building firm of which the 
labour force had been withdrawn was not a party to 
the dispute, but was merely a victim of it. 


Stead: y progress through the years is recorded b, 
the United Patternmakers’ Association in: its annua! 
report for the year ending December 31, 1949. This 
skilled-craft trade union had 118 branches at the en: 
of 1949, an increase of one on the number at the clos 
of 1939, but its membership had increased, during the 
interveni ten years, from 12,205 to 15,678, an 
addition of 3,473. The improvement in its financial 
position was even more marked. The figures for 193{) 
are not given in the report, but the balance at the end 
of 1940 amounted to 155,486/., representing an average 
of 121. 58. 3d. per member. By the end of 1949, this 
had been increased to 387,930l., an average of 
241, 14s. 10d. per member. The income of the Asso- 
ciation for 1949 averaged 5/1. 6s. 10d. a head and 
totalled 83,786. Against this, expenditure amounted 
to an average of only 3/. 19s. 4d. for each mem- 
ber, or to 62,2301. in all. The total management 
costs, including those of the branches, districts, organi- 
sers, and general office, accounted for only 19,4771. of 
the total expenditure, an ave’ of 1l. 68. 10d. It is 
to this economical working of the Association that its 


present financial position is mainly due. 


In his statement to the members of the Association, 
contained in the annual report, Mr. W. B. Beard, 
O.B.E., the Association’s general secretary, recalls 
that a production problem of some magnitude faced 
this country at the beginning of 1949, and that the 
maintenance of our standard of living depended on 
its solution. The ing of two wars within 30 years 
had left behind an impoverished world and a load of 
debts which, without great effort, would reduce living 
standards. The increase in capital development, which 
was the normal progress of nations, was absent during 
total warfare and, when the nations resumed their 
peaceful pursuits, difficulties were bound to arise. 
The balance, between increasing production by the 
introduction of the necessary new machinery and the 
feeding and clothing of their populations at the same 
time, was very finely adjusted. If a slump came, 
workpeople were apt to question the wisdom of in- 

production at a time when fewer jobs were 
available. The fact was, however, that further unem- 
ployment was bound to result, unless goods were pro- 
duced cheaply enough for the world to buy. 


In spite of better conditions and good earnings 
during 1949, some industries, such as coal-mining and 
cotton, failed to attract sufficient man-power, This 
was particularly the case, Mr. Beard states, with the 
coal-mining industry. Other industries, such as engi- 
neering, experienced no difficulty in increasing their 
labour forces. Engineering was, perhaps, the most 
important industry, both from the standpoint of the 
export trade and of capital development at home, but 
there was a tendency for those employed in industries 
not so important and, certainly, more sheltered, to take 
advantage of labour shortages and to exert pressure 
to secure higher wages and better conditions than was 
their due. Such improvements must, in the final 
analysis, Mr. Beard declares, be achieved at the expense 
of the producing industries, in which wages and condi- 
tions are largely determined by world prices and 
world competition. Failure to meet the challenge of 
world competition could only result in difficulties in 
meeting the cost of imports of food and raw materials. 
Without these, the living standards of everyone must 
decline. 


Proposals’ for some relaxation of the Government’s 
policy of wage restraint, in favour of lower-paid 
employees, were expressed in a statement issued on 
behalf of the Transport and General Workers’ Union, 
by Mr. Arthur Deakin, the general secretary of the 
Union, on June 6. Mr. Deakin declared that the 
Union’s general executive council had passed a resolu- 
tion urging upon the Government the necessity for a 
reduction in prices and the restriction of profits. The 
executive was “gravely concerned” about prices 
and called upon the Government to reduce them, and 
not to be content with merely stabilising them. The 
Government had a definite duty, the executive con- 
sidered, on matters relating to wages, profits, and 
prices. It would be a major disaster if an indiscrimin- 
ate scramble for increases in w: was allowed to 
develop. The executive reserved the right to handle 
wage questions of members. 
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MODERN ELECTRIC TRACTION penetrative. The expression ‘“‘ coach-ventilation ” 


MOTORS AND GEARING.* 
By G. H. Fretcuse and E. A. Binney. 


Tae modern axle-suspended electric traction motor 
bears a striking resemblance, in outward appearance, 
to its most widely used predecessors of 30 years ago ; 
and improvements have been mainly in details. The 
dimensions of each motor are limited by the clearance 
required underneath the frame, which is of the order 
of 6 in.; the clearance from the top of the motor to 
the underside of the body, about 54 in.; and in width 
by the distance permitted by the gauge, which, allow- 
ing for running clearance between the motor frame and 
the wheels, amounts to 51} in. on the standard gauge, 
and correspondingly less on narrower gauges. Further 
limitations are imposed by the necessity to obtain a 
high gear ratio, in order to run the motors at as high a 
speed as possible, having regard to the limitations 
permitted by the maximum peripheral speed. In 
addition, it is important to keep the motor as light as 
possible, not only in order to reduce the unsprung 
weight, but also because transport of any mass costs 
money. 

The earlier traction motors were totally enclosed, 
but the general trend in recent years has been to adopt 
the so-called “ coach-ventilation ” and the subsequent 
limited-ventilation type with more or less protection 
against ingress of brake-shoe dust. On coaches, this 
dust is produced in very large quantities, and is not 
only so fine as to be highly inflammable, but is extremely 





J * Paper read before the Institution of Electrical 
Engineers Convention on Electric Traction, London, on 
Maroh 22, 1950. Abridged. 





applies to the arrangement whereby the motor fan 
draws air through an inlet in the motor frame, which 
is connected by bellows to an air duct leading to an 
opening in the wall of the motor coach. This 

ment is becoming more generally used, particularly 
for the higher voltages. The air ducts somewhat 
reduce the amount of air drawn through the motor but, 
provided due consideration is given to their design, 
the decrease in internal ventilation is offset by the 
elimination of the effect of dust deposit in the motor. 
The same general air-ducting arrangement has been 
used in locomotives for many years, except that in 
nearly all cases the air is supplied by one or more 
separate blowers. Filters are frequently placed at 
the air inlets in the locomotive walls to reduce further 
the ingress of dust. Both wet and dry t are in 
use. Their disadvantage is that they need frequent 
changing. Improved ventilation has contributed 
largely to the reduction in weight which has been 
achieved, especially in the case of motor-coach motors. 
The fullest advantage of this has been taken in the 
design of motors employing coach ventilation in which 
no baffling of air inlets, to prevent ingress of brake-shoe 
dust, is necessary. Mainly as a result of this, the 
modern motor-coach motor has a weight of approxi- 
mately 50 per cent. of that of the totally-enclosed motor 
doing the same duty. 

While the coach-ventilation system practically 
eliminates trouble due to brake-shoe dust, provision 
against the possible ingress of snow is necessary, an 
the modern motor is designed with this point in mind. 
The parts most readily penetrated by moisture are 
the interior air passages of the commutator and arma- 
ture. The passage of dust and moisture from these 





channels to the windings is adequately prevented by 
the armature construction and the treatment of the 
armature, including care in the armature core-building, 
to ensure that the total thickness of laminations is the 
same at all points, and the use of a special seal. A 
further safeguard now often adopted is the use of an 
armature-coil support, integral with the commutator 
bush. In some cases separate air inlets are provided 
for ventilating the armature and the field, the air inlet 
for the latter being placed between the commutator 
and the field coils, as illustrated in Fig. 1. This 
method of ventilation results in an isolated commutator 
chamber. 

The transition from sleeve- to roller-type armature 
bearings was, in some cases, unduly prolonged but 
the latter are now wr ee — . The — 
t bearing having a fla outer race, in whic 
ae ilies “ed po are housed, has found greatest 
application. The main development has been in the 
provision of adequate means for preventing bearing 
grease from getting into the motor, and the ingress of 
gear grease into the pinion end bearing. Experience 
shows that over-greasing must be expected, and any 
evil consequences of this must be avoided. For these 
reasons the sealing arrangements are given careful 
consideration, and superfluous grease expelled from 
the bearings is guided away from vulnerable parts 
of the machine. When operating under normal ser- 
vice conditions, and with correct maintenance, the 
life of roller-type armature bearings may be from 
500,000 to 1,000,000 miles. As the passage of current 
through the bearings may result in premature failure, 
it is customary to provide on the axle an earthing brush 
of copper-graphite material offering a low contact-drop. 

Split sleeve-type bearings are employed on many 
modern traction motors, the surface usually being 
lined with whitemetal. As compared with older types, 
the axle-cap oil-well of the modern a has am = 
siderabl ter usable capacity, greatly e g 
the sualel Gnaee lubrication of the bearings. A 
further development of this type of axle cap is the 
adoption of fabricated construction, thus reducing the 
weight of this item by approximately 40 per cent., as 
compared with a similar cast-steel cap. The life of 
these bearings on motor-coach motors varies consider- 
ably with the service. In some cases, the bearings have 
operated over 300,000 miles re-linings. 

In recent years, there has been a trend towards the 
use of roller bearings in place of the sleeve-type suspen- 
sion bearings. There are certain limitations to the 
application of roller bearings, which, owing to their 
relatively large external diameter, must generally be 
accommodated outside each end of the motor. As the 
lubrication period can be considerably extended com- 
pared with that of sleeve bearings, and no substantial 
radial wear takes place, thereby improving the condi- 
tion of operation of the gears, a good case can be made 
out for the somewhat greater first cost. The choice 
rests rather with the user ne ager woh omg “ne 

In the application y ado the roller 
bearings are saree in paver sll tubular housing 
surrounding the axle, and clamped to the motor frame, 
as shown in Fig. 2. The latter can thus be readily 
removed from the axle without disturbing the ge on 
A simpler and cheaper method of applying roller 
bearings has been employed, with each bearing 
mounted in its own housing, and many motors made 
in this way are in successful operation. This method 
is illustrated in Fig. 3. 

The present trend is to reduce as much as possible all 
material which is likely to be carbonised, or otherwise 
detrimentally affected by heat. Thus the availability 
of glass insulation in the form of tape, cloth, sleeving, 
etc., has been fully utilised in the insulation of traction 
motors, and probably represents one of the most 
important advances in the technique of insulation, 
when combined with suitable high-temperature var- 
nishes, though the high cost of such materials is in 
some cases a bar to its exclusive use. The flexibility 
and anhygroscopic nature of glass insulation has 
resulted in its extensive use as a binding material on 
both individual coils and coils assembled on the arma- 
tures, thus replacing fabric materials formerly used for 
this purpose. Glass tape is also employed extensively 
on field coils, both for binding and as a final outer 


wrapping. 5 : 
In the treatment of field coils, two alternative 
rocesses are followed: In some cases, particularly for 
igh vol and where the climatic conditions are 
not very favourable, bituminous-compound impregna- 
tion of the field coils is used, but in view of the high 
temperature realised in service, the compound must 
have a high melting point. With this process, field 
coils are heated under vacuum, after which the gum is 
admitted and forced in under air pressure. In an 
extensively-used alternative process, the field copper 


d|is wound with inter-turn insulation, Bakelised and 


pressed, and then the outer insulation is applied. The 
coils are finally impregnated with synthetic varnish and 
baked. 

In the question of collection of current from the 





ENGINEERING. 


_ JOM _§. 2950. 











ELECTRIC 


aes 


Efficiency, per Cent 


(927. >) “ENGINEERING” 


300 
Current, Amp. 


commutator, mechanical considerations are quite as 
important as reactance voltage, and the brush holder 
and its support should be substantial and rigid, in 
order to avoid any movement of the brush box relative 
to the commutator. The carbons should be pressed 
to the commutator by springs, with sufficient tension 
to keep the carbons in contact under the severe condi- 
tions met with in service, particularly where the motor 
is suspended on the axle, and subject to severe impact 
from the rails and vibration from the gears. At the 
same time, the brush holder must be accessible and is 
preferably provided with a hold-off catch, so that the 
carbons may be withdrawn for examination by one 
hand. The tension device should have a minimum of 
sliding surface, in order to eliminate friction and 
provide freedom of movement. A cover on the upper 
brush holders has occasionally been employed on 
railway motors, the intention being to keep dust from 
entering the clearance between the carbon and the 
box. Abrasive dust, and especially sand, is capable of 
producing very rapid side wear of the carbons. The 
same purpose is achieved in some cases by suitable 
grooves in the carbons which allow dust and grit to fall 
through and escape. 

In connection with the use of flexible leads or 
“* pigtails ” on carbon brushes, practice varies, but their 
use involves risk of the carbons breaking at their point 
of attachment, while their disuse facilitates the chang- 
ing of worn-out carbons. They are necessary in some 
cases, such as mining locomotives, where narrow 
gauges involve very cramped designs with fairly heavy 
currents. It is usual for pressure fingers to be fitted 
with a heavy copper flexible lead, silver-soldered to the 
pressure tip at one end and the brush-holder body at 
the other. The use of four brush arms on four-pole 
motors is now very general, and has the advantage 
that a lighter brush pressure can be used, since any 
shock tending to lift one brush holder will tend to 
make the opposite one press more heavily on the 
commutator. There is a further advantage that the 
commutator can be half as long for the same current 
density, and with narrow gauges, this point may be of 
great importance. There is also no doubt that short- 
circuiting the armature coils of a wave-wound armature 
at two points on the commutator instead of one gives a 
great improvement in the inherent commutation of 
the machine. Split carbons have been employed with 
advantage in recent years. The carbon is split so as 
to consist of two carbons, each half the normal thick- 
ness, but retaining a single spring and relying on equal 
wear of the two halves to maintain pressure on them 
both. The advantages claimed are that a longer life is 
obtained for the carbons, and a longer period between 
commutator turnings owing to more intimate contact 
between the brush and commutator. 

In the early days of electric traction, the practice 
obtained of using a relatively small number of slots, 
with the object of increasing the space factor and 
keeping down the labour costs of the armature coils. 
More recent investigations have shown that, in general, 
a larger number of slots gives a greater dissipation of 
heat owing to the larger area of armature coils in contact 
with the iron—a factor which more than compensates 
for the reduced slot-space factor. Further, the smaller 
tooth pitch permits a larger pole arc and, in consequence, 
a shorter core to be used for the same output. 
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With the tendency towards higher speed and greater 
outputs, there has been a gradual introduction of the 
lap-wound armature in traction motors, supplementing 
the well-established wave-wound type. This has 
considerably increased the range of application of a 
given size of motor within the recognised limits of 
commutation. The lap-wound armature requires 
equalisers, and these are successfully applied at either 
the commutator or the opposite end of the armature. 
They represent no serious problem either in application 
or in service, but result in some increase in cost. 

The armature coil made of rectangular copper section 
is still widely employed in traction motors. In this 
country the more complicated type of conductor 
involving stepped slots, etc., has not been extensively 
used. An alternative to this latter construction is the 
well-known taper conductor, invented and developed in 
this country, and successfully employed on a consider- 
able number of traction motors. Certain technical 
advantages can be claimed for this construction. 
As the teeth can be made of parallel or approximately 
parallel form, the density is even throughout and, for 
a given slot depth, as is well known, a considerably 
larger output can be obtained from the same size of 
armature core. As the slot portion of the coil is in the 
form of a wedge, it is possible to drive the coil in 
tightly, and avoid vibration of the coil in the slot. 
a may also be effected more readily, as, when the 
coils are raised slightly, they can be easily lifted from 
the slot, and are less likely to be damaged so as to 
prevent their further use. An additional advantage is 
obtained when a large number of narrow commutator 
segments is required, as the slot cut in the neck of the 
commutator bar, necessary to introduce a conductor of 
rectangular section, reduces the thickness of copper 
at the bottom of the slot. With a taper conductor, as 
the slot is narrower at the bottom, the wall on each 
side of the conductor is substantially parallel, and will 
be thicker and stronger than with the parallel conductor. 
The reactance voltage for a winding of this type is 
reduced also, because, as the slot is wider at the top, 
the slot leakage flux is reduced, and the commutation 
characteristics are therefore improved. 

Railway-motor armatures almost invariably have one 
turn per commutator bar, which results in an arrange- 
ment of conductors in the slot of two conductors in 
depth. These conductors, especially on large machines, 
tend to become deep, and, where speeds and tooth- 
flux densities are high, the eddy currents in these 
conductors become heavy. In most cases, therefore, 
‘the decision has to be made whether to split these 








Fic. 7. Unerounp Pinion Toots. 
conductors or not, as a balance must be struck between 
the additional cost on the one hand of fitting split- 
conductors, and on the other hand the reduction in 
output owing to the eddy currents. The development 
of felted-asbestos coverings for conductors has tended 
to reduce the additional cost of splitting the conductor 
as against the older method of using conductors 
covered with mica tape. The development of synthetic- 
varnish covering is also expected to help in this 
direction. Transposed windings have been used on 
railway motors in one or two instances in the past. 
They have not, however, been employed for many years, 
and it is very doubtful whether the additional expense 
involved can be justified, especially as splitting the 
conductor in the normal way reduces the eddy-current 
loss to a small value. 

Core bands are still used to a considerable extent on 
traction motors. However, owing to the general trend 
towards higher peripheral speeds and smaller diameters, 
and the consequent increased area of core bands and 
resulting increased band losses, the substitution of stot 
wedges is becoming more general; many modern 
motor armatures are made with them, the material 
usually being in the form of specially strong Bakelised 
fabric. With regard to end-winding bands, various 
methods are employed for re-running the banding wire 
several times, and taking out the slack. On one typical 
modern traction motor of 20-in. core diameter, it was 
possible to take out approximately 4 ft. of wire from 
the end-winding bands. 

The practice of using German-silver strips with ser- 
rated edges underneath both core and end-winding 
bands is now general, and results in a very strong band, 
securely held at all points, and immune from the 
cracking which sometimes occurs after many years’ 
service. Experiments are proceeding with higher 
melting-point solders containing silver. 

In recent years a good deal of thought has been given 
to the improvement of armature shafts. Failure, owing 
to fatigue at the point where the shaft leaves the 
spider at the driving end, has occurred on old designs, 
and it was recognised that a concentration of stress 
| was imposed on the shaft at this point. Calculation 
| shows that a concentration factor of approximately 2 
| obtains in a normal design, and this has been proved 
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by tests on samples. Research work has shown that 
tapering of the spider bore at the point where the shaft 
leaves it makes little difference, in spite of claims 
made that improvements can be secured in this way 
with wheels pressed on axles. Considerable improve- 
ment was obtained by making annular grooves of the 
correct shape in the face of the spider hub or by tapering 
off its external diameter. These methods reduced the 
concentration factor to about 1-24, and further 
improvement was obtained by introducing compressive 
stresses in the skin of the shaft either by shot peening 
or surface rolling. 

Speed variation by means of field weakening is 
frequently of great value. When the Manchester- 
Sheffield electrification was being considered, it 
appeared that two different types of locomotives 
would be necessary to deal with the different classes of 
traffic. It was found possible, however, to use a motor 
with a speed range which was sufficiently wide to cover 
the various requirements, so that most of the traffic 
could be handled with one type of locomotive only. 
The 1,400-volt locomotive has four traction motors 
installed in a series-parallel arrangement so that each 
motor operates at 700 volts with the characteristics 
shown in Fig. 4, opposite. From these curves it will 
be seen that when the motor exerts a tractive effort 
of 2,000 Ib. under full-field conditions (tractive effort 
curve a) a current of 250 amperes will be used and a 
speed of 41 m.p.h. obtained (speed curve a,). Opera- 
tion of each motor under weakened field conditions 
(curves b to e and 5, to e,), but with the same tractive 
effort, will given an economical speed ra from 
44 m.p.h. to 60 m.p.h. in four stages which correspond 
to the degree of field weakening. Similarly, the 
exertion of a tractive effort of 6,000 lb. by each motor 
will result in an economical speed range of 26-7 m.p.h. 
to 37-2 m.p.h. A further variation in the economical 
speed may be obtained by connecting the four motors 
in series. 

There are several methods of carrying out the field 
ee without danger of flushover after an inter- 
ruption of the voltage due to the gaps in the third rail, 
or to jumping of the pantographs in the case of overhead 
systems. Such methods involve the use of: inductive 
shunts, tapped fields, non-inductive shunts, and a 
combination of the last two, giving three field strengths 
with two contactors. 

The first method enables all normal interruptions or 
sudden changes of voltage to be dealt with, but the 
shunts are somewhat heavy and expensive, and involve 
additional wiring. The second has the advantages of 
the first without the additional wiring and weight of 
the shunts, but the motor itself is somewhat heavier, 
as full use is made of only a part of the field space. 
The third method is satisfactory if under-voltage or 
under-current relays are available to disconnect the 
motors or insert the starting resistances in cases of an 
interruption of the voltage. The fourth always retains 
some field turns carrying armature current, but the 
rest of the field forms a damping circuit, and in most 
cases a relay would have to be relied on as in the third. 

The stability of motors against flashover depends 
on @ number of factors. It was established many years 
ago that the maximum uncompensated reactance 
voltage between bars at the brush on a surge of current 
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is of particular importance. It is obvious that this, 
in turn, depends on the rapidity of response of the main 
flux, which will keep down the surge of current, and on 
the response of the interpole flux, on which depends 
the extent to which the reactance voltage is compen- 
sated. In one instance laminating the interpoles 
increased the voltage at which interruptions could be 
withstood by 15 per cent., as compared with solid 
interpoles. Another most important factor is the 
peak voltage between commutator bars; to limit this 
to a safe value it is necessary to maintain an adequate 
ratio of field-to-armature ampere-turns when the 
motor operates in its weakest field connection. ; 

The fact that compensating windings have not been 
widely introduced in direct-current traction motors 
must not be taken as evidence that the possible use of 
this feature has been ignored by the designers. Consi- 
deration has been continually given to the possibilities 
of this feature, especially in borderline cases of certain 
accepted electrical design limitations. In practically 
every case, the designers have come to the conclusion 
that the simpler, non-compensated motor offers 
adequate stability, and subsequent application in ser- 
vice has invariably proved this to be the case. With 
the tendency towards a greater degree of field weakening 
for certain applications, compensation may result in 
a smaller and lighter motor in some cases. The main- 
tenance of an adequate field-to-armature ampere-turn 
ratio under the weakest field conditions forces the 
designer to adopt larger air-gaps and heavy field coils 
for the simple motor. The adoption of a compensating 
winding enables a smaller gap to be used, with corre- 
sponding smaller field coils, and the saving in field 
copper may in some cases justify the extra cost and 
complications of the compensating winding. It is 
recognised that, with the advent of the rotary amplifier, 
a wide range of field control with an infinite number of 
steps may be advantageously combined with a com- 
pensated motor, in order to take the fullest advantage 
of this method of control. 

The objection to compensating windings that they 
are wound directly on the pole shoes, thus preventing 
removal of the field coils, has been overcome by the 
development of removable compensating windings 
wound into separately secured pole shoes, as illustrated 
in Fig. 5, opposite. Apart from the added complication 
and increased first cost involved in the use of a com- 
pensating winding, the question of replacement in the 
event of failure of the field system must be taken into 
account. Anything adding to the difficulty of effecting 
repairs is to be avoided wherever possible, and only in 
exceptional instances can a real case be made out for 
the use of compensating windings in direct-current 
traction motors. 

With the tendency to high-speed traction motors, 
there has been a general tightening-up in the quality of 
traction gears, both in regard to material and machining. 
At the present time, railway gears are roughly divided 
into three categories, so far as material and treatment 
are concerned. Case-hardened, the basic material being 
either carbon or alloy steel, the teeth being ground. 
The gear teeth are hardened to about 600 Brinell 
hardness ; water-quenched, using about 0-4 to 0-5 per 
cent. carbon steel, the teeth being either ground or un- 
ground, giving a Brinell hardness of 450, and pre- 








hardened alloy steel, heat-treated to give an ultimate 
tensile strength of 60 to 70 tons, and with teeth cut 
after heat treatment. The hardness of the gear teeth, 
which stands initially at 270 to 320 Brinell, is sub- 
stantially increased by a process of work-hardening in 
service. 

Case-hardened gears, with unground teeth, have been 
in operation in this country for many years, and have 
operated for well over one million miles. These gears 
are in many eases relatively lightly loaded, and have a 
large tooth section. The equivalent gears required for 
the more modern type of motor are much smaller, and 
greater care must be taken to avoid concentration of 
load on the motor end of the teeth owing to unavoidable 
slight misalignment of armature shaft and axle. The 
present trend is to grind the pinion and gear teeth 
accurately, and, in addition, to taper-grind the pinion 
teeth at an angle of about 10 minutes, the tapering 
extending from the motor end to between one-third 
and one-half the length of the tooth. This arrangement 
ensures that the heavier loads are distributed near the 
centre of the meshing gear teeth, thus materially reduc- 
ing the maximum tooth stress, and avoiding tooth-end 
flaking, which is the most commonly experienced type 
of failure on unground gears. This is illustrated in 
Fig. 6, opposite, which shows a ground case-hardened 
pinion tooth with taper relief and indicates the absence 
of flaking after 250,000 miles. 

Although the initial cost of the case-hardened and 
ground gears is higher than that of any of the other 
types of solid gear described, the extra outlay is fully 
justified for the following reasons: extreme hardness 
limits the rate of tooth wear to a fraction of that pro- 
duced on any other type of solid gear operating under 
similar conditions, and the initial accuracy is sub- 
stantially maintained throughout its life; freedom 
from pitch errors, in comparison with und gears, 
greatly reduces tooth impact stresses, which at high 
speeds exceed the tooth stresses due to the transmitted 
torque ; torque fluctuations and vibration, which con- 
tribute to the fatigue of the components of the motor 
armature, particularly the shaft, are greatly reduced 
in comparison with an unground gear; and the gears 
are found to run more quietly and to have a higher 
efficiency. 

Water-quenched gears with 0-4 to 0-5 per cent. car- 
bon have been successfully applied on traction drives 
for many years. They lend themselves to hardening 
with a rather lower degree of distortion, and, in conse- 
quence, the practice has been to use it in the heat- 
treated condition, rather than to grind the teeth. At 
the same time there is sufficient distortion for grinding 
to be of considerable value in increasing life, reducing 
noise, reducing shocks on the motor, and thus decreasing 
the amount of maintenance required. A pinion tooth 
of this material, showing the pitting at the motor end 
after 90,000 miles in service, is illustrated in Fig. 7, on 
the opposite " 

es aoe yall as a rule, are made from alloy- 
steel forgings. They are also made as rim-type gears, 
i.e., the rims are of alloy steel, and are shrunk on suit- 
able centres, or they are connected thereto by resilient 
elements. Shrunk-on rims are now employed only on 
large jack-shaft gears. While of considerably lower 
hardness than the first two categories referred to, the 
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and ground pinions. Some advantage is found in 
tapering the pinion as previously described, thus 
reducing the wear at the motor end of the gear teeth 
where wes ak tn usually occurs. 

Gearw! incorporating steel i allowi 
circumferential deflection have eb aoe. for name 
years, especially on alternating-current motors, where 
immediate movement of the armature is essential on 
application of the current. These gears are obviously 
more expensive than solid gears, and require more 
maintenance. Failure of the steel springs used between 
the hub and rim portion may occur during the period 
of useful life of the gear teeth. For this reason, their 
use with direct-current traction motors has been rather 
the exception than the rule. The perfection of the well- 
known rubber bushing in recent years has offered a 
satisfactory solution to the problem .of providing a 
limited but sufficient degree of deflection between gear 
rim and hub. The use of rubber gives all the relief 
apo 4 to ease the shock, both on the gear teeth and 
the shaft and armature structure. Rubbing surfaces 
are very lightly loaded and, as the vibration is damped, 
no resonance is built up. Experience has shown that 
bushings containing a suitable grade of rubber operate 
satisfactorily in the gear lubricant. 

Much consideration has been given to the conditions 
arising from the coupling of an electric motor to a run- 
ning wheel on an imperfect track. It is known that for 
railway tracks the vertical accelerations involved may 
be between 5g. and 10g. In the early days of railway 
electrification considerable criticism was levelled 
against axle-hung motors, owing to the amount of dead 
weight associated with the axle and the wheels. While 
electrification did result in an increase in track main- 
tenance, this was largely due to the increase in traffic 
which always followed electrification, along with 
increase in acceleration and in s . Where solid 
gearwheels are used, a considerable amount of force is 
imposed on the track by the motor, because, when the 
road wheel encounters an obstacle, the gearwheel 
mounted on the axle rotates the armature, movement 
being resisted by the armature inertia. 

Many methods of coupling the bogie-mounted motor 
to the axle have been devised and put into service, 
either by the adoption of a quill surrounding the axle 
and driving through 4 resilient member to the wheel, 
as shown in < on 665, or by the inclusion of a 
universal coupling with or without resilience. On two 
recent occasions alternative designs have been made 
for an axle-hung motor and a quill-drive motor, one 
for 350 h.p. and the other for about 550 h.p. In the 
former case the additional cost was 22 per cent., and 
in the latter, 23 per cent. The present tendency is to 
retain the axle-hung motor on the grounds of simplicity 
and first cost. Where roller ings, mounted in a 
tubular housing, are used for the suspension, the intro- 
duction of rubber units between the housing and the 
motor frame completely eliminates severe shocks on 
the motor. 

Fig. 9, page 665, shows a motor provided with a 
double-reduction gear drive. The motor is arranged 
for normal axle and nose suspension, the intermediate 
shaft being carried on spherical roller bearings sup- 
ported on the motor frame. The two gearcases are of 
ordinary sheet-metal construction. This motor has a 
gear 5 21 to 1, and has found wide use on Diesel- 
electric shunters operating at speeds up to 20 m.p.h. 
Each motor is capable of developing a - MR ra 
tive effort of 16,000 lb. The intermediate shaft may be 
shifted to bring the gears out of mesh when it is desired 
to move the locomotive at higher speeds than those for 
which the motors are designed. 





LECTURE COURSES AT ROAD RESEARCH LABORATORY. 
—Lecture courses on ‘‘ Road Materials and Construction,” 
will be resumed at the Road Research Laboratory, 
Harmondsworth, of the Department of Scientific and 
Industrial Research, during the autumn and winter of 
1950-51. As in previous sessions, the courses will deal 
with the fundamental properties of road materials and 
their application to practice, and will include the It 
of the most recent research. Courses on soil mechanics 
will be held from October 10 to 20 and from December 12 
to 22 ; on concrete, from October 24 to November 2, and 
from January 2 to 11, 1951 ; and on tar and bituminous 
materials from November 7 to 23, and from January 16 
to February 1,1951. Each course will be self-contained. 
The Laboratory reserves the right to cancel any course 
on due notice, if the number of applications does not 
warrant its being held. If sufficient entries are received 
the Laboratory will also arrange a short course for chief 
officers, covering the three branches of the subject 
intensively. This course will be held from November 27 
to December1. A fee of £7 7s. will be charged for each 





course, and early application is desirable. Forms of 
application can be obtained from the Director, Road 
Research Laboratory, Harmondsworth, West Drayton, 
Middlesex. 








Iy recent years there has been a growing recognition 
of the importance of securing increasing numbers of 
well-trained technicians for service in the science 
laboratories of industrial research establishments and 
of universities, technical colleges and schools. After 
considering the whole question of the training and 
certification of laboratory technicians on the broadest 
lines and on a national basis, the City and Guilds of 
London Institute set up an advisory committee on 
laboratory technicians’ work, comprising representa- 
tives of various professional, industrial, and scientific 
institutions, the Ministries of Education and Supply 
and associations concerned with technical education. 
This committee has prepared a scheme, as a result of 
which the Department of Technology of the City and 
Guilds of London Institute, 31, Brechin-place, South 
Kensington, London, S.W.7, has formulated regula- 
tions and syllabuses for the Laboratory Technicians’ 
Intermediate Certificate Examination. These regula- 
tions and syllabuses come into force in the academic 
session 1950-51. 

In drawing up the scheme, the advisory committee 
had before it certain definite aims. Thus it was felt 
that the primary objective should be to train first- 
class technicians who were fully competent from the 
practical point of view and that the education and 
training of the candidate, particularly in the earlier 
stages, should be on a broad basis. To maintain the 
interest of the candidate and in pursuance of the 
primary objective, it was also felt that Seely 
should be provided for him to do specialised work 
related to the t of laboratory in which he is em- 
ployed. It was further considered that the training 
should permit a measure of mobility for technicians 
wishing to move from one type of laboratory to another 
and that, as the intention was to provide a compre- 
hensive and nationally-recognised qualification, the 
structure of the scheme should make allowance for 
flexibility in instruction. Finally, it was stipulated 
that the standard required should be such that the 
certificate would receive wide recognition and improve 
the status of laboratory technicians. 

That the committee’s aims have been achieved is 
evident from a perusal of the Institute’s regulations 
and syllabuses. These indicate that the scheme 
envisaged involves a three-year part-time course, 
requiring attendance for approximately 180 hours per 
annum, with an examination at the end of the third 
year. The suggested curriculum comprises three 
sections, the first of which concerns science and draw- 
ing. Section II relates to general laboratory tech- 
niques, and organisation, including laboratory-work- 
shop practice, while in section IIT specialised laboratory 
techniques are to be dealt with. For all laboratory 
technicians, the first *s course may be the same, and 
it is directed that the specialised laboratory technique 
and related ancillary science and drawing should be 
gradually Pine oat in the second year, this process 
being intensified in the third year of the course. 

The work of section I, covering science and drawing, 
is mainly intended to be ancillary to the instruction in 
laboratory techniques. It is pointed out that while 
scientific principles and concepts must be considered, 
theoretical treatment, in general, should be limited 
to that necessary to provide a basis for the intelligent 
appreciation of the proper use and application of the 
apparatus and processes with which the laboratory 
technician is concerned. In section II, covering general 
laboratory techniques and workshop practice, the 
ground to be covered is considerable and involves 
instruction in such matters as the safe storage of 
chemicals, crushing and sieving, filtration, the prepara- 
tion of reagents, the assembly of apparatus, centrifugi 
operations, the care and operation of stills and of 
optical and electrical instruments and other apparatus, 
and electrical wiring. The workshop-practice course 
involves the working of glass, metal, wood and plastics. 
Section III, which covers specialised laboratory tech- 
niques is divided into ten parts relating to techniques 
associated particularly with physics; chemi ; 
biology ; combined physics, chemistry and biology ; 
physiology and pharmacology; anatomy; animal 
houses; mechanical engineering; electrical engineer- 
ing; and metallurgy. Each candidate will be expected 
to cover one part only of this section. 

The examination set by the Institute at the comple- 
tion of the course will be held annually, the question 
— and practical examinations being set by the 

itute’s chief examiners, who will be appointed on 
the recommendation of the advisory committee. The 
examinations may be held in Great Britain and Ireland, 
at any technical college or other educational establish- 
ment at which responsibility for their conduct is 
accepted, and also at approved centres in the Domi- 
nions and Crown Colonies. It is intended that further 
syllabuses will be prepared to give students the oppor- 
tunity for more advanced training and specialisation, 
in preparation for a final certificate. 








By T. P. Evrrert, B.A. 
(Concluded from pags 620.) 


Tue problem of blade erosion in the wet region jas 
existed for many years and a number of remediss, 
such as inlet-edge shields or hardened inlet edgos, 
have been used with considerable success. As blade 
speeds increased, erosion troubles increased at the 
same time, and, though methods have been found of 
prolonging the life of blades, the loss of efficiency cue 
to the water-braking effect is not thereby reduc:d. 
The only correct solution to this problem is the extrav- 
tion of as much as possible of the moisture as it is 
formed. It has been estimated that the presence of 
each | per cent. of moisture reduces the stage efficiency 
by an equal amount, but accurate tests are difficult 
and considerably higher estimates have been mace. 
The choice of pressure to be associated with any 
particular steam temperature has always been largely 
influenced by the necessity to limit the moisture con- 
tent in the exhaust steam and, in the author’s opinion, 
insufficient attention has been paid to the design of an 
efficient drainage system. The moisture tends to 
collect towards the outside of the blade annulus, 
whence it is possible to draw it off with a minimum 
quantity of steam through suitably shaped ports in 
the cylinder wall between the rows of fixed blades. 
At each extraction belt, water catchers can be fitted 
which ensure that the steam used for feed heating is 
above the average wetness at the point of extraction, 
and, by the combination of these measures, the average 
wetness can be kept down to well below that corre- 
sponding to the normal expansion curve. 

Table II, herewith. shows the theoretical moisture 
at the exhaust end and the percentage of the total 
adiabatic heat drop which occurs in the wet region 
for the same terminal conditions as in Table I. Opinion 
among both design and operating engineers will 
naturally differ as to the maximum wetness factor 
which is permissible from considerations of blade 
erosion and two cases within the author’s experience 
may be of interest. In both, provision was made for 
draining as much water as possible from each stage of 
the low-pressure turbine. 


TABLE II.—Erhaust Conditions and Turbine Efficiency. 








Reduction 
seam | steam | Pes |Peanue Base 
Cycle | Pres- | Temper- etness | Dropin | due to 
No. | sure, | jsture, Jat Exhaust, Wet | Wetness 
; oe g Percent. | Region. | as Basis of 
| | Case 2. 
| | 
rs 600 850 12-0 44 —0-05 
2 900 900 13-2 45 0-00 
3 1,500 950 15-0 49 —0-2 
4 1,500 1,000 13-8 44 +0-°05 
5 1,500 1,050 12-5 39 +0-3 
6 1,800 950 16-4 52 —0-35 
7 1,800 1,000 15-1 47 —0-10 
8 2,100 1,000 16-2 49 —0-20 




















Case No. 1 concerns a 30-MW unit which has been 
in operation since the end of 1938, usually at between 
90 per cent. and 100 cent. of its maximum rating, 
and for approximately 85 per cent. of the possible 
ing hours. The steam conditions and vacuum 
are such that the theoretical moisture at the exhaust 
is a little over 16 per cent. The last row of blades, 
after 11 years’ service, shows a relatively small amount 
of erosion and appears good for a further period of 
11 years. The blade tip speed in this case is 1,160 ft. 

rsecond. In Case No. 2, the unit is much smaller ; it 
is quoted only because the exhaust wetness is excep- 


tionally high. It is a marine installation of about 
7,000 shaft horse-power, with a tip s for the last 
row of blades of 850 ft. per second, and has been 


running for over four years with a theoretical wetness 
of about 22 per cent. owing to the superheat tempera- 
ture being considerably lower than the design figure. 


;|A r peanarticne gee showed that, though some erosion 


had occ , this was not more than might have been 
expected with a turbine without drainage, running 
with a wetness factor of perhaps 10 per cent. It is 
appreciated that the very moderate blade speed 
prevents any direct comparison with larger turbines, 
but the exceptionally wet exhaust makes the results 
of interest in assessing the performance of the drainage 
system used. In neither of these cases was any special 
blade design used to reduce erosion and no erosion 
shields were fitted; and, in each case, both official 
trials and operating results over considerable periods 
can only be reconciled with the design calculations on 
the assumption that the actual average moisture in the 
wet region is very much below the theoretical value. 





* Paper presented at a meeting of the North-East 
Coast Institution of Engineers and Shipbuiiders, held in 
Newcastle-on-T yne on Friday, March 24, 1950. Abridged. 
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Referring again to Table II, it will be seen that for 
none of the steam conditions tabulated does the 
theoretical exhaust-end wetness much exceed 16 per 
cent., which is the condition obtaining in Case 1, above. 
It may be — assumed, therefore, that operation of 
the exhaust end under any of these conditions can be 
effected without difficulty and without any pronounced 
loss of efficiency. The fifth column in this Table shows 
the he oye proportion of the expansion curve 
which lies in the wet region, and has been used in 
conjunction with the assumption that efficient drainage 
can reduce the ave' wetness in this region to 5 per 
cent., irrespective of the theoretical wetness at the 
end of the expansion line, to calculate the figures in 
the last column. These show the reduction in efficiency 
of the whole turbine compared with the same standard 
as previously, namely, the 900 lb., 900 deg. F. cycle. 
The assumed figure of 5 per cent. for the average 
moisture cannot be substantiated either by calculation 
or direct measurement, but is based on the analysis of 
test results obtained from turbines fitted with drainage 
devices, including the two cases already cited. 

If the problem of excessive moisture can be said to 
have been solved, the range of steam pressures which 
can be associated with any given temperature can be 
greatly increased. With a temperature 50 deg. F. 
lower than the pro new standard, the 
can be increased from 1,500 lb. to 2,100 Ib. per square 
inch without any special difficulties being encountered, 
and with a considerable potential gain in thermal 
efficiency. The only effect of increasing pressure is to 
make it necessary to provide more stages of drainage, 
owing to the greater number of stages operating with 
wet steam and the corresponding small drop in turbine 
efficiency shown in the last column of Table II. 

The area of the last rows of blades cannot, of course, 
be related to the size of unit and the steam pressure 
and temperature alone, as it must be proportioned for 
the vacuum available, which is determined more by 
the water conditions than by the turbine designer’s 
choice. A tctal blade area of 70 sq. ft. for a double- 
flow exhaust with tip speeds in excess of 1,250 ft. per 
second is not uncommon, even with 60-MW units 
where the vacuum is high, and still greater areas will 
be necessary for larger units if leaving losses are not 
to increase. The alternative to increasing the area of 
individual exhausts is to increase the number of flows 
in parallel, and this solution is attractive from the 
point of view of keeping tip speeds and blade stresses 
down. Whichever method is adopted for dealing with 
the very volume involved, the leaving losses, in 
@ properly designed exhaust end, can be maintained 
at approximately the same value as in the case of the 
60-MW 900-lb. 900-deg. F. unit. 

The effect of the different thermal cycles on the low- 
pressure end cf the turbine may be summarised as 
follows: a theoretical wetness in the exhaust up to at 
least 16 per cent. and probably higher can be allowed 
if efficient means of interstage drainage are provided, 
and that such drainage is possible as is shown by over 
ten years’ experience ; with such a drainage system, 
the effect on the overall turbine efficiency of varying 
proportions of the total work being carried out in the 
wet region is small, and the increased volume of 
exhaust steam consequent on an increase in size of 
unit to 100 MW need not mean increased leaving losses. 

In the calculation of the cycle efficiency, as was 
pointed out, it is assumed that feed heating takes place 
in an infinite number of heaters and in a reversible 
manner. Unfortunately, neither of these conditions 
can be fulfilled in practice; in addition, there are 
pressure and heat losses to take into account, as the 
heaters cannot be located in close proximity to the 
turbine casing. The most efficient feed-heating plant 
is the one which approaches most closely to the ideal, 
and the effect of the various departures from the ideal 
are worth some consideration. 

The final feed temperature assumed is 70 per cent. 
of the saturation temperature corresponding to the 
inlet steam pressure, and this is a reasonable maximum 
value beyond which only very small gains may be 
expected. In the case of the 900 Ib. 900 deg. F. cycle, 
an increase in the number of heaters from five to six 
will show an improvement in thermal efficiency of about 
0-4 per cent. The addition of a further stage for the 
same final feed temperature would increase this figure 
by little more than 0-1 per cent., a negligible return 
for the added complication. Similarly, for the higher- 
pressure cycles, the most economic number of heaters 
would appear to be seven stages in all cases, as further 
additions would show little gain. The exact differences 
depend on assumptions made in respect to losses and 
tem ture differences, and on whether it is possible 
to choose bled-steam — which, in every case, 
would correspond to the most favourable distribution 
of the temperature rise amongst the heaters. Further 
small improvements over present practice in the country 
could be gained by improving the efficiency of those 
heaters fed with superheated steam through the 
addition of a desuperheater in series with the heater, 
and also by the provision of separate drain coolers 





for each heater. By a reasonable application of these 
methods, a further gain of about 0-3 per cent. is 
possible. 

The final criterion of plant efficiency must always 
be the amount of heat consumed per unit of electricit; 
sent out, and not merely the performance of the turbo- 
alternator with its feed-heating system. Boiler 
efficiencies are not appreciably affected by the pressure 
or temperature at which they operate, so that, in 
the choice of terminal conditions, the cost and reliability 
factor are the most important. 

The largest single auxiliary power requirement is 
for the boiler-feed pump, and the power absorbed is 
directly dependent on the steam pressure adopted. 
In some high-pressure installations in this country, 
reciprocating ram pumps have been adopted to take 
advantage of the inherently higher efficiency of this 
type over the more usual centrifugal pump. The 
difference in power input is of the order of 20 per cent., 
and, as the feed-pump power in the case of steam 
pressure of the order of 2,000 lb. per square inch is 
approximately 2 per cent. of the turbine output, a 
gain of 0-4 per cent. in overall efficiency is possible. 
Where such a pump is fitted, the cheaper and smaller 
centrifugal pump is, of course, adequate for stand-by 

and use during those periods when the ram 
unit is out of commission for repair or overhaul. This 
would seem to be a saving well worth accomplishing, 
as the extra cost is not likely to amount to more than 
about 58. per kilowatt installed. The total auxiliary 
power requirements are of the order of 5 per cent. and, 
apart from the feed pump, are subject to only minor 
variations due to cycle conditions. In the later calcula- 
tion for anticipated overall thermal efficiencies, allow- 
ance has been made for the variations in feed-pump 
power, but all other auxiliary requirements have been 
taken at the constant figure of 3 per cent. 

Although having no bearing on the efficiency of 
generation, the pipework and valves cannot be alto- 
gether disregarded in choosing live-steam conditions. 
The difficulties associated with temperatures in excess 
of 1,000 deg. F. will have a noticeable effect on capital 
costs and, at least until more experience has been 
gained, on availability and maintenance costs. In 
general, it would appear that the difficulties associated 
with the highest temperatures will be much greater 
than those due to increasing pressure, if only for the 
reason that far less experience is available to guide the 
designer. An installation at Langerbrugge, in Belgium, 
was in operation in 1930 at a pressure of 2,800 lb. per 
square inch in connection with a boiler operating on 
the original Benson principle of steam generation at 
the critical pressure. Many other power plants have 
since been commissioned in Europe with pressures in 
excess of 1,500 lb. per square inch, but, in most cases, 
the associated temperature was under 950 deg. F. 

The effect of various steam conditions has been dis- 
cussed in relation to the efficiency of the different 
components making up a complete generating equip- 
ment. No mention has been made of alternator eff 
ciencies, as the size of all units except Cases 1 and 2 is 
the same, and if, as is common at the present day, 
hydrogen cooling is used for all alternators of 60 MW 
and above, there is little variation in the efficiency of 
this section of the plant. The ratio between the 
calculated overall thermal efficiency and the cycle 
efficiency for each case is shown in Table III, herewith, 


TaBLeE III.—Overall Thermal Efficiency and Cycle 








Efficiency. 
| 
Overall 
Steam Steam Overall Overall Heat 
Cycle Pres- temper- | Perform- | Thermal | Consump- 
No. sure, ature, ance Efficiency, tion, 
Lb. g. Deg. F. | Coefficient.| Per cent. | B.Th.U. 
per kW-hr. 
1 600 850 0-675 29-7 11,500 
2 900 900 0-680 31-7 10,770 
3 1,500 950 0-674 32-9 10,360 
4 1,500 1,000 0-678 34-0 10,040 
5 1,500 1,050 0-681 34-4 9,920 
6 1,800 950 0-671 34-3 9,960 
7 1,800 1,000 0-672 34-6 9,870 
8 2,100 uy 0-662 34-5 9,880 




















and the variations from case to case represent the effect 
of cycle conditions on the performance of the individual 
components, as outlined in this paper. Account has 
been taken of the recommendations for the most 
efficient practical feed-heating systems. 

The last columns show the overall thermal efficiency 
and heat consumption which may be expected on 
100. per cent. load factor under what might be termed 
“test conditions,” and is the product of the cycle 
efficiency and performance coefficient. In day-to-day 
operation, such figures would not be obtained. Evena 
base-load machine will not be operating at its theoretical 
maximum efficiency for the whole of the time, and, 
in assessing the probable performance over a period of 
time, there are many factors which will vary, not only 
from station to station, but from time to time in any 


particular station. The calculated heat consumption 
is, however, the yardstick by which projects have to 
be compared, and on which fuel savings have to be 
compared with the increased costs of added complica- 
tions and the possibility of increased maintenance 
outages at least until operating experience has been 
obtained. Cycle No. 7 shows the lowest heat consump- 
tion figure, while Cycle No. 8 indicates that there is no 
advantage in increasing the pressure beyond 1,800 lb., 
with a temperature limit of 1,000 deg. F. On the basis 
of constructional considerations, the 1,800 Ib., 1,000 deg. 
F. cycle also has advantages, since increasing pressures 
are easier to deal with than increasing temperatures. 
It may, therefore, be stated, that the next logical step 
would be the adoption of these terminal conditions. 
This is not to say that still higher temperatures will not 
eventually be used, possibly associated with yet higher 
pressures, but the gain will not be great. 

The use of higher temperatures is a commonplace 
in gas-turbine construction, but he would be a bold 
designer who, at the present time, would claim for his 
plant the same reliability as is e from power- 
station plant over the whole of a life of some 20 years. 
Thermal efficiencies also do not yet compare too 
favourably with those shown in Table III, and, though 
relatively small gas-turbine units are being manufac- 
tured for power generation, the turbine associated 
with a coal-burning boiler will be, for many years to 
come, by far the largest power generator in this country. 
When the next step in in ing terminal conditions 
has been successfully taken, further scope for improve- 
ments with conventional plant will be small, and either 
some new cycle, such as that suggested by Mr. J. F. 
Field in his recent paper* to the Institutions of Electrical 
and Mechanical Engineers, must be adopted, or power 
stations must be located in situations where large 
quantities of low-grade heat can be supplied to surround- 
ing districts for industrial or domestic use. 

As regards improvement of the average efficiency 
of generation, the position is different. The latest 
figures published, for the year ended March 31, 1949, 
show that the average thermal efficiency of all stations 
operating under the British Electricity Authority was 
20-15 per cent., based on units sent out. If this could 
be improved to approximately 25 per cent., there would 
be a reduction in fuel costs per unit sent out, at present- 
day coal prices, of 0- 1d. 





ENGINEERING TRAINING AT 
VICKERS-ARMSTRONGS LIMITED. 


OpprortTunitTiEs for training in the engineering, ship- 
building and aircraft industries are ‘and te 
leaving school and to university graduates in engineer- 
ing, physics and mathematics, by Messrs: Vickers- 

mgs Limited, Vickers House, Broadway, 
Westminster, London, 8.W.1, and are described in a 
well-produced illustrated brochure issued recently. 
In such a large organisation it has been found impossible 
to standardise the educational qualifications demanded 
of entrants; some works set a special examination 
while others specify the standard required. A period 
of five years is required for learning a skilled trade, 
but the agreement between the company and the 
apprentice can be terminated by either side at any 
time. Graduate apprentices train in the works for 
two years ; vacation courses are also arranged. Suit- 
able apprentices are encouraged to pursue further 
study outside the works; in approved cases, time off 
with pay may be allowed for attending a technical 
college. In many sections of the company, university 
scholarships up to a value of 2001. a year are granted. 

In general engineering, boys entering at the age or 


_ | 16 may be apprenticed in various trades or in draughts- 


manship. ys who select draughtsmanship must 
study for the National Certificate. In shipbuilding, 
drawing-office apprenticeship is open to boys of 16 
who have ed matriculation standard; these 
apprentices pass through all the stages of design and 
draughtsmanship, spend a period in the yard, and are 
required to attend evening classes to study for the 
National Certificate in Naval Architecture. 

In aircraft engineering, three grades of apprentice- 
ship are offered. Engineer apprentices, who are 
allowed 1} to 2 days a week to study for the internal 
B.Sc. (engineering) degree of London University, 
enter at 16 to 17 years, or within three months of 
leaving school, and must have matriculated. After 
a basic workshop training, they are transferred to 
one of the technical offices or production ae 
ments. ‘‘ Aviation” apprentices, who must have 
obtained a school tied with credits in mathe- 
matics and science, take a course including study for the 
Ordinary and Higher National Certificates. Trade 
apprenticeship is open to boys of 16 years; the course 
is varied according to the apprentice’s ability. 





* “The Application of Gas Turbine Technique to 





Steam Power,” delivered on February 24, 1950. 
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RURAL WATER SUPPLIES.* 
By Prrer Lamont, M.A., A.M.I.C.E., M.I.W.E. 
(Concluded from page 640.) 


As the cost of trunk and distribution mains normally 
represents at least 75 per cent. of the total cost of a 
rural water-supply scheme, it is on these that the best 
opportunity arises of affecting economies by planned 
development and careful design. If a purely short-term 
view is taken, the initial cost of the mains network can 
be kept down, but this will almost certainly entail 
the duplication of trunk mains and even distribution 


mains within a very few years. The ultimate total | n 


expenditure is then likely to be appreciably higher than 
that of a long-term scheme; two small mains cost 
from 40 per cent. to 50 per cent. more than a single 
large main of the same carrying capacity. If, on the 
other hand, a comprehensive long-term scheme is 
carried out, the carrying capacity of the mains may 
not be fully utilised for a number of years, and the 
greater initial cost often im a serious financial 
burden on the undertaking. In the past, the short- 
term view has been all too prevalent and many rural 
authorities who carried out water schemes under the 
1934 Act have had to submit schemes under the 1944 
Act for the wholesale duplication of trunk mains. In 
the present economic situation, there is a danger that, 
once again, the short-term view may have to be taken, 
but it is to be hoped that this can be avoided. 

The solution must, of course, depend upon the cir- 
cumstances of each particular case, and can only be 
arrived at by the preparation of a long-term develop- 
ment plan and the examination of alternative solutions. 
In many cases, however, both initial and ultimate 
economy could be achieved by the incorporation in the 
long-term plan, to a greater extent than is customary 
at present, of water towers disposed at strategic points 
in the trunk and distribution system. Such towers 
would fill up each night during the period of low demand 
and would provide the additional water required during 
the day, when the overall demand might be from two to 
three times greater than average. By the adoption 
of such towers in suitable cases, long-term economy 
could be achieved by the reduction of the size of trunk 
mains, and short-term economy could be achieved by 
deferring their actual construction until justified by the 
rising consumption. 

In suitable cases, it might also be possible to include 
electrical booster pumps in the long-term plan and 
to defer their installation until required, but the 
wholesale installation of small booster pumps in a rural 
area is not advocated either on economic or practical 
grounds. The capacity of water towers and boosters 
on the public supply should be restricted to that 
required to satisfy the fluctuation in the demands of 
the domestic and small-scale agricultural and horti- 
cultural consumers. The fluctuations in the demands 
of large dairy farms, glasshouses and overhead irriga- 
tion installations can only be met by local storage 
tanks, installed by and at the individual expense of the 
consumer. 

In many districts, the mains originally laid are 
pitifully inadequate to deal with even a modest amount 
of future development. The author has personal 
experience of so-called mains, as small as } in. in 
diameter, often attempting to serve a dozen houses in 
streets where further development was inevitable. 
Such cases may be exceptional, but 2 in. is a very 
common size for rural distribution mains. Many 
engineers have recommended that 3 in. or even 4 in. 
should be regarded as a minimum. In the author’s 
view, the establishment of an arbitrary minimum 
would tend to increase unnecessarily the already ve 
heavy cost of mains in rural areas. The size of all 
mains should be neither smaller nor larger than required 
under the long-term development plan. Experience 
suggests there are many cases where 2-in. mains 
(preferably of asbestos cement) would satisfy the 
estimated ultimate water requirements ; in such cases, 
the laying of 3-in. or 4-in. mains would be wasteful. 
Such mains are of little value for fire-fighting, but the 
Fire Service always has the opportunity of paying the 
additional cost if a larger main is considered necessary 
for fire-fighting purposes. Such mains should, of course, 
only be employed where no possibility of future exten- 
sion exists. If there is any doubt on this point, a larger 
main should be laid. 

A great deal of money will be required during the 
next few years not only to bring supplies to new areas, 
but also to enable areas already supplied to satisfy the 
increasing demand. It has been stated that rural 
schemes for England and Wales, of which the estimated 
total cost is 46,300,000/., are at present before the 
Ministry of Health for approval. Less than one-third 
of these schemes have so far been allowed to proceed, 
and during the past few months the rate at which starting 
dates have been awarded has slowed down ominously. 





* Paper read before the Royal Society of Arts, London, 
on May 17,1950. Abridged. 


If allowance is made for schemes not yet submitted, 
the total cost would probably reach 60,000,000/. This 
sum would satisfy the needs of rural development for 
at least ten years ahead. Assuming that a 25 per cent. 
Treasury Grant be made, the Government’s share of 
this total would be 15,000,000/. If the money were 
raised as a loan, the Government’s share would be a 
little over 750,000/. per annum, which is less than a 
quarter of one per cent. of the annual cost of the 
Health Service. The proportionate benefit to public 
health resulting from the provision of an ample supply 
of pure water to the rural areas would far exceed this 
infinitesimal figure. It is hoped, therefore, that the 
ecessary money will be made available immediately, 
and that the priority given to rural water supplies will 
be greatly increased. If money and materials are not 
made available, a serious situation will arise, especially 
in areas which have a well-developed distribution 
system but which require additional trunk mains and 
other supply works necessary to enable them to meet 
the rising demand. _It is not possible to ensure “ fair 
shares for all” in a waterworks system in which the 
demand exceeds the supply: People near the trunk 
mains continue to draw all the water they require, but 
those who live on the fringes of the distribution area 
have to go short. In these circumstances the water 
authority would eventually be compelled to refuse to 
connect new trade and agricultural supplies and might 
even have to disconnect certain existing supplies with 
disastrous effects upon home food production. 

It is hoped that the Minister of Health will make 
positive use of the powers which he already 
under the Water Act, 1945, in order to secure the 
regrouping of rural waterworks undertakings into 
larger units than at present. It is unfortunate that 
the Minister has not seen fit to establish any of the 
regional ‘“‘ Joint Advisory Committees” for which 
provision was made in the Water Act, 1945; they 
could have given him a great deal of valuable informa- 
tion and advice during the five years. 

It is important that action should be taken now in 
order that permanent development may proceed, and 
that expenditure may be avoided on works which 
would become redundant as a result of reorganisation. 
Above all, it is hoped that, when the rural undertakings 
have been reorganised where necessary, the Minister 
will not proceed to group all undertakings, rural and 
urban, local authority and company, into a nationalised 
system of regions, areas and districts with a three-tier 
system of administration. The present single-tier 
system of administration, whereby each undertaking 
is responsible direct to the Ministry of Health, is 
universally preferred. Under this system, it is possible 
for local authority undertakings, joint water boards 
and statutory companies to work side by side in 
harmony, maintaining liaison between each other 
locally by means of the regional advisory committees 
when these are formed. 

The alternative—complete nationalisation—would 
involve the disappearance of the urban water companies 
and local authority undertakings, many of which have 
a century of experience behind them, with a record of 
service to the public of which they are justly proud. 
It would also curtail the responsibilities of existing 
joint water boards. The establishment in the water- 
works industry of the three-tier system of administra- 
tion, which has accompanied the nationalisation of gas 
and electricity, would involve the expenditure of much 
public money on the formation of headquarters which 
would be better spent upon the provision of works of 
supply. It would involve the appointment of technical, 
administrative and clerical staff, who would be better 
employed elsewhere, and would place upon the industry 


Ty | generally an additional burden of administrative costs, 


which could not fail to increase the cost of water. 
Above all, by the almost complete removal of the power 
of decision from the local level of administration, it 
would inevitably give rise to that feeling of frustration, 
which can already be clearly detected among local 
executives of the other two services, and which would, 
in time, lower the standards of the industry. For the 
sake of the public and also, in some measure, of those 
who are devoting a lifetime to the development of 
water supplies in this country, it is most earnestly 
hoped that this course will not be chosen. 





ALUMINIUM ALLOYS IN SHIPS’ SUPERSTRUCTURES.— 
An illustrated booklet has been issued gratis by the 
British Aluminium Company, Limited, Salisbury House, 
London Wall, Londen, E.C.2, which gives information on 
the uses of aluminium alloys in ships’ superstructures. 
Tables of data on the mechanical properties of sheet, 
plate, extruded sections, pattern treadplate and rivet 
wire, and the tolerances and weights of sheet and plate 
materials, are included. Recommended materials and 
the sizes available are described ; the special considera- 
tions required in designing aluminium structures and 
in organising the fabricating processes in the shipyard 
are also discussed briefly. 








NOTES ON NEW BOOKS. 


Gas Turbines and Jet Propulsion. | G. GEOFFREY 
Smirn, M.B.E. Fifth edition. liffe and Sons, 
Limited, Dorset House, Stamford-street, London, 
S.E.1. [Price 21s. net.] 


Experts in any branch of technology or science are 
continually finding that, as the frontiers of their know- 
ledge extend, the new text-books on the subject 
become more and more specialised. To follow tiie 
advances in the field of gas turbines in a text-book was 
possible, perhaps, when Stodola wrote Steam and Gus 
Turbines. To-day, after the immense impetus given 
to the study of Whittle’s invention, the (as yet un- 
written) comprehensive work threatens to assume 
unwieldy proportions, and a popular exposition becomes 
necessary. The fifth edition of Mr. Geoffrey Smith's 
book, while scarcely coming into the category of a 
text-book, presents much that is of interest, even to 
those familiar with the lore of gas-turbine development. 
The reader is introduced to the many scientific facts 
and principles confronting both engine and aircraft 
designers, without being worried by unnecessaril, 
complicated mathematics. Added chapters dray 
attention to ram-jets and pulse-jets, to rocket propul! 
sion, and to road-transport gas-turbine possibilities. 
A new treatment has been given to combustion. The 
compounding cf compressors and turbines in gas 
turbines, as well as the compounding of gas turbines 
with reciprocating engines to form power units, is now 
included. Metallurgical problems and developments 
are described, and fuel and control systems are simply 
explained. While by no means a mere catalogue, th« 
book gives, if in a somewhat discursive fashion, up-to 
date information on new aircraft and their engines. 


An Introduction to Aeronautical Engineering. Volume I. 
Mechanics of Flight. By A. C. Kermope. Sixth 
edition. Sir Isaac Pitman and Sons, Limited, Pit- 
man House, Parker-street, Kingsway, London, 
W.C.2. [Price 18s. net.] 


THE first edition of this book was published in 1932. 
and was intended as an elementary textbook for air- 
frame mechanics who, in these days of wire-braced 
biplanes, had a considerable influence on the flying 
characteristics of aeroplanes. In later editions, the 
emphasis has changed with the development of the 
aeroplane and it is now written mainly for pilots. It 
covers, broadly, the basic conceptions of aerodynamics, 
the theory of flight, performance, stability and control. 
Appendices contain data on aerofoil sections, units and 
dimensions, a discussion of scale effect, general and 
numerical problems and their solutions. The author 
has had considerable experience in the technical instruc- 
tion of pilots and has mastered the art of presenting 
sound technical information in a highly readable 
manner. The present edition has been thoroughly 
revised, two new chapters have been added, one on 
mechanics at the beginning of the book, and an admir- 
able concluding chapter on high-speed flight. The 
— chapter on propellers, re-titled “‘ thrust,” now 
includes jet and rocket propulsion. The numerical 
examples have been increased in number and in scope, 
and have been brought up to date. More modern 
aerofoil sections have been included in the appendix 
on aerofoil data. Throughout the book, new diagrams 
and photographs have been added where necessary, 
and references to jet and rocket propulsion have been 
inserted in the appropriate places. 


The Electricity Supply Statutes. By Joun W. Smmpson, 
O.B.E., and C. J. Hornsspy. British Electricity 
Authority, 16, Stratford-place, London, W.1. [Price 
158. net.} 

TuE Electricity Act, 1947, brought about a profound 

change in the legislation governing the electricity 

supply industry of the country, which began with the 

Electric Lighting Act, 1882. In particular, it established 

a single controlling body in the British Electricity 

Authority, as well as subsidiary Area Boards to carry 

out the work of distribution. In so doing, it brought 

about the dissolution of the Electricity Commissioners 

and the Central Electricity Board, formed in 1919 

and 1926, respectively, as well as several hundred 

undertakings owned either by local authorities or 
private companies. The book begins with a useful 
summary of the salient provisions of the Electricity Act, 

1947. This is followed by a recapitulation of the earlier 

statutes as modified by this Act. The Act itself is 

given in full and there is a complete index. No com- 
mentary is attempted so that those interested in the 
play of legal forces must still rely on Wills’s Law relating 
to Electricity Supply and Sir John Dalton’s supplement 
to it. On the other hand, the task of finding out what in 
the various earlier Acts does and does not still apply will 
be facilitated. For instance, of the 52 original sections 
of the Electricity (Supply) Act, 1926, only nine are still 
in force and the provisions of the Electricity (Supply) 

Act, 1922, have been reduced from 31 to four, and it is 

only these that are included. 
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NEW WORKSHOPS AT 
THE ENGINEERING 
LABORATORY, CAMBRIDGE 
UNIVERSITY. 


Tue history of engineering education at Cam- 
bridge is one of continuous development from the 
inception of formal teaching in 1875, under the 
guidance of Professor James Stuart, to the present 
day, when research and teaching activities are a 
strain on existing accommodation. Prior to the 
outbreak of war in 1939, the number of students 
working in the department had remained fairly 
steady over a period of some 15 years, but with a 
gradual increase towards the end of the decade. 
A marked increase in research activity from 1943 
onwards, coupled with the post-war demand for 
increased teaching facilities, brought to a head the 
problem of laboratory and lecture-room accommo- 
dation. 

The Engineering Laboratory, with the exception of 
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lecture rooms and workshops, was moved to its 
present site in 1922 from the original premises in Free 
School-lane. The new site was the Scroope House 
estate, consisting of a large house and some four 
acres of garden. The site was planned to provide for 
extension, all development taking place from the 
western boundary, leaving Scroope House intact 
for use as administrative headquarters. In 1931, 
a new lecture-room block was built on the east front, 
with a large students’ drawing office on the first 
floor, and from this time onwards it was possible to 
concentrate all teaching activity in the buildings 
on the new site. Part of the development plan was 
to extend this new lecture-theatre block to the south 
end of the site. 

When this plan was reconsidered in the light of 
post-war development, it was decided to complete 
the half-finished project of 1931, but in a different 
way. Instead of extending the lecture theatres and 
drawing office as originally intended, consideration 
was given to alternative plans. One suggestion was 
to build a new two-storey workshops block, thus 
leaving the existing workshops on the west frontage 





as additional laboratory space. The alternative 
plan was to build a two-storey block which would 
provide laboratory space on the ground floor and 
new lecture rooms or drawing office on the first floor. 

The engineering workshops provide a service to 
the department and other scientific sections in the 
University, besides offering instructional facilities 
to students. Equipment is provided for general 
engineering, pattern-making, carpentry, arc and 
gas welding, and instrument making, with the essen- 
tial stores and drawing office facilities. Limitation 
of space in the building plans of 1922 and 1931 had 
created a workshops unit which was dispersed. 
Welding, pattern-making, carpentry and the work- 
shops drawing office had been given such space as 
could be found at the time, with the result that 
material handling and management left much to be 
desired. In particular, the noise of woodworking 
machinery was a constant source of annoyance to 
the unfortunate occupants of an adjacent lecture 
room. Much production time was wasted by the 
imposition of a ban on the use of woodworking 
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machinery at specified times in the academic year. 
The final decision was to build a new workshop 
of two storeys and to bring together all workshops, 
equipment and staff into a complete unit. One 
complication remained. A large free standing 
water tank, of 25,000 gallons capacity, had been 
erected as part of the 1922 development in the 
position that it would occupy when the east front of 
the laboratory was complete. Sketch plans were 
prepared, incorporating the water tank as part of the 
roof structure as originally contemplated, but this 
scheme had to be abandoned because of interference 
with teaching and research in the hydraulics section 
of the department. The approved design was for a 
steel-framed building, 190 ft. by 54 ft. on two floors, 
built within the defined limitations of site but includ- 
ing within itself the supporting steelwork of the 
water tank. Final agreement on the general design 
was reached in November, 1946, and site clearance 
commenced in August, 1947. 

Fig. 1, herewith, shows the frontage of the new 
building, and Fig. 2 illustrates the sucvessive 


The new building, plans of which are given in 
Figs. 3 and 4, on page 670, was completed in 1949. 
In it, every attempt has been made to provide 
adequate facilities for present and future needs in 
teaching and research. The layout of the work- 
shops has been dictated largely by instructional 
requirements. At the south end is situated a 
small blacksmith’s shop, which houses a single- 
operator arc-welding plant and oxy-acetylene weld- 
ing and profiling plant. This equipment is used 
for production work and has little part in the 
instructional role of the workshops. The welding 
shop, which is adjacent to the blacksmith’s shop, 
is intended for instructional use and contains 
sufficient equipment for eight students to weld at 
the same time, using alternating current. Addi- 
tional equipment for teaching and demonstration 
includes plant for direct-current arc-welding, spot 
and butt welding, argon arc-welding, and a straight- 
line cutting machine. A separate demonstration 
welding bench is provided, with Grade C glass to 





B.S. Specification 679-1936 at front and sides. 
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Fig. 5, on page 670, shows the machine and fitting 
shop, which is served by large folding doors at the 
south end, giving access to a clear space for loading 
transport or for the erection of large pieces of 
apparatus. A travelling hand-operated hoist of 
3 tons capacity serves for unloading and transfer to 
a similar travelling hoist, covering the west side of 
this section. Heavy machines, such as the planer, 
horizontal and vertical boring machines and shaping 
machines, slotter, gear shaper, power saws and one 
heavy 14-in. centre lathe, are served by the hoist 
on the west side. Centre lathes of modern design 
and varied sources of manufacture are arranged at 
right angles to the large windows on the east side, 
thus allowing the maximum amount of natural light 
on the lathe headstock. Continuous benches, giving 
6 ft. of space to each man, are attached to the east 
and west walls. Each bench has two drawers and a 
cupboard for the storage of personal tools. 

At the northend of the ground floor are the stores, 
which serve all sections of the department ; they are 
shown in Fig. 8, on page 671. Incoming goods are 
received through large folding doors of identical 
design to those serving the machine and fitting 
shop. A travelling hand-operated hoist of 2 tons 
capacity is available over the unloading bay. All 
goods or equipment entering the department are 
delivered to the stores for examination and checking 
before issue to the section concerned. The stores, 
which have a mezzanine floor as additional storage 
space, have an area of 3,100 sq. ft. and are com- 
pletely equipped with numbered racks and bins. 
Part of the space has been enclosed as a tool store, 
with a communicating hatch to the machine and 
fitting shop for the issue of tools and small instru- 
ments to the laboratory staff. The tool store, in 








stages in developing the Scroope House site. 


addition to its normal function, will hold small items 
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CAMBRIDGE UNIVERSITY: NEW ENGINEERING WORKSHOPS. 


Fig. 3. INSTRUMENT SHOP, FIRST FLOOR PLAN 
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Fig.4. MACHINE SHOP, GROUND FLOOR PLAN 
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Gear shaper. 
Surface grinder. 
Plain grinder. 


Bending roller. 
Setting-out table. 
Capstan lathe. 
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Straight-line cutter. 
Brazing hearth. 
Engraving machine. 


Guillotine. 
Nibbler. 
Mortise machine. 


Radial drilling machine. 
Horizontal boring machine. 
Vertical boring machine. 


Buff and grinder. 
Demonstration welding bench. 
Watchmaker's lathes 


Bench. 

Multi-drilling machine. 
machine. 

Universal milling machine. 
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of electrical equipment in frequent demand, such as 
meters, resistance boxes, hot-air blowers and cooling 
fans. 

On the first floor, light machine tools of the 
instrument shop occupy the larger part of the space 
provided, with the woodwork shop at the south end 
and offices at the north. The woodwork shop, 
shown in Fig. 6, opposite, is equipped with four 
modern wood-turning lathes of varying design, two 
circular saws, a planing machine, band saw, mortis- 
ing machine, drill, trimming machine, sanding 
machine and tool-sharpening equipment. Extrac- 
tion plant is fitted to the larger machines, the chips 
being taken through a main duct and cyclone extrac- 
tor to a chip bin, situated in the boiler house. A 
mezzanine floor over the south end of the woodwork 
shop is used as storage space for patterns and 
small pieces of timber. Students taking pattern- 
making as part of their workshop training are given 
demonstrations of elementary moulding practice in 
a small room under the mezzanine floor, partitioned 
off from the main woodwork shop. 

The equipment of the instrument shop (Fig. 7, 
opposite) includes eleven lathes, ranging from the 
watchmaker’s type to 13-in. swing toolroom 
machines, vertical and universal milling machines, 
universal and surface-grinding machines, a coil- 
winding machine, and an engraving macbine. 
Equipment for sheet-metal working housed on this 
floor includes a band saw, circular saw, fly press, 
nibbler, guillotine and folding machine. A variety of 
drilling machines and tool grinders have been dis- 

posed down the centre of the floor, for general use 


Trimmer. 
Shears. 
Band saw. 
Circular saw. 
Fly 
Screwing machine. 


Power saw. 

Spot welder. 
Argon-arc welder. 
Butt welder. 
Profile cutter. 
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Coil-winding machine. 
Slotting machine. 
Planing machine. 

Belt sander. 

Tool grinder. 
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by all craftsmen employed in this section. Standard 
benches are fixed to the walls on the east and west 
sides. A large hatchway in the floor of the instru- 
ment shop is immediately above the unloading bay 





of the stores on the ground floor and provides a 
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means for heisting up machines and apparatus 
required for use in this section. 

The north end of the first floor is immediately 
under the large water tank and suffers somewhat 
from poor natural lighting except for the extremity, 
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which has clerestory lights. Under these lights, 
and against the windows of the west and east sides, 
are grouped the workshops, offices and drawing 
office. This arrangement leaves for the machines 
and work benches the maximum amount of floor 
space, with natural lighting from the sides and over- 
head. On the east side of the first floor and under the 
water tank, a space has been partitioned for the 
use of maintenance electricians. Test panels, 
measuring instruments, soldering equipment, racks 
and bins have been provided, together with four 
units of the standard bench used throughout the 
new workshops. Lack of natural light in this 
section is not troublesome, as the electricians spend 
most of their time in other parts of the laboratory. 

Two power cables have been provided, one to a 
switchboard supplying light and power for the 
workshops as a whole. A second cable feeds a 
separate switchboard in the welding shop, where the 
load is heavy and fluctuating. Lighting is ‘by 
fluorescent tubes throughout, except on the mezza- 
nine floor of the stores. By suitable arrangement of 
single-tube and double-tube fittings, a high standard 
of illumination has been achieved. Power supply 
to all machines is by ducts and conduit, let into 
the Granolithic floors. A trough on the centre 
line of the ground and first floors contains a channel 
conduit in which are housed all power cables. 
Tapped off at right angles from the channel conduit 
are the }-in. conduits containing cables feeding 
the machines. This arrangement gives a clear space 
over all machines, without interference with natural 
or artificial light. 

Machine layout in a workshop devoted to experi- 
mental work is not subject to many changes and it 
was decided that the present arrangement of power 
supply offered considerable advantages in appear- 
ance, cheapness of installation, and freedom from 
obstruction. Spare conduits have been laid in the 
floor for connection to any new machines which may 
be installed in the future. Power plugs and gas 
points have been fitted at intervals over all benches 
and 60-amp. plugs for connection to portable welding 
plant have been installed on each floor. 

All partitions between workshops and offices are 
of steel, with clear glass windows. The steelwork of 
the building is painted larch green, the walls are 
buff, the steel roofing is silver-painted, and the 
machines are in vista grey. All services are marked 
to conform to B.S.S. 617-1942. Heating is by 
low-pressure system through pipes, radiators and 
heating panels, al} fed from the main boiler house 
of the laboratory. To emphasise that an engineer- 
ing student’s interests should not be centred only 
on machines, the entrance hall has been decorated 
with a mural painting, the gift of the Head of the 
Department, Professor J. F. Baker. This composi- 
tion, the work of Mr. Toni Bartl, depicts the 
development of engineering through the ages. 

The Chancellor of Cambridge University, Field 
Marshal the Rt. Hon. J. C. Smuts, O.M., declared 
the new workshops open on June 10, 1949, in the 
presence of the Vice-Chancellor, Canon C. E. Raven, 
members of the staff and their ladies. 





LITERATURE. 


Tables of the Bessel Functions of the First Kind of Orders 
Sizty-four through Seventy-eight. Annals of the Com- 
putation Laboratory of Harvard University. Volume 
XIII. By the Staff of the Computation Laboratory. 
Harvard University Press, Cambridge 38, Massachu- 
setts, U.S.A. [Price 8 dols.] ; and Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 63s. net.] 


TuIs monumental tabulation of the Bessel Functions 
of the First Kind, begun at the request of the 





.| U.S. Navy Department, is being continued under 


the joint auspices of the Air Force and the Atomic 
Energy Commission as the “ base-load ”’ problem of 
the Automatic Sequence-Controlled Calculator. The 
staff of the Computation Laboratory at Harvard 
remain in charge of the design of the tapes con- 
trolling the machine, the general supervision of 
its operation, and the preparation of the sheets for 
the press. The present volume, the eleventh of the 
series, contains orders 64 through 78. As in pre- 
vious volumes, tabulation is to ten decimal places, the 





increasing number of orders included in successive 
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volumes being due to the fact that, the larger 
the integral value of n, the bigger the value of x at 
which J,, (x) begins to diverge from zero by a unit 
in the tenth decimal place. Three functions appear 
on each page and the argument for each extends to 
99-99 with an interval of tabulation of 0-01, except 
at the outset, where a few values are entered at 
irregular intervals. 

The functions of order 64, 65 and 66 are tabulated 
on pages 3 to 124 with J,, (x) starting from z+ = 
37-15, Jeg (z) from 2 = 37-96 and Je, (x) from 
a ='38-78. The functions of orders 67, 68 and 69 
are tabulated on pages 126 to 242 with J,, (x) 
starting from + = 39-61, J, (x) from x = 40-43 
and J,, (x) from x = 41-26. The functions of 
orders 70, 71 and 72 are tabulated on pages 245 to 
356 with J,, (x) starting from x = 42-08, J,, (x) 
from 42-91 and J,,(z) from 2 = 43-75. The 
functions 73, 74 and 75 are tabulated on pages 359 
to 464 with J,, (x) starting from + = 44-58, J,, (x) 
from + = 45-41 and J,, (x) from z = 46-25. The 
functions of orders 76, 77 and 78 are tabulated on 
pages 466 to 566 with J,,(x) starting from x = 47-09, 
Jez (x) from 2 = 47-93 and Jy, (x) from x = 48-77. 

Zeros of the Bessel functions are sometimes 
required and it would be helpful if the values of z 
at which they occur were listed either separately 
or at the appropriate places in the tables. Though 
problems involving Bessel functions of such high 
orders are likely to be rare, it is important that their 
numerical values should be available when needed. 





Refrigeration and Air Conditioning. By PROFESSOR 
RICHARD C. JORDAN and GaYLE B. PRIESTER. Con- 
stable and Company, Limited, 10, Orange-street, 
Lendon, W.C.2. [Price 30s. net.) 

Tus book, by the Professor of Mechanical Engi- 

neering in the University of Minnesota and an 

air-conditioning engineer with the Consolidated 

Gas, Electric Light and Power Company of Balti- 

—_ is eseentially a work for advanced students 

practising engineers, and assumes a competent 

Sou of mathematics and physics. Basic 
thermodynamics are reviewed in detail, however, 
and the various compression and absorption refri- 
geration cycles are explained by the aid of clear 
pictorial diagrams. Fluid flow and heat transfer 
are also comprehensively dealt with, together with 
the thermodynamics of vapour refrigeration and the 
principles of air and other refrigerating systems. 
The book thus provides all the special background 
material that is necessary for an understanding of 
refrigeration theory. The various refrigerants and 
their properties are described ; it is interesting to 
note that some of the Freon group are far from 
non-toxic, as is generally supposed, though it is 
reassuringly stated that it is almost impossible for 
them to reach fatal concentration through refri- 
gerant leaks. A wide range of refrigeration plant, 
including compressors, condensers and evaporators, 
is also described. A particularly useful chapter deals 
with piping and valves for use in refrigeration 
work. 

In the section entitled ‘‘ Advanced Refrigeration 
Topics,” multiple evaporator and compressor sys- 
tems are explained, together with the theory and 
practice of refrigeration control. Absorption refri- 
geration is also dealt with. This system has been 
somewhat neglected until recently, except in 
domestic application, but several large-scale plants 
are now operating, both in this country and in 
America. Cold-storage practice is dealt with in 
considerable length, including methods of calcu- 
lation of cooling loads. A separate chapter covers 
food. preservatior. Among the many miscellaneous 
applications of refrigeration to which reference is 
made are its uses in the production of atomic 
energy, in surgery, and in “rain-making”; and 
there is a note on a method, the subject of a British 
patent, of freezing water on either side of a leak in 
@ pipe in order to enable the fault to be repaired. 
Air conditioning is a subsidiary subject in the 
book, but its principles are briefly explained. 
Numerous charts are provided, in the text and in a 
folder, but many of these are to an inconveniently 
small scale. The list of symbols in the appendix 


METHODS USED IN THE 
STUDY OF INTERNAL- 
COMBUSTION ENGINES.* 


By W. P. Mansrietp, B.So. (Eng.), 
A.M.I.Mech.E. 
(Continued from page 660.) 

Most fortunately, measurement of the tempera- 
ture of various parts of the engine structure is not 
complicated by large cyclical variations. The 
greatest variations occur at the surfaces of the com- 
bustion chamber which are in contact at one 
moment with gases at the maximum cycle tempera- 
ture of some 2,000 deg. C., and, at the next, with 
cool inlet air; but it has been shown that, even 
here, the variation in metal temperature is of the 
order of 10 deg. C. only. For most purposes, this 
may be neglected. 

Thermocouples are ideally suited for this work, 
being small and robust. For greatest accuracy, the 
potential difference produced by the thermocouple 
is balanced against a known potential difference 
produced by a standard cell and a slide-wire potentio- 
meter ; but, for most engine work, ample accuracy 
(of the order of 1 deg. C.) is obtained by a milli- 
voltmeter, calibrated to read temperature directly. 
This type of instrument, provided with automatic 
cold-junction compensation and mercury switches 
connecting any of a large number of thermocouples 
to the millivoltmeter, has proved very satisfactory. 
Copper-constantan, iron-constantan and, for higher 
temperatures, chrome-alumel thermocouples have 
been found the best suited to engine research. 

The fitting of thermocouples to stationary parts 
of the engine structure presents no difficulty, though 
the need to drill a passage to reach points in the 
neighbourhood of the combustion chamber, for 
example, imposes some restriction on the selection 
of positions. In the case of moving parts, notably 
the piston, there is the problem of making the 
electrical connection to the measuring instrument. 
To avoid this difficulty, fusible plugs of eutectic 
alloys have been used instead of thermocouples, 
and some excellent work has been done by this 
means. The use of such plugs to obtain a complete 
series of measurements is time-consuming, since, 
on each occasion when the piston is removed, the 
temperature at a given point is determined for one 
engine condition only and then only within limits 
of some 20.deg. C. The use of thermocouples is 
accompanied by no limitations of this kind. One 
method of making the electrical connections to the 
external circuit is by means of stationary spring 
contacts, which bear on corresponding contacts on 
the moving piston during the portion of the piston 
stroke round the outer dead centre. With this 
arrangement, if is usual to place the so-called 
“cold” junction in a bath, the temperature of 
which can be regulated so that it equals that of the 
thermocouple in the piston, this condition being 
attained when the deflection of a voltmeter or 
oscillograph indicating the out-of-balance voltage 
is zero. 

A more satisfactory method, whereby a direct 
reading may be obtained, is to arrange a continuous 
electrical connection. This presents a considerable 
mechanical problem. An arrangement which has 
proved successful is illustrated in Fig. 7, opposite. 
The conductors connecting the thermocouple leads 
on the piston to the stationary connections for the 
leads to the indicating instrument consist of strips 
of spring material arranged in the form of loops. 
Several such conductors are arranged in- layers, 
thin strips of a resilient insulating material being 
placed between them. The assembly of conductors 
and insulating strips is guided by grooves cut in 
two supports, one of which is attached to the 
piston and the other to a stationary part of the 
engine. As the piston moves, the conductor assem- 
bly rolls out of the groove in one support into the 
groove of the other. The high value of piston 
acceleration which is reached during the early part 
of the outward movement of the piston results in 
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a large inertia force, compressing that part of tire 
conductor on the piston side of the loop. ‘Io 
prevent buckling under this load, the back of the 
guide groove in the support attached to the piston 
is made slightly concave, so that the tendency 1 
buckle merely holds the conductors firmly again: 
the back of the groove. 

This method of bringing electrical connectioi.s 
from a moving member has a number of possiblo 
uses in addition to piston-temperature measure- 
ment. Temperatures of inlet and exhaust valves 
could be measured with a much smaller version of 
the device, and strain gauges on pistons or valves 
could be connected to their associated circuits b: 
this means, To wire up strain gauges attached to 
@ connecting rod, an additional loop of conductors 
between the small end of the rod and the piston 
skirt would be needed. Various types of piston- 
ring movement-indicating units and pressure pick- 
ups could be connected up in this manner, and the 
system could also be used with the electrical- 
resistance method of studying lubrication between 
piston rings and cylinder bore. 

The most numerous, and possibly the most 
interesting, recent developments in methods of 
studying internal-combustion engines are those in 
which electronic equipment is used. Such equip- 
ment, frequently including a cathode-ray oscillo- 
graph, has been applied chiefly to the measurement 
of dynamic pressures, dynamic strains, linear and 
torsional vibration, and noise, though there are 
endless other possible uses. The remainder of this 
lecture is therefore devoted to consideration of such 
applications. 

One of the most important uses of electronics in 
engine studies is the indication of the many pressure 
changes which the gases undergo in their passage 
through the engine. Although piston-type pressure 
indicators designed for engine speeds up to 2,400 
r.p.m. are marketed, and optical indicators have 
achieved moderate success in high-speed engines, 
there is little doubt that, where high rates of change 
of pressure are concerned, electrical methods of 
indication are the most satisfactory. Two distinct 
methods are widely used. In the first, the changes 
of pressure under examination produce deforma- 
tions of a structure, usually a diaphragm, to which 
the pressure is applied. The deformations are 
translated by one of several possible electrical sys- 
tems into changes of voltage, which are applied to 
the plates of a cathode-ray tube, producing vertical 
spot deflections proportional to the instantaneous 
values of the varying pressure. These vertical 
deflections, associated with horizontal deflections 
produced by a suitable time-base circuit, thus give 
pressure-time or pressure-crank-angle curves. With 
this system, a complete diagram is produced for 
every engine cycle, and, given a suitably mounted 
diaphragm or other structure with a sufficiently 
high mechanical natural frequency, together with a 
suitable electrical circuit, the diagram obtained is 
sufficiently accurate for many purposes. This is 
the only type of equipment suitable for the study 
of high-frequency pressure changes, such as those 
associated with petrol-engine detonation or Diesel 
ad knock.”’ 

In onc well-developed indicator of this type, the 
Southern Instruments engine indicator, the dia- 
phragm of the pressure pick-up unit is arranged as 
one plate of a condenser which forms part of an 
oscillating circuit. Variations of the condenser 
capacity due to diaphragm deflections change the 
frequency of the oscillating circuit. These varia- 
tions of frequency are converted by means of a 
frequency-sensitive circuit to voltage variations 
which are proportional to the frequency changes, 
and hence to the diaphragm deflections and the 
pressure changes. These voltage variations are 
amplified and then applied to the deflecting plates 
of a cathode-ray tube. The diagram is produced 
either on the tube screen, by using a time-base 
circuit triggered by engine-controlled contacts, or 
on recording paper or film, in a drum or continuous- 
feed type of camera. The camera records the 
vertical spot movements against a truly linear 
time-base, the scale of which is determined by the 
paper or film speed. The outstanding feature of 
this equipment is a high accuracy in indicating 





pressure changes over a wide range of frequencies. 
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With this system, static calibration is possible, a 
series of known pressures, measured by a master 
gauge or a dead-weight calibrator, being applied 
to the pick-up and the corresponding spot deflec- 
tions on the screen being measured directly. At 
the other end of the frequency scale, the apparatus 
satisfactorily records the high-frequency cylinder- 
pressure changes associated with detonation. The 
cylinder-pressure pick-up has a diaphragm ¥% in. 
in diameter and over } in. thick, with a natural 
frequency of approximately 20 ke. per second. 

In the second method, a small disc is arranged to 
move freely between two plates at instants when 
the changing pressure under examination, which 
is applied to one side of the disc, just exceeds or 
falls below a known steady pressure applied to the 
other side. In this disc-valve method, the associated 
electrical system is used only to record the time 
or crank-angle at which pressure balance occurs 
with a given applied steady pressure ; the require- 
ments of the electrical system are therefore far less 
exacting than with the first method, since only the 
timing, and not the magnitude, of the signal is of 
importance. In the earliest form of this device, 
the Farnborough indicator, which is still in wide 
use and is satisfactory for many purposes, the disc 
valve is arranged as a switch in the primary circuit 
of a spark coil, so that a spark occurs every time 
the disc leaves one or other of the two seats ; that 
is, every time the value of the varying pressure 
passes the value of the external] applied pressure. 
The sparks produced in this way pass through a 
paper attached to a drum which is driven from the 
engine crankshaft or camshaft, so that small holes 
are produced at points on the paper corresponding 
to the crank-angles at which pressure equalisation 
occurs. The spark electrode is arranged to move 
axially along the drum under the control of a 
balanced system comprising a piston in a cylinder 
to which the external pressure is applied, and a 
pair of calibrated springs. As the external pressure 
is slowly varied, the spark electrode moves along 
the drum, the distance moved being a measure of 
the applied pressure. Thus, when the applied 
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pressure is varied slowly over the full range of the 

pressure change being recorded, a complete pressure- 

crank-angle diagram is plotted out by the sparks. 
The use of the disc valve directly, as a switch in 


for arcing to occur between the contact surfaces, 


a number of cycles. 


defects. In one instrument, a thin diaphragm, 


deposit on these surfaces is possible. To avoid 
arcing, a very small voltage is used across the 
contacts, the resultant voltage variations in the 
circuit being applied to the grid of a thyratron 
valve which controls the passage of current to the 
primary of the sparking coil. 

These improvements result in a much reduced 
scatter of points on the diagram. However, the 
introduction of a diaphragm may be considered a 
backward step in so far as, unlike the free disc, the 
diaphragm may exert a force in addition to those 
produced by the gas pressures on either side, so 
that the contact process does not occur at the 
true moment of gas-pressure balance. It is difficult 
to prepare a truly flat thin diaphragm, and still more 





difficult to prevent distortion due to clamping or 


the primary circuit of the spark coil, gives a very 
simple electrical circuit, but it is accompanied by 
certain disadvantages. Deposition of carbon or 
lacquer on the contact faces, which is particularly 
difficult to avoid in the case of an oil engine, destroys 
the precision of the switching operation, and in 
time completely stops the sparking. When the 
disc-valve unit is used under clean conditions, as 
in the inlet system of an engine, there is a tendency 


again with consequent loss of precision. For these 
reasons, the diagrams obtained frequently show a 
much wider scatter of points than corresponds to 
the true variation between the pressure changes of 


Further developments of this type of indicator 
have been concerned mainly with overcoming these 


having a small deflection limited by stops, is used in 
place of a free disc to indicate the moment of 
pressure balance. The side of the diaphragm remote 
from the engine gases makes contact with a central 
electrode, this contact being broken and remade 
as the indicated pressure rises above or falls below 
the slowly-changing applied pressure. In this 
arrangement, the engine gases cannot reach the 
contact surfaces, and hence no carbon or lacquer 


heating. The errors introduced may be negligible 

when the full cylinder-pressure diagram is being 

recorded, but may be serious when smaller pressure 

changes, such as those which occur in the inlet and 

exhaust systems and in the cylinder during the 

gas-exchange process, are being studied. 

A better method of avoiding contact difficulties 

is that adopted in the calibrating unit used with the 

Sunbury engine indicator to calibrate the pressure 

diagrams obtained by means of a normal diaphragm 

pick-up. This calibrating unit consists of a very 

small disc valve, to the two sides of which the 

known and unknown pressures are applied, its 

movement being indicated by a simple electro- 
magnetic pick-up in conjunction with the amplifier 
and cathode-ray tube of the indicator. This type 
of disc-valve unit has been found to operate precisely 
even after considerable carbon deposit has formed. 
The unit is tested before and after use, to ascertain 
that the disc is perfectly free, by applying a very 
small pressure difference and observing the response 
on, the screen of the oscillograph. Cleaning and 
reassembly require very little time. In use, the 
electromagnetic disc-valve unit produces a voltage 
change every time the disc valve moves, and corre- 
sponding vertical deflections occur on the oscillo- 
graph screen. By associating these vertical deflec- 
tions with a degree scale produced by an engine- 
driven degree-marker unit, the crank angles at which 
pressure equalisation occurs with a given applied 
pressure may be determined. Further, by applying 
a whole series of known pressures, sufficient readings 
can be obtained from which to plot out the complete 
pressure diagram. This is a most accurate and 
reliable method of producing pressure diagrams and 
has been used for many investigations. The spark 
method of recording, as employed in the Farn- 
borough indicator, may be used in this case also by 


}| applying the amplified signal from the electro- 


magnetic disc-valve unit to the grid of a thyratron 
valve feeding the primary of the spark coil. 

The disc-valve method is unsuitable for the study 
of high-frequency pressure variations, since the 
disc or diaphragm requires a finite time to move 
between its stops in preparation for the next contact 
operation. The method is the best available, how- 
ever, when a diagram is required for the measure- 
ment of indicated horse-power, or the determination. 
of the harmonics of the gas-pressure torque for 
torsional-vibration stress calculations, The values 
of the diagram ordinates and abscissae are much 
more reliable than those of an oscillogram, and, for 
such purposes, the fact that the diagram represents 
the mean of a large number of cycles is an advantage. 

These two basic methods, the diaphragm and the 
balanced disc valve, are thus seen to be comple- 
mentary, and both are used frequently in the 
Bicera laboratory. We have carried out some 
development work on both types. The aim has been 
to produce pick-up units of both kinds of such size 
and form that they can be inserted into a hole drilled 
in the engine structure in order that the sensitive 
element, i.e., the diaphragm or the pressure- 
balanced disc, may be placed close to the combustion 
chamber. In this way, indicator passages are 
practically eliminated. Although, in some engine 
designs, notably those employing swirl-type com- 
bustion chambers, it is possible to mount a normal 
type of pressure pick-up directly at the side of the 
combustion chamber, and the same applies to some 
large engines in which the whole pick-up unit can be 
accommodated in a bore in the cylinder head, yet, 
in the majority of cases, a substantial indicator 
passage is normally necessary. The time delay and 
pressure oscillations introduced by such passages 
render the pressure records obtained inaccurate. 
The ill effects are particularly marked with high 
rates of pressure change. With a balanced disc- 
valve system, a spurious scatter of points is intro- 
duced. With a diaphragm pick-up used to study 
detonation or knock, the effects due to the passage 
mask the effects being studied. Moreover, an 
indicator passage constitutes an undesirable addition 
to the cylinder clearance volume, and, in some cases 
may appreciably affect the gas motion in the com- 
bustion chamber. 

Fig. 8, on this page, shows the general form of the 
Bicera stem-type pressure pick-up and one method 
of using it. The stem of the unit is accommo- 
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dated in a hole } in. in diameter, drilled into the 
base of a cylinder head. The total indicator- 
passage length, including the short passage in the 
pick-up unit, is approximately $in.only. The effect 
of this short passage has been found to be negli- 
ible. 

° A spectacular development in the measurement 
of strain has been the introduction and extensive 
application of resistance-wire strain gauges. These 
simple indicating devices, consisting of a grid of 
fine resistance wire sandwiched between two pieces 
of paper, are used to measure strain produced by 
static and dynamic loading of such structures as 
bridges, aircraft, road vehicles and ships. For such 
work, hundreds of gauges may be attached to 
selected points of the structure, and automatic 
multi-channel recording equipment is commonly 
used. Such equipment is of great value in the 
study of transient conditions. For the majority of 
engine investigations, simple equipment suffices. 
As examples, the work of the Bicera laboratory 
has included studies of engine-frame stresses under 
running conditions, the determination of the stress 
distribution in large crankshaft specimens of various 
designs, loaded statically in bending, the recording 
of the strain in the web of the crankshaft of a running 
engine, and the recording of the varying strain of a 
cylinder-head stud. 

Fig. 9, on page 673, shows a number of gauges, of 
5-mm. base length, attached with a cellulose type 
of adhesive to a cast-iron crank-throw specimen of 
9-in. journal diameter. The specimen is loaded in 
bending by means of an extension bar and a loop 
dynamometer. One of the test gauges, and a tem- 
perature-compensating gauge attached to an un- 
loaded piece of metal tied to the specimen, are 
commected as two of the arms of a Wheatstone 
bridge. The third arm is a fixed resistance and the 
fourth is a resistance box. The bridge is balanced 
by means of a d’Arsonval galvanometer, with the 
specimen unloaded. A suitable bending moment 
is then applied; and the change of resistance of the 
gauges is measured by re-balancing the bridge with 
the resistance box. The strain is equal to the frac- 
tional change of resistance of the gauge. 

A disadvantage of the resistance-wire strain gauge 
is that, when removed from one specimen and 
attached to another, it does not give precisely the 
same response, so that calibration presents a diffi- 
culty. The method used in the laboratory is to 
calibrate twelve gauges of a batch of two dozen, and 
to use the remaining twelve on the specimen under 
examination. The gauges are attached, four at a 
time, to a small tensile specimen of known modulus 
of elasticity. This specimen is placed in a Houns- 
field tensometer and is loaded to produce a strain 
of one thousandth. The sensitivity, expressed as 
the ratio between the fractional change of resistance 
and the strain, is found to vary in the type of gauge 
used by not more than + 1} per cent. Gauges of 
smaller base-length are found to be far less con- 
sistent, though improvements in this direction are 
to be expected. The 5-mm. gauges are small 
enough to give a useful indication of the strain in 
the fillets at the junction of the crankpin and web 
of the 9-in. crank-throw specimen. A gauge placed, 
for example, on the fillet in the plane of the crank- 
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throw will cover an area in which there is a certain 
variation of strain, and the reading given by the 
gauge will be somewhat less than the maximum 
strain in the fillet. Nevertheless, such measure- 
ments, taken at a sufficient number of positions on 
the surface of the specimen suffice to show the 
relative merits of various designs of crank-throw. 
Fig. 10, herewith, shows plots of strain-gauge 
readings, taken at points round the fillets of four 
different crank-throw specimens. 

For detailed studies of the distribution of stress 
in crankshaft fillets, some investigators have used 
gauges of very smal] base-length which combine 
some mechanical magnification of the strain with 
optical magnification or electronic amplification. 
Such gauges require extremely delicate adjustment on 
the specimen. Even the most minute divergence 
from correct functioning can render the determina- 
tion inaccurate, since the total movement being mea- 
sured is of the order of 0-00005 in. only, so that a 
discrepancy of 0-000001 in. is sufficient to produce 
an error of 2 per cent. 

When resistance-wire strain gauges are used to 
indicate and measure dynamic strains such as occur 
in engine parts, the Wheatstone-bridge circuit may 
be retained, the galvanometer being replaced by an 
oscillograph. Fig. 11, herewith, shows an oscil- 
logram obtained in this manner from a strain gauge 
attached to a cylinder-head stud of a single-cylinder 
engine. In the same illustration are reproduced a 
graph showing the relative movement between the 
cylinder head and the cylinder block, and a cylinder- 
pressure diagram. The relative-movement diagram 
was obtained by means of a simple condenser, one 
plate of which was attached to the head and the 
other to the block, in conjunction with an indicator 
of the frequency-modulation type described earlier. 
The three diagrams naturally bear a close resem- 
blance. In the investigation in question, the stud- 
strain diagram and the head-movement diagram 
were used to confirm the presence of the secondary 
oscillations of the cylinder pressure. 

(To be continued.) 


20 10 





CONFERENCE ON HEAT TRANSFER.—Modern methods 
of approach to problems of heat transfer will be dis- 
cussed at an international conference to be held in 
London on Tuesday, Wednesday, and Thursday, Sep- 
tember 11, 12 and 13, 1951. A joint committee of repre- 
sentatives of technical societies in the United States and 
Canada is making arrangements on behalf of engineers 
in those countries who may wish to participate. 
Arrangements in respect of British and European 
engineers are being undertaken by the Institution of 
Mechanical Engineers, with whom some 30 British, 
Commonwealth and European technical societies are 
co-operating. Subjects which the conference is expected 
to cover include the physical properties of gases and 
gas mixtures, with special reference to their heat-transfer 
characteristics, measurement problems, mass and heat 
transfer, condensation at high-speed flow, heat transfer 
by sweating and film cooling, heat transfer in liquid 
metals, and the analogy method for the solution of 
conduction problems. Applications to attend, and 
requests for further information, may be sent to the 
secretary of the American Society of Mechanical Engi- 
neers, 29, West 39th-street, New York 18, U.S.A., or to 
the secretary of the Institution of Mechanical Engineers, 
Storey’s-gate, Westminster, London, 8.W.1. 
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270-MW GENERATING STATION AT 
CLIFF QUAY, IPSWICH. 


Tue Cliff Quay generating station of the British 
Electricity Authority at Ipswich, which was formally 
opened by Alderman S. G. Grimwade on Friday, 
June 9, is designed for an installed capacity of 270 MW, 
and four 45-MW sets are now in commission. 

Consent to erect a station on this site, which has 
the natural advantages of a deep-water berth for 
colliers and an esturay supply of cooling water, as will be 
clear from the aerial view given in Fig. 1, on page 675, 
was obtained by the ier Corporation from the Elec- 
tricity Commissioners early in 1939; the intention at 
that time being to install four 45-MW turbo-alternators, 
supplied with steam from six 307,000-lb. pulverised- 
fuel fired boilers at a pressure of 635 lb. per square inch 
and a temperature of 850 deg. F. Work, however, was 
suspended on the outbreak of war, and, although 
re-started in 1941, was in stopped shortly after- 
wards. It was not, therefore, until the end of 1944 
that real progress could be made, by which time the 
original plans had been modified and the station re- 
designed to accommodate six 45-MW sets and nine 
365,000-Ib. boilers operating under the original steam 
conditions. Supply began in March, 1949, from one 
set, and two others have since been commissioned. 

Unlike many riverside sites, the foundation condi- 
tions at Cliff Quay were satisfactory and, as the d ep- 
water channel is some 700 ft. away from the river 
bank, the coaling jetty, circulating-water pump house 
and circulating-water outlet were built this distance 
out into the river. The intervening area of some 
17 acres has been reclaimed by enclosing it in double 
steel sheet piling and within this enclosure 150,000 tons 
of coal can be stored, as will also be seen from Fig. 1. 
A further 40 acres of foreshore downstream from the 
coal store has been reclaimed; and is being used for 
the disposal of ashes. Eventually, this site will be 
built up to the general level of the river bank. This 
work was carried out by Messrs. Edmund Nuttall. 
Sons and Company (London), Limited, 22, Grosvenor- 
gardens, London, S.W.1, the piling being supplied by 
the Franki Compressed Pile Company, Limited, 39, 
Victoria-street, London, 8.W.1. 

The coal, which is brought to a jetty 490 ft. long by 
4,500-ton colliers, is handled by three cranes, each with 
a@ capacity of 200 tons per hour, which were con- 
structed by Messrs. Stothert and Pitt, Limited, Bath, 
and discharge on to duplicate belt conveyors, which 
serve both the store and the boiler-house bunkers. 
Reclamation from the store is effected by a transporter 
bridge carrying two telphers, the capacity of which is 
300 tons per hour. This portion of the plant’ was 
supplied by Messrs. R. Dempster and Company, 
Limited, Elland, Yorkshire. 

At present, the boiler house is yt are with six 
boilers of the Babcock and Wilcox high-head type, 
each of which has an output of 365,000 Ib. of steam 
per hour at a pressure of 635 lb. per square inch and a 
temperature of 850 deg. These boilers operate in 
conjunction with a superheater and high- and low- 
temperature economisers and are supplied with fuel 
from three pulverisers, each of which has an output 
of 8-1 tons perhour. The necessary draught is obtained 
from two forced- and two induced-draught fans, while 
there are also two primary air fans on each boiler. 
Operation is fully automatic, the equipment for this 
purpose having been constructed by Messrs. Bailey 
Meters and Controls, Limited, Purley Way, Croydon, 
and being installed on the operating floor of the boiler 
house, an illustration of which is given in Fig. 5, Plate 
XXIV. The furnace gases from each boiler are passed 
through two electrostatic precipitators and are then 

i through longitudinal flues to three brick 
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Fie. 1, 


ArriaL View oF STATION. 








Fic. 2. 45-MW Ser anp Exciter. 


chimneys 312 ft. in height. Ash is sluiced into the 
enclosure mentioned above by a water-borne system. 

An interesting structural feature is that the turbine 
room, a view of which is given in Fig. 6, Plate XXIV, 
is arranged between the river and the boiler house. 
As will be seen, the sets are also arranged longitudinally, 
or parallel to the river. The generator and auxiliary 
transformers are housed in an annexe on the river side 
of the building, with the auxiliary switchgear above. 
The main sets, which were constructed by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, are of the firm’s two- 
cylinder type, as will be seen from Fig. 2. The high- 
pressure cylinder has 22 stages, steam being admitted 
after the third stage to carry the full load of 45 MW 
and through the whole of the stages for loads up to the 
economical rating of 36 MW. The low-pressure cylin- 
ders are of the double-flow type and contain three 
single stages and a duplex multi-exhaust in each flow. 
The blading throughout is of stainless steel. The high- 
pressure rotor is of alloy steel and the first 18 wheels 
are forged integral with the shaft. The remaining 
high-pressure wheels, as well as those in the low- 
pressure cylinders, are also of alloy steel. Two steam 
chests are mounted one on each side of the high- 
pressure cylinder and contain an emergency valve and 
two governor valves. The sets are provided with 
anticipatory overspeed limiting gear to limit the 
speed in the event of a sudden heavy or complete loss 
of load. 





The condensers, into which the turbines exhaust, 
are of the Metrovick central-flow type with two shells, 
the total cooling surface being 50,000 sq. ft. The 
condensate is discharged into a feed-heating system 
consisting of two low-pressure and three high-pressure 
heaters as well as double-effect evaporators. The 
feed is heated to 340 deg. F. at the economical rating 
and to 356 deg. F. at the maximum rating. The feed 
pumps, which were manufactured by Messrs. G. and J. 
Weir, Limited, Cathcart, Glasgow, 4, are arranged 
between the two sets of heaters and are capable of 
dealing with 500,000 lb. of water per hour. The 
circulating water is taken from the river at the down- 
stream end of the jetty through Brackett screens, into 
the pump house, in which six electrically-driven pumps 
are installed. These pumps each have an output of 
41,000 gallons per minute and were manufactured by 
Messrs. Drysdale and Company, Limited, Yoker, 
Glasgow, W.4. After passing through the condensers, 
the water is discharged into the river 1,000 ft. upstream 
from the intake through culverts which form part of 
the wall of the coal store. 

The main alternators are rated at 56-25 MVA and 
generate three-phase current at 11-8 kV. They are 
each excited from a separate flywheel motor-generator 
which can be seen in Fig. 2. The alternators are 
directly connected to transformers constructed by 
Messrs. Ferranti, Limited, Hollinwood,Lancashire, and 
step-up the voltage to 132 kV. These transformers are, 
in turn, connected by underground cables to the main 





switch-gear enclosure, which is illustrated in Fig. 3, 
Plate XXIV, where their output is controlled by 
air-blast circuit breakers and air-break isolators in a 
duplicate ’bus bar outdoor substation of the low-level 
type. In addition to the switchgear units for the 
six generators there are one "bus section, one "bus 
coupler, two distribution and six feeder circuit breakers, 
which control the lines to Yarmouth, Colchester, 
Simdon, Luton and West End-road, Ipswich. The 
transmission lines used for this purpose are carried 
over the River Orwell by two triple-circuit crossings 
attached to 272-ft. towers. The substation also 
includes outdoor-type current and voltage trans- 
formers, as well as the necessary compressor equipment, 
battery and "bus zone protection board. 

All the 132-kV circuit breakers, which were manu- 
factured by Messrs. Metropolitan-Vickers Electrical 
Company, Limited, have two interrupting heads and a 
sequence switch. The operation of the tripping mecha- 
nism opens the blast valves, so that air is delivered to 
the heads at a pressure of about 325 Ib. per square inch. 
The nozzle contacts are thus forced to part in such a 
way that an arc is drawn and blown through the con- 
tact tubes. Finally, the sequence isolator is opened by 
an air motor and the air pressure is cut off from the 
contacts, so that they can close under spring pressure. 
To restore the circuit it is therefore only necessary to 
close the sequence switch. The two breaks are shunted 
by Metrosil resistances to suppress surges and to equalise 
the duty on the two sets of contacts. The air for opera- 
ting the circuit breakers is obtained from four two-stage 
motor-driven compressors, which supply a main 
receiver at a pressure of 600 Ib. per square inch. It is 
distributed thence at a pressure of 325 lb. per square 
inch to receivers on each phase unit. The isolating 
switches are of the two-break hand-operated type and 
are mounted in tandem for *bus-bar isolation or in 
parallel for feeder isolation. 

This switchgear is controlled from a main operating 
room, which is illustrated in Fig. 4, Plate XXIV. 
The equipment in this room consists of a desk for the 
master control and a vertical control board, which is 
separated from the relay board by a corridor. As will 
be seen, the vertical board forms three sides of a square, 
the 132-kV circuits being dealt with in the centre. 
Above is a mimic diagram of the semaphore type. 
The relay board for *bus-zone protection is housed in 
a room in the compressor house. 

A supply of electricity for the area adjoining the 
station is obtained from two 132/33-kV transformers, 
manufactured by the Hackbridge and Hewittic Elec- 
tric Company, Limited, Walton-on-Thames, Surrey, 
the output of which is controlled by metal-clad switch- 
gear. This switchgear, which is also of Metropolitan- 
Vickers make, is housed in sections in two buildings, 
one on each side of the control room, and consists of 
non-draw out oil-immersed circuit breakers with a 
rupturing capacity of 1,500 MVA. A "bus-section and 
*bus-coupler breaker and five feeder breakers are 
included. A supply for the station auxiliaries is given 
at 3 kV and 415 volts, and is controlled by switchgear, 
which was manufactured by the English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2. During the first year of operation, the 
output of the Cliff Quay station was 555 million 
kWh at an average coal consumption of just under 
1 lb. per kWh and a thermal efficiency of 28-4 per 
cent. 

The original plans for the station were prepared by 
Messrs. Merz and McLellan, 32, Victoria-street, London, 
8.W.1, in collaboration with Sir Alexander Gibb and 
Partners, Queen Anne’s Lodge, London, 8.W.1, with 
the assistance of Mr. H. E. Blackiston, who was then 
the Borough Electrical Engineer. Mr. Blackiston was 
succeeded by Mr. G. A. Vowles, and when the station 
was handed over to the British Electricity Authority 
in 1948, Mr. W. N. C. Clinch became Controller of the 
Eastern Division in which the station is included. 





RETURN OF THE “‘ CARNARVON CASTLE ”’ TO THE SOUTH 
AFRICAN Mart SErRvicE.—After undergoing extensive 
reconditioning at the Belfast shipyard of Messrs. Harland 
and Wolff, Limited, the Carnarvon Castle, of 20,122 
gross tons, has rejoined the regular South African mail 
service of the Union-Castle Line, sailing from South- 
ampton on June 15. During reconstruction, the vessel’s 
main and auxiliary propelling machinery was com- 
pletely overhauled. Her passenger accommodation 
is now divided into two classes only, first and tourist, 
in place of the pre-war three classes, and her full comple- 
ment of passengers comprises 216 first-class and 401 
tourist-class. The return of the Carnarvon Castle to the 
company’s regular mail service will enable the Dunbar 
Castle, at present employed temporarily as a mail vessel, 
to be released for the intermediate service from London. 
The reconditioning of another mail vessel, the Arundel 
Castle, by Messrs. Harland and Wolff, is expected to be 
completed later in the year. 
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THE PAMETRADA RESEARCH 
STATION, WALLSEND. 
(Concluded from page 652.) 

THE amount of work done by Pametrada in connec- 
tion with the development of marine gas turbines 
and component parts is already considerable for, in 
addition to having designed an experimental unit 
for Messrs. John Brown and Company, Limited, 
Clydebank, which has run for over 1,000 hours, and 
several naval units, the Association has produced a 
3,500-shaft horse-power turbine, now running in the 
test house. This unit was designed in outline during 
1945. In January, 1946, the Council of Pametrada 
authorised its construction, manufacture of the main 
components being entrusted to 11 of the member 
firms. The turbine develops its rated output of 
3,500 h.p. at a normal eter ol speed of 85 r.p.m. 

The operation of the unit can best be understood by 
eee to Fig. 18, on the opposite page, which 
shows the complete installation in diagrammatic form. 
Under full-load operation, the air is compressed to 
66 Ib. per square inch by the two axial-flow compressors 
lettered @ and b in Fig. 18, the air passing through 
the intercooler .c, arranged between the two com- 
pressors. The air is then heated in the tubular heat- 
exchanger d by the exhaust gases and passes to the 
high-pressure combustion chamber e. The products 
of combustion are led to the high-pressure turbine f, 
which drives the two axial-flow compressors, the gas 
temperature at the, turbine inlet being 1,200 deg. F. 
After leaving the high-pressure turbine /f, the gases 
pass to the reheat combustion chambers g, where the 
temperature is raised again to 1,200 deg. F. before 
they pass through the’ power turbine 4. The exhaust 
gases escape to atmosphere through the heat exchanger 
d, in which they serve as previously to heat the 
incoming air. 

Complete reliability combined with high efficiency 
and long life are, of course, absolutely essential for 
any marine propulsion unit and the choice of thermo- 
dynamic cycle was governed largely by these require- 
ments. The turbine-inlet temperature of 1,200 deg. F. 
was based on the knowledge of materials available at 
the time of ordering; later knowledge has confirmed 
this choice, which is based on a life of 10,000 hours 
for a few of the minor components, such as combustion- 
chamber liners, and 100,000 hours for the remaining 
components. Other factors which influenced the 
choice of the thermodynamic cycle were the efficiencies 
obtainable at full and part loads and the necessity for 
building a machine large enough to propel a vessel of 
reasonable size, but easy to control and not too costly. 

The complete unit was designed at the outset as a 
marine installation and the arrangement of the com- 
ponents on the test bed is the same as that for a tanker. 
A photograph of the installation, taken during erection 
of the plant, is reproduced in Fig. 12, on this page, while 
a further photograph, taken at an earlier date, is 
reproduced in Fig. 14, on Plate XXV. The gas- 
generating system, namely, the high-pressure turbine 
and the two com rs, is mounted on a single 
fabricated deep sae; ' this is long enough to accom- 
modate the starting turbine and sufficiently strong to 
ensure that these components are maintained in close 
alignment when installed in a vessel operating in heavy 
seas. The operation of two multi-stage axial-flow 
compressors in series, with an intercooler between 
them, was not a straightforward design problem and 
the aim has been to match the two compressors so that, 
in series running at full load, both will function at 
maximum efficiency; this, of course, is important, 
since the efficiency of the complete plant depends 
directly on that of the compressors. A sectional 
drawing of the low-pressure axial-flow compressor is 
reproduced in Fig. 19, on the opposite page. The 
compressor blades are of aerofoil section and, in order 
to withstand the corrosive effects of salt-laden air and, 
at the same time, the high im stresses, the rotor 
blades were precision-forged from an aluminium-bronze 
alloy and the stator blades machined from bars of the 
same material. The rotor blading is tapered and 
twisted, and the stator blading is of constant section, 
with parallel blades. The rotor itself is of mild steel. 
Diffusers are fitted at the discharge ends and the 
compressors are arranged so that the thrusts act 
in 0 ition, any unbalanced thrust being’taken by a 
Michell thrust ing. 7 
The intercooler is of the tubular type and is designed 
for single cross-flow of the air, the water circulating 
through the tubes. It is intended to cool 50 Ib. of air 
a second from 230 deg. F. to 80 deg. F., when supplied 
with 2,200 gallons of sea water per minute at a tempera- 
ture of 60 deg. F. Particular care has been taken 
in the design to reduce pressure losses in the air to a 


~The design banger mis 
The d of the heat exo is @ com i 

between ty cross-flow and counter-flow t ¥ The 
compressed air is directed through a battery of tubes, 
# in. in diameter, while the hot gases pass pe the out- 
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sides of the tubes in the opposite direction. Deflector, | this material was chosen as it is considerably cheaper 
or tube, plates direct the gases crosswise three times. | than stainless steel and tests showed it to possess 
The tubes are made from an aluminium-bronze alloy ;| satisfactory creep-resisting and corrosion-resisting 
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(For Description, see Page 676.) 
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b 
a gga The tubes, which are approximately 20 ft. 


ong, are set in square formation; large cleaning 

doors are provided in the casing and soot blowers are 
installed on the exhaust-gas side. Freedom for expan- 
sion is provided by a bellows piece fitted at the base. 
Alternative designs of heat peed sansa which are being 
investigated include several of the regenerative type. 
Although experiments indicate that sealing and fouling 
troubles will be difficult to overcome, the work shows 
distinct promise. 

Considerable care was taken during the design of 
the combustion chambers to ensure that the pressure 
losses were reduced to a minimum commensurate with 
¢fficient combustion. Since this was one of the first 
attempts at making large gas-turbine combustion 
chambers, considerable experimental work was carried 
out to prove the design data. The high-pressure com- 
bustion chamber is designed to provide a symmetrical 
air flow about an axis passing through the centre of a 
single sprayer. This sprayer produces a cone of finely 
atomised fuel, round which the air is directed to form 
the combustion zone. The gases are then diluted by 
secondary air to form a stream of uniform temperature. 
The flame tube is made from nickel-chromium steel, 
but refractory linings have been developed; so far 
a8 we know, however, the refractory lini have 
not yet been used in the gas-turbine installation. There 
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are two reheat combustion chambers, which are paired 
to reduce the individual sizes. In general, they are 
the same as the high-pressure chamber, but with 
different proportions in the flame tube and annulus 
to suit the changed conditions. The gases generated 
by the two chambers are mixed through a metal grid 
before entering the turbine. 

The fuel is injected by high-pressure spill-control 
swirl-type sprayers, arranged axially in the combustion 
chambers, there being a separate sprayer for each 
chamber. They have been designed to operate on 
both refined and heavy fuels and, since the heavier 
fuels have a high viscosity at low temperatures, a 
heating element is incorporated in the fuel supply 
system. The sprayers are supplied with fuel by two 
pumps of the multi-cylinder reciprocating type and, 
for ease of control during test-bed running, they supply 
the high-pressure and reheat combustion chambers 
separately. When installed in a vessel, however, all 
combustion chambers will be supplied by one pump, 
the other acting as a standby. A sectional drawing 
through one of the sprayers is reproduced in Fig. 20, 
on this page, from which it will be seen that a shut-off 
valve forms an integral part of the assembly. The 
fuel enters the sprayer assembly at a pressure of 
400 Ib. per square inch through the duct lettered a in 
Fig. 20 and is directed to the tangential fuel passages b 
and, through the short passage c, to the underside of 
the piston d, the pressure of the oil on the piston causing 
the plunger or shut-off valve, e, to be withdrawn. 
Compressed air is supplied to the annular space f, the 
air escaping through the tangential passages g to form 
a vortex. The output of the sprayer, as previously 
mentioned, is spill-controlled, the passage fe ing to 
spill pipe being lettered h. The shut-off valves are 
operated from the control platform, which is illustrated 
in Fig. 15, on Plate XXV. The controls are arranged 
so that the complete engine can be mancuvred from 
this position. Safety locks have been incorporated 
in the control system to prevent the sequence of opera- 
tions being carried out incorrectly and, when installed 
on a vessel, the wrong response being made to the 
engine-room telegraph. The original ignition system 
consisted of an intermittent low-voltage arc, but, 
while it was successful in lighting the spray, difficulty 
was experienced in finding material for the arcs that 
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would not burn away. An alternative method, there- 
— which uses a hot wire, and was developed originally 

y the Wallsend Slipway and Engineering Company, 
Limited, was pr abrns pm | is now made standard. . 

Both the high-pressure and low-pressure turbines 
are of the double-flow type; this design was selected 
because it gives a smaller rotor diameter, reduces the 
stresses in the blades, and simplifies distortion and 
thermal-expansion problems. A drawing showing a 
longitudinal section through the high-pressure turbine 
is reproduced in Fig. 13, on the opposite The 
low-pressure, or output, turbine is of con- 
struction, but its after bearing pedestal rests on the 
gearcase and encloses a fine-tooth flexible coupling. 
The cylinder is machined from a stainless-steel casting ; 
this is supported at each end by four pairs of plates, 
two pairs being set in the horizontal plane and two 
in the vertical plane. This arrangement permits radial 
expansion of the casing, but at the same time ensures 
alignment of rotor and casing. The plates are anchored 
to the pedestals. The forward podatal is supported 
by vertical plates which carry the weight but are free 
to deflect along the axis of the machine, thereby per- 
mitting axial e ion. The horizontal plates which 
anchor the cylinder to the pedestal are lettered a in 
Fig. 13, while the vertical plates which support the 
pedestal are lettered 6. The forward pedestal also 
houses the thrust block, the turning and the 
overspeed trip mechanism. The blades are fitted to 
the rotor by the usual form of serrated-root fixing, the 
method of inserting the blades in the rotor being shown 
in Fig. 16, on Plate XXV. 

Both the inlet and outlet ducts are connected to a 
light outer casing which is supported from the ends 
of the cylinder, and the incoming gases are led from 
the two opposed entry flanges to the inner manifold 
by two floating sleeves. These sleeves, which are 
lettered c in Fig. 13, permit flexing of the outer casing 
and, at the same time, free the inner member from any 
constraints that may be imposed by the ducting. One 
of the sleeves is fitted with a by-pass valve which can 
remove the output turbine from the gas circuit and 
throw off the load. 

At present, the turbine output is being absorbed by a 
high-speed dynamometer coupled directly to the shaft 
of the power turbine. When the large dynamometer 
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becomes available, however, the reduction gear will be 
fitted and the complete unit will then undergo 

longed n.anceuvring trials. The reduction gearing will 
be of the double-reduction double-helical articulated 
type, with the thrust block incorporated in the gearcase. 
Drawings of the reduction gearing and casing are 
reproduced in Figs. 21 and 22, on Page 677. Ahead 
and astern running will be obtained by means of 
two fluid couplings, one for ahead and one for reverse, 
mounted ‘on the shaft of the output turbine in the 
positions shown in Fig. 21. The couplings will have 
their driving, or pumping, members at the opposite 
ends of a quill shaft running concentrically with the 
high-speed pinion, while the driven members will be 
integral with the ends of the pinion, so that ahead or 
astern running can be effected by filling the appro- 
priate coupling with oil. The ahead coupling, part of 
which is illustrated in Fig. 17, on Plate XXV, has 
already been developed and successfully rig-tested, 
while two designs of astern coupling are being developed 
independently. The efficiency of the ahead coupling 
is 98 per cent. and it is hoped to develop the astern 
coupling up to an efficiency of 70 per cent. when 
operating with the full power input. This system, in 
addition to being compact, eliminates the necessity 
for an astern turbine and gives easy mancuvring 
without recourse to valves in the turbine circuit. 

The auxiliaries comprise a starting turbine, a motor- 
driven oil pump, together with cooler, etc., for general 
lubricating duties, Sans turning-gear motors, a circu- 
lating pump for the intercooler, the fuel system, and 
fans for cooling the ends of the turbine rotors and 
stator support plates. The fans are only fitted as a 
precaution, however, and may be dispensed with at a 
later date. Intake filters have been fitted to the 
Lae a since tests have shown that the air in the 
Wallsend district has a considerable amount of foreign 
matter held in suspension, which is deposited on the 
compressor blades and affects the performance. The 
trials on the test bed will be prolonged; in addition 
to asceftaining performance figures, other readings, 
such as temperatures of the materials at different 
points, will be taken. The aerodynamic flow and 
temperature conditions in the engine also will be 
studied and there is little doubt that the present tests 
will yield important information in the near future. 





CABLE CROSSING AT PORT RIVER, 
AUSTRALIA. 


Part of a proposed electrical link between the 
new Osborne power station of the Electricity Trust 
of South Australia, and a proposed new substation at 
Kilburn, was completed in 1949 by the Pirelli-General 
Cable Works, Limited, Southampton, when they laid 
two parallel 66-kV, 0-15 sq. in. three-core oil-filled sub- 
marine cables in a trench 14 ft. deep across the bed of 
the Port River. The trench was dredged to allow the 
maximum depth of the river at this point to be in- 
creased later from 28 ft. to 35 ft. The electrical link 
was originally to consist of two 66-kV overhead-line 
feeders with a river crossing between Osborne and 
Port Adelaide, where the Port River is about 400 
yards wide; the Harbour Board’s requirements for 
river clearances, however, would have involved exces- 
sive tower heights, and submarine cable was therefore 
used for the crossing. . 

Due to conditions at the site, the cable terminal 
towers are spaced 700 yards apart, away from the river 
banks. There are no joints in the submarine section of 
each cable ; these sections are 500 yards long and are 
specially armoured and protected against the teredo 
worm. The rest of the route comprises three-core cable 
on the west side of the river, these sections being 
protected with rubber serving, to resist the action of 
marine organisms. Single-core fluted lead-covered tails 
are used for connecting to the sealing ends at the ter- 
minal towers. During the laying, the crossing was made 
from east to west, and the cables were paid off from two 
drums mounted on wooden trestles in the well of a 
barge. The barge was first brought to the east bank 
and the ends of the submarine cables were pulled out 
and laid in a previously prepared trench in the bank ; 
they were then anchored to stakes and the trench filled 
in. A diver checked the settling of the cables as they 
were laid, and afterwards followed them across the 
river. The two circuits have since been energised 
and are in operation at 33 kV, carrying about 175 
amperes each. Their normal continuous rating is 
280 amperes. 





NEw COKE OVENS FOR THE FoRD Moror CoMPANY.— 
On May 23, Sir Rowland Smith, chairman of the Ford 
Motor Company, Limited, laid the first brick of a new 
battery of 48 Coppée underfired coke ovens, now in course 
of erection at the company’s works at Dagenham, Essex. 
Before doing so, he stated that, by the time that the 
new ovens came into operation, the existing battery of 
45 ovens, now 16 years old, would have carbonised 


BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued a the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Valves and Gatiges for Air Receivers.—A revision of 
B.S. No. 1123-1950, covering valves, gauges and other 
safety fittings for air receivers and compressed-air 
installations, supersedes the original specification, 
published in 1943. The main amendment concerns 
the clause dealing with fusible plugs, and the speci- 
fication now stipulates the positions in which these 
plugs are to be fitted. The specification concerns 
safety fittings for air receivers for maximum permissible 
working pressures not exceeding 1,000 lb. per square 
inch. Its clauses relate to installation, the materials 
used in the manufacture of the fittings, and the con- 
struction of parts. Special requirements are prescribed 
for safety valves, pressure gauges, the drainage of 
receivers and other matters. Data on inspection and 
testing procedures are included. [Price 2s., postage 
included.] 


Bibliographical References.—A new publication, B.S. 
No. 1629, concerns a system for the preparation of 
bibliographical references originating in a scheme pre- 
pared in 1938 under the auspices of the International 
Federation of the National Standardising Associations, 
now superseded by the International Organisation for 
Standardisation (I.S.0.). The system, which has been 
prepared by a committee fully representative of the 
learned and professional societies and institutions, 
the national and university libraries, and the specialised 
associations dealing with bibliography and library 
organisation in this country, is intended to apply to 
entries in bibliographical lists and to particulars given 
for the identification of works, or parts of works, 
quoted or referred to in reviews and abstracts. It does 
not necessarily apply to entries in the catalogues of 
particular collections. [Price 2s. 6d., postage included. ] 





BOOKS RECEIVED. 


Wellington Harbour Board, New Zealand. Statement of 
Accounts with Annual Reports and Other Statistics. 
For the Period ended 30th September, 1949. The 
Secretary, Wellington Harbour Board, Wellington, 
New Zealand. 

Report of the Astronomer Royal to the Board of Visitors of 
the Royal Greenwich Observatory from May 1, 1949, to 
Aprit 30, 1950. The Astronomer Royal, Royal 
Observatory, Greenwich, London, S.E.10. 

Administration Report of Aden Port Trust for 1947-48. 
The Chairman, Port Trust Office, Aden. 

Machines for the Modern Builder. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 6d. net.) 
The Association of Engineering and Shipbuilding Draughts- 
men. The Design of Flat Plates. By C. C. POUNDER. 
Fourth revised edition. Offices of the Association, 
96, St. George’s-square, London, S.W.1. [Price is. 

post free to members, 2s. to others.] 

Jig and Fixture Design. Graded Problems Analysed and 
Explained for Production Engineering Students and 
Draughtsmen. By H. W. Harpy. Sir Isaac Pitman 
and Sons, Limited, Pitman House, Parker-street, 
Kingsway, London, W.C.2. [Price 12s. 6d. net.] 

Estimating and Planning for Engineering Production. 
By P. 8. HoucutTon. Blackie and Son, Limited, 66, 
Chandos-place, London, W.C.2. [Price 25s. net.] 

Stress and Strength of Manufactured Parts. By Dr. 
CHARLES Lipson, G. C. NOLL, and PrRoressor L. S. 
CiLock. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
4-50 dols.) McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 38s. 6d.) 

Matrizen. Eine Darstellung fiir Ingenieure. By Dr.-ING. 
RvuDOLF ZURMUHL. Springer-Verlag, Reichpietschufer 
20, Berlin W. 35, Germany. [Price 25-50 D.M.] 

Tables of the Generalized Exponential-Integral Functions. 
By the staff of the Computation Laboratory. Harvard 
University Press, Cambridge 38, Massachusetts. 
[Price 8 dols.} Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 63s.] 

sin ¢ 
$ 


Tables of the Function and of its First Eleven 


Derivatives. By the staff of the Computation Labora- 
tory. Harvard University Press, Cambridge 38, 
Massachusetts, U.S.A. [Price 8 dols.] Oxford Univer- 
sity Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 63s.] 

United States National Bureau of Standards. Circular 
No. 485. Nickel and its Alloys. The Superintendent 








4,800,000 tons of coal. 


of Documents, U.S. Government Printing Office, 
Washington 25, D.C., U.S.A. 








PERSONAL. 


Sm EDWARD APPLETON, G.B.E., D.Se., F.R.S., has 
been awarded the Albert Medal for 1950 by the Roy:l 
Society of Arts, for “‘ outstanding services to science and 
industrial research.”’ 


Dr. W. H. GLANVILLE, C.B.E., has been elected 
President of the Institution of Civil Engineers for the 
session 1950-51. The vice-presidents are Mr. A. %, 
QUARTERMAINE, C.B.E., M.C., Mr. H. F. Cronin, 
C.B.E., M.C., Mr. W. F. SHEPHERD-BARRON, M.C., 
T.D., and Mr. D. M. Watson. 

Mr. R. E. Burnett, M.A. (Oxon.), A.M.I.E.E., for- 
merly head of the mathematics, physics and electrica|- 
engineering side of the Technical and Scientific Register 
of the Ministry of Labour, has been appointed manager 
of the education department and Principal of the 
Marconi College, at Chelmsford, Essex. 


Mr. W. H. Lyruaor, M.I.E.E., F.R.S.A., has been 
appointed assistant chief engineer of Messrs. W. T. 
Henley’s Telegraph Works Company Limited. He 
joined the staff of the firm in 1924. 


Mr. F. W. SmirH has been elected chairman of the 
Association of Supervising Electrical Engineers, 54, 
Station-road, New Barnet, Hertfordshire, for the ensuing 
year. He has held this office three times previously, 
namely, in 1921, 1930 and 1940. Mr. W. F. PARKER, 
A.M.I.E.E., has been elected vice-chairman, and Mr. 
E. J. Surron, M.I.E.E., honorary treasurer. 


Mr. C. J. Howarp, London manager of Messrs. John 
Thompson Water Tube Boilers Limited, Wolverhampton, 
has been elected a director of the firm. 


Mr. P. Maurice Hi has retired from the position 
of general manager of the Chamber of Shipping of the 
United Kingdom, 3-6, Bury Court, St. Mary Axe, London, 
E.C.3, on grounds of health. The new general manager 
is Mr. H. E. Gorick, C.B.E., who joined the Chamber 
in 1923. He was appointed secretary in 1934, joint 
assistant general manager in 1946 and assistant general 
manager in 1949. 

Mr. W. F. Grirrirus, B.Sc. (Eng.), has joined the staff 
of Crompton Parkinson Limited, Crompton House, 
Aldwych, London, W.C.2, as chief street lighting engineer. 


Mr. G. H. Smetuurst, A.M.I.Mech.E., has been 
appointed a generation engineer (construction) in the 
North-West Division, British Electricity Authority, and 
will be intimately concerned with the new generating 
stations now under construction at Agecroft, Westwood 
and Huncoat. Mr. W. T. SPrrrLe has been appointed 
station superintendent at West Ham generating station, 
Lendon Division, British Electrical Authority. 


Mr. I. J. SHELLEY has been elected chairman of the 
London Students’ section committee of the Institution 
of Electrical Engineers for the 1950-51 session. 


Mr. STANLEY B. Rippon, engineering sales manager 
in the heavy constructional division of Messrs. Newton, 
Chambers and Company, Limited, Thorncliffe Ironworks, 
near Sheffield, has been appointed general sales manager 
of that division. 


Mr. L. E. C. Stewart, “ Oaklands,” Shurdington, 
Chelterham, Gloucestershire (Telephone: Shurdington 
225), who is the South-Western area representative of 
Vokes Limited, Heuley Park, Guildford, Surrey, has now 
taken over, in addition, the firm’s Midland area, com- 
prising the counties of Lincoln, Nottingham, Leicester, 
Stafford, Derby, Shropshire, and also North Wales. 
Mr. E. J. LAWRANCE, 27, Winchester-road, Walton-on- 
Thames, Surrey (Telephone: Walton-on-Thames 5198), 
who has handled Messrs. Vokes’s products in the South 
and South Midlands for some years, now includes the 
counties of Norfolk, Suffolk and Cambridge within his 
area of representation. 

Messrs. A. A. JONES AND SHIPMAN LIMITED, Nar- 
borough-road South, Leicester, have been appointed sole 
selling agents, in this country, for the complete range 
of products manufactured by the Micromatic HONE 
CORPORATION, Detroit, U.S.A. This is an interim 
arrangement and will be superseded shortly by an 
agreement whereby Messrs. Jones and Shipman will 
manufacture the complete range of the Detroit firm’s 
products in this country. 

The chairman, deputy-chairman, secretary, industrial 
relations officer and editor of Emgas, of the East Mip- 
LANDS Gas BoarRD, have removed to Beverley House, 
University-road, Leicester. (Telephone : Leicester 21343- 
4-5.) The coal and by-products officer has removed 
to Millstone-lane, Leicester, but the commercial manager 
and his staff will continue to occupy 170, London-road, 
Leicester. 





THE PRICE or CoppER.—The Ministry of Supply 
announced on June 5 that, from the following day, the 
price of electrolytic copper would be increased from 
1701. to 1861. a ton, delivered at consumer’s works ; 
and that, from the same date, the Ministry’s buying 
price for rough copper, in slabs of 2 cwt. to 3 cwt., would 





be raised from 1321. to 1441. a ton. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Buoyant conditions prevail at the 
steelworks to cope with the heavy aggregate demand 
from home and overseas buyers. Little change is 
evident in the re-rolling position, orders for small bars 
and light sections being insufficient to keep all the works 
fully employed, but business in other directions requires 
a very high steel ingot production to meet it. Merchants 
responsible for supplying the necessary raw materials 
are furnishing valuable support. A possible change in 
the availability of scrap is visualised if the pressure from 
United States sources develops, but current deliveries are 
excellent and reserves are good. The demand for ship 
and boiler plates and large sections is sufficient to keep 
the rolling mills of the steelmakers fully employed for 
several weeks, while the prospects of further orders 
beyond- that period are bright. Medium and heavy plates, 
rolled in the heavy mills of the sheet makers, are in brisk 
request, but tube strips are easier. New bookings for 
black and galvanised sheets of the light gauges exceed 
production capacity, and delivery dates inevitably 
lengthen. Increasing attention is directed to the shipping 
position as the end of the second Period draws near. 
Endeavours have been made to ensure the timely 
dispatch of the heavy quotas, but some difficulty is 
again being experienced with cargoes for Australia on 
account of strained shipping facilities. This appears 
to spring from the slow turn round of vessels in Australia. 

Scottish Coal.—Notwithstanding sporadic strikes, the 
increase in man-power which has taken place this year 
in the Scottish Division, in contrast with the experience 
in others, have brought about a slight basic improvement 
in coal output, the total of 486,800 tons in the last week 
of May being the highest for six weeks. The fine weather, 
which started during the present month, had a further 
beneficial effect on the general fuel position. The cool 
conditions in May delayed stocking programmes, but 
reserves are visibly growing at many points, although a 
considerable leeway has still to be made up. Most 
prominent are house coal stocks at depots, now mush- 
rooming above the well-cleared ground. The improve- 
ment has been especially timely in Lanarkshire, where 
pits close down on Friday (June 16) for the annual summer 
heliday, on account of the extra tonnages required to 
supplement reserves at coke ovens, gasworks, steelworks, 
and other consumers normally dependent on these 
collieries. Next week outside areas will switch tonnages 
to the central] zones as required. During May exports 
totalled 90,882 tons, against 86,863 tons in April. 





NOTES FROM THE SOUTH-WEST. 


CarRDIFF, Wednesday. 


The Welsh Coal Trade.—Shipments to the Argentine, 
one of the largest customers for Welsh coals, have been 
hampered since the end of April owing to payment 
difficulties, but are now to be resumed. Payment of all 
outstanding sums has been made by the railways, and 
business has been arranged for early delivery. South 
Wales shippers hold contracts for the supply of about 
750,000 tons to the railways, over this year, while the 
total Welsh business with the Argentine, for 1950, 
is in the region of 1,000,000 tons. A report that French 
producers had entered into competition with Welsh 
exporters in this market caused a great deal of interest 
during the past week. It was stated that French shippers 
were to supply about 22,000 tons for shipment from 
Dunkirk. For some little while past France has had an 
exportable surplus of coal, and limited quantities have 
been going into a number of markets in which South 
Wales shippers are closely interested. So far, these 
have been chiefly in the nature of trial cargoes and the 
general opinion is that they will not oust Welsh coals on 
the score of quality. The high price of local supplies, 
however, and the difficulties facing consumers in obtaining 
the desired grades of Welsh coals may force some users to 
seek alternative supplies. Belgian shippers, who in 
pre-war days provided some keen competition in world 
markets, are also returning to the fray. They have sold 
about 30,000 tons of coal to Portuguese users. The 
Portuguese market is also one in which South Wales has 
always played a big part and one in which there has been 
a good deal of complaint, of late, concerning the high 
Price and the quality of the coals offered by local shippers. 
Meanwhile, a fair export business is being conducted 
chiefly with France and Italy. There is a moderate 
inquiry still circulating from Spain and Portugal. The 
home market continues active and provides a ready outlet 
for a large part of the production. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was active as both 
home and overseas buyers have placed a substantial 
number of orders for delivery during Period III and later. 
Makers of steel sheets are fully employed in meeting the 
pressure for supplies which shows no sign of diminishing. 
In the scrap-iron and -steel market there is no relaxation 
in the call for most grades of material. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Operations in local steel and engineer- 
ing works have been slowed down by the hot weather, 
but in anticipation of an ‘early harvest, makers of 
agricultural-machine parts and agricultural edge tools 
are trying to complete deliveries earlier than would 
otherwise have been the case. Further encouraging 
news has been received from Toronto regarding the 
demand for British hand tools and many requests have 
been received from East and West Canada, and also from 
the United States, for agencies of Sheffield and other 
firms whose exhibits are included in a composite stand 
arranged by the Federation of British Hand Tool Manu- 
facturers. Steps have been taken to put prospective 
agents into early touch with manufacturers so that 
inquiries may be dealt with immediately, rather than 
be left until the Fair ends. The demand for stainless 
and heat-resisting steels goes on unabated, and there is a 
vigorous call for magnet steels and also for permanent 
magnets. Wire-rod rolling mills are busily employed 
and there is a healthy demand for wire ropes for mining 
and port authorities. Hot- and cold-rolled strip is in full 
request. The cutlery industry is applying mechanisation 
more extensively, and, in this way, supplementing the 
work of the craftsmen whose numbers are growing 
fewer and fewer as retirements take place. 


South Yorkshire Coal Trade.—A recovery is being 
made from the loss of 200,000 tons of coal which occurred 
as a result of the Whitsuntide holiday and the subsequent 
absenteeism. The demand for steam coal for industry 
and the railways is strong, stocks being lower than they 
were a year ago. More coal is being sought for dispatch 
to the Humber ports to satisfy export commitments. 
Inferior grades of house coal are being diverted to the 
steam-coal market, now that the house-coal demand has 
markedly fallen off. Metallurgical coke is in good request. 
but gas coke moves very slowly. Patent fuel is in 
steady request. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—An optimistic tone, strengthened 
by reports from America, pervades the market and nego- 
tiations for supplies of material, both for home purposes 
and for export, are proceeding well. The distributable 
tonnage of the various descriptions of raw material 
from home sources of supply continues ample for con- 
sumers’ extensive requirements, and the imports of 
foreign ore are on a scale which enables large deliveries 
to be maintained. Hence, crude-steel production is 
rising. There is no easement in the brisk demand for 
good iron and steel scrap. Consumers have accumulated 
moderate stocks but their needs are extremely heavy and 
they readily accept, at recognised market values, all the 
tonnage offered. There is no shortage of semi-finished 
steel but new orders for several descriptions of finished 
steel, for reasonably early delivery, are difficult to place. 

Foundry and Basic Iron.—The shortage of ordinary 
foundry pig iron continues to occasion considerable com- 
plaint. North-East Coast consumers are calling persis- 
tently for larger parcels than they are receiving from the 
Midland producing area, now virtually their only source 
of supply. No Tees-side basic-iron output is available 
for use other than meeting the needs of producers’ own 
consuming works. . 

Hematite, Low Phosphorus and Refined Iron.—Some 
further improvement in East-Coast hematite deliveries 
is reported, but buyers still ask for larger deliveries. All 
grades of low-phosphorus iron are in greater demand 
than sellers can provide, but manufacturers of refined 
iron continue to handle satisfactorily the extensive 
delivery demand for home needs and to spare an occa- 
sional parcel for export. 


Manufactured Iron and Steel.—Producers of semi- 
finished and finished-iron commodities are turning out 
substantial tonnages against running contracts and report 
that good inquiries are circulating. They could give, 
however, early attention to the purchase of one or two 
descriptions of material. Most types of home-produced 
and Continental semi-finished steel are in brisk demand. 
Outputs are large and deliveries are maintained on a big 
scale, but consumers would welcome a further expansion 
in the supplies of small billets and sheet bars. Finished- 
steel makers are operating their rolling mills at as near 
capacity limit as conditions permit in an endeavour 
to cope with the unabated pressure for heavy deliveries. 
Sheets are still wanted for home needs and for export in 
considerably larger quantities than are obtainable and 
the pressure for full deliveries of plates is persistent ; 
heavy sections and railway material are in demand. 





INSTITUTION OF PRODUCTION ENGINEERS.—The annual 
dinner of the Institution of Production Engineers will 





be held at the Dorchester Hotel, Park-lane, London, 
W.1, on Wednesday, October 4, at 7.30 for 8 p.m. 


NOTICES OF MEETINGS. 
It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF WATER ENGINEERS.—South-Eastlern 
Section : Wednesday, June 21, 2.30 p.m., Institution of 
Civil Engineers, Great George-street, S.W.1: ‘“‘ The 
Hydraulics of Rapid Sand Filters,” by Professor Gordon 
M. Fair. 


RoyaL METEOROLOGICAL Sociery.—Wednesday, 
June 21, 5 p.m., 49, Cromwell-road, South Kensington, 
8.W.7. “Types and Spells of Weather Around the 
Year in the British Isles,” by Mr, H. H. Lamb.’ Wednes- 
day, June 28, 6 p.m., 49, Cromwell-road, South Kensing- 
ton, S.W.7. “ Tropical Hurricanes,” by Professor Tor 
Bergeron. 

Roya Sratisticat Socrery.—Wednesday, June 21, 
5.30 p.m., London School of Hygiene and Tropical 
Medicine, Keppel-street, W.C.2. Annual Meeting. 
INSTITUTE OF METAIS.—Tuesday, June 27; 6 p.m., 
4, Grosvenor-gardens, Westminster, S.W:1, Extra- 
ordinary General Meeting to consider alterations to the 
Articles of Association of the Institute. (Members 
only.) 

IRON AND STEEL InsTITUTE;—ZIron and Steel Engineers 
Group: Wednesday, June 28, 4, Grosvenor-gardens, 
8.W.1. 10.30 a.m.,‘ Heating and Ventilation the Iron 
and Steel Industry,” by Mr. F. R. L: White.. 14:45 a.m., 
“ Lighting in Iron and Steel Works,’ by Mr. G. W. 
Levey. 1 p.m., lunch interval. 2-p.m,, “‘ The Supply 
and, Distribution of Water to Iron and SteelWorks,” by 
Mr. J. L; Daniel. 2 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ EASTERN PRINCE.”—Single-screw cargo vessel, 

to carry twelve passengers, built by Messrs. Vickers- 
Armstrongs Limited, Walker, Newcastle-upon-Tyne, 
for the Prince Line, Limited, London, E.C.3. Main 
dimensions: 440 ft. (between perpendiculars) by 63 ft. 
by 41 ft.; gross tonnage, 8,700; deadweight capacity, 
10,500 tons on a draught of 28 ft.9in. Vickers-Doxford 
six-cylinder opposed-piston oil engine to develop 6,600 
b.h.p. at 150 r.p.m., constructed by Messrs. Vickers- 
Armstrongs. Speed, 15 knots, Launch, May 31. 
“S.S. “TASMANIA STAR.”—Single-screw refrigerated- 
cargo liner, to carry twelve passengers, built and engined 
by Messrs. Cammell Laird and Company, Limited, Birken- 
head, for the Blue Star Line, Limited, London, E.C.1. 
Main dimensions: 570 ft. by 72 ft. by 48 ft. 9in.; refri- 
gerated-cargo space, 460,000 cub. ft.; draught 31 ft. 
Geared turbines, developing 16,000-s.h.p., to give a speed 
of 18 knots. Launch, May 31. 

M.S. “ LIBREVILLE.”—Single-screw coaster, built 
and engined by Messrs. Chantiers et Ateliers Augustin 
Normand, le Havre, France, to the order of the Ministry 
of Overseas, France, for service in French Equatorial 
Africa. Main dimensions: 194 ft. 11 in. (between per- 
pendiculars) by 30 ft. 6 in. by 18 ft. 44 in. ; deadweight 
capacity, 850 metric tons on a draught of 13 ft. 3% in. 
M.A.N.-type two-stroke single-acting Diesel engine to 
develop 750 h.p. at 180 r.p:m. Launch, June 1. 

M.S. “ ATHELBEACH.”—Single-screw tanker for the 
carriage of molasses, oil or spirits in bulk, built and 
engined by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne, County Durham, 
for the Athel Line, Limited, London, W.1. One other 
vessel on order for these owners. Main dimensions : 
459 ft. (overall) by 61 ft. by 31 ft. to upper deck ; dead- 
weight capacity, about 10,000 tons on a draught of 
25 ft. 5in. Hawthorn-Doxford four-cylinder combined - 
stroke engine, to develop 4,450 b.h.p. at 112 r.p.m. on 
service. Speed, 134 knots. Launch, June 1. 

M.S. “‘ SANTHIA.”—Twin-screw vessel to carry 25 first- 
class, 68 second-class, and 68 intermediate-class passen- 
gers, and general cargo, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, for the Eastern services of the British India 
Steam Navigation Company, Limited, London, E.C.3. 
Main dimensions: 479 ft. 3 in. by 62 ft. 6 in. by 35 ft. ; 
gross tonnage, 9,650. Two Barclay Curle-Doxford four- 
cylinder two-stroke airless-injection engines, to develop 
an aggregate of 5,900 b.h.p. at 118 r.p.m. Launch, 
June 1. 

S.S. *“*BopMIN Moor.”—Single-screw collier, built 
by Messrs. S. P. Austin and Son, Limited, Sunderland, 
for the British Electricity Authority, London, W.1. 
Third vessel of an order for four. Main dimensions : 
224 ft. by 36 ft. by 16 ft. 3 in.; deadweight capacity, 
about 1.700 tons on a draught of 15 ft. 2 im. Triple- 
expansion superheated-steam engines, to develop 750 
ib.p. at 87 r.p.m. in service and two forced-draught 
boilers, constructed by the North Eastern Marine 





Engineering. Company (1938), Limited, Sunderland. 
Service speed, 10 knots. ‘Trial trip, June 7. 
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EXHIBITS AT THE MECHANICAL HANDLING EXHIBITION, OLYMPIA. 


(For Description, see Page 685.) 
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Fig. 2. Casie-Drum Tratter; Messrs. Ricnarp C. Gippins AND Company, LIMITED. Fie. 3. Exxcrric Forx-Lirr Truck; 
Messrs. Lanstnc BaGnat1., Limirep. 











JUNE 16, 1950. ENGINEERING. 681 
CONTENTS. the balance of payments and overseas trade ; prices, 
ENGIN EERIN G. New Workshops at the Engineering Sdinniig, oe devaluation, a the terms of trade; ‘the con- 
Cambri niversity (IUus.) 669 | tinuing problem of international equilibrium ” ; and 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing o 
similar title. 


Telegraphic Address : 
“ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.ie Bak 3663 and 3664. 


* editorial ws ence should be addressed 
to Editor an other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Ch should be crossed “ The National Provincial 

Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from an 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 4 5 0 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 





Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the . The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all poner regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for adverti its classified under the 
headings of intments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the is 30s. per inch. 
If use is made of a box number extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under ‘Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standi 
edvertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves nsible 
for advertisers’ blocks left in their possession for more 
than two years, 








The Proprietors of Engineering regret the 
settlement of a dispute in the petating 


in London, they are o in common 
with other pe ers of peri 8, to reduce 
temporarily the number of both the editorial 
and the advertisement s. This makes i 








Literature.—Tables of the Bessel Functions of the 
First Kind of Orders Sixty-four through Seventy- 
eight. Refrigeration and Air Conditioning 

Methods Used in the Study of Internal-Combustion 

ines (Illus.) ite 672 

270- Generating Station at Cliff Quay, Ipswich 
(Ilus.) . — éevitieatl 

The Pametrada Research Station, Wallsend (Illus.) 676 




















Cable Crossing at Port River, Australia.................... 678 
British Standard Specifications .................::ss:s000 678 
Books Receive ................000..- 678 
| EOE SPS eee 678 
Notes from the North «.............2:.:cccececeseseeeeees 679 
Notes from the South-West .............cccccccsccsssseeeeseeee 67 
Notes from South Yorkshire .. i 679 
Notes from Cleveland and the Northern Counties.... 679 
Notices of Meetings 





Notes 
Letters to the Editor.—Railway Efficiency. The 
Elderly Engineer. Laird Brothers in 1890. 
The Inland Waterways Association 
Exhibits at the Mechanical Handling Exhibition 
NN sock ex cssorrrssscerseosdseersssvongs Sooeepereseecanees Taceostae 685 
Research Centre of the Dunlop Rubber Company 


NII ocsexcscvéssucsres coustacesteinssstecabeaveonesipoasataloosentieeh 68 
PEIN oxen tein. coun Gvazs'cancvssupesc cuca svubaiomieeiumasoey 
Y | Applications of Stress Propagation in Civil Engi- 
Is ac. cs sie sssatansecesvencinstvommnieciorpernignaed 
NIN I BOI coo enivevscqssssbasevetuniasatoveasresians 692 
Two One-Page Plates.—270-MW GENERATING 


STATION AT CLIFF QUAY, IPSWICH. THE 
PAMETRADA 3,500-S.H.P. MARINE GAS 
TURBINE. 


ENGINEERING 


FRIDAY, JUNE 16, 1950. 
Vox. 169. 











No. 4403. 








pages) THE COURSE OF RECOVERY 


IN EUROPE. 


THERE is something to be said for the practice of 
H.M. Stationery Office, of inserting, inside the front 
cover of various publications, a note that ‘‘ The 
estimated gross cost of the preparation of this 
report is £2, of which £y represents the estimated 
cost of printing and publication’; even though 
ordinary people, faced with ordinary invoices for 
printing, may wonder by what occult means the 
relatively modest totals are arrived at. It will be 
observed that the actual costs are not stated— 
only the estimated costs; but it may be assumed 
that any differences that may emerge are not of 
serious magnitude, or the Committee on Public 
Accounts, like the twenty thousand Cornish men of 
old, would ‘‘ know the reason why.” Presumably, 
there is some committee, somewhere, which similarly 
probes into the expenditure of the United Nations 
Economic and Social Council—‘‘ Unesco,”’ in com- 
mon usage—and, years hence, will record with due 
solemnity how much money was spent by the 
Research and Planning Division of the Economic 
Commission for Europe on producing the volu- 
minous Economic Survey of Hurope in 1949, a copy 


ding | of which lies before us. The information should be 


of interest ; for it measures more than an inch in 
thickness, of 11 in. by 8 in. sheets of duplicated 
typescript, printed on both sides—even though the 
tables which should accompany it are not yet 
available. Even without the tables, however, it 
contains a vast accumulation of data, and statistics 
enough for most readers. 

As might be expected, not all of this monumental 
survey is of direct engineering interest, though most 
of it relates to activities in which engineers play 
some part. In the following notes, an attempt is 
made to abstract some of the figures with which 
engineers are concerned, but they can be no more 


eight chapters, dealing in turn with trends‘ of pro- 
duction; the allocation of resources: ‘internal 
stability and employment ’’; trade and payments ; 


683 Europe, owing to drought. 





prospects of expansion in production. The full 
report will ultimately contain also appendices pre- 
senting estimates of long-term trends, notes on 
sources and methods, and supplementary statistics. 
There have been, no doubt, sundry errors of observa- 
tion, for absolute accuracy is hardly to be expected 
in any comparative review of sources and statistics 
so varied in nature and origin; nevertheless, the 
report is probably as. accurate as anything of the 
kind is ever likely to be, and more accurate than 
conclusions that are based on general impressions 
only. What effective use will ultimately be made 
of it is another matter. 

European industrial recovery depends very largely 
on the availability of adequate supplies of steel. 
In 1949, it is noted, “‘ the steel shortage ceased to 
be a general problem,” though a new difficulty arose 
in the shortage of hydro-electric power in south-west 
Though, outside of 
Germany, the total industrial production was only 
18 per cent. higher in 1949.than in 1948, the output 
of crude steel was 27 per cent. higher, and those of 
the engineering industries and of chemicals were up 
by 33 per cent. and 44 per cent., respectively. It is 


7 | observed, however, that “‘the process of expansion 
688 seems almost to have come to an end in 1949.” 
g| In Germany, engineering production lagged behind 


that of other industries and will have. to expand 
considerably if German exports are to balance 
Germany’s international payments—a factor with 
which British exporters will have to reckon in the 
future. Energy consumption rose less than indus- 
trial production, and, it is noted, there was no 
evidence of the further substitution of oil and 
electricity for coal. 

Pig-iron production rose sharply, from 25 million 
to 40 million tons—mainly in Western Germany 
and France. The increase in steel production came 
principally from the same areas, though there was 
some expansion in all the main steel-producing 
centres except Belgium and Luxembourg. Taking, 
Europe as a whole, the increase in steel output 
was about seven million tons, which brought the 
total above the 1938 figure for the first time since 
the war. The fall in the Belgian output was consi- 
derable, and is attributed principally to currency 
difficulties, which cut down the demand in export 
markets. It may be that this was the reason also 
for the decline in Belgian engineering output. 
The German production of chemicals, it is stated, 
rose rapidly during 1949, though the rate of increase 
was less than in 1948; and Germany’s output of 
textiles increased by 85 per cent., as compared, with 
an average of only 5 per cent. in the rest of Europe. 

The comparative figures for the consumption of 
energy are, perhaps, the most significant of all in 
assessing the rate of rehabilitation in Europe as a 
whole. Itrose by about 5 per cent. in 1949, whereas 
industrial production (outside of Germany) was up 
by 8 per cent., which would seem to indicate a 
more effective use of power. The rate of industrial 
production has been slowing down, but it may well 
be that a more liberal provision of energy—which 
is in progress in most of the industrialised countries 
—will arrest this. decline, and possibly stimulate a 
new advance. As it is—or, rather, as it was in 1949 
—the European consumption of electric power and 
of petroleum products shows an increase of nearly 
50 per cent. in both cases, by comparison with the 
figures for 1938, and this is only partly offset by a 
reduction of about 8 per cent. in the consumption 
of coal and coke elsewhere than in power stations. 
In 1938, 14-9 per cent. of Europe’s energy consump- 
tion was in the form of electricity, this total being 
made up of 9-0 per cent. produced in thermal 
stations and 4-9 per cent. (presumably an errer for 
5-9 per cent.) in hydro-electric plants. In 1948, 
the total had risen. to 20-6 per cent., of which 
12-4 per cent. was generated in thermal. stations ; 
in 1949, the percentages were 20-7 and 13-4. 

It has been remarked above that, -while the 

consumption in 1949-was 5.per cent, above 


¢| than random selections. The work is divided into| that of 1948, the industrial production rose 8 per 


cent. in the same period. A comparison with 1938 
is even more striking ; while the energy consumption 
then shows an increase of only 4 per cent., the 
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rise in’ industrial production is 10 per cent.—a 
notable gain in the efficiency of utilisation. The 
consumption of petroleum products over the same 
period of 11 years has gone up from 38-1 million 
(metric) tons to 56-8 million ; partly because of the 
greater use of motor road transport, but partly 
also because of the much wider use of oil as fuel 
for ships and in industry. Actually, the consump- 
tion of motor spirit is stated to be still well below 
‘the pre-war figure, largely because of restrictions on 
private motoring. The increased use of electric 
power is common to all European countries, but has 
been greatest in the United Kingdom, which had 
lagged considerably behind the others before the 
war. Electricity, it is stated, now, provides more 
than half of Sweden’s power requirements (and 
may be expected to provide a greater proportion in 
the near future) ; and, in Italy, Switzerland, Norway 
and Finland, where there have been large water- 
power developments, the relative decline of other 
sources of power has been still more marked. In 
south-western Europe, however, prolonged droughts 
have stimulated a relative advance in the output 
of thermally-generated power, which, in 1949, rose 
to more than 50 per cent. above the pre-war level. 
The comparative figures for new capital invest- 
ment in the principal European countries, while not 
entirely conclusive when taken alone, indicate some 
directions from which industrial competition is 
likely to come in the future. In France, for example, 
during 1949, 30 per cent. of the additional invest- 
ment was in electric power production (and, pre- 
sumably, distribution), 18 per cent. in coal mining, 
and 12 per cent. in iron and steel; each of these 
figures representing a higher proportion than in the 
United Kingdom. British capital investment, it is 
observed, appears to be more uniformly distributed 
between the heavy and the light industries than in 
most other European countries. Heavy industry 
(by which is meant mainly mining, power, metals, 
engineering, chemicals, and building materials) took 
rather more than half of Sweden’s new investment, 
between 60 and 70 per cent. in Norway, Holland 
and Italy, and about 75 per cent. in Poland, Bel- 
gium, and possibly France. Investment in transport 
was principally in shipping (about two-thirds) in 
Norway, and about a quarter in France, Sweden 
and the United Kingdom. In the more developed 
countries, investment in road transport was greater 
than in railways—which would be expected, as 
railway development had already reached or passed 
its peak in several of them. 
_ Transport capacity in Europe in 1948 and 1949 
is summarised in a table which compares the posi- 
tions separately for railway locomotives, wagons, 
commercial road vehicles and shipping, including 
and excluding Germany. The figures need not be 
quoted in detail, but they indicate a progressive 
decline in the numbers of locomotives and railway 
wagons, compared with 1938 and excluding Ger- 
many, of 7 per cent. and 10 per cent., respectively ; 
an increase of 57 per cent. in the number of com- 
mercial road vehicles ; and substantial equality in 
mercantile shipping tonnage, though this has only 
been achieved in the past twelve months. It is 
pointed out, however, that the railway position is 
not so serious as these figures might appear to 
indicate, as new locomotives are usually more 
powerful, and new rolling stock more capacious, 
than those that they replace. Moreover, there was 
an excess of rolling-stock capacity in some countries 
before the war, and, in some, changing circum- 
stances may be reducing the relative importance of 
railway transport. The total tonnage of merchant 
shipping in European ownership is now only 10 per 
cent. less than before the war; when the war 
ended, it was 42 per cent. below pre-war level. 
These figures include Germany ; if German shipping 
be left out of account, the pre-war level has been 
regained. All the important shipping nations, except 
Italy and Greece, have now restored their pre-war 
tonnage ; but, it is added, there may still be 
shortages of particular types of ships—for example, 
tanker requirements are higher now than before the 
war. In shipping statistics and economics, however, 
age is a very important factor ; and the tonnage of 
ships which are more than 25 years old is greater 
now than it was in pre-war days. 





IRON AND STEEL 
RESEARCH. 


Tue interdependence existing between much of 
the work of many of the industrial-research associa- 
tions which have been formed in this country is 
well illustrated by the fact that the annual report 
of the British Iron and Steel Research Association 
for the year 1949 states that extensive arrange- 
ments for collaborative work have been made with 
the research associations dealing with non-ferrous 
metals, cast iron, ceramics, welding, the electrical 
and motor industries, coal utilisation and ship- 
building. The Iron and Steel Association itself has 
research laboratories in Sheffield, Swansea, Birming- 
ham and London, and research centres at the Im- 
perial College and the Royal School of Mines ; it also 
has field teams located at the works of the Shelton 
Tron and Coal Company and Messrs. Stewarts and 
Lloyds. In addition, scientific officers are wholly 
or partly engaged in work for the Association at the 
National Physical Laboratory and the Universities 
of London, Cambridge, Oxford, Manchester, Shef- 
field, Bristol, Durham, South Wales and Monmouth- 
shire, and the Royal Technical College, Glasgow. 

As iron and steel may be described as the basic 
engineering materials it is not surprising that so 
many bodies engaged in other branches of work 
should be directly interested in, and concerned 
with, the work of the Association. The brief and 
contracted list given above can do no more than 
indicate the extent of that work ; full appreciation 
of its range can only be obtained by study of the 
report,* which, however, is no more than a summary 
of more than 200 reports issued to members, appear- 
ing in scientific journals or presented at meetings. 
No short review of the report can do more than 
attempt to indicate the extent and range of the work 
being carried out. 

An introductory section which deals with a visit 
to Canada and the United States by Sir Charles 
Goodeve, the Director of the Association, in com- 
pany with Mr. M. W. Thring, the head of the 
physics department, will be of wide general interest. 
The primary object of the visit was to study research 
and technical development of interest to the iron 
and steel industry, but necessarily much information 
bearing on industry generally was acquired. It is 
remarked that a visitor cannot but be impressed by 
the wealth of new technical achievements made in 
recent years in the United States, especially in 
industries with extensive research facilities; the 
electrical, plastics, motor and printing industries 
are specially mentioned. It is added that American 
firms like to be looked upon as progressive, and 
Americans generally are much influenced by 
“fashion,” with its necessary demand for frequent 
change, the result of these attitudes of mind being 
that many wrong and costly steps are taken. The 
wealth of the country and the activity of its indus- 
tries are evidently such, however, that mistakes of 
this kind are not of serious effect, as “overall 
progress is real and rapid.” 

In connection with the industry with which the 
visitors were mainly concerned, it is stated, however, 
that ‘“‘ research in the iron and steel companies of 
both Canada and the U.S.A. is less than that to be 
expected from a comparison with other industries 
in America and with the Iron and Steel Industry 
in Great Britain.”” The reasons given for this are 
the extensive authority and initiative of the chief 
metallurgists and chief engineers of the companies, 
pressure on the suppliers of raw materials and from 
the “‘ user” industries; the motor and electrical 
industries, which have much better equipped 
research laboratories than the steel manufacturers, 
are prominent examples of users. An additional 
reason lies in the very large amount of research 
carried out in Government laboratories or financed 
by the Government. The chief lessons learned 
from the visit are the need in Great Britain for 
increased facilities for pilot-plant work to match 
the extensive research activities in operation, and 
activity on the part of managements in resolving 
the commercial problems raised by technical changes. 





* Annual Report of Council, 1949. The British Iron 
and Steel Research Association, 11, Park-lane, London, 
w.i1, 





The work of the Association is carried on by a 
number of “‘divisions,’’ which deal,. respectively, 
with iron making, steel making, mechanical working, 
steel ‘casting, plant engineering, general metallurgy, 
chemistry, physics and operational research. Each 
division operates under a separate head of depart- 
ment, and the work of most of them is divided among 
a number of “ sections ” ; thus the plant-engineering 
division has mechanical engineering, electrical 
engineering, civil engineering and fuel engineering 
sections. The work of each division is supervised 
by a panel made up of technicians and scientists 
from the iron and steel industry itself, from firms. 
supplying raw materials, from users, from univer- 
sities, and from other research establishments 
Live contact with developing methods and with 
industrial problems is maintained by a constant 
influx of new members, a third of the members of 
each panel retiring each year. The total number of 
members of panels and committees increased from 
200 in 1945 to 500 in 1949. 

Of the four research labcratories operated by the 
Association, that at Sheffield deals with metal 
flow, steel making, and steel casting, allied work on 
rolling and foundry practice being carried on at 
Sheffield University. The Swansea laboratory is 
concerned with the surfaces of metals and metallic 
coatings and that at Birmingham with corrosion. 
The London laboratory in Battersea Park-road 
houses the physics, chemistry and plant-engineering 
divisions and has sub-centres at the Imperial 
College and the Royal School of Mines, where iron 
making and general metallurgy are studied. One 
of the more extensive developments now in hand is 
concerned with mechanical working and steel making 
and a new laboratory is to be built and equipped in 
Sheffield ; a site on a long lease has already been 
taken from the Sheffield Corporation. A four-high 
rolling mill is on order and should be delivered next 
year and also a small electric-arc steel-making 
furnace, specially designed for experimental pur- 
poses. The general building programme over the 
next few years is estimated to cost about, 250,0001. ; 
towards this the British Iron and Steel Federation 
have promised a special grant of 160,000/., and it is 
hoped that the Department of Scientific and 
Industrial Research will also give financial help. 
An important matter, under present conditions, 
is that licensing approval and planning consent 
have already been obtained. 

An activity of the Association which should be 
of much value in ensuring that important research 
results are appreciated and applied by industry 
is the holding of conferences and refresher courses. 
Of the former, two steelmaking conferences were 
held during the year, in May and September ; 
the first was concerned with “‘ Cupola and Converter 
Refractories,” and the second with “ Foundry Steel 
Melting Processes.” A Junior Steelmaking Confer- 
ence was also held in June. The General Metallurgy 
Division also held two conferences at Ashorne Hill, 
one of which, attended by more than 100 chemists, 
was concerned with mercury cathode electrolysis, 
the physical aspects of absorptiometric analysis 
and with boiler-water treatment ; the second was 
devoted to the subject of optical methods applicable 
to the iron and steel industry. A refresher course 
was held at the Royal Technical College, Glasgow, 
the main subject dealt with being ‘“‘ High Tempera- 
ture Reactions in the Blast Furnace.” 

The range of work covered by the Association is so 
great that any attempt to mention even the impor- 
tant researches in hand could only result in a long 
list of titles. The work of the various divisions is 
described in the report in a series of sub-sections, 
and the fact that there are some fifty of these well 
illustrates the variety of scientific and technical 
problems which have direct bearing on the iron and 
steel industry. The range may be indicated by 
mentioning that a major series of trials was carried 
out to study the effects of oxygen enrichment in the 
blast of the basic Bessemer converter; that a full 
investigation is being undertaken of the subject of 
iron-ore handling, covering port facilities and types 
of ship; and that fundamental research is being 
carried out on ultrasonic testing. Comparison has 
shown remarkable correlation between the findings 
of radiographic and ultrasonic techniques in non- 
destructive testing. 





JUNE 16, 1950. 


ENGINEERING. 


683 











NOTES, 


Tue Brrtupay Honours List. 

On page 657, ante, we gave the names of the engi- 
neers, scientists and industrialists who were created 
3arons or were awarded a Knighthood on the 
occasion of the celebration of the King’s birthday. 
We continue below our extracts from the Honours 
List published on June 8, and note with pleasure 
that Captain B. 8. Ingram, O.B.E., M.C., Editor of 
the Illustrated London News, is among the new 
Knights. To the names, previously mentioned, of 
those who have been made Companions of the Order 
of the Bath, should be added those of Rear-Admiral 
(E) R. G. Murray, C.B.E., M.I.Mar.E., and Mr. 
T. R. B. Sanders, M.I.C.E., M.I.Mech.E., Assistant 
Controller of Supplies, Ministry of Supply. Re- 
cipients of the C.B.E., include Rear-Admiral (E) 
J. Breaks, M.I.Mech.E.; Colonel W. M. Carr, 
O.B.E., T.D., chairman, North-Western Gas 
Board ; Colonel J. F. Darby, T.D., A.M.I.E.E., 
Deputy Regional Controller, Midland Region, 
Post Office; Mr. F. L. Fay, M.C., A.M.I.C.E., 
Director of Works, Air Ministry ; Mr. F. T. Hearle, 
F.R.Ae.S., director, de Havilland Aircraft Company, 
Limited ; Mr. M. S. Hill, O.B.E., secretary, General 
Council of British Shipping ; Dr. J. Jackson, F.R.S., 
H.M. Astronomer, Cape of Good Hope; Major- 
General S. W. Joslin, M.B.E., B.A., M.I.Mech.E., 
M.I.E.E., Director of Mechanical Engineering, 
War Office; Mr. W. L. Owen, M.Eng., M.LC.E., 
M.I.Mech.E., Assistant Controller of Production, 
Ministry of Supply; Captain J. L. Pritchard, 
F.R.Ae.S., secretary, Royal Aeronautical Society ; 
Mr. A. G. Ramsey, O.B.E., M.I.C.E., M.I.Mech.E., 
M.I.E.E., chief mechanical and electrical engineer, 
Ministry of Works; Mr. T. Rowntree, F.R.Ae.S., 
A.M.1.Mech.E., director of Aeronautical Inspection, 
Ministry of Supply; Mr. C. A. Spencer, M.Sc., 
deputy chief scientific officer, D.S.I.R.; Mr. A. E. 
Spurrier, lately Commodore Chief Engineer, Royal 
Mail Lines, Limited; Dr. O. G. Sutton, F.R.S., 
Professor of Mathematical Physics, Military College 
of Science ; and Mr. G. M. Wright, B.Eng., M.I.E.E, 
engineer-in-chief, Marconi’s Wireless Telegraph 
Company, Limited. The newly-created Officers of 
the Order of the British Empire include Mr. B. V. 
Bradforth, M.I.C.E., senior engineer, Ministry of 
Transport; Mr. S. R. Cannon, M.I.N.A., Chief 
Constructor, Admiralty ; Mr. G. E. Currier, M.B.E., 
M.I.Mech.E., deputy chairman, North Eastern Gas 
Beard; Mr. W. W. Davies, A.M.I.C.E., senior 
principal scientific officer, D.S.LR.; Mr. J. G. 
Detchon, Commodore Chief Engineer, British Tanker 
Company; Mr. W. Drylie, chief engineer, S8.S. 
Oreades; Dr. D. C. Espley, M.I.E.E., Research 
Laboratories, General Electric Company, Limited ; 
Mr. H. P. Folland, M.B.E., F.R.Ae.S., lately chair- 
man, Southampton District Committee, Southern 
Regional Board for Industry ; Mr. W. J. M. Girvan, 
A.M.LE.E., City Electrical Engineer, Belfast ; 
Mr. W. H. Glass, technical director, Thermotank 
Limited, Glasgow; Mr. M. F. Higgins, chairman 
and managing director, Mining Engineering Com- 
pany, Limited, Worcester; Dr. G. V. Hobson, 
A.R.S.M., lately assistant director, Ministry of 
Fuel and Power; Mr. C. D. James, principal, 
D.S.ILR.; Mr. R. T. Jenkins, A.M.I.C.E., Vickers- 
Armstrongs Limited, Newcastle-upon-Tyne; Mr. 
J. Martin, Martin-Baker Aircraft Company, Den- 
ham; Mr. W. Miller, superintending engineer, 
Currie Line Limited ; Mr. C. A. L. Nicholls, Assistant 
Controller General, Posts and Telecommunications, 
Frankfurt ; Mr. J. Oliphant, M.B.E., M.I.Mech.E., 
director of Ordnance Factories, Ministry of Supply ; 
Mr. W. J. Picken, M.I.E.E., principal scientific 
officer, Admiralty; Mr. W. G. Pullan, M.I.C.E., 
superintending civil engineer, Air Ministry; Mr. 
R. P. Richardson, managing director, Burndept 
Limited, Erith; Mr. G. I. Rushton, Whitehead 
Iron and Steel Company, Limited ; Mr. A. Scott, 
M.L.C.E., deputy chief engineer, Department of 
Agriculture for Scotland; Mr. 8. S. Somers, J.P., 
chairman, Walter Somers, Limited, Halesowen; 
and Dr. F. V. Tideswell, M.Sc., F.R.1.C., M.I.Min.E., 
senior principal scientific officer, Ministry of Fuel 
and Power. Among the recipients of the M.B.E., 
are Mr. B. C. Bean, A.M.I.Mech.E., inspecting 
engineer, Crown Agents for the Colonies ; Mr. C. A. 


Beaton, Monsanto Chemicals, Limited ; Mr. A. W. 
Briscoe, John Thompson Limited, Wolverhampton ; 
Mr. F. Clough, Mountstuart Dry Docks, Limited ; 
Mr. W. Dunbar, M.I.Min.E., H.M. Inspector of 
Mines ; Mr. Harry Gill, A.M.I.E.E., Merseyside and 
North Wales Division, British Electricity Authority ; 
Mr. R. L. Haskew, Patent Shaft and AxlJetree 
Company; Mr. C. T. W. Hursey, A.M.I.Mech.E., 
Ministry of Supply; Mr. F. Law, de Havilland 
Propeller Company, Limited; Mr. R. J. P. Mac- 
Donald, Henry Wiggin and Company, Limited, 
Glasgow; Mr. F. S. Marsh, M.Sc., Chesterfield 
Tube Company, Limited; Mr. E. W. Marvill, 
A.M.1I.Mech.E., F. Perkins Limited ; Mr. W. Moore, 
M.I.E.E., East Midlands Electricity Board; Mr. 
H. A. R. Rubery, Bristol Aeroplane Company, 
Limited ; Mr. W. J. Russell, Vickers-Armstrongs 
Limited, Crayford ; Mr. E. K. Thirkettle, M.ILN.A., 
John Harker Limited; Mr. H. C. Tryon, M.I.Mech.E., 
D. Napier and Son, Limited; Mr. J. S. Watt, 
A.M.I.C.E., Harbour Engineer, Londonderry ; Mr. 
W. J. Wilson, Mirrlees, Bickerton and Day, Limited ; 
and Mr. A. A. Elliott Wise, M.I.Mar.E., Humber 
Graving Dock and Engineering Company, Limited. 


CAMBRIDGE UNIVERSITY ENGINEERING 
DEPARTMENT. 

The report of Professor J. F. Baker, as head of the 
Engineering Department of the University of 
Cambridge, for the year 1948-49, which has been 
issued recently, shows that good progress has been 
made in collecting funds to endow the Chair of 
Electrical Engineering (established in 1944 with the 
aid of a gift from the Institution of Electrical 
Engineers) and a chair of Applied Thermodynamics ; 
the total of 16,702/., recorded in the report, includes 
one donation of 7,1431., five of 1,0001. each, and 
several substantial amounts which are stated to be 
the first of seven annual payments, presumably 
under covenant. The number of students reading 
for examinations was 570, of whom 487 were reading 
for honours. The engineering workshops have 
been installed in the new building and additional 
machines have been bought from Government 
surplus stores. The research work in hand—in 
aeronautics, electricity, hydraulics, materials, mech- 
anics, pressure vessels, soil mechanics, and structures 
—has been aided by the acquisition or construction 
of a considerable amount of special equipment, 
including an impact-testing machine which has been 
designed and constructed for making tests on 
connections in steel structures. This machine, 
which is operated by compressed air, can exert a 
maximum energy of 2,500 ft.-lb. at striking 
velocities up to 60 ft. per second. Work has con- 
tinued on an investigation, carried out on an Anson 
aircraft in flight, of the control of boundary-layer 
flow by sucking air through the porous surface of a 
model aerofoil attached beneath the body of the 
Anson. Research has also been carried out, inter 
alia, on the stability of spinning rocket projectiles, 
the brittle fracture of mild steel, the dynamic beha- 
viour of metals under tensile stresses of short 
duration, stresses in gear teeth, the efficiency of 
epicyclic gears, and the form and dimensions of 
ploughshares. With the support of the British 
Shipbuilding Research Association, further experi- 
ments have been made on the high-speed open 
water channel; and the Department of Scientific 
and Industrial Research have sponsored experi- 
ments on the swirling flow of water in a large nozzle, 
which has been constructed of Perspex, and in which 
part of the boundary layer can be removed while 
the water is swirling at a moderate velocity. 


INSTITUTE OF BRITISH FOUNDRYMEN. 


The steady growth in the membership of the 
Institute of British Foundrymen during the past 
46 years was referred to by Mr. J. J. Sheehan, the 
President, at the annual banquet of the Institute, 
held in Buxton on June 7. He said that, in 1904, 
the year of its foundation, the Institute had 100 
members, by 1914 the number had risen to 923, 
by 1924 to 1,500, by 1934 to 1,800, and by 1944 to 
2,900. The membership for the present year 
totalled nearly 4,600. The importance and influence 
of the Institute were increasing and it was the duty 
of the members to use that influence for the good 





of the industry and, in a world of changing condi- 
tions, for the good of the country generally. Mr. 





Sheehan was speaking in reply to the toast of “ The 
Institute,” proposed by Mr. E. Player, managing 
director of Birmid Industries, Limited, and a 
long standing member of the Institute. In the 
course of his speech, Mr. Player stated that the 
Institute devoted its energies to: maintaining: and 
advancing the status of the foundryman. In large 
engineering organisations, he thought, the import- 
ance of the office of technical manager or director of 
the foundry was not always recognised at its true 
worth. After all, the foundryman produced, in 
concrete form, someone else’s abstract thought ; 
he produced a three-dimensional object from. a 
two-dimensional diagram drawn on paper. The 
foundryman, in fact, constituted the foundation 
of engineering and he suffered, as foundations 
usually did, by being hidden away from sight. 
The status conferred by membership of the Institute, 
however, was high and would, in time, become 
higher still. The work carried on by the Institute’s 
technical committees was of the greatest importance 
to the industry and the cultivation of the habit of 
sharing experience was the only way to progress. 
Other toasts at the banquet included those to the 
Corporation of Buxton and to the guests. The 
former was proposed by Mr. N. P. Newman, the 
immediate past-president, and acknowledged by 
Councillor A. Salt, Mayor of Buxton, while the toast 
of the guests was proposed by Mr. Colin Gresty, 
senior vice-president of the Institute, the response 
being made by Mr. F. W. E. Spies, President of the 
Dutch Foundry Association. 
THe Op CENTRALIANS. 

The Old Centralians—the association of former 
students of the City and Guilds (Engineering) 
College—held their 40th annual dinner in the 
Grocers’ Hall, London, on Monday last, June 12. 
The chair was taken by the President, Major F. 
Newhouse, M.I.C.E., F.C.G.I. (1900), and the prin- 
cipal guest was the Rt. Hon. R. R. Stokes, M.C., 
M.P., Minister of Works. The 95 Old Centralians 
present ranged from 1886 (represented by Mr. 
Harry Shoosmith) to 1947 (represented by Mr. C. J. 
Priest) ; it is characteristic of them that they were 
outnumbered by their guests. The toast of “‘ The 
Old Centralians, and the City and Guilds College ” 
was proposed by Mr. R. R. Stokes, who recalled 
how, 25 years earlier, he and the President had 
shared the rigours of a journey through the Sudan 
and had both been present at the inauguration of 
the Sennar Dam. Engineers, he said, could do more 
than any other section of the community to help 
progress along the right path; yet Governments 
had not felt it necessary, in the past, to include 
more engineers in their Cabinets. It was a terrible 
thing that the people who had the practical as well 
as the scientific knowledge were so little in the 
forefront of political events. What was most 
needed at the present time, Mr. Stokes continued, 
was some means of distinguishing between those 
who really knew and those who merely gave the im- 
pression that they knew. “ We stand no chance of 
maintaining our standard of living,” he declared, 
‘“‘ unless in a very short time—within the next two 
years—we find some way to increase our individual 
productive capacity.” The employers, in particular, 
must take the lead in this—the ordinary people 
did not understand what was needed. When men 
did understand, he was confident that they would 
do what was wanted. The President, in reply, 
said that, in practice, engineers (or should he call 
them “technicians ” ?) were the people who were 
asked to wait outside while others made the deci- 
sions ; yet he felt that there could be no higher 
aim than that expressed in the Royal Charter of the 
Institution of Civil Engineers—that of “ directing 
the great sources of power in Nature for the use and 
convenience of man.” But, he asked, did they pay 
sufficient attention to the “‘ convenience of man ” ? 
He thought not ; possibly that was why they were 
not more highly regarded. One of their members, 
Captain A. M. Holbein, C.B.E., had just been 
appointed to a Committee to investigate the 
labour problems of the London Docks. This should 
be regarded, not as something extraordinary, but 
as the natural kind of appointment to make. It was 
necessary, however, if engineers were to be con- 
sidered as important members of the community, 
that they should be educated in the humanities 
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before becoming engineers ; and they must distin- 
guish carefully between education and mere voca- 
tional training. Professor 0. A. Saunders, Dean of 
the City and Guilds College, who also replied to the 
toast, said that, under their new Rector, Sir Roderic 
Hill, many new ideas had been introduced into the 
College—ideas that not only benefited the students, 
but stimulated the staff. The College continued to 
expand, which introduced difficulties of accommo- 
dation; but their real trouble was that no one 
knew how big it ought to be to produce the best 
results. Whatever the number of students, however, 
it was his experience that the proportion of ‘‘ cream ” 
to that of “skimmed milk” remained about the 
same. The remaining toast, that of ‘“‘ The Guests,” 
was pro by Mr. G. W. Tookey, K.C., A.C.G.I. 
(1919), and acknowledged by Sir Cecil Weir, K.B.E., 
chairman of the Dollar Exports Board, who took the 
opportunity to support and clarify the decision of 
the Government not to engage themselves to adopt 
the Schuman plan for the control of European 
steel production purely on the basis of prior commit- 
ments How far it was wise, he said, to commit the 
steel production of this country to international 
control was by no means clear; but he hoped that 
the discussions in Paris would produce a plan that 
was more practicable—one in which Britain could 
join. Past history did not support the complaint 
that Britain was not co-operative ; but it was the 
primary concern of British engineers to re-equip 
Britain’s domestic industries. 


Water Power tn CaNnaDa. 


A lecture on the potentiality, development and 
utilisation of water power in Canada was given by 
Dr. Huet Massue, engineer-economist of the 
Shawinigan Water and Power Company, to certain 
associates of the British Electrical and Allied 
Manufacturers Association at a meeting at the 
Connaught Rooms, London, on Monday, June 12. 
In Canada, Quebec had the greatest water power 
potentiality, with British Columbia a close second. 
Quebec was also far ahead of other regions in the 
use it had made of these resources, its 6,000,000 h.p 
of turbine plant representing 53 per cent. of the 
total installation in the Dominion. Ontario followed 
with 25 per cent. and British Columbia with 10 per 
cent. The two leading plants in Canada were 
Shipshaw (1,200,000 h.p.) and Beauharnois (742,000 
h.p.). The latter was being extended so that by 
1955 the capacity should be about 1,400,000 h.p. 
and, when totally completed, about 2,000,000 h.p. 
In Quebec there were four rivers with turbine instal- 
lations exceeding 1,000,000 h.p.—the Saguenay, 
the St. Maurice, the Ottawa and the St. Lawrence. 
In Ontario there was only the Niagara River, but 
by 1952 the capacity of the installations on the 
Ottawa River would be 1,200,000 h.p. The remain- 
ing commercial resources of Quebec were estimated 
at 11,000,000 h.p. and those of Ontario at 6,500,000 
h.p. Of the latter, at least 6,000,000 h.p. was well 
within the present economic transmission distance 
and was capable of development at low cost. Ontario 
was not so favoured, both the installation of the 
832,000 h.p. now being completed on the Ottawa 
and the proposed redevelopment of the Niagara 
Falls being expensive. In 1946, the output of 
electricity in Canada amounted to 46-7 thousand 
million kWh, or more than eight times that of 1921. 
The overall average cost to consumers had fallen 
from 0-82 cent per kilowatt-hour in 1921 to 0-54 
cent per kilowatt-hour in 1936, at which figure it 
had since remained. The future of the Canadian 
hydro-electric industry was bright and no other 
= in the world offered such attractive possi- 

ties. 





RECORDS OF STEEL DISTRIBUTION.—As the control of 
steel distribution by the Ministry of Supply ended on 
May 27, new arrargements have been made for collecting 
statistics of the deliveries of steel to consumers and for 
export. The new system is authorised by the Iron and 
Steel Utilisation (Records) Order, 1950 (S.I. 1950, 
No. 873), which came into operation on June 3 and is 
obtainable from H.M. Stationery Office, York House, 
Kingsway, London, W.C.2 [price 6d.]. An explanatory 


pamphlet, Note to Consumers—May, 1950, is being 
distributed by Government departments to steel con- 


LETTERS TO THE EDITOR. 


RAILWAY EFFICIENCY. 
To tHe Eprror or ENGINEERING. 


Str,—As reported in your columns on May 19, 
1950, on page 576, ante, Mr. Percy Morris, M.P., in 
his presidential address at the annual conference 
of the Railway Clerks’ Association, defended the 
railways against the charges of inefficiency and 
extravagance by giving percentage improvements 
for the average wagon load for merchandise, coal 
and coke, and minerals, and also the improvement in 
the average train load in tons hauled last year. 
These figures, however, do not prove that the 
British Railways are efficient, because he over- 
looked the fact that a comparison was being made 
with a previous year when efficiency may have 
been very low and extravagance very high. A 
comparison of one year’s working with another year 
is not a yard-stick by which to measure the efficiency 
of the railways, which have been managed ineffi- 
ciently for many years. 

The 1949 report of the Railway Executive was 
very disappointing and distressing to the public. 
Despite the fact that last year there was a deficit 
of 201. millions on the year’s trading, and the 
traffic returns have shown a steady decline since 
1946, yet over this same period the labour force has 
increased from approximately 500,000 to 600,000, 
an increase of 20 per cent. It is true that the 
shorter working week has been instituted and this 
will require an additional 9 per cent. increase of 
staff ; also, to compensate for the improved condi- 
tions of holidays with pay a further 4 per cent. 
additional staff is needed. But why is there a fur- 
ther 7 per cent. increase in the number employed, 
when traffic receipts are falling and the service 
to the public is worse than what it was before the 
last war ? 

Like other trades, the railway fraternity may be 
accused of a certain amount of reduced output, 
but not to the extent that an increase of 7 per cent. 
in staff is required to make up for this deficiency. 
Those who know the railway rank and file will 
acclaim their excellency, for, though they have 
been at all times, and are still, among the lowest 
paid of all grades, they have always made sacrifices 
in times of economic difficulties and war. None 
have given so much for so little. The inefficiency 
of the railways is clearly due to poor management 
and leadership, both of which are entrusted to the 
senior and junior officers employed. They have 
made recommendations to the Railway Executive 
for increased staff; these recommendations have 
proved to be in error and costly to the taxpayer, 
who will be called upon to pay the bill for last year’s 
adverse trading balance of 201. millions, and a further 
501. millions for the current year. What is more 
disturbing is that the morale of the rank and file 
is being impaired through the lack of proper leader- 
ship and management. 

The success of any business depends entirely 
on good management, which must be composed of 
men with outstanding business acumen. Unfor- 
tunately, the men who direct the railways are 
recruited from within the industry, and have been 
trained for 30 years or more in an inefficient system 
—and, moreover, in an atmosphere of absolute 
security which has made them lethargic to any new 
and efficient ideas. Now that the railways are 
nationalised, the taxpayer can justly request a 
review of the management to ensure that it will 
be composed of men who can put the railways on a 
firm business basis without resorting to the measure 
of increased freightage charges. 
Yours faithfully, 
W. T. WIL&s. 
57, The Gardens, 
Watford. 
May 26, 1950. 
[We print this letter because we believe that the 
views expressed are both widely held and erroneous. 
In most branches of industry it has been found that 
the best results are obtained by entrusting the direction 










to men who have grown up in the industry and, there- 
fore, are familiar with its problems. Our correspondent 


qu days, in managers from 
Saab yy Bm nd hy obviate the handicaps suppose | 
to result from mental ‘‘ grooviness,” but these hay. 
not been conclusive; though certain limited benefits 
have accrued, in cular instances, there has no‘ 
been sufficient e ce to prove that they would no‘ 
have been achieved if the managers had been railway. 
men by upbringing.—Eb., E.] 





THE ELDERLY ENGINEER. 
To THe Eprror or ENGINEERING. 


Smr,—Referring to the letter from Commander 
Willans, on page 602, ante, I agree that it would 
be useful to have more ideas on this vital matter, 
as it is important industrially, besides affecting 
engineers. The topic crops up periodically and it is 
unfortunate that a strain of apology creeps in at 
times, as it were a regret that engineers grow 
to maturity in experience and ability, though this 
is what industry always seemed to be wishing for. 
There the matter is left to rest, with the idea that 
the state of affairs is inevitable. The matter is too 
serious to be left to fizzle out in this way ; ifindustry 
is deprived of this vast accumulation of knowledge 
and experience, it is going to be seriously handi- 
capped from a trading standpoint. The problem 
is not, in fact, what should be done with engineers 
who have outgrown their usefulness, but why indus- 
try is not absorbing men who have obtained 
important qualifications, knowledge and experience 
and are still active. Having had to find engineers 
for numerous positions during the past 25 years, 
I have had good opportunities for viewing this 
problem from various angles and have no hesitation 
in stating that it is a psychological one as much as 
anything ; and that, if the reasons could be located 
and corrected, a large number of engineers could be 
re-abeorbed, with a corresponding benefit in com- 
peting with manufacturers abroad. 

One could cover endless ground on the topic, 
but to get at some concrete ideas it is only necessary 
to start with the simple fact that the best man should 
be found for the job, irrespective of age. Henry 
Ford declared that age is the least important point 
by which to judge a man’s suitability ; and, indeed, 
he himself, long before he was in his full prime, 
would not have stood a chance if he had applied 
for a job as works or general manager, under any 
othername. Somebody would have put his applica- 
tion in the waste-paper basket as soon as his age 
was noted. It has become fashionable to draw up 
a specification for engineers, stipulating in a cast-iron 
manner the exact requirements. The result is that 
many firms are not securing the type of man they 
should, because plenty of men of, say, 53 or so— 
healthy, capable, of long experience, and not even 
yet at the height of their mental powers—never 
get as far as an interview. It is not because they 
are not agile or healthy enough, as, if they are 
craftsmen, they are readily absorbed on the practical 
side, where they might be expected to fail first ; 
nor is it that they fall short technically, as many 
have years of drawing and designing experience, 
and a normal intellect is not at its peak until a 
fair age has been reached. No, the cold truth is 
that, for various reasons, it suits certain people 
to stipulate that a man for a job should just be of a 
certain standard and not that standard plus some- 
thing else ; and the best way of securing this is to 
pin down the age. There are still large numbers 
of executive positions filled by unchartered engineers 
and instances have been known where directors 
around the 70 mark would not entertain well 
qualified applicants of 45. The whole subject 
bristles with absurdities, though sometimes there 
is a humorous interlude, as when, in one case, a 
high executive, not at all old, surrounded himself 
with such youthful assistants that he began to look 
to the directors as if he were old, so that they re- 
placed him. 

The idea of starting some sort of business in 
country houses is useful. I had thought myself 
of a central bureau where firms of, perhaps, the 
smaller type could submit their manufacturing, 
design and management problems, which could be 
considered by experienced engineer specialists. 
This might require some sort of subsidy, similar to 





may not be aware that attempts were made in the 
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quite feasible. The two might be combined and 
the country house or small workshop used for produc- 
ing prototypes of new ideas and lines. None could 
be better fitted to avoid pitfalls, snags and false 
starts than a body of engineers with experience 
totalling a large number of years. I would willingly 
give some time to such a project, and attempt to 
interest people and politicians who might assist 
ic furthering the ideas. 
Yours faithfully, 
CuarLes Baxter, M.I.Mech.E. 
57, Hillfield-road, 
West Hampstead, London, N.W.6. 
May 28, 1950. 





LAIRD BROTHERS’ IN 1890. 
To THe Epiror oF ENGINEERING. 


Str,—To your illustration of the laying of the 
keel of this battleship, on page 605, ante, and the 
interesting notes on Laird Brothers in 1890, might 
be added the fact that the keel was appropriately 
laid on Oak-Apple Day, May 29; a day then kept 
in many parts of the country as a holiday. The 
principals in the photograph are wearing oak leaves 
in their buttonholes. 

Yours faithfully, 
A. Stantey Davtss. 
Iver Heath, 
Buckinghamshire. 
June 7, 1950. 





THE INLAND WATERWAYS 
ASSOCIATION. 


To THe Eprror oF ENGINEERING. 


Str,—The editorial suggestion made in the report 
of our annual general meeting contained in your 
issue of June 2, on page 629, ante, that difficulties 
of unloading militate against the use of inland water- 
ways for the carriage of coal, is largely warranted. 
Oddly enough, however, in the instance I cited in 
my speech—the sudden disappearance of a large 
coal traffic from the Staffordshire and Worcester- 
shire Canal—the transfer of the coal to the railway 
was immediately followed by the National Coal 
Board completely dismantling the fairly modern 
loading equipment at Gailey. This Association 
has always advocated the use of containers for 
carrying coal by water, and a wide variety of other 
loads. The container system for coal was employed 
by Brindley op the Bridgewater Canal. With 
larger containers than Brindley used, it is still the 
answer. 

Yours faithfully, 
Rosert Forpyce AICKMAN, 
Chairman, The Inland 
Waterways Association. 
11, Gower-street, 
London, W.C.1. 
June 9, 1950, 





LAPOINTE MACHINE TooL CoMPANY, LiIMITED.—The 
above company have recently moved from their Edgware 
factory to new and enlarged premises at Bushey, Hert- 
fordshire, where they will continue to manufacture 
broaches of various designs and to undertake commercial 
broaching, broach repair and part-manufacture of 
Lapointe broaching machines. The site covers an area 
of about 2$ acres, and it is claimed that, except for the 
works of the American parent company, it is the largest 
in the world to be devoted solely to the manufacture of 
broaches and broaching machines. 





OVERHAUL OF AMERICAN AERO ENGINES AT FACTORIES OF 
BRITISH OVERSEAS AIRWAYS CORPORATION.——The engine 
and propeller repair factories, at Treforest, Glamorgan, 
South Wales, of the British Overseas Airways Corporation 
have been granted a certificate by the American Civil 
Aeronautics Administration (C.A.A.) which authorises 
them to carry out overhauls on engines and propellers 
fitted on aircraft operated by American air lines. This 
is the first certificate to be granted by the O.A.A. in the 
United Kingdom, and the third occasion in which such 
authorisation has been made outside the United States. 
The Treforest organisation has had considerable ex- 
perience on American engines and propellers fitted in 
aircraft belonging to British air lines and to the Royal 
Air Force. 





EXHIBITS AT THE 
MECHANICAL HANDLING 
EXHIBITION. 


At the second Mechanical Handling Exhibition at 
Olympia, organised by our contemporary Mechanical 
Handling, there is displayed a comprehensive range 
of mechanica]-handling aids, such as pallets, tractors, 
trailers and lifting trucks, conveyors and elevators, 
cranes, cable railways, pneumatic handling plant, 
vibrators, wagon tipplers, and components for 
mechanical-handling machines such as motors, 
control gear, lubricating equipment, and chains. 
The opening of the exhibition on June 6 was 
described on page 656, ante; it closes tomorrow, 
Saturday, June 17. As there are more than 180 
firms exhibiting their products, it is not possible in 
these pages to describe more than a fraction of the 
exhibits ; some examples which have not pre- 
viously been described by us are therefore reviewed. 

One of the most impressive working displays is 
given by the Rotaside wagon tippler, built by 
Messrs. Strachan and Henshaw, Limited, Steelhoist 
Works, Victoria-road, St. Philips, Bristol, 2, and 
handling a full-size wagon. The tippler can operate 
with all types of open wagon, up to 21-tons capacity, 
normally used on British Railways, and can be 
adapted for other rail gauges and wagons. By 
means of a special attachment, wagons of the rail- 
top type can be handled. The wagon is lifted well 
above the ground during tipping, the discharge lip 
of the wagon side being 8 ft. above rail level in 
the tipped position; the receiving hopper can be 
built, therefore, partly above the ground. A weigh- 
bridge can be incorporated in the tippler so that 
the wagon can be weighed, loaded and empty, 
while standing on the tippler platform. 

A photograph of the Rotaside tippler with a 
wagon, taken at Olympia, is reproduced in Fig. 1, on 
page 680, from which it can be seen that the machine 
consists of two large welded sector frames, con- 
nected by cross-beams, carrying the rail table and 
the side and top stops. The whole assembly is 
mounted on trunnions which rotate about two 
pivot bearings supported on pedestals at each end 
of the tippler, to one side of the rail track. Curved 
racks bolted on to the outside edges of the sectors 
engage with pinions which are driven, through an 
enclosed worm reduction gear and final spur gears, 
by an electric motor. Normally a 25-h.p. motor is 
fitted, capable of tipping and returning in 3 minutes ; 
higher rates of tipping can be readily achieved 
by fitting a more powerful motor. An eutomatic 
brake holds the tippler in any position. The rail 
table is pivoted on the main frames, off the centre- 
line of the rail track, so that when the rotation 
commences the wagon is tilted towards the longi- 
tudinal side bearer which is padded with resilient 
material. When the machine has turned through 
nearly 90 deg., the tops of the wagon ends pick up 
the top stop, which is pivoted and counterweighted 
and, in the normal position of the tippler, is clear 
of the wagon. Variations in the width and height 
of the wagon are thus allowed for automatically 
without any action by the operator. The tippler 
is counterbalanced by ballast carried in segments 
of the plated sectors, The machine can be operated 
either by a hand-operated drum controller or by 
automatic contactor gear operated by push-buttons. 
Limit switches prevent the tippler from being 
rotated too far in either direction. Models of other 
types of wagon tippler are also being shown, and 
a working model of the Angle-Hoist, for elevating 
and delivering bulk granular materials to a range 
of bunkers, is being demonstrated. 

The British Thomson-Houston Company, Limited, 
Rugby, are showing a working exhibit of a new 
electro-magnetic conveyor for empty syrup cans, 
an experimental equipment built to the order of 
Messrs. Tate and Lyle, Limited. The conveyor 
consists of an elongated electro-magnet incorporat- 
ing a track to which the cans adhere, in an. upright 
position, like keepers across the poles of a magnet. 
The track consists of a pair of running rails and a 
middle rail, all three rails constituting poles of the 
electro-magnet ; the cans, which roll on their rims 
along the running rails, are propelled along the 
track by travelling waves of magnetic force induced 





in the middle rail. Each can remains automatically 
at the crest of a wave ; the speed at which the can 
travels, therefore, depends upon the speed of the 
travelling wave, which can be varied, and the 
spacing between the cans coincides with that of the 
wave crests. Another exhibit of great interest is 
the control console for a walking dragline, believed 
to be the largest in the world, which is being built 
by Messrs. Ransomes and Rapier, Limited, Ipswich, 
and for which all the electrical equipment will be 
supplied by the British Thomson-Houston Com- 
pany. They are also demonstrating a hoist incor- 
porating Stacreep control, electric motors and 
control gear, a working exhibit of a Thrustor operat- 
ing a brake mechanism, and electronic control equip- 
ment for machinery. 

Messrs. Richard C. Gibbins and Company, 
Limited, Berkley-street, Birmingham, 1, are showing 
a new two-wheel cable-drum trailer, for carrying 
loaded cable drums ranging from 3 ft. to 7 ft. 6 in. 
in diameter and weighing up to 4 tons. A photo- 
graph of the trailer is reproduced in Fig. 2, on 
page 680, from which it can be seen that the chassis 
is made up of rolled-steel channels ; it has a remov- 
able back bar engaging in dovetails on the ends of 
the main members, and chained. Mild-steel brackets 
carry the four suspension springs, two on each side 
of the chassis with the road wheels between them. 
Each wheel is carried on two British Timken 
tapered-roller bearings running on a fixed axle sup- 
ported by two “dead” bearings attached to the 
springs. A retractable castor wheel, which can be 
locked in the up or down position, provides for 
manoeuvring the trailer when it is not attached to a 
towing vehicle. It is retracted by a square-thread 
screw and nut. The wheels are fitted with Girling 
brakes, which are operated by the over-run of the 
trailer, or by a hand-operated ratchet lever when the 
trailer is not attached to the towing vehicle. The 
cable drum is carried on a spindle, which rests 
on adjustable cradles; these are carried on a 
1}-in. diameter square screw, supported by thrust 
races. The screw is operated by a ratchet handle 
through reduction gearing. To eliminate any 
bending loads on the screws, the cradles slide in 
guide strips. Adjustable rear jacks are provided 
to give stability when the drum is being uncoiled, 
and for supporting the trailer on uneven ground 
when it is detached from the towing vehicle. 

Another new exhibit of Messrs. Richard C. 
Gibbins and Company, Limited, is a 15-ton general- 
purpose head- and foot-lift jack, in which the load 
is raised or lowered by a rack operated by triple- 
toothed pawls, in nickel-chrome steel, actuated by 
the up and down movement of the operating socket. 
The jack has a maximum lift of 12 in. and weighs 
about 76 lb. They are also showing a comprehen- 
sive range of lifting tackle and winches, including 
a 15,000-lb. power-operated lorry winch mounted 
on a chassis. 

Several new models are being shown on the stand 
of Messrs. Lansing Bagnall, Limited, Kingsclere- 
road, Basingstoke, Hampshire. A  pedestrian- 
operated electric fork-lift truck, shown in Fig. 3, 
on page 680, is designed for all types of loading and 
unloading operations, and for stacking materials on 
pallets. It weighs less than 1 ton and can there- 
fore be used on the upper floors of multi-storey 
buildings where heavier trucks are prohibited. 
Three capacities are available: 12 cwt., 15 cwt., 
and 1 ton; and an electro-hydraulically operated 
lift of 5 ft. 8 in., or of 10 ft. 11 in., as shown in 
Fig. 3, is available on any of the three sizes of 
truck. The truck is fitted with the standard 
Lansing Bagnall battery-operated power unit, which 
incorporates regenerative braking automatically 
operated when the accelerator control is released. 
It has a front-wheel power drive, convenient for 
manoeuvring in narrow passages and round sharp 
corners, and is controlled by a twist-grip handle. 
The batteries can be charged by means of a built-in 
charger, from any convenient 15-ampere power 
point. They are also showing a small electric tractor, 
measuring 3 ft. 3 in. long by 2 ft. 7 in. wide, with 
a draw-bar pull of over 600 Ib.; it is claimed that 
it can haul more than 6 tons on trailers. Other 
exhibits of specially-designed electric trucks include 
a model designed for handling paper reels, fitted 
with electro-hydraulic lifting arms; the capacity 
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is 2,500 Ib., and the lifting arms are 52 in. long, 
shaped to take a standard reel up to 36 in. in dia- 
meter and 70 in. long. A portable bridge plate 
for use in loading railway wagons is on view, 
designed to be used in conjunction with the standard 
power-pallet truck, for easy movement of the bridge 
from wagon to wagon. 

The Chaseside Engineering Company, Limited, 
Station Works, Hertford, are showing one of their 
shovels fitted with a new three-position angle- 
dozer, which has been developed for attaching to 
any standard Chaseside shovel or digger; Fig. 4 
shows the machine at work. It is only necessary 
to bolt a bracket on to the side-arms cross- 
member in order to fit the angle-dozer attach- 
ment to the machine. The attachment consists of 
a curved steel blade, 7 ft. 8 in. long and 2 ft. high, 
with a detachable toe plate ; the blade is stiffened 
by ribs on its rear surface. The blade is pivoted on 
a three-way yoke, which makes it possible to 
operate with the blade square, or at 35 deg. left or 
right relative to the front axle. The yoke, of 
triangular construction in welded }-in. mild-steel 
plate, is attached to the buffer plate of the machine 
by two heavy clamps and is located by two {-in. 
diameter steel dowel pins projecting from the 
buffer plate, which can be removed when the dozer 
is not in use. Two plain bearings are built into the 
yoke, to take a 2-in. diameter steel shaft which 
passes through two steel lugs on the rear of the 
blade. A 2}-in. diameter steel support tube is 
underslung from the welded bracket fitted on the 
side-arms cross-member; the other end of the 
support tube is connected to the rear of the blade. 
A universal joint in the support tube gives the 
flexibility required when the blade is lifted. The 
maximum lift of the blade is 12in. Other exhibits 
on the Chaseside stand include a mechanical shovel, 
a 3-cub. yard dumper, and a 2-ton mobile crane. 

Messrs. J. Collis and Son, Limited, Regent-square, 
Gray’s Inn-road, London, W.C.1, are showing their 
new powered Rola-Veyor, a roller conveyor designed 
to operate over gradients up to 1 in 6; steeper 
gradients can be negotiated with specially-designed 
rollers. The photograph reproduced in Fig. 5 shows 
clearly the method of chain and sprocket coupling 
between each powered roller. The rollers are of 
16-gauge tubular steel with an outside diameter of 
24in. The first roller is driven through single- or 
double-reduction gearing by a fractional horse- 
power motor, and is mounted on a shaft running in 
roller bearings. The motor and reduction gearing 
are enclosed in a steel cabinet ; the output shaft is 
connected to the driving roller through two self- 
aligning sprockets connected by roller chain. The 
driven rollers are of electric-welded construction, 
running in precision ball bearings on steel spindles. 
If the load and the gradient are suitable, idler 
rollers can be used between the driven rollers on 
straight portions of the track. The side members 
carrying the rollers are of angle or channel rolled- 
steel section, according to the load they are required 
to carry. Four types of powered Rola-Veyor are 
available ; the fixed type is designed to order, to 
form a permanent installation in conjunction with 
other plant. The unit type consists of an extensible 
assembly of portable units connected by the self- 
aligning couplers. In the sectional type of Rola- 
Veyor, each separate unit is bolted together, the 
normal roller drive continuing the whole length of 
the equipment ; fixed stands are provided to which 
the separate lengths are bolted. A mobile powered 
Rola-Veyor is available, fitted on a chassis mounted 
on castors; this type of conveyor is particularly 
suitable for use in loading and unloading bays. 
Also on view is a gravity Rola-Veyor; and a Mota- 
Veyor unit conveyor in which the separate units, 
each of which has a continuous belt, are connected 
by inter-couplers and skid plates. They are also 
showing hydraulic and electro-hydraulic stackers, 
and hydraulic trucks. 

On the stand of Messrs. Jack Olding and Com- 
pany, Limited, Hatfield, Hertfordsnire, a Nordberg- 
Buday portable power saw is on view. These saws 
are manufactured, under licence, by Brockhouse 
Engineering (Southport), Limited, Crossens, South- 
port. An unusual feature of the Nordberg-Buday 
saw, which is illustrated in Fig. 6, is the rotating 
table top, which simplifies cutting at an angle and 
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Fie. 5. ‘“Ronia-Vevor” Conveyor; MEssRs. 


J. Cottis anD Son, Limi1tTep. 


eliminates much handling of the timber. The whole 
assembly of table, saw, and power unit can be 
rotated about a pivot in the base, 90 deg. in one 
direction and 65 deg. in the other direction, by 
releasing a locking pin and rotating the table by a 
handle. The table is marked in degrees and in 
carpenter’s pitch settings. A fence is provided, 
which can be adjusted along and across the table, 
and can be set at any angle up to 45 deg., for bevel 
ripping. The power unit may be either a Brock- 
house Spryt two-stroke engine, developing 2} h.p. 
at 2,400 r.p.m., complete with petrol tank, rope 
starter, and cooling fan, or a Brooks single-phase 
1-h.p. synchronous motor operating at 3,000 r.p.m. 
from a standard electricity supply. In either case, 





triple V-belts convey the drive to the saw spindle, 
which runs in sealed ball bearings. A 12-in. dia- 








Fie. 6. ‘‘ NorpperG-Bupay’”’ Saw; Messrs. 
Jack OLDING AND CoMPANy, LIMITED. 


meter saw is normally fitted, which can be adjusted 
in height for various operations. Except when 
Tipping, the operator moves the saw and not the 
itmber; the saw blade and drive assembly is 
swung, about a pivot, across the work by a handle 
and by a pedal; the handle is in one unit with the 
handguard and a splitter. The saw will cross-cut 
up to a maximum of 12 in. by 3 in., or 4 in. by 
4 in., and will rip up to 3} in. deep. Plywood or 
wall-board can be cut up to 40-in. widths using 
the fence; greater widths can be cut by turning 
the fence back, leaving the table clear. For hand- 
ling long lengths of timber, extension tables are 
available fitted with ball-bearing rollers. Other 
exhibits on this stand include Barber-Greene Olding 
ditching and trenching machines, and a bucket loader. 
(T'o be continued.) 
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RESEARCH CENTRE OF THE 
RESEARCH CENTRE AT FORT DUNLOP. DUNLOP RUBBER COMPANY. 


THE new research centre of the Dunlop Rubber 
Company, Limited, at Fort Dunlop, Birmingham, was 
officially opened on Wednesday, June 7, by Sir Law- 
tence Bragg, F.R.S., Cavendish Professor of Experi- 
mental Physics in the University of Cambridge. At a 
luncheon given by the company in the Dunlop Hall, 
and attended by a large gathering, Sir Clive Baillieu, 
K.B.E., C.M.G., chairman of the company, presided. 
Introducing Sir Lawrence as the guest of honour, Sir 
Clive spoke of the new research centre as the product 
of many years of intensive work in the field of scientific 
research and development. During and since the war, 
the tempo of technical development in the rubber 
industry had markedly increased. Many new materials 
and improvements in existing materials had been made, 
and these had greatly increased the complexity of the 
technical problems facing the rubber industry. In 
order to reduce the time-lag between the discovery of 
new knowledge and its application in large-scale pro- 
duction, facilities had been provided at the new centre 
for experimental production. 

Sir Lawrence Bragg, in his reply, spoke of the need 
for close links between the universities and industry. 
At one extreme was the academic research worker, 
oblivious of the world around him, indifferent to 
the possible practical applications of his work, and 
with no cause to worry if he made mistakes. At the 
other, there was the industrialist, who was much 
concerned with the needs of the world around him 
and who could not afford to make mistakes. Tech- 
nology was almost as old as man himself, but invention 
came first. Given the inventive idea, science could 
multiply industrial strength. It was important to 
provide good conditions for scientists to work under ; 
this did not necessarily mean a fine laboratory with all 
the latest equipment, for the history of science contained 
many instances of men of genius who had accom- 
. plished much with very primitive apparatus. It was 
Fic. 1. CHremicaL ResEaRcH LABORATORY. equally mistaken, however, to expect the best results 
with inadequate equipment. Given adequate appa- 
ratus and agreeable working conditions, there remained 
the further important requirement that the research 
workers should be enthusiastic. The true scientist 
lived to work rather than worked to live. Much of 
the work of an industrial research laboratory was 
necessarily routine and so tended to dullness. Manage- 
ments had, therefore, a duty to their research workers, 
no less than to themselves, to take a personal interest 
in all the members of their research organisations and 
to give them encouragement at all times. 

The new centre comprises some 50 fully-equipped 
laboratories with a total floor space exceeding 154,000 
sq. ft., in what was formerly an aircraft ‘“‘ shadow ” 
factory. The technical staff numbers about 270. In 
addition to the main building are two others, one 
housing the power plant and the other the pilot plants. 
In the last-mentioned building new products can be 
manufactured in experimental quantities and produc- 
tion problems studied. Part of this building has a 
ceiling height of over 30 ft. to enable high apparatus 
to be installed. 

The laboratories require several special services. 
Steam at 200 lb. per square inch and compressed air at 
100 lb. per square inch are provided, and some labora- 
tories have special heating, ventilating and air-condi- 
tioning. Others are sound-proofed and _ screened 
electrically. | A large subway is used for the distribution 
of power and other services, and houses the drainage 
system required for the safe disposal of toxic, corrosive 
or otherwise dangerous effluents. 

The work of the organic and physical chemistry 
research laboratories, one of which is illustrated in 
Fig. 1, on this page, covers not only the chemistry of 
rubber but also that of plastics and similar materials 
allied torubber. In addition, the organic and inorganic 
ingredients of rubber compositions, of natural and 
synthetic textiles, of surface-acting agents, etc., are 
studied by a wide range of methods. Special labora- 
tories are devoted to infra-red and ultra-violet spectro- 
scopy and to research methods employing radioactive 
isotopes. The equipment of the physical laboratories 
includes an electron microscope which is used to 
study the distributions of carbon-black particles com- 
pounded in rubber to give it wearing properties. These 
particles are about one millionth of an inch in diameter 
and so cannot be seen in an ordinary microscope. 

About 70 per cent. of the world’s rubber production 
goes into tyres and much of the research is therefore 
concerned with tyre problems. Considerable attention 
is paid to the choice of suitable fabrics, etc., used to 
give added strength. The textile research division 
tests yarns, cords and fabrics, not only for tensile 
strength and extensibility, but also for moisture and 
temperature characteristics, abrasive resistance and 
chemical and bacteriological degradation, and a special 
— E { room is set aside for fibre testing. Proper design of 
the tread of a tyre is important from the point of view 
Fie. 2. Tzstinc Tyre at Low TEMPERATURES. of durability and performance. Before any new design 
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is marketed, the research department carries out 
laboratory and road tests on it, using a wide range of 
instruments. A recent development is a method of 
examining tyres for the presence of internal air blisters, 
such as occasionally develop in service. The function- 
ing of the apparatus depends on the fact that ultrasonic 
waves pass through both water and rubber without 
reflection, but are totally reflected at an air surface. 
The tyre to be tested is suspended partially in a tank 
of water, and a quartz crystal, connected to an electric 
oscillator, is placed in the water within the rim of the 
tyre. The crystal is used as a generator of ultrasonic 
waves, and six similar c » which act as receivers, 
are placed in the bath just outside the tyre, facing the 
generator crystal and disposed along a circular arc 
concentric with the tyre rim. The receiver crystals are 
connected to suitable amplifiers with meters across the 
outputs. The tyre is mechanically rotated at a 
suitable speed and the meter indications observed. 
Whenever an internal air-pocket passes between the 
generator and one of the receiver crystals, the output 
of the corresponding amplifier, indicated by the meter, 
immediately falls, and a red warning light comes on 
automatically. 

Occasionally, passenger vehicles and aircraft acquire 
charges of static electricity which can result in passen- 
gers receiving shocks when entering or alighting. 
Trouble of this kind can be obviated by using tyres 
made of conducting rubber. The conductivity depends 
on the fact that the particular form of carbon-black 
used in the rubber has appreciable conducting power 
as a result of its tendency to ate in chains 
during the process of production. e elastic proper- 
ties and durability of the rubber are not significantly 
affected. The effect of temperature on the mechanical 
properties of rubber is of considerable importance. 
As the ambient temperature is lowered, rubber becomes 
progressively less resilient, and, after passing through 
a stage when it resembles putty in its properties, it be- 
comes hard and tough and shows a brittle-type fracture. 
When aircraft operate at high altitudes or in polar 
regions, temperatures far below 0 deg. C. may be experi- 
enced. In order to study the effect of low temperatures 
on tyres, the research centre contains equipment, 
illustrated in Fig. 2, on page 687, capable of testing the 
resilience of tyres at temperatures down to —65 deg. C. 
This consists of a refrigerator with a cold chamber of 
8 cub. ft. capacity, and a tyre-impacting device which 
can be lowered on to the refrigerator so that the tyre 
is inside the cold chamber. The impacting unit is 
air-operated and can simulate the impact experienced 
by an aeroplane tyre at touch-down. The results are 
recorded on a chart and the complete cycle of stress 
and strain can be presented as a hysteresis loop. 

A recent development is the production of heat and 
cold-resisting silicone rubbers. These are mainly 
inorganic, their structure consisting of chains of silicon 
and oxygen atoms with organic groups attached, the 
cross-linking agent being oxygen. They are little 
affected by heat or cold over a wide range of tempera- 
ture and have applications which include engine 
gaskets, flexible seals, extrusions and mouldings. 
They may be reinforced with fabric, which should be 
heat-resisting, and they have a good resistance to oil. 

It is not possible. within the limits of a short survey, 
to mention more than a few of the many activities of 
the Dunlop Rubber Company’s research organisation. 
Brief reference should, however, be made to another 
two. Much of the test equipment used is of a specialised 
type not readily available. For this reason the centre 
has an instrument section which is available for the 
design and construction of special equipment required 
in the various researches, and there is furthermore an 
industrial-design section whose duty it is to study the 
design potentialities of new materials developed in the 
laboratories before these have reached the stage of 
large-scale production. 





BrusH COMPANY’S EXHIBITION ON STANDARDISATION. 
—tThe Brush Electrical Engineering Company, Limited, 
Loughborough, inform us that owing to the interest 
shown in the standardisation exhibition staged by them in 
their works, it is to remain open for a few days more. 
Further particulars may be obtained from the firm’s 
publicity manager. The exhibition was noticed on 
page 657, ante. 


JET-PROPELLED NIGHT FIGHTER FOR THE ROYAL AIR 
Force.—The first jet-propelled night fighter aircraft 
to be adopted by the Royal Air Force, the Meteor N.F.11, 
is in production. It is a development of the twin-engined 
aircraft designed by the Gloster Aircraft Company, 
Limited, Hucclecote, Gloucestershire, and is being built 
in quantity for the Royal Air Force by Sir W. G. 
Armstrong Whitworth Aircraft Limited, Baginton, near 
Coventry, who are responsible for the detailed design 
required to fit the aircraft for ite special duties. It isa 
two-seat aeroplane fitted with two Rolls-Royce Derwent 
engines, and has a modified nose to take the radar 
equipment. 


LABOUR NOTES. 


AN ap for the wiser spending of wages was made 
by Mr. Herbert Morrison, the Lord President of the 
Council, at Huddersfield on June 10. He stated that, 
on an average, about ten shillings out of each week! 
pay packet went on horse or dog racing or on foot 
pools. There were — good reasons why it would 
pay the individual and the nation if some of that 
money were used differently. By utilising these sums 
for the re-equipment of the nation’s industries, jobs 
would be made safer, easier, and more rewarding. 
cuts became necessary, it would be because too few 
people were saving sufficient of their earnings. They 
were endangering the maintenance of full employment 
by spending too much on inessentials before the task 
of re-equipping industry was completed. 


Mr. Morrison stated that the essential duty facing 
the Government was to ensure that wages paid were 
real wages, representing a fair and increasing share of 
food, clothing, and other goods needed by employees 
and their ilies. Restraint over increases in wages 
did not mean a freezing of wages and, in fact, there 
was no wage freeze. i 1949, w earners 
received 1,000 million pounds more than they did in 
1946, and that represented an increase of over 25 per 
cent. Even compared with 1948, the increase in 
wages received during 1949 amounted to 230 million 
pounds, which was equal to an average of at least an 
extra 10l. for every wage earner. About three-fifths 
of the increases granted last year were due to higher 
rates of wages. The remainder were due mainly to 
increased payments for overtime and to higher piece- 
rate earnings, associated with higher productivity. 


A dispute exists between the London Society of 
Compositors and the London Master Printers’ Associa- 
tion, owing to the breakdown of negotiations on w: 
and man-power problems. As a result of this toed 
down a ban on overtime at a number of London print- 
ing establishments was imposed by the Society about 
four weeks ago, and still continues. Among the firms 
affected by the ban are Messrs. Harrison and Sons, 
Limited, the printers of ENarvgzzrrnc. When the 
dispute came before the National Arbitration Tribunal 
on June 12, complaints were made that the employers 
were trying to compel the men to accept increases in 
wages which the latter did not want. It was stated, 
on behalf of the L.M.P.A., that the proposals of the 
employers, which included a new basic weekly wage of 
7l. 2s. 6d. for hand compositors, with certain extra 
rates for special operations, and an increase in the 
number of apprentices, had been rejected by the 
Society. 


The Society submitted that, in spite of any negotia- 
tions which had taken place previously, its claim had 
been withdrawn. Therefore, the Society, as a trade 
union, had been brought before the Tribunal, which 
was asked to compel it to accept increases in w 
which it had not sought and which, it could be stated 
emphatically, it did not want. If the Tribunal 
awarded the increase, it would be accepted, because 
the Society had no alternative, but that would not 
settle the difference between the two organisations, 
which would continue until the L.M.P.A. to 
meet the Society to settle their problems. Mean- 
while, the ban on overtime would continue. From 
statements made by both sides, it appeared that the 
principal difficulty concerned the recruitment of 
additional apprentices, on which matter the Society 
had refused an application of the L.M.P.A. for an 
increase. The L.M.P.A. stated that they had not 
declined, at any time, to meet representatives of the 
Society, but there was a difficulty in opening negotia~ 
tions while the existing ban on overtime continued in 
force. The findings of the Tribunal will be made known 
at a later date. 


Joint consultative relations at all levels between 
the Scottish area of the National Union of Mineworkers 
and the Scottish Division of the National Coal Board 
have been resumed, according to an announcement 
made by Mr. Abe Moffat, the President of the Scottish 
area of the N.U.M., at a special delegate meeting in 
Edinburgh on June 12. Relations between the Scottish 
sections of the two bodies were terminated on June 5, 
following a ing of the executive committee of the 

N.U.M. on that date, at which 
much dissatisfaction was expressed i ispute 
at Thinacres iery, Lanarkshi of 47 
miners was begun at that colliery when a faceman, 
who is also a representative of the N.U.M., was dis- 
missed by the manager in April for an alleged breach 
of No. 4 of the Coal Mines Act regulations. This 

forbids miners to move from that part of 
the pit where they are employed to any other part, 





except with permission, in an emergency, 
or in other justifiable circumstances. 


It was stated on June 5, on behalf of the N.U.M.. 
that a dispute arose among some drawers at the collier , 
and that the faceman, who worked in the same section, 
was asked to mediate, in order to prevent a stoppa, ; 
of work. He left his place and went to the scene of 
the dispute, but was instructed to return to his statioy 
by the manager. He was dismissed on the followin, 
day for his alleged breach of the regulations. B, 
special ment between the National Coal Boar:: 


and the N.U.M., the ee of any of the Coal Mine 
Act regulations is recogni as sufficient justificatio:, 


| for the dismissal of a man, without appeal to a refere: 


should any dispute occur. In his statement on June 12. 

Mr. Moffat declared that the faceman in questio: 

would be re-employed at Thinacres Colliery and tha‘ 

an independent inquiry would be held to decid 

whether he had, in fact, broken any of the regulations. 

— = at Thinacres returned to work on Wednes- 
y last. 


A meeting of the special economic committee of th: 
Trades Union Congress is due to be held on Monday 
next, when consideration will be given to a number of 
facts and figures relating to wage questions, which 
have been prepared by the economic staff of the T.U.C. 
These statistics are expected to enable the special 
economic committee to prepare a report for deliberation 
at the meeting of the full General Council of the T.U.C. 
on June 28. Proposals which are understood to be 
likely to receive favourable consideration, in view of 
the desirability of preserving some degree of wage 
stabilisation, include a for. some form of 
co-ordination by the trade-union movement of claims 
for wage increases, and for relaxations of the Govern- 
ment’s policy, in favour of additions to the wages of 
lower-paid employees. There will, of course, be time 
before June for further meetings of the special 
economic committee, in addition to that due to be 
held on Monday. It is possible, too, that meetings 
between the committee and Sir Stafford Cripps, or 
other Ministers, may take place in the meantime. 


Suggestions that the general world-wide scarcity of 
coal had come to an end, and that a danger to full 
employment in the coal-mining industry existed in 
consequence, were made at a meeting of the Miners’ 
International Federation at Marseilles on March 28, 
and the Federation passed a resolution to that effect. 
The whole question was thoroughly discussed at a 
meeting in London on June 8 between Mr. Philip 
Noel-Baker, the Minister of Fuel and Power, and repre- 
sentatives of the National Coal Board and of the national 
executive of the National Union of Mineworkers. Ina 
statement issued subsequently, the Ministry of Fuel 
and Power declares that the present position and future 
pros of the industry in the United Kingdom were 
carefully examined, and the meeting reached the 
unanimous conclusion that there was no foundation 
for the concern expressed in the resolution passed at 
Marseilles. 


So far as the United Kingdom was concerned, the 
statement continues, the facts showed that there were 
increasing tequirements for coal from power stations, 
gas works, and general industry, large unsatisfied 
demands from domestic consumers, and the need 
to replace some 13 million tons of opencast coal each 
year by production from the pits. Above all, there 
was an immediate need to produce many more millions 
of tons to meet the requirements of the export market. 
In all, these needs represented a demand for tens of 
millions of tons more coal a year than the present 
average annual output of p- The 
meeting, therefore, the statement concludes, unani- 
mously agreed that these facts not only necessitate an 
immediate substantial increase in coal output, but, in 
themselves, guarantee a continuation of full employ- 
ment in the coal-mining industry in the United 
dom. 


The legal limitation of dividends was urged by Mr. 
Jack Tanner, President of the Amalgamated Engineer- 
ing Union, in his address to the annual meeting of 
the national committee of the Union, which opened 
at Blackpool on June 12. He suggested that any 
surpluses earned by firms above the legal limit should 
be shared in agreed proportions between employers and 


workpeople. His remarks may indicate the latest 
trend of opinion in some quarters of the trade-union 
movement. Hitherto, trade unionists have accepted 
the voluntary limitation of dividends and wages. 
Although the limitation, by voluntary means, of the 
former a’ rs to have been largely successful, statistics, 
such as ian quoted by Mr. Herbert Morrison, indicate 
that wage increases have been substantial, even during 
the period of the Government’s bilisation 
policy. Mr. Tanner agreed that profits, after tax, 
were smaller in proportion to the national income, 





than before the war. 
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APPLICATIONS OF STRESS PROPA- 
GATION IN CIVIL ENGINEERING.* 
By D. Lavenarne Tuornton, M.A., M.LC.E. 


Tae manner by which stress travels in materials of 
construction can hardly fail to be of interest to any 
engineer with a scientific outlook, since the subject 
abounds in phenomena that excite curiosity and 
problems of great practical importance which call for 
solution. Civil engineers, in particular, often meet with 
instances in the work of blasting for excavating pur- 
poses, on land and under water, where the duration of 
the disturbing force may be measured in millionths of 
a second, and the aoe | of propagation may be mea- 
sured in miles a second. The subsequent phenomena 
are generally much too rapid to follow with the unaided 
sense of sight and time, and the application of reasoning 
from statical considerations to such dynamical problems 
is apt to lead to conclusions which are not merely 
quantitatively in error, but are diametrically opposed 
to fact. Knowledge of the subject affords valuable 
guidance on the economical use of the explosive, and 
also on the measures we may adopt to minimise the 
shock-effect on neighbouring structures. Furthermore, 
there is the dynamics of blasting in quarries, which 
has a direct bearing on outstanding questions con- 
cerning the physical mechanism of short-delay firing. 
In the great majority of these and other instances 
under the same heading, the loading is characterised 
by rapid deformation of the material and high inten- 
sities of loading. Then the part of the structure 
receiving the load does not change its position sensibly 
during the action, though appreciable changes of 
momenta take place. This is called impact loading. 
If the resulting stress in the material exceeds the 
strength or the yield stress, rupture or plastic deforma- 
tion will take place, usually near the position of impact, 
but the place of failure is influenced to some extent 
by the constraints, of which sudden changes in cross- 
section or in the mechanical properties of the material 
are special examples. 

In the familiar case of pile driving, we may regard 
the pile as consisting of a continuous series of plane 
layers of elastic particles of wood, steel or concrete. 
It is not difficult to convince ourselves that impact 
of the hammer produces a condition of strain in the 
layer of particles forming the head of the pile which, 
in virtue of their elastic properties, will transmit this 
condition to the adjacent layer of particles, and so on 
down the pile. Suppose, for purposes of illustration, 
the blow of the hammer to be evenly distributed over 





* Paper read before the Institution of Civil Engineers 
of Ireland, at Dublin, on Monday, March 6, 1950. 
Abridged. 
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the head of the pile, and the head to be plane and 
normal to the longitudinal axis. In these circum- 
stances, the motion of the particles is expressed by the 
simple wave equation 


Oe _ bom 
at Ga 


with u representing the shift of the particles at dis- 
tance z and time ¢t, for a material specified by Young’s 
modulus E, and weight per unit volume p, the symbol g 
standing for acceleration due to gravity. In this 
notation, the strain travels in the material at a speed 


equal to af = » which we shall denote bya; the 
du 


velocity of shift, a of the particles is equal to the 


product of a times the strain. When the strain thus 
reaches the foot of the pile, it suffers partial reflection 
and partial transmission, by amounts depending on the 
ease with which the shoe penetrates the ground. Hence 
we may speak of the propagation of strain in the form 
of a pulse or wave, and study the phenomenon from 
records exhibiting the variation of strain with time at 
places some distance away from the source of the 
disturbance. In the conditions stated above, all the 
particles subjected simultaneously to the same strain 
will lie in a plane surface. Such a surface constitutes 
the front of the wave, and it is known as a plane wave 
in the example under consideration. 

So long as the strain does not exceed the proportional 
limit of the material, the stress will vary linearly with 
the strain, and a record of strain-time is easily trans- 
formed into one of stress-time. The pulse may then 
be called a stress-wave, and the chain of results a 
strain-wave. It is important to distinguish between 
the velocity of propagation and the velocity of shift 
of the particles. In elastic deformation of a given 
material, the first of these speeds is for most practical 
purposes constant, whereas the second varies with the 
strain; for many ferrous metals the former is about 
17,000 ft. per second, but the latter could not greatly 
exceed 30 ft. per second if permanent deformation of 
the metal is to be avoided. 

Let us now take a closer view of the process in the 
case of elastic solids by considering an experiment 
arranged for the purpose. The system consists of a 
steel bar of circular cross-section, 8 ft. overall in 
length, 4 ft. of which is } in. in diameter, and the 
remainder 1} in. in diameter, the change of section 
being sudden, as illustrated by Fig. 1. Each end of 
the bar is suspended, by slender wires, from an over- 
head support, so that both ends are free. At the 
positions marked 1, 2, 3 on the bar, distant 2 ft., 4 ft., 
6 ft., respectively, from the left-hand end, electrical- 
resistance strain gauges are attached to the steel to 
measure the strain in the layers of particles covered 
by these gauges. By connecting the gauges to a 
cathode-ray oscillograph we can obtain independent 
records of the variation of strain with time at the 
positions 1, 2, 3 when the left-hand end of the bar is 
struck sharply with an electrically-operated hammer. 
The result is as shown in Fig. 2, where traces of the 
oscillograms are marked with numbers corresponding 
to the positions on the bar. 
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On these records our attention is drawn to the 
movement and character of the pulse during propaga- 
tion in the material. We see how, as a result of the 
impact, a condition of strain, in compression, is trans- 
mitted by successive layers of particles up to layer 3 
in Fig. 1, and then recorded by the gauge there in 
the form of a pulse, exhibited at the extreme left of 
trace 3. The character of the strain, compression, is 
indicated by the downward direction of the pulse 
marked s,. The strain-wave continues to advance 
aiong the bar until it reaches the right-hand end, or 
interface of steel and air, where it undergoes nearly 
total reflection, with change of sign, so that the reflected 
strain is one of tension. This reflected , in making 
the return journey, from right to left, passes the 
gauge at position 3 on the bar, records the event by 
the upward pulse s,, signifying a strain in tension, and 
then p to the left-hand end of the bar, where 
it is likewise reflected as a strain in compression. Then 
the previous cycle of events is repeated in turn by the 
pulses 85, 84, 8;, 8, and so on, the disturbance pects dr 
dying away under the influence of frictional and other 
dissipative agencies. 

The variation of strain with time for the layer of 
particles at — a of the bar, trace 2, also exhibits 
pulses which are alternately ones of compression and 
tension. On trace 1, however, pulses of compression 
and tension occur in pairs, owing to the circumstance 
that partial reflection, without change of sign, takes 
place each time the stress-wave passes the sudden dis- 
continuity in cross-section at mid-length, corresponding 
to position 2 in Fig. 1. The wavelength is short, since 
the duration of the hammer blow is approximately 
0-2 millisecond, and the velocity of propagation of 
stress in the steel is slightly greater than 16,000 ft. per 
second, or rather more than 3 miles a second. From 
these oscillograph records, then, we learn that such 
pressure-pulses are ly reflected and partly trans- 
mitted at a sudden change in cross-section, and more or 
less totally reflected at an interface of elastic solid and 


air. 

The fact that concrete, brick, mortar and masonry 
generally are notably weak in tension, though strong in 
compression, provokes the question : What would have 
happened, as a result of reflection of stress-waves, 
had the bar of Fig. 1 been made of such materials ? 
Well, let us take the non-reinforced concrete column 
of Fig. 3 (a), and detonate a small charge of explosive 
at the left-hand end. In the actual test to which this 
refers, detonation of the c caused a stress-wave, 
in compression, to travel along the column and undergo 
nearly total reflection, with change of sign, at the 
right-hand interface of concrete and air. When the 
resulting tensile stress attained a value equal to the 
strength of the concrete in tension, the column frac- 
tured, about 14 in. from the end, co mding to a 
time difference, t, between the arrival of the pri 
and the reflected pulses. The remainder of the primary 
pulse, that is, the part subsequent to the instant ¢ was 
reflected from the new reflecting surface thus formed. 
Then a succession of other reflecting surfaces were in 
a like manner brought about and so other pieces broke 
away, until a stage was reached in which the pressure 
of the primary pulse incident on the nearest reflecting 
surface became less than the strength of the concrete 
in tension. The final condition of the column was as 
shown in Fig. 3 (b), with the part more or less pulverised 
by the explosion shown hatched. 

The physical mechanism of reflection also explains 
why the impact of a shell on armour-plate, which lacks 
the requisite ductility, causes flakes to fly off on the 
inside of the plate although the projectile has failed to 
penetrate. Another illustration occurs in the case of 
impact, without penetration, where a shell hits concrete. 
From the same cause we may have fracture of the 
concrete near the foot of a reinforced-concrete pile 
when the toe enters an underground cavity on the site 
cf old foundations. 

Our conclusions so far leave us in no doubt that, with 
a structural member of finite length, a pressure-pulse 
will suffer partial reflection at both ends, to an extent 
determined by the degree of fixity and the nature of 
the interface there. But it may not be so obvious that 
the initial conditions of the disturbance also influence 
the subsequent train of events. In the compression 
member of Fig. 4, for example, the application of a 
solitary pulse, or shock, through the structural connec- 
tion at z = ! in the direction of the arrow will initiate 
in the material a system of two pressure-pulses, one 
of tension moving to the left, and the other of compres- 
sion moving to the right. The first of these pulses, 
moving to the left, suffers nearly total reflection, 
without change of sign, at the rigidly fixed end of 
the member, and then starts tenvelling to the right, 
as a stress in tension. Simultaneously, the other pulse 
starts moving to the right, as a stress in compression. 
When the front of the first of these pulses overtakes 
the rear of the second, modification through interference 
results, the magnitude and character of the change 
being determined by the duration of the initial pulse 
and the time taken by the front of the reflected pulse, 
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of tension, to reach the rear of the pulse that starts as 
one of compression. Although it is by no means easy 
to formulate the force involved in such impacts, for 
practical purposes the formula 
1 gf 
=e r@+7 

will suffice in a wide variety of problems, with X 
written for the force at the time ¢, » for the impulse or 
time-integral from ¢= — © to t= +o, and fr for 
a very short interval of time. This formula gives a 
curve which schoolboys sometimes call “‘ the admiral’s 
hat.” The general solution* yields an expression for 
the shift, «, of the particles at position x and time ¢, 
in the form 
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where I stands for the total impulse imparted to the 
connection, and the other lc stand for the dimen- 
sions shown in Fig. 4, on page 689. 

To interpret this formal analysis in practical terms, 
suppose the we to be evenly distributed over the 
cross-section of the member and, for the moment, 
ignore the influence on transmission of any riveting or 
welding which may be associated with the structural 
connection. The example refers to an actual system 
in which the material remained elastic during the 
process. The time 7 is 0-5 x 10-5 second, the impulse 
per sq. ft. of cross-sectional area is 100 Ib.-ft. 
per second, IL is 15 ft., 1 is 6 in., ¢ is 2 in., and the 
velocity of propagation, a, 17,000 ft. per second. By 
introducing these values and effecting the computations 
in accordance with the formula for u, we are able to 
draw curves which, on the supposition that the stress 
is proportional the shift u, nd given by suitable 
instruments recording stress-time at any position x 
on the member. The curves are shown in Fig. 5, page 
689, for values of z and of ¢ less than the time required 
for the pulse to reach the right-hand end of the member, 
with tension taken as positive, and compression as 
negative. Each curve accordingly illustrates how the 
stress at the stated positions on the member varies 
with the time before the wave has arrived at the right- 
hand end of the system. It will be noted from the 
positive direction cf the time scale, that for any one of 
these curves, the front of the wave is on the left, and 
the rear on the right. The expression for u yields no 
information as to the inning or end of the pulse, 
hence the truncation of the curves, but we may leave 
the effect of this restriction for subsequent study, since 
it does not materially affect the maximum values of the 
stress which are the most important in design. 

With this diagrammatic picture of the propagation 
before us, it is a simple matter to investigate the cause 
of the considerable variations in stress which are thus 
seen to occur in the prescribed interval of time. Taking 
first the curve for z = 0-5 ft., lying to the left of the 
edge of the structural connection, it appears that the 
stress is one of tension alone ; stress of the same sign, 
but of different magnitude, will be found at all positions 
to the left of the same edge. At x = 0-75 ft., to the 
right of the connection, however, the stress, initially in 
compression, soon changes to one of tension, owing to 
interference, or “overlapping,” of the oncoming 
reflected wave, of opposite sign. There the greatest 
stress is one of tension. A similar change in sign 
takes place at x= 1-5 ft., though the maximum 
values, first in compression and then in tension, are 
more nearly equal than previously. Again, the shape 
of the wave at x= 7-5 ft., that is, at mid-length, 
indicates that the material there is stressed first in 
compression and then in tension by approximately 
equal amounts. At positions still closer to the right- 
hand end of the system, the stress-waves would be 
modified by reflection of the wave-front there, in 
much the same manner as at the opposite end. After 
a few journeys of the wave, the distribution of stress 
along the member would become sensibly uniform, with 
the exception of the ends, where, as already noticed, 
the amount of reflection is influenced by the rigidity 
of the joints and the nature of the interfaces. In 
general, therefore, the conditions at the ends of a 
structural system are distinguished by sharp changes 
of stress or strain. 

As we are still uncertain about the shape of the 
wave-front, for reasons already mentioned, before 

ing, we had better clarify our ideas as to when 
the disturbance actually starts at a given position on 
the member. At zx = 7-5 ft., the right-hand edge of 
the structural connection is 6-833 ft. away, and the 
time required to cover this distance, at a speed of 
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* D. Laugharne Thornton, Mechanics Applied to 


Vibrations and Balancing, Art. 79. Chapman and Hall, 
London. 1939. 
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17,000 ft. per second, is 0-402 millisecond. This 
represents the instant at which the wave-front would 
arrive at x = 7-5 ft., and we may allow for this by 
joining, with the fair curve shown in broken-line, 
0-402 millisecond on the time scale and the peak of 
the adjacent limb of the curve. A similar argument 
leads to the conclusion that at x = 0-3 ft., the wave 
would start 0-018 millisecond after the instant of 
impact, as indicated by the broken-line on that curve. 
The shape of these corrected curves discloses the 
characteristic steep-fronted wave associated with 
impact loading. Following the instant of maximum 
stress, the stress-time curve falls rapidly, after the 
manner of an exponential curve that very nearly touches 
the base-line of zero stress about 1 millisecond later. 
Hence, with a speed of pro tion of 17,000 ft. per 
second, the total energy of the wave is practically 
confined to a length of 17 ft. of the member. The 
actual value of this length differs slightly from our 
estimate, owing to the fact that in impact loading the 
speed of propagation is not exactly constant, but the 
present figure will serve for purposes of illustration. 
The phenomenon of varying of transmission will 
be examined later, when we consider flexural deforma- 
tion. 

These sudden reversals in sign of the stress at inter- 
mediate positions on the member of Fig. 4 are to be 
attributed to the fact that the impact was transmitted 
through an intermediate structural connection ; such 
changes would not occur in this manner if the impulse 
had been applied at one end of the system. This very 
largely explains why joints, structural connections, 
or sudden changes in cross-section constitute a common 
source of failure under rapidly applied loads, and it 
emphasises the importance of careful design in this 
particular for structures subjected to shock from a 
near earthquake or an explosion. 

An interesting question now arises : Is it a matter of 
indifference whether the joint is riveted or welded ? 
Let us find an answer by experiment, taking three 
test-pieces of steel plate, of the same overall dimensions, 
but with the difference that the first is in one piece, the 
second has a riveted joint at mid-length, while the 
third has a welded joint at mid-length. Free-end 
conditions are secured by suspending each test-piece in 
the vertical plane, with the long side horizontal, from 
an overhead support by means of slender wires. Each 
specimen measures 9 ft. in length, 1 ft. in width, and 
# in. in thickness; near both ends are attached 
electrical-resistance strain gauges for recording, through 
a cathode-ray oscillograph, the arrival and departure 
of the strain-wave initiated at one end by a regulated 
blow from a hammer. 





The procedure furnishes the oscillograms reproduced 





in Figs. 6, 7 and 8 for the continuous, the riveted, and | 





. 8. 


the welded specimens, respectively. In each case, the 
curve of strain-time at the end receiving the blow is 
indicated by the lower trace, and that at the other end 
of the specimen by the upper trace; strain in com- 
— is denoted by a downward movement on the 
ower trace, and by an upward movement on the upper 
trace. Thus the initial pulse and its reflection at the 
opposite end of a specimen are recorded in succession by 
the first peak at the extreme left of each trace. On 
any one trace, subsequent reflections occur at regular 
intervals, equal to the time taken by the wave to make 
a double journey of the test-piece, each reflection 
being recorded almost instantaneously because the 
strain gauges are situated near the free ends. 

On comparing all three records, it appears that the 
joint, riveted in Fig. 7 and welded in Fig. 8, has broken 
up the wave motion in the early stages of the process. 
Further, the pulse is sharply reflected at the riveted 
joint, as is best realised from study of the later stages 
on the lower trace of Fig. 7. This discloses the fact 
that part of the wave is not transmitted beyond the 

of the joint nearest to the position of impact, but is 
reflected back in the material. The proportions of the 
cover-plates and their number, single or double, contri- 
bute to the importance of this phenomenon. On these 
records we recognise other points of practical interest. 
One, from the trace of Fig. 6, for the continuous 
specimen, is that reflection at the end opposite to that 
receiving the impact is sharply defined even after nearly 
30 double journeys of the stress-wave, during which the 
disturbance has travelled about 540 ft. in all. This 
characteristic gives some idea of the slight internal 
damping which may attend the transmission of such 
impulses. Another is that the general appearance of 
the traces of Fig. 8 is an indication of the soundness 
of the weld. 

Our considerations so far have involved only exten- 
sional deformation, of the type implied in the first of 
the foregoing equations. With beams, however, it will 
be remembered that, in the general case, flexure 
induces in the material strain having both extensional 
and distortional components. When such strain 
arises from a suddenly applied load, the disturbance is 
consequently propaga as an extensional pulse on 
the one hand, and a distortional pulse on the other. 
The first produces simple tension or compression, and 
the second shear distortion. An equation in which 
account is taken of the bending moment, shearing force, 
and ro inertia of the cross-section has been 
developed by Professor 8. Timoshenko.* With & 
standing for the radius of gyration of cross-section 
about the neutral axis of the beam, E and N, in turn, 
for Young’s modulus and the modulus of rigidity 





* Phil. Mag., vol. 41, page 744 (1921). 
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of the material, of weight p per unit volume, the 
flexural deformation v in the plane of bending at a 
point distant z from one end and at time t, is to be 
deduced from the expression 

Eg Oe , cE Ho 1 Av cp & 

p ox * N/ actd® * 2 df * No oe 
where c is a numerical coefficient depending on the 
shape of the cross-section. The value of ¢ is always 
greater than unity ; it is } for a rectangular shape, and 


0, 


4 fora circular shape. By putting ae in a*, and pA = at, 
the wave-terms become apparent, for we then have 
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with a and a, representing the velocity of propagation 

of the extensional component and of the shear distor- 

tional component, respectively. As Timoshenko’s 

solution of this equation does not readily lend itself 

to the case of very rapid loading, we shall employ one 

which the present author has obtained by means of the 

operational calculus. 

To particularise, suppose the beam to be a cantilever, 
with the fixed end or support subjected to a constant 
acceleration f, in the direction of v positive, for a very 
short interval of time. In these circumstances, the 
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where, substituting (x,) for (a,t—2x) or (at — x), H(z) 
is Heaviside’s unit-step function; H(z,) is equal to 
zero when (,) is negative, and to unity when (z,) is 
equal to or greater than zero. To particularise further, 
let the free length of the cantilever be 25 ft., the radius 
of gyration k be 4 in. and the cross-section of hollow 
circular shape, to secure symmetrical flexure ; also, 
let f be 100 times the acceleration due to gravity, and 
the material mild steel, for which a = 16,900 ft. per 
second, and a, = 9,600 ft. per second. By inserting 
these data in the expression for v, and tabulating the 
results for various values of x and of the time from 
t = 0 to t = 0-001 second, it is possible to trace the 
transmission of flexural deformation along the beam 
from curves of v plotted against x for given values of the 
time ¢. Thus, from Fig. 9 we learn that nearly 1 milli- 
second is required for the flexural deformation to arrive 
at the free end of the beam, with the shorter waves 
travelling faster than the longer ones. Hence the 
velocity of propagation of flexure is not constant, being 
dependent on the frequency of oscillation of the wave. 
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This is —— to the transmission of light through 
glass, where light of different frequencies, that is, of 
different colours, travels with different velocities, and 
the phenomenon of dispersion results. A beam 
executing flexural vibration may therefore be called a 
dispersive system. 

The phenomenon of the shorter waves travelling 
ahead of the longer ones in the case of flexural deforma- 
tion is more clearly illustrated in Fig. 10, which has been 
constructed from records taken on a model cantilever 
of steel, 6 ft. in length, with rectangular cross-section, 
1g in. by ,& in. The diagram exhibits the flexural, 
deformation, about the longer axis of cross-section, 
3 milliseconds after the support had received an impulse 
that caused it to move with a constant velocity of 5 ft. 
per second for 0-3 millisecond. It will be observed 
that the flexural wave has not arrived at the free end 
of the beam ; it takes about 44 milliseconds for that 
to occur. But the extensional component of deforma- 
tion will arrive there in 0-35 millisecond reckoned from 
the start of the disturbance, that is, just after the impul- 
sive force has ceased to operate. 

At this stage it may be asked: In what way is the 
process of transmission affected by an appreciable 
amount of internal damping ? The question may be 
answered by reference to the type of damping in which 
the resistance is proportional to the velocity of shift 
of the particles. The general effect is dispersion and 
distortion, so that wave-components of different 
frequencies are unequally damped, and the character 





or form of the wave as a whole therefore varies as it 
advances. Now the shift or displacement of a particle 
at a given point does not become zero after the wave 
has passed over it, as it would if the damping were 
very small. This means that a wave, whether pro- 
gressive or regressive, has no definite end-point although 
it may have a definite beginning. Waves with these 
characteristics are, in the author’s experience, of 
common occurrence when high values are attached to 
the time-rate of loading and to the magnitude of the 
impulsive stress. Blasting of rock in certain conditions 
is an example which comes to mind in this connection. 

Let us, then, pass to the propagation of stress in an 
elastic solid of indefinite extent in all three directions. 
In order to simplify the description of the process 
without seriously affecting the conclusions, we shall 
imagine the solid to be homogeneous and isotropic, and 
free from internal damping, leaving certain corrections 
for later consideration. These conditions approximate 
to those associated with the transmission of strain 
following the detonation of an explosive in solid rock 
when the magnitude of the impulsive stress is less than 
that required to cause fracture of the material. The 
pressure-pulse starts as a spherical wave with a steep 
front, but the wave-front resembles that of a plane 
wave more and more as the pulse moves away from 
its origin. 

At any instant, the process of transmission involves 
two types of wave: one is extensional travelling in the 
radial direction away from the origin, while the other 
is distortional travelling in the transverse direction, 
that is, outwards in a plane at right-angles to the 
direction of the radial component of the disturbance. 
Of these two types of wave, the first brings about 
simple tension or compression, and the second shear 
distortion. In the general case, these waves differ in 
the matter of both stress and speed. To formulate 


these differences, let - stand for Poisson’s ratio, 


E for Young’s modulus, p for the weight per unit 
volume of the material, and u for the radial shift of a 
particle lying on the wave-front of radius r. In this 
symbolism, the numerical value of the extensional 


stress 
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and that of the distortional wave 
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Hence the stress varies inversely as the radius r. The 
speeds of these waves, taken in the same order, are 


equal to 
/ m(m —1)E9 af 
ees Set 
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This means that in concrete, for which Poisson’s ratio 
is 0-15, for instance, the transverse wave travels 0-64 
times as fast as the longitudinal wave. 

It is now evident that the process is by no means 
simple even when restricted to the case of a homo- 
geneous and isotropic elastic solid free from internal 
damping. Further, in the field, a mass of rock may 
contain irregular joints, and the effect of these is 
selective scattering of the wave through reflection when 
the linear dimensions of the reflecting surface are large 
in relation to the dominant wavelength ; the scattering 
is greater for high-frequency components than for 
low-frequency ones. In the field, too, we sometimes 
meet with large boulders surrounded by loose material ; 
then the wave suffers refraction, as well as reflection. 
Our conclusions require further correction for weather- 
ing and adsorbed water in the case of sedimentary 
rocks. Moisture usually causes the velocity of propa- 
gation to decrease in the case of consolidated beds of 
limestone, sandstone, and porous igneous rocks, and 
so does weathering, whereas the effect is an increase 
in the case of unconsolidated beds. There is also a 
tendency for the speed of the extensional wave to be 
greater along the bedding plane than across that plane. 

When the magnitude of the impulsive stress is 
sufficient to produce fracture of the material, as in 
quarry blasting, for example, the maximum pressure 
of the explosive is attained in an extremely short 
interval of time, of the order of 0-1 millisecond. If the 
material is limestone in which the speed of the longi- 
tudinal wave is 5,000 ft. per second, the wave-front 
will not have moved 1 ft. away from the shot when 
the maximum pressure is reached, and, therefore, 
fracture has started. Considerable difficulty attends 
examination of this stage of the process, since the 
conditions of continuity required for analytical pur- 
poses are absent, and the design of recording instru- 
ments sufficiently robust to withstand the impulsive 
force is no simple matter. Nevertheless, the fo ing 
observations enable us to trace in outline the physi 
mechanism of the process. 

Taking, first, the case of a group of holes in each of 
which the shot is fired instantaneously, but with short 
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intervals between each shot, detonation is followed by 
a steep-fronted spherical pressure-wave. Thus the 
material is subjected to both shear and compression 
at the outset, and to stresses of the same type, but of 
opposite sign, after each reflection at a free surface of 
rock. The probable trend, for the same hole, is shatter- 
ing by thrusting out of the material near the shot, 
together with fracture in tension farther up the working 
face, in consequence of reflection at the top of the face, 
after the manner illustrated by Fig. 3, 689. When 
the next hole of the group is fired, from 10 ft. to 20 ft. 
along the working face, the resulting pressure-wave like- 
wise moves radially outwards and causes further shatter- 
ing of rock, some of which has been only partially 
ruptured by the preceding shot. The process is repeated 
by each shot of the group, with considerable increase in 
the number of reflecting surfaces, and, therefore, in the 
number of fractures under tension. Detonation of 
each shot simultaneously starts a spherical wave in the 
rock behind the burden which travels through the 
formation until it strikes a joint, where it suffers 
partial reflection and partial transmission. It is that 
wave which gives rise to complaints of damage to 
= y some distance away, from the quarry, though 

en windows may occur as a result of the pressure- 
wave initiated in the air by faulty blasting. 

Turning, next, to the case of short-delay firing, the 
quantity of explosive detonated by successive delays 
is commonly much smaller than that involved in an 
instantaneously fired shot. Hence we should expect 
a short-delay shot to shear the rock from the quarry 
race rather than thrust it out as in an instantaneous 
shot. Inspection of records lends support to this 
view. There is no doubt that the amplitude of vibra- 
tion of ground some distance away from a quarry is, 
on the average, reduced by employing the short-delay 
procedure. But this can hardly be attributed to 
cancellation of waves at points near the hole, as is 
sometimes , since all phases and waves of 
two or three different frequencies appear in similar 
patterns on records of both short-delay and instan- 
taneous shots at the same quarry. It may be that 

i ion also contributes to the difference between 
the reactions of these two types of shot, because energy, 
as well as amplitude, is involved in the problem of 
vibration, whether it causes damage to property or not. 
This asi of the subject merits further experimental 
study, for reasons which will be appreciated by quarry- 
owners, who are well acquainted with the legal aspect 
of the matter. 

Civil engineers sometimes utilise explosives under 
water for various purposes: deepening harbours and 
channels, removing old foundations, and wreck dispersal 
inshore. In such work it is customary to employ an 
explosive with a high rate of detonation, up to 22,000 ft. 
per second. Thus the time required to complete 


detonation is very short, equal to second for 


R 
22,000 
such explosives in a spherical casing of radius R ft. 
For charges of various weights up to 1,000 lb., the 
maximum pressure also is attained in a very short time, 
about 0-5 x 10-* second. Detonation will therefore 
produce, almost instantaneously, a spherical mass of 
incandescent and, in consequence, radial displace- 
ment of the water outwards, starting from zero velocity 
and rapidly rising to a maximum, of the order of 
3,000 ft. per second near the charge. 

As the gaseous products of combustion expand, the 
pressure-pulse travels radially outwards, with a 
velocity at first slightly greater than the-normal value 
for sea- or river-water, but the speed rapidly falls to 
about 4,850 ft. per second. Omitting certain phases 
of such explosions which do not concern us here, the 
pulse subsequently behaves as a solitary wave that 
obeys the ordinary acoustical laws of reflection and 
refraction at an interface of different media. The 
pressure of water immediately behind the wave-front 
increases rapidly to a high value, and then decreases 
with the time, along a fairly smooth curve. For a 
given explosive, the maximum pressure some distance 
away from the charge varies approximately as the 
cube root of the weight, and Spiele as the distance. 

In water, the physical mechanism of propagation 
is much the same as in an elastic solid, the chief differ- 
ence being that the resulting stress is restricted to 
simple compression and tension, since shearing stress 
cannot be sustained by water. With the present 
conventions, the equation of motion of the water- 


particles is 


with the velocity of propagation signified bya. Herea 


/ =! for water specified by bulk modulus 


K, and weight per unit volume p. As already remarked, 
the mean value of a is 4,850 ft. per second. 

Since sea- or river-water can, in these conditions, 
support a tensile stress of at least 100 lb. per square inch, 
the pressure-pulse will undergo partial reflection, with 


is equal to 








change of sign, at an interface of water and air. 
such interfaces, then, an incident pulse, in compression, 
will produce a fine spray of water-particles, as a result 
of partial transmission, and a reflected pulse, in tension, 
of intensity about 100 Ib. per square inch. Further, 
the pulse will suffer reflection, and in certain circum- 
stances refraction, at the sea-bed. 

The charge is usually placed some distance below 
the bed, in a hole, for excavating purposes, or it ma 
be placed on the sea-bed itself in the case of wrec 
dispersal. For purposes of illustration, however, we 
may consider a ch of explosive at the point O 
in Fig. 11, page 691, placed on a sea-bed consisting of a 
few feet of loose material, mud, sand, pebbles, and so 
on, shown hatched in the diagram, underlain by solid 
rock ; and suppose we desire to investigate the stress 
produced by the pressure-pulse at a point P on a mass- 
structure in contact with the water. The structure 
may be a sea-wall, for example. 

Evidently, there are three paths along which the 


ulse ~— ing from detonation of the charge can travel | ing 
m O to 


. The first is the direct path A. The 
second is by refraction in the loose material and 
subsequent emergence along path B. The third is 
along path C, with reflection at the free surface of the 
water, the angle of reflection being equal to the angle 
of incidence, which means that the angles a, 8 are equal. 
At the point P, these pulses will arrive at slightl 
different instants, owing to the difference in lengt 
of the paths, and to the effect on the travel-time of 
refraction in the loose material. 

To fix ideas, imagine a charge of 100 lb. in weight, 
detonated in 16 fathoms of water, at a horizontal dis- 
tance of 400 ft. from the point P. In these conditions, 
the pulse travelling along path A would produce a 
maximum pressure of about 140 lb. per square inch at 
the point P on the structure. This is indicated by the 
peak A in Fig. 12, page 691, which represents, approxi- 
mately to scale, the pressure-time curve at P. Now you 
will understand how the pressure rises almost instan- 
taneously to that value, and then starts to fall, until 
arrested by the arrival of the pulse associated with 
path B in Fig. 11, when it rapidly rises to the peak B 
in Fig. 12. Again, the pressure starts to fall along 
& smooth curve, until interrupted by the arrival of the 
pulse of negative pressure which has travelled along 
path C. At that instant, the curve falls rapidly, 
intersecting the base-line of hydrostatic pressure about 
1 millisecond after the inning of the disturbance, 
and so down to point C in Fig. 12, where the numerical 
value of the pressure is approximately 100 Ib. per square 
inch. From the point C the pressure-time curve 
= the base-line, in an interval of the order of 
1 millisecond. Thus the rear of the pulse becomes very 
steep, the material at the point P is subjected to a sudden 
release of stress, and the shock-effect of the disturbance 
as a whole is appreciably increased. In this regard 
it is well to remember that, in certain circumstances, a 
pulse of short duration and steep at the rear, as well 
as at the front, is much more destructive than one with 
a relatively long tail. 

At the present time it is hardly possible to say 
much more about the propagation of a pressure-pulse 
of short duration when the amplitude of the strain-wave 
has exceeded the proportional limit of the material. 
A certain amount of information is available for ductile 
metals, but practically none for brittle materials like 
rock or concrete. Neither is much known in the case 
of rock and similar materials about the general effect 
of internal damping, though it would seem that the 
contributory factors include the apes amplitude and 
other quantities. For such metals, there are the results 
of tests by Professor F. V. Warnock and his co-workers 
at the Municipal College of Technology, Belfast, which, 
together with references to other sources of information, 
have been published in the Proceedings of the Institution 
of Mechanical Engineers. In this range of strain, 
however, a metal may exhibit strange properties. Even 
so, at the onset of our search in this unexplored field 
of inquiry we may proceed on the assumption that, in 
the process of deformation beyond the elastic range, 
the shift of a particle of the metal is distinguished by 
the expenditure of least energy consistent with the 
constraints. In one sense we may say that the particle 
then navigates the material, as sailors navigate the 
ocean, by seeking the direct path. The character of 
these constraints is to be sought experimentally in the 
mechanical properties of the auatesial for strains beyond 
the proportional limit; and the manual of navigation 
of the particle is to be found in the work of the greatest 
of all the many outstanding mathematicians produced 
in Ireland, illiam Rowan Hamilton. With the 
aid of his principle we may thus pass beyond the present 
frontiers of our subject. 





WOODWORKING MACHINE TOOLS.—Copies of the Con- 
trol of Machine Tools (No. 17) (Termination) Order, 1950, 
which releases woodworking machine tools from price 
control, may be obtained (price 2d., post free) from 
H.M. Stationery Office, Kingsway, London, W.C.2. 
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NOTES ON NEW BOOKS. 
Aerials for Centimetre Wavelengths. By D. W. tay 
and F. K. Gowarp. Cambridge University Priss, 
Bentley House, 200, Euston-road, London, N.\\.|, 
[Price 18s, net.} 


Tuis book, written by two engineers of the ‘\/e- 
communications Research Establishment, is a summ) ry 
of the knowledge existing in 1948 on centimetric acrial 
technique. The short scoot A shows that much 
of the subject matter was first made public at the 
Institution of Electrical Engineers Convention on 
Radar, held in 1946. Of a total of 33 referenc.s, 
23 are from papers presented at that Convention, 
and for a detailed study of the subject vol. 93, part 
IIIa, of the Journal of that Institution will be found 
to be of more value than the book under review. 
However, the authors have succeeded in presenting in 
a fairly small compass a general survey of antennw, 
suitable for the micro-wave engineer who is not intend- 
to specialise on antenna design, though this branch 
of electrical engineering is expanding so rapidly that 
reference to current literature is essential for up-to- 
date information. Chapter I discusses the require- 
ments of centrimetric aerials, and the various factors 
influencing design ; scanning methods, scanning rate, 
polar diagrams and polarisation are among the topics 
treated, and the chapter is probably the most useful 
in the book. Polar diagram theory is dealt with so 

inctly in Chapter II that the mathematical analyses 
are difficult to follow, but there is a useful table sum- 
marising the power gain and polar diagrams of some 
common aperture distributions. Chapter III is com. 
wa descriptive and discusses types of aerial. 

pter IV deals with primary point sources, and 
Chapter V with secondary radiators. It would have 
been better, perhaps, if the polar diagrams in both 
this and later chapters had mn drawn on circular 
rather than rectangular co-ordinates, since the informa- 
tion is so much more easily obtained in the former 
system. The last two chapters, on scanning aerials, 
deal with line sources and secondary radiators fed from 
such sources, and the volume concludes with appen- 
dices on omni-directional aerials, and on aberrations in 
optical systems. In attempting to be brief, the authors 
have condensed the text rather too much. The prac- 
tical constructional details of microwave aerials are 
inadequately dealt with. [Illustration is entirely by 
line diagrams ; some readers prefer this, but others 
might have been assisted if a few half-tones had been 
added. 


Our Industrial Age. By H. M. Boopisu. McGraw-Hill 
Book Company, Inc., 330, West 42nd-street, New 
York 18. [Price 2-60 dols.]}; and McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 15s. 6d.] 

THE best way to describe this book is to quote its long 

sub-title which states that it is “‘a basic textbook 

dealing with the origin and development of our indus- 
trial society and its major economic, social and political 
problems.” This is an extensive claim and lest possible 
purchasers should be led to suppose that in the economic 
sphere, for instance, it forms a guide through the 
modern industrial maze in which manufacturers have 
to conduct their business, it should be said at once, 
that a fundamental part of this definition is contained 
in the phrase “a basic textbook.” This is not a 
treatise designed to facilitate the work of those who 
are carrying on the industrial activities on which the 
standard of living of everyone basically depends and 
who are sometimes helped, but frequently hindered, 
by regulation and enactments designed to deal with 
“economic, social and political problems.” It is 
intended for ‘ senior-high-school students’ with the 
idea of giving them a general over-all picture of the 
complicated society of which they form a part. It is 
naturally concerned entirely with American conditions, 
but fundamentally these do not differ from those in 
other advanced countries. An idea of the method of 
treatment may be given by reference to the first 
chapter which is entitled “‘ The Origin of Our Indus- 
trial System.” This begins with a reference to primi- 
tive man and traces evolution through the hunting, 
pastoral, agricultural, handicraft and industrial ages. 
In view of the ground covered in some 16 pages, 
parts of which are occupied by illustrations, the treat- 
ment is necessarily sketchy. Later chapters deal with 
large-scale production, banking, transportation and 
communications. Although much of the matter pre- 
sented is no doubt common knowledge among educated 
adult people, the broad treatment and the salient 
facts recorded should be of considerable educational 
value to young people. It is a not uncommon practice 
in public, and some other, schools in this country to 
devote a weekly lesson to the explanation and con- 
sideration of public affairs, the material used fre- 
quently being gleaned from one of the more responsible 
newspapers. This publication should form an 








admirable text-book for classes of that kind. 
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LININGS FOR IRRIGATION 
CANALS. 


(Concluded from page 616.) 


In the earlier sections of this article, various 
references have been made to soil sterilisation, which 
is practised to check the growth of weeds. In 
general, weeds do not penetrate Portland-cement 
concrete, soil cement or hot-mix asphalt concrete, 
but, on the other hand, asphalt membrane, cold- 
asphalt mixes, pneumatically-applied asphalt and 
most prefabricated linings are vulnerable. The 
black heat-absorbing surface of asphalt formations 
is said to act as a hot-bed and promote seed germina-. 
tion. In these circumstances, soil sterilisation is 
frequently necessary if satisfactory service is to 
be obtained. The materials most commonly used 
for soil sterilisation are sodium chlorate, borax 
and boric acid. They may be applied in the form 
of powder scattered over the surface to be treated, 
or placed in holes spaced some 12 in. to 18 in. apart ; 





60 per cent. There are two reasons for this differ- 
ence ; the trapezoidal cross-section of canals, with 
the steep side slopes, introduces difficulties in placing 
which are not present with a flat road surface and, 
in addition, concrete-road construction has been 
carried out on such a large scale that an extensive 
range of special laying equipment has been deve- 
loped. To some extent, similar special machines 
have now been designed for canal lining, examples 
being referred to later in this article, but such plant 
is not generally available, like road-laying machinery, 
and may have to be built specially for some parti- 
cular job. 

A finished lined canal is produced in three main 
operations : rough excavation, trimming and lining. 
We are not here concerned with rough excavation, 
but trimming may have considerable effect on the 
subsequent cost of lining. This is well illustrated 
by Fig. 16, on this page, which shows a land dredger, 
excavating by means of a chain of buckets, which has 
been fitted with a special trimming blade, leaving, 
as shown, a smooth well-formed surface requiring 
little or no hand trimming before laying the lining. 
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alternatively they may be sprayed on the subgrade 
in an aqueous solution. Sodium chlorate should 
be applied at the rate of 4 oz. to 8 oz. per square yard 
of treated surface and borax, or boric acid, at the 
rate of 16 0z. Sodium chlorate is a strong oxidising 
agent and may constitute a fire risk if it gets on to 
the clothing of workmen or on to dry grass in the 
neighbourhood of the work. Borax and boric acid 
are free from this objection. One of the boron com- 
pounds is frequently used mixed with sodium 
chlorate, borax usually being preferred as it is 
cheaper than boric acid. Borax, if used alone, may 
result in inadequate early sterilisation owing to its 
slow rate of solubility. 

Among other materials, oxides of arsenic are 
excellent soil sterilisers, but their use is discouraged 
owing to the possibility of contaminating irrigation 
water. A number of organic materials, including 
Diesel oil, have fairly good sterilising properties, 
which are improved by the addition of certain oil- 
soluble chemicals, such as pentachlorophenol. These 
additional materials are expensive, but small quan- 
tities, of the order of only 2 per cent. of the oil, 
are required. Petroleum sterilisers should be 
applied at the rate of about 1 gallon per square yard. 

Although this article is not directly concerned 
with canal excavation, the subject has some bearing 
on the cost of lining. It is stated that, of the cost of 
a 3-in. reinforced-concrete lining, 63 per cent. was 
attributable to trimming, placing and finishing, 
and only 37 per cent. to materials ; whereas in the 
case of road pavements of similar construction, 
the figures were almost exactly reversed, placing 
representing 40 per cent. of the cost, and materials 


with CHAIN OF BUCKETS. 


In this case, the whole of the excavation was not 
done by the land dredger, a preliminary V-groove 
having been formed by a ditching plough. For small 
canals and distributing ditches, trimming is usually 
carried out by hand labour, but for work on a larger 
scale various special trimming machines have been 
developed. In general, they consist of a built-up 
steel frame, of the shape of the canal section, sup- 
ported by wheeled trucks which travel on tracks 
laid along the canal bank. The trimming cut on 
the canal section is made by bucket excavators 
which feed conveyors delivering the spoil on to the 
banks. Such machines are adapted to a particular 
canal cross-section and cannot be used for others 
of different size or shape without rather expensive 
alterations. The laying of the tracks along the 
banks may also be a rather costly operation, so that 
the machines are adapted only to work of some 
magnitude. 

These special machines, which travel on tracks 
laid on the banks and are pulled forward by cables 
attached to winches, are usually provided with 
bucket excavators which trim the sides and bottom 
of the canal; in some cases, however, other exca- 
vating arrangements have been adopted. In one 
type of machine, a blade at the front loosens the 
surface soil on the sides and bottom, and flat plates 
attached to a sprocket chain pull it up the slopes 
and on to the bank. In another machine, illustrated 
in Fig. 17, on page 694, long revolving drums with 
scarifying teeth are set at the angle of the slopes. 
These trim the surfaces, the material falling to the 





bottom of the canal where large screws, one on 


feeding a conveyor which deposits it on the hank. 
The screws also trim the bottom of the canal. 

It is mainly for concrete work that lining machines 
have been developed, but they have been success- 
fully used also with asphaltic materials. The 
usual type of machine consists of a slip-form, of 
the shape of the finished canal section, which is 
supported by a steel or wood frame which travels 
on tracks on the canal banks. The machines are 
usually adjustable in elevation by means of hydraulic 
jacks at the four corners and are maintained at the 
proper grade by means of taut wires along the banks. 
For small laterals, simple machines have been used 
consisting of two metal-plate slip-forms separated 
by a concrete compartment open at the bottom. 
The forward slip-form rides on the canal subgrade 
and is mounted so that it can follow irregularities 
in the surface. The rear slip-form is offset upwards 
a distance equal to the thickness of the lining and 
rides on the finished concrete surface. Concrete is 
dumped into the concrete compartment from wheel- 
barrows. The machine is drawn forward by a 
tractor fitted with an extension bar on one side 
so that the pull of the connecting cable on the 
machine is directly over the canal centre-line. 

In the case of reinforced-concrete linings placed 
with machines of this type, difficulty may be 
experienced in maintaining the reinforcing mesh 
in the centre of the concrete slab. In one arrange- 
ment designed to overcome this difficulty, a 4-in. 
pipe bent to the shape of the canal section was welded 
to the forward side of the concrete compartment 
and was set at the correct level for the reinforcement. 
This pipe was above the reinforcing mesh. Below 
the mesh and directly under the 4-in. pipe, there 
was a 2}-in. pipe, also bent to the shape of the 
canal section, but cut into three segments, the cuts 
being made at the intersections of the side slopes 
with the bottom of the canal. The three segments 
of pipe were held together by a cable threaded 
through them. As the machine moved forward, 
this 2}-in. pipe lifted the mesh to its correct position 
immediately below the 4-in. pipe. As the centre 
segment of the 2}-in. pipe was supported only by 
the cable passing through it, the cable ends were 
connected to a hoist which enabled the pipe to be 
raised or lowered. Since there was a tendency for 
this floating centre segment to work back into the 
concrete, #-in. pull bars were arranged between it 
and a projecting member of the machine. 

For some of the large canals constructed, or under 
construction in the United States, elaborate machines 
have been designed and built. In broad principle, 
however, they are similar to the simpler appliances 
already referred to. The excellent surface which 
can be produced by modern trimming machinery 
is illustrated in Fig. 18, on page 694, which shows a 
trimmed section of the Delta-Mendota Canal, which 
forms part of the California Central Valley project. 
The canal has a bottom width of 48 ft., a depth of 
18 ft. and a top width of 102 ft. The distance 
between the rails on the banks on which the trimming 
and concrete-laying machines travelled is 112 ft., 
and these machines constitute major engineering 
structures. They were developed by the Western 
Contracting Corporation, Sioux City, Iowa. The 
trimming machine weighed 235 short tons, and the 
concrete-laying slip-form 205 short tons. When in 
use, any settlement of the rails on the banks 
was corrected by means of hydraulically-operated 
jacking cylinders on the machines, the correct 
grade being maintained by means of a taut piano- 
wire line stretched between steel stakes. 

The trimming machine was furnished with a 
series of reciprocating plate cutters having renewable 
teeth. The cutters, which moved parallel to the 
line of travel of the machine, were arranged in 14 
sub-assemblies, four on each slope and six across the 
bottom. The sub-assemblies were 8 ft. long and 
were each provided with an independent driving 
motor. They each contain three cutters with a 
stroke of 2 in., and the rate of operation varied 
between 160 and 190 strokes per minute. This 
variation was arranged for to prevent the cutters 
from synchronising. The machine is capable of 
taking a 1-ft. cut, but in order to ensure a smooth 
finish, a cut of not greater than 9 in. is usually 
employed. The loosened material is picked up by 





each side, move it into the path of elevator buckets 


bucket elevators and delivered to conveyor belts 
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which discharge to piles on each side of the canal. 
The concrete lining is laid by the travelling slip- 
form machine which can be seen in the distance in 
Fig. 18, and of which a nearer view is given in 
Fig. 19, on page 704. This latter figure shows the 
rear side. Concrete is supplied from mixing plants 
on each side of the canal ; these deliver to bottom- 
discharging trucks which travel on to the slip-form 
machine and drop their loads into a series of pockets 
at the bottom of the machine. There are 20 pockets 
on each slope and 12 across the bottom. The 
pockets are open at the bottom so that the concrete 
is discharged directly on to the sub-grade and 
immediately in front of a 54-in. skin plate which, 
as the machine moves forward, smooths the surface. 
Vibrators help the concrete out of the pockets and 
to pack it under the skin plate. The concrete 
lining is 4 in. thick and remains stable on the 
1} to 1 slope when it has been held in place by 
the slip form for about two minutes. Accurate 
control of the concrete mix and moisture content is 
clearly necessary for satisfactory performance. 

In addition to the smoothing action performed by 
the skin plate, further finishing of the surface of the 
lining is carried out by seven flat steel press plates, 
2}-ft. wide and 16-ft. long, situated 5 ft. behind the 
skin plate. These plates give a trowelling action 
and smooth out local irregularities. Those on the 
slopes are set at an angle of about 9 deg. and tend 
to force the concrete back up the slope if it is shump- 
ing. Final finishing of the surface is carried out by 
hand by men travelling on the machine, as shown in 
Fig. 19. There are nine ¥-in. wide and 1-in. deep 
longitudinal joints formed in the concrete surface, 
and some of these can be distinguished in the illus- 
tration. They are produced by wheel cutters on 
the front of the press plates. The cutters are 
larger than the cross section of the joint and serve 
to force the coarse aggregate aside. The trowelling 
action of the press plates then refills the joints with 
mortar, and shoes under the back part of the plates 
reform the joints to the finished dimensions. 

The transverse joints, which are of the same diment- 
sions as the longitudinal joints, are spaced at 15-ft. 
centres. They are cut from an independent travel- 
ling frame or “ jumbo ” of lighter construction than 
the slip-form machine. It is shown in the fore- 
ground of Fig. 20, on page 704. The platform on 
which the men cutting the grooves are stationed 
may be raised or lowered. Its front edge carries an 
angle iron which, when the platform is in its lower 
position, makes contact with the concrete surface 
and forms a guide for cutting the grooves. Final 
smoothing of the lining and tidying-up of the 
grooves is carried out from this platform, as will be 
clear from the illustration. This finishing frame is 
moved along the canal at such a distance behind 
the slip-form machine as is necessary for the con- 
crete to have attained suitable consistency for this 
finishing work. Behind the grooving frame, a 
secondary relatively-light frame travels over the 
finished lining. This is used for the application of a 
curing compound to the concrete surface. The 
frame can be seen behind the grooving frame in 
Fig. 20. 

It will be understood that the impressive lining 
plant, illustrated in Figs. 18 to 20, is of exceptionally 
large size and that its cost would only be justified 
for large-scale operations. Smaller plants were 
referred to earlier, but before leaving the subject of 
lining machines, it should be said that some of the 
smaller plants designed for laying Portland-cement 
concrete linings have been successfully used to lay 
asphaltic concrete, as has already been mentioned. 
In one case at least, however, a special machine has 
been designed and built for dealing with the latter 
material. It is illustrated in Fig. 21, on page 704, 
which shows the rear view of the machine and the 
well-finished lining whica it forms. The e- 
ment consists of a forward sled and a strike-off 
form separated by an open-bottomed asphalt con- 
crete compartment. The sled and form are of the 
shape of the canal and the former carries a petrol- 
motor driven cable winch by means of which the 
machine is propelled. The hot asphalt mix is 
dumped into the centre compartment directly on to 
the sub grade and it is distributed and smoothed 
off by the two pressure blades which can be seen 
in contact with the finished lining in Fig. 21. The 
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loaded sacks carried by the machine, are for the 
purpose of weighting the pressure blades in order 
to distribute and compact the asphaltic concrete and 
produce a smooth and well-finished surface. 

Although the matter has been mentioned more 
than once in the course of this article, it may not 
be inappropriate to emphasise in conclusion that 
the preliminary requisite for the success of any 
type of rigid lining is the provision of a firm founda- 
tion. Flexible or semi-flexible linings are able to 
conform to a certain amount of settlement, provided 
the sub-grade is sufficiently firm to permit the 
proper compaction, of the lining itself. In general, 
it may be said that undisturbed soils should be 
satisfactory for any type of lining, although soils 
of low density should be either compacted or 
removed. All fill material must be properly com- 
pacted before trimming and placing operations. 
It is the practice of the Bureau of Reclamation to 
specify that embankments supporting the lining 
should be constructed of well-compacted materials. 
It is required that after the top soil has been stripped, 
the entire surface shall be ploughed to a depth of 
not less than 6 in., moistened and compacted. 
Embankment material shall be placed at a specified 
moisture content and compacted to a specified 
density in layers not more than 6 in. thick. 

As most canal linings are installed to prevent 
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seepage, the sub-grade is usually relatively free 
draining, but in some cases linings may have to be 
installed in situations which are subject to seasonal 
high ground-water level. During periods of opera- 
tion when the canal is empty, or the water level in 
it is comparatively low, a high ground-water level 
may result in unbalanced hydrostatic back pressure 
on the lining, which may result in damage. A 
similar situation may arise in areas in which a 
canal has been lined for other reasons than the 
prevention of seepage and in which the soil is 
sufficiently watertight to prevent free drainage of 
any leakage which may occur. In such situations, 
accumulation, of water in the soil surrounding the 
canal may result in a local high ground-water 
table and during periods of rapid draw-down of 
the water level in the canal damaging hydrostatic 
back-pressure may occur. The other possibility of 
serious damage to linings is the freezing of saturated 
sub-grade in, areas in which low winter temperatures 
are experienced. Some cases of damage of this 
kind have already been mentioned and illustrated ; 
as a final example, reference may be made to Fig. 22, 
on page 704, which shows a concrete lining destroyed 
by frost heaving on the Okanogan Canal in the State 
of Washington. 

Where the conditions are such that one or other 
of the causes of damage may operate, artificia 
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drainage should be provided. A usual arrangement 
consists of 4-in. or 6-in. tiles placed in gravel-fillod 
trenches along one, or both, toe, or toes, of the 
inside slopes. These longitudinal drains are either 
connected to transverse cross-drains which discharge 
below the canal, or extend through the lining and 
connect to outlet boxes on the floor of the canal. 
The boxes are equipped with one-way flap-valves 
which automatically relieve outside pressure which 
is greater than the water pressure on the upper 
surface of the canal base. 

As has already been made clear, the substance 
of this article is based on a Bureau of Reclamation 
report and we are indebted to the courtesy of the 
Bureau for the photographs from which the various 
illustrations have been prepared. ‘Bhese remarks, 
however, do not apply to Figs. 18 to 20, nor to the 
descriptive matter relating to the large Delta- 
Mendota canal-laying equipment, which appeared in 
the Proceedings of the American Society of Civil 
Engineers. 
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The Theory and Practice of Perspective. By Dr. W. 
ABBOTT, O0.B.E., B.Sc., M.I.Mech.E. Blackie and Son, 
Limited, 66, Chandos-place, London, W.C.2. [Price 
12s. 6d. net.) 

THE use of pictorial representation as applied to 

the three-dimensional objects usually associated 

with studios, design offices, and workshops, deve- 
loped so rapidly during the recent war and subse- 
quently that the literature available for instruction 
in this art proved quite inadequate to meet increas- 
ing demands and requirements. Moreover, what 
books there were on the subject consisted generally 
of unattractive text, often lengthy, accompanied by 
scattered diagrams so indifferently presented that 
the reader felt almost repelled ; with the result 
that students were not attracted or encouraged to 
probe more deeply into this important and fascinat- 
ing subject. It has been left to an eminent 
authority, Dr. Abbott, to provide a volume for the 
use of artists, architects, industrial designers and 
draughtsmen which, in scope and method of pre- 
sentation, is worthy of the subject. He has con- 
trived to meet their many requirements in a praise- 
worthy manner and it is refreshing to handle a book 
‘0 elegantly produced in every detail, including the 
type, the illustrations and the paper. In 198 pages, 
and with the aid of more than 250 diagrams and 
other illustrations, the book contains every essential 
forthe complete study of perspective in all its aspects, 
The eight chapters are well arranged, and the 
descriptions are clear and concise. Throughout the 
volume, the diagrams are placed directly opposite 
each page of descriptive matter, a helpful feature 
which will be much appreciated. There are well- 
stated basic facts for the beginner; for the more 
advanced student, there are more involved diagrams 
and explanations which even the expert can study 
with profit; and the mathematics are there for 
those who require fuller satisfaction. In the early 
pages are found those simple, but essential, axioms 
and propositions, derived from Euclid, which are 
needed for a proper understanding of the succeed- 
ing pages, and these are accompanied by a few 
simple rules, easily committed to memory, which 
provide a foundation on which the student can 
build up systematically a sound knowledge of 
perspective. The various methods available for the 
solution of a wide variety of problems associated 
with perspective representation are dealt with in 
turn, and include parallel perspective, angular 
perspective, the use of squared plans, and the treat- 
ment for circles, cylinders, spheres, and irregular 
curves. These are followed by alternative methods 
of construction, including measuring points, which 
reduce to a minimum the number of lines on the 
drawing ; the use of perspective axes for plotting 
the views; and the centrelinead, a useful instru- 
ment where vanishing points are inaccessible. 
Reflections and shadows in perspective can be 
involved and puzzling, even to those with experi- 
ence, but here again Dr. Abbott has contrived, 
through the medium of clear line drawings supported 
by simple text and excellent examples, to remove 
many of the difficulties which beset the beginner. 
The last two chapters are devoted to perspective 
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for pictures and to an historical survey of the 
subject. To bring out his points, the author has 
recourse to old masters, historic buildings, land- 
scapes and seascapes, well reproduced and explained. 
This section has obviously been a labour of love. 
Dr. Abbott has provided a standard work that 
many will not only use for reference purposes and 
instruction, but will return to for sheer enjoyment, 





Elements of Internal Combustion Turbine Theory. By 
H. T. Apams, M.A., A.M.I.Mech.E., A.F.R.Ae.S. 
Cambridge University Press, Bentley House, 200, 
Euston-road, London, N.W.1. [Price 16s. net.] 

THE Whittle invention and its exploitation gave 
birth to many teams of engineer designers and 
scientists devoted to the intensive study of the 
general and detailed theory of the internal-combus- 
tion turbine. The presentation of a theory explain- 
ing the behaviour of an element of working fluid or, 
in some cases, an engine component, came after the 
engine had been manufactured and run. It would 
not be true to say that new principles had to be 
found, but rather that the engineers concerned had 
to supplement their knowledge of fluid dynamics 
and materials and stresses simply to achieve a 
proper understanding of all the facets of a machine 
that was developing as fast as the new materials 
that made it possible could be produced. Even 
experienced men ‘“‘went back to school,” and 
awoke to the understanding of the fact that here was 
a subject demanding patient computation and a 
flair for seeing the short cut through a morass of 
symbols. Rarely was it possible for one man to 
know in detail the whole effort put into the calcu- 
lation of designs, performance, and fluid-flow 
distribution even of one new engine design. Jet- 
propulsion engines became more elaborate; they 
were made to drive propellers and ducted fans; 
heat exchangers were introduced; combustion 
alone became the study of specialists. 

Mr. Adams, however, succeeds in his task of 
presenting the elements of internal-combustion 
turbine theory within the compass of a small 
volume by taking the reader along the several 
paths of his own treading with admirable directness. 
He assumes a basic engineer’s training with some 
mathematical and aerodynamic background and 
full attention to the matter under discussion. The 
book opens with a brief introduction and a survey 
of the basic thermodynamics. A chapter is devoted 
to the centrifugal compressor, giving a general 
explanation of its mode of working and introducing 
the theoretical and experimental factors used for 
guide-vane, impeller, and diffuser design. Com- 
pressor characteristic diagrams in their non- 
dimensional form are explained, and the matching 
of a compressor to its drive turbine is illustrated by 
reference to a turbine operating line on such a dia- 
gram. In the following chapter, axial-flow com- 
pressors are treated less descriptively and this work 
forms a convenient guide to one common British 
practice of designing and calculating their perform- 
ance. Some previous experience of aerofoils or 
cascade work is necessary, however, for a complete 
understanding. The chapter on turbine design 
concentrates on what may be called the aero- 
nautical approach, and gives some justification for 
the use of this method and to the necessity of 
adopting free-vortex or similar flow patterns. It 
concludes with a short note on closed-cycle and 
compound gas turbines. The remaining chapters 
are concerned with a selection of problems pertinent 
to the stressing of centrifugal impellers and turbine 
discs, turbine and axial-compressor blades, vibra- 
tions, critical speeds, performance and _heat- 
exchanger design. 

Few books of equally limited size contain so 
much real meat, and some hard study is required 
from the newcomer to the subject. No exception 
can be taken to its brevity, however, except on the 
score of the almost complete absence of reference 
to published works. Much of the text has been 
issued in Government publications, and the anony- 
mity of a Civil Servant has been carried rather too 
far. Certain names well known in the gas-turbine 
field should have been mentioned in connection 
with the work on both turbines and compressors. 
It is to be hoped that future editions will rectify 
such omissions and include an alphabetical index. 





METHODS USED IN THE 
STUDY OF INTERNAL- 
COMBUSTION ENGINES.* 


By W. P. Mansrretp, B.Sc. (Eng.), 
A.M.I.Mech.E, 


(Concluded from page 674.) 


WaEeEn the strain in a moving engine part is to be 
studied, suitable means must be provided to connect 
the gauges electrically to the stationary indicating 
equipment. Ifthe gauges are attached to the piston 
or contiecting rod, the flexible lead device described 
earlier for piston-temperature measurement may be 
used. If the part is one which rotates, as, for 
example, the crankshaft or camshaft, some form of 
slip-ring assembly is required. A simple application 
of this kind is illustrated by Fig. 12, on page 696, 
which shows the arrangement used to indicate the 
strain in the crank-web of a single-cylinder compres- 
sion-ignition engine under various running conditions. 
The measuring strain-gauge attached to the crank- 
web was coated with an oil-resistant lacquer. A 
second gauge, similarly treated, was attached to an 
unstressed portion of the adjacent balance weight 
and connected as the second arm of the Wheatstone 
bridge circuit to effect compensation for tempera- 
ture changes. The leads from these gauges were 
brought out through a hole, bored through the 
centre of the shaft, to silver slip-rings clamped 
between supporting rings of insulating material. 
Three silver-impregnated graphite brushes were 
arranged on each ring. The leads from the brushes 
were connected to the external circuit comprising 
a battery, the remaining two arms of the bridge, 
and an oscillograph. One object of the investiga- 
tion was to determine the effect on crank-web stress 
of misalignment of an outer bearing. For this 
purpose, an outer bear‘ng, a double-row ball bearing 
of the self-aligning type, was mounted in a form of 
screw-jack so that it could be placed in any desired 
position above or below the position of alignment, 
the displacement being indicated on a dial micro- 
meter. Oscillograms, recorded with various dis- 
placements of the outer bearing when the engine 
was running at no load, half load and full load, are 
reproduced in Fig. 13, on page 696. The numbers on 
the left represent the stress in the web in tons per 
square inch, and those on the right represent dis- 
placement of the outer bearing in inches. 

The measuring equipment was calibrated by con- 
necting an external measuring gauge and @ compen- 
sating gauge directly into the bridge circuit. The 
external measuring gauge was attached to a simple 
calibrating device, whereby a known dynamic 
strain was produced at a suitable frequency. The 
scale of strain was converted to a scale of stress, 
using the known modulus of elasticity of the crank- 
shaft material. An interesting feature of the 
diagrams is the ripple which commences near top 
dead centre. The frequency of these ripples was 
found to agree with the calculated natural frequency, 
in bending vibration, of the system comprising the 
piston, connecting rod, shaft and flywheel. This 
bending vibration results from the rapid rise in 
cylinder pressure at the commencement of com- 
bustion and is one manifestation of “‘ knock.” — 

This example thus shows one method of studying 
vibration, namely, the indication of surface strain. 
The second general method is the indication of 
movement of a part of the engine structure relative 
to another part of the engine or relative to a 
stationary point. Thus, the vibration of the 
engine as a whole may be indicated by strain 
gauges attached to its supports, or by some form of 
displacement pick-up mounted on a stationary 
support, with its probe bearing on the engine. 
Similarly, the damped vibrations which occur 
throughout the engine structure following @ sharp 
rise of cylinder pressure may be recorded either by 
strain gauges attached to various points of the 
engine structure or by displacement pick-ups 
applied, for example, to the cylinder head. Torsional 





* Lecture entitled “ Equipment and Experimental 
Methods Used in the Study of Internal-Combustion 
Engines,” delivered at King’s College, University of 
London, on Tuesday, February 14, 1950. 
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vibration demands more study than other types of 
vibration in piston-type engines. Here again both 
methods may be used. In a marine installation 
comprising engine, shafting and propeller, or in any 
installation in which there is an accessible shaft 
between the engine and the driven unit, strain 
gauges may be mounted at selected points on the 
shaft to indicate the alternating stresses produced 
by the vibration. These gauges are normally 
arranged in pairs, mounted in the two directions of 
principal stress, at 45 deg. to the shaft axis. The 
two gauges are used in adjacent arms of the bridge 
circuit, thus giving temperature compensation and 
doubling the sensitivity. A second similar pair 
of gauges, on the other side of the shaft, is sometimes 
employed, these being connected in the remaining 
two arms of the bridge so that their resistance 
changes, due to torsion of the shaft, add to the 
out-of-balance produced by the first pair. If the 
shaft is subjected to any bending, the corresponding 
strains in the two pairs of gauges are equal and of 
opposite sign, so that together they have no effect 
on the bridge output. Thus the second pair of 
gauges eliminates spurious indications due to shaft 
bending, and again doubles the sensitivity. Slip- 
rings and brushes are used to connect the strain- 
gauge leads to the oscillograph. 

The second general method is also applicable, 
since torsional vibration entails a variety of relative 
movements of the various elements of the crankshaft 
and also lateral movements of the shaft journals in 
the bearings. Any of these movements whick can 
be indicated may be used to study torsional vibra- 
tion. Fig. 14, herewith, is a diagram of the move- 
ment of a crankshaft main journal in its bearing. 
The line shows the path of the centre of the journal 
in a plane at right angles to the shaft axis. The 
six-cylinder engine which was being examined was 
running at the sixth-order critical speed when this 
diagram was recorded. Diagrams of this kind were 
obtained from all seven main bearings, under various 
running conditions, to study this aspect of torsional 
vibration. To produce these diagrams, two pick- 
up units were arranged in each main-bearing cap 
at right angles to each other, as shown in Fig. 15, 
opposite. Each unit consisted of a small insu- 
lated condenser plate, mounted in the bearing 
shell a few thousandths of an inch below the bearing 
surface, the crankshaft main journal forming the 
second plate of the condenser. A frequency-modu- 
lation system, of the type described earlier, was 
used with each of the two units, and the outputs of 
these systems were applied to the two pairs of 
deflecting plates of a cathode-ray tube. 
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Fie. 14. Laterat MoveMENT OF CRANKSHAFT 
JOURNAL IN BEARING. 


The most common method of indicating torsional 
vibration is to indicate the vibratory component 
of the rotary motion at the free end of the crank- 
shaft. A seismic type of instrument is used, in this 
case a unit embodying a flywheel which is driven 
at a constant angular velocity at the rotational 
frequency of the engine, by means of a weak spring 
drive or the equivalent, from the engine shaft. 
The relative movement between this seismic mass 
and an adjacent member, which follows the full 
movement of the end of the crankshaft, is indicated 
by various means. In the older instruments, which 
have been highly developed and are excellent for 
moderate or low frequencies, the relative movement 
is recorded mechanically. In electrical types, 
which are becoming widely used though they appear 
to be capable of further improvements, the relative 
movement produces an electrical signal by varying 
the capacity of a condenser, the quantity of light 
falling on a photo-cell, or the number of lines of force 
linking with the widings of an armature. The 
Sunbury torsional-vibration pick-up is of the latter 
type. The armature is rigidly connected to the 
free end of the crankshaft, and a permanent magnet, 
producing the field, is mounted in a surrounding 
casing, with which it forms the seismic mass. The 
output of this type of unit is proportional to the 
relative angular velocity between, the armature and 
the field, and is integrated electrically to produce 
an output proportional to the relative angular 
movement and hence to the amplitude of vibration, | s 
before it is applied, suitably amplified, to the 
oscillograph. 
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Such units, in conjunction with their associated 
equipment, can be calibrated by applying a known 
angular movement to one portion of the unit, the 
armature or the seismic mass, an arm being attached 
for this purpose, while the other portion is held 
stationary. In use, however, the relative move- 
ment between the armature and casing is somewhat 
less than the full vibration amplitude, since the 
inertia mass, being fairly small, partakes to some 
extent of the vibration. The use of a larger seismic 
mass may cause failure of the pick-up shaft as the 
result of bending vibration of the unit. It is 
clearly desirable that the seismic mass should be 
free to act in the same manner during calibration as 
in actual use. Further, it is desirable that the 
unit should rotate as in use, in order that grease, 
which is used between the armature and casing to 
produce damping, should be urged by centrifugal 
force into the normal working position. 

A calibrating machine employing a Hooke’s joint 
can meet these requirements. This type of machine 
comprises two shafts connected by the Hooke’s 
joint. The first shaft, which is driven by an electric 
motor, carries a smoothing flywheel to minimise 
cyclic speed variations. The second shaft carries 
the torsional-vibration pick-up. The plate on which 
the bearings of the second shaft are mounted is 
pivoted at a point below the centre of the joint, so 
that the second shaft may be set at any desired 
angle to the first. When this is done, there is a 
cyclic variation in the angular velocity of the 
driven shaft and the torsional-vibration pick-up is 
subjected to a vibration, the amplitude of which is 
calculable and the frequency equal to the frequency 
of rotation of the shaft. For accurate results, such 
machines must be made with great precision, and 
special provision must be made to minimise wear 
of the four bearings of the joint as well as the shaft 
bearings. 

A simpler but effective machine, the Bicera 
calibrator, devised and built in the laboratory, is 
shown in Fig. 16, opposite. The driven shaft, 
carrying the torsional-vibration pick-up, is mounted 
in bearings carried on a plate which can be moved in 
a slide in a direction at right angles to the shaft 
axis. The driving shaft, which carries a flywheel 
and is connected to a variable- speed electric motor 
by a flexible coupling, is mounted in bearings on 
supports attached directly to the base of the machine. 
The driving shaft carries an arm with a projecting 
pin of hardened steel at each end. The driven 
shaft carries an arm with a forked end, fitted with 
a sliding block of bronze. A hole in the centre of 
the block engages one of the projecting pins on the 
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Fic. 16. ‘* Biczra” CALIBRATOR FOR TORSIONAL-VIBRATION INSTRUMENTS. 
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driving-shaft arm, the other pin being provided 
for balance and alternate use. The two shafts are 
set initially in line. The plate carrying the driven 
shaft is then moved to one side by means of a travers- 
ing screw, by an amount indicated on a dial micro- 
meter, the anvil of which rests on the far end 
of the plate. When the driving shaft rotates at 
constant angular velocity and the driven shaft is 
displaced in this manner, the driven shaft undergoes 
cyclic variations of angular velocity by virtue of 
the fact that the driving pin acts at a varying 
distance from the centre of the driven shaft. If the 
effective length of the constant-speed arm is r, a 
shaft displacement of d will produce an oscillatory 


: _ @ 
movement of total swing equal to 2 are sin -. 
r 


This machine is comparatively simple to construct 
and has the great advantage that wear is limited to 
8 single pin and sliding block, which can be replaced 
in @ few minutes. Since an error greater than 
1 per cent. of a total swing of 1 deg. is undesirable, 
these parts must be renewed when the total play at 
the joint reaches three-tenths of a thousandth of an 
inch, assuming an arm length of 4 in. 

A problem closely associated with vibration is 
that of engine noise. Until comparatively recently, 
little attention had been given to the development of 
equipment suitable for studying this aspect of 
engine behaviour. Commercially available noise- 
meters which are designed for general purposes 
normally comprise some form of microphone, 
together with an amplifier, and a milliammeter 
calibrated to read noise intensity in decibels above 
an arbitary value. Weighting circuits, simulating 
the response of the human ear at different noise 
levels, are usually included to give readings of loud- 
ness in phons. Properly calibrated, and used at 
standard measuring positions round an engine, such 
equipment serves to give some measure of engine 
noise for comparative purposes. Loudness meters 
of this type do not give a true indication of the 
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effect of a given noise on the human ear 
if the noise in question has strong com- + 
ponents of an impulsive or “‘ peaky ”’ nature, 
that is, producing sharp peaks on, the pres- 
sure diagram. Thisis a matter of impor- 
tance in engine studies, since many engine 
noises are of an impulsive kind; forexample, the ex- 
haust noise, a valve-gear noise and the noise produced 
by fuel-injection equipment. As a partial solution 
of this problem, some laboratories have produced 
noise-intensity meters which measure not only the 
root mean square values of the microphone input, as 
in the simple type of noise meter, but also the peak 
values, so that a measure of the impulsiveness of the 
noise is obtained. Some success has also been 
achieved in the development of loudness meters 
which simulate the response of the ear to impulsive 
noises. This is a most complicated problem, and 
any solution must be to some extent a compromise. 

In seeking to suppress noise, it is necessary to 
determine the intensity of the components of the 
noise at various frequencies throughout the audio- 
frequency range. Analysers made for this purpose 
may be classified broadly according to their selec- 
tivity, that is, according to the band width or range 
of frequencies to which the instrument responds 
at one setting. One broad-band instrument, known 
as an octave filter, comprises a number of inductances 
and capacitances which, on the operation of switches, 
are connected to form a series of 16 electrical filters, 
each having a different tune-frequency. Each filter 
covers a frequency range of approximately one 
octave, and the ranges overlap in such a way that 
the 16 filters together cover the eight octaves of 
the audio-frequency range. This equipment permits 
of a rapid analysis and gives a good indication of the 
general nature of the noise. Fig. 17, herewith, 
shows a method of presenting a series of results 
obtained with an octave filter. Each curve shows 
the effect of variation of the speed of a blower on 
the intensity of the components of the noise within 
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a given octave. Curves relating to several adjacent 
octaves are grouped together by shading, to assist 
interpretation. 

For a more detailed study, aimed particularly at 
determining the sources of the various components 
of the noise, narrow-band analysers are employed. 
There are several types. In the heterodyne type, 
an oscillator is used which may be set to operate 
at various known frequencies. The microphone 
output is mixed with the output of this oscillator. 
An indicating circuit is sharply tuned to a known 
frequency, well above the range for which the 
analyser is designed ; to 50,000 cycles per second, 
for example, if the analyser is to cover the range 
from 0 to 10,000 cycles. In this case, the oscillator 
would be designed to cover the range from 40,000 to 
50,000 cycles per second. If the noise, and hence 
the microphone output, has a component of 2,000 
cycles frequency, for example, then, when the 
oscillator is adjusted to a frequency of 48,000 cycles, 
two beat oscillations will be produced, one at 
46,000 cycles per second and one at 50,000 cycles. 
The sharply-tuned indicating circuit will have no 
response to the former, but will respond fully to the 
latter, giving an output which will be a measure of 
the magnitude of the 2,000-cycles component of the 
noise. By adjusting the oscillator frequency to 
each value in turn which gives a maximum response 
of the indicating circuit, the frequency and magni- 
tude of all the components of the noise under 
examination can be determined. Such analysers 
have a high selectivity at the upper end of the 
designed frequency range, but the selectivity falls 
off seriously towards the lower end of the range. 
Another disadvantage of this type of analyser is 
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that it gives only an instrument reading. In the 
tuned-filter type of analyser, the output may be 
passed to an oscillograph with which the crank-angle 
timing, and, in the case of damped impulses, the 
rate of decay of the selected component, can be 
observed. 

Another type of narrow-band analyser consists 
in principle of an amplifier feeding a frequency- 
discriminating circuit, the output of which is 
coupled back to the amplifier input. In this way, 
the frequency for which the discriminating circuit is 
adjusted is amplified much more than other fre- 
quencies, and the output of the circuit is therefore 
almost entirely determined by the strength of that 
component of the microphone output which has the 
selected frequency. In one analyser of this type 
which is widely used, the frequency-discriminating 
circuit is such that, although the tuning is sharp 
close to the tuned frequency, the circuit has an 
appreciable response to frequencies well away from 
the tuned frequency. As a result, a weaker com- 
ponent may be difficult to detect unless its fre- 
quency differs considerably from that of the nearest 
strong component. This is not always of import- 
ance, but in some investigations the weaker com- 
ponents are of interest and assist identification of 
the sources of noise. 

The Parsons and Marine Engineering Turbine 
Research and Development Association has deve- 
loped a wave analyser of this general type, having a 
number of desirable features. The frequency-dis- 
criminating circuit employed has improved resonant 
characteristics, and also maintains a constant selec- 
tivity over a wide frequency range. The selectivity 
can be chosen from several] different values to suit 
the type of investigation in hand. At one extreme 
settmg, the band-width is narrow and, at the other, 
there is no frequency discrimination and the 
arrangement behaves as a simple amplifier. Two 
similar analysers of this kind, with interconnected 
controls, are incorporated in the instrument. On 
the operation of a switch they are de-tuned slightly, 
giving a response curve having a narrow flat top. 
This characteristic 1s most desirable in studying 
engine noise, in which there is frequently a con- 
tinual slight variation of the frequencies of the com- 
ponents, making it impossible with the other types 
of instrument to record the full value of a com- 
ponent. The new instrument reads both root- 
mean-square and peak values of the input or of 
selected components. If calibrated together with 
a microphone, it may be used as a noise-level meter. 

In another type of noise analyser, the noise 
spectrum is produced directly and continuously on 
the screen of a cathode-ray oscillograph. Instru- 
ments of this kind are of special value when a rapid 
indication of the effect on the noise spectrum of 
changes in engine speed or load, or the effect of 
various silencing devices, is required. They are 
therefore well suited to the investigation and treat- 
ment of the noise of engines in service. In their 
present stage of development, they do not embody 





the refinements of the point-by-point type and, there- 
fore, are less satisfactory for more detailed studies. 

One further method of studying engine noise 
may be mentioned here. Noise oscillograms pro- 
duced by applying the amplified output of a micro- 
phone to a cathode-ray oscillograph have proved 
extremely useful. By providing a corresponding 
scale of degrees of crankshaft rotation, the timing 
of the prominent features of such diagrams may be 
determined, so that their occurrence may be asso- 
ciated with the various events in the engine cycle, 
and their sources thus traced. Such diagrams are 
sometimes found to give a much better indication 
of the effect of a change than either noise-level 
readings or frequency analyses. Figs. 18 and 19, 
on page 697, show oscillograms obtained with a 
microphone placed near the cylinder head of a 
compression-ignition engine, one diagram being 
taken with, and the other without, a certain type of 
pilot fuel injection. A noise-level meter of the root- 
mean-square type, used with the same microphone, 
gave readings of 90-6 and 91 -2 decibels, respectively, 
although to the ear the difference in noise was very 
marked. 

The most complicated part of the engine cycle is 
undoubtedly the combustion process. Combustion 
in the petrol engine has been studied intensively with 
a view to solving the problem of detonation. Com- 
bustion in compression-ignition engines has received 
far less attention and yet, possibly, it offers more 
scope for research. Increased knowledge of the 
process and the effects of the many factors involved 
should lead to improvements in thermal efficiency 
and the ability to use lower-grade fuels satisfactorily. 
Diesel “knock” can already be suppressed by 
various forms of pilot injection, but here, too, greater 
knowledge of the processes within the combustion 
chamber would lead to further improvements. 

Published work reveals comparatively few 
methods of studying combustion in piston-type 
internal-combustion engines. High-speed photo- 
graphy, through large combustion-chamber windows 
arranged in running engines, has produced less 
really useful information than would have been 
expected. Studies of single injection and combus- 
tion processes, in special apparatus comprising a 
comparatively large combustion chamber, offer 
more scope for detailed study. Chemical analysis of 
the cylinder contents at various stages of the 
combustion process appears fraught with difficulties, 
but may prove fruitful. 

A cylinder pressure diagram gives a certain 
amount of information regarding the combustion 
process. In the normal engine, the commencement 
of the period of major heat release is marked by a 
sudden increase in the slope of the pressure curve. 
The subsequent rate of pressure rise is a measure 
of the rate at which combustion proceeds. The 
pressure diagram also indicates the presence of 
pressure waves, which frequently accompany the 
combustion process and are particularly marked in 
swirl-type combustion chambers. These are shown 
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as a secondary oscillation, superimposed on that 
portion of the pressure diagram which follows the 
pressure rise at the commencement of combustion. 

In many investigations, it is important to know 
at what crank-angle combustion ends. Theoretic- 
ally, it is possible to determine this from a cylinder 
pressure diagram by plotting logarithms of pressure 
against logarithms of volume. The expansion 
process following the end of combustion is then 
represented by a straight line, since the index of 
expansion is nearly constant, and the beginning of 
this straight portion thus marks the end of com- 
bustion. In practice, the curved portion of the 
diagram, corresponding to the combustion period, 
merges gradually with the approximately straight 
expansion line, and only a rough indication is 
obtained. 

A direct indication of the combustion period may 
be obtained by means of equipment comprising a 
combustion-chamber window, a photocell and 
amplifier, and a cathode-ray oscillograph. The 
window, of quartz, or hardened glass, is mounted 
in the wall of the combustion chamber in such a 
way that light from the main portion of the chamber 
falls upon the photocell. The photo-cell may be 
mounted, as shown in Fig. 20, herewith, in a case 
together with a two-stage amplifier. This arrange- 
ment avoids introducing lead capacity between the 
photo-cell and the first stage of the amplifier. The 
output of this unit may be further amplified as 
necessary before it is applied to the oscillograph 
deflection plates. Fig. 20, above, shows a series 
of diagrams obtained by these means, indicating 
the effect of one variable. Diagrams of this 
kind must be interpreted with caution. The output 
of the photo-cell at any instant is dependent not 
only on the intensity of the light in the combustion 
chamber, but also on the light spectrum, the trans- 
mission properties of the window, and the response 
of the photo-cell to various wavelengths. This 
situation is complicated by the fact that the flame 
spectrum changes during the combustion period. 
Moreover, it is well known that chemical reactions 
between hydrocarbons and air are not necessarily 
accompanied by emission of light. In spite of 
these and other complications, the diagrams provide 
a comparative measure of the period of major heat 
release, give some indication of changes in the light 
intensity during the combustion period, and show 
the extent of any irregularity between successive 
cycles. 





FILM ON PULVERISED FUEL.—We have referred on 
previous occasions to the sound films on “‘ Steam ” and 
“ Combustion and the Chain-Grate Stoker,” sponsored by 
Messrs. Babcock and Wilcox, Limited, Babcock House, 
Farringdon-street, London, E.C.4, which have now been 
shown very widely at technical institutions, colleges, etc. 
Messrs. Babcock and Wilcox have now added a third 
film to the series, describing the principles of pulverised - 
fuel firing and their application to water-tube boilers. 
The film takes about 40 minutes to show and is available 
on loan, without charge, in both 35-mm. and 16-mm. 
sizes. It is pointed out, however, that the 16-mm. 
version requires a projector which will accommodate a 
14-in. spool, holding 1,600 ft. of film. 
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500 H.P. DIESEL-MECHANICAL LOCOMOTIVE. 








500-H.P. DIESEL-MECHANICAL 
LOCOMOTIVE FOR SOUTHERN 
REGION. 


THE accompanying illustration is of an 0-6-0 Diesel 
locomotive which has been constructed in the Southern 
Region railway works at Ashford to the design of 
Mr. O. V. 8. Bulleid, formerly Chief Mechanical 
Engineer of the Region. The word “ mechanical ”’ in 
the title is used not so much as an accurate indication 
of the form of drive (which actually consists of a fluid 
coupling and a gearbox), as in contradistinction to the 
electric drive generally employed in Diesel locomotives, 
especially those in the higher range of powers. The 
construction of the locomotive was carried out under 
the direction of Mr. R. A. Riddles, member of the 
Railway Executive responsible for mechanical and 
electrical engineering matters. It has been designed 
for both yard shunting and inter-yard working, and 
has been put into service in the Norbury area. 

Power is provided by a twelve-cylinder V-type 
Diesel engine built by Messrs. Davey, Paxman and 
Company, Limited, Colchester, and of that firm’s 
standard “12 RPH” type. It develops 500 brake 
horse-power at 1,250r.p.m. The cylinders are arranged 
in two banks of six, with an included angle of 60 deg., 
and have a bore of 7 in. and a piston stroke of 7} in. 
Each bank of cylinders consists of two castings each 
having three bores. The engine employs the Ricardo 
combustion system, which permits low injection pres- 
sures and the use of single-hole pintle-valve injectors. 
The fuel pumps are situated between the cylinder 
banks in two units, one for each bank, and are driven 
from the camshaft, which runs in pressure-lubricated 
bearings in a separate housing and is driven by a train 
of gears. The crankshaft, which is underslung, runs 
in seven main bearings housed in a cast-iron crank- 
case; the connecting rods and big-end bearings are 
accessible through the crankcase doors. 

The drive is transmitted through a size-29 Vulcan- 
Sinclair ‘‘ scoop-control ” fluid coupling and an §.8.S. 
“* Powerflow ” gearbox* which provides three forward 
and reverse ratios in both a high and low range, with 
extreme speeds of 5 miles an hour in first gear (low 
range) and 36 miles an hour in third gear (high range). 
A cooler, fed from the engine cooling system, is fitted 
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to the fluid coupling, to disperse the heat generated 
under high slip conditions at low rail speeds, so that, 
in combination with a close adjustment of the engine 
speed, a range of speeds suitable for hump shunting is 





* Couplings and gearboxes of these types were 
described in ENGINEERING, vol. 165, pages 33 and 249, 
(1948), respectively. 














obtainable. On down grades, by moving the gear lever 
into the “ coast” position, the engine is disconnected 
from the gearbox ; this operation withdraws the scoo 
tube and reduces the engine speed to idling. The full 
range of speeds and tractive efforts is given in the 
accompanying table. 

The 8.8.8. ‘* Powerflow ” gearbox was developed by 
the Hydraulic Coupling and Engineering Company, 
Limited, Fluidrive Works, Worton-road, Isleworth, 
Middlesex, and was designed and constructed by 
Messrs. David Brown and Sons (Huddersfield), Limited, 
Huddersfield. The gearcase was fabricated and 
machined at the railway works at Ashford. The-gear- 
box is fitted with an air-operated reverse and range- 
selection mechanism, and employs the synchro-self- 
shifting (S.S.S.) clutch principle. The gears are 
changed by moving one lever; first and second gears 
are engaged by the synchro-self-shifting clutch, and 
the higher-speed gear train used for third gear is 
engaged by an air-operated traction clutch. This 
clutch also engages automatically, ensuring con- 
tinuity of torque and virtually eliminating loss of 
tractive effort when changing up. The final drive is 
through reduction gearing to a jackshaft which is 
fitted with pressed-on balanced cranks; thence the 
drive is by rods to the crankpins of the middle coupled 
wheels. 

The driver’s controls, comprising a throttle lever, a 
self-lapping air-brake valve, a gear-change lever and a 
direction lever, are mounted on a desk in the cab, 
and are duplicated so that the driver can work on either 
side of the cab. A “ dead-man’s” treadle is also 
fitted on each side, but the gear range-selecting lever is 
fitted in the centre of the desk. An instrument panel 
is mounted above the desk in the centre of the cab 
front-plate. Westinghouse straight air-brake equip- 
ment operates double-shoe clasp brakes through 
fully-compensated brake gear. An auxiliary gearbox, 
mounted in front of the engine and shaft-driven, drives 
a vertically-mounted fan for cooling the engine- 
lubricating oil and water in two Serck radiators which 
are situated on each side of the engine housing. This 
gearbox also drives the Westinghouse compressor, 
supplying air for the brakes and controls, a water- 
circulating pump, and two C.A.V. dynamos. Two 
separate electric circuits are used, each with a bank of 
Exide accumulators, one for starting and the other for 
lighting and for heating food. An electrically-driven 
lubricating-oil priming pump is operated by the engine 
starter button, and an oil-pressure relay switch prevents 
the starter motor from engaging until sufficient oil 
pressure is generated. The main fuel tank and the 
service tank, with a combined capacity of 600 gallons, 
are situated at the front end of the locomotive. 

The coupled wheels are of the Bulleid-Firth Brown 
(B.F.B.) type, and are 4 ft. 6 in. in diameter. 8.K.F. 
split-type roller-bearing axleboxes and underhung 
spring gear are provided. The horn guides, fitted with 
manganese-steel liners, are welded to the frames ; and 
the frame stretchers, dragboxes, and the bed-plate 
which carries the engine and fluid coupling, are fabri- 
cated. The locomotive weighs 49 tons 9 cwt. in 
working order, and the length over buffers is 33 ft. 3 in. 
The wheelbase is 12 ft. 6 in. and the engine has been 
designed to negotiate curves of four chains radius 
The overall width being 8 ft. 7} in., the locomotive 
can run over most routes of the Southern Region. 





MANUFACTURE OF DIESEL ENGINES 
BY F. PERKINS, LIMITED. 


Last week Messrs. F. Perkins, Limited, Peterborough, 
entertained a large number of visitors at their factory 
at Oxney-road, Newark, which has been built since the 
war. Here, Diesel engines, mostly of one standard 
size developing 79 brake horse-power, are being manu- 
factured at a rate equivalent to 1,140,000 brake horse- 
power per annum, and this figure is shortly to be 
increased to 1,500,000 brake horse-power. The 
standard engine is designed for a wide range of duties 
in commercial vehicles and tractors, and for industrial 
and marine applications. This feature was exemplified 
by an exhibition of 35 machines to which Perkins 
Diesel engines were fitted ; the exhibits included five 
agricultural tractors, 11 commercial motor vehicles, 
and 19 other machines, including a crane, excavator, 
fork-lift truck, compressor, dumper, mechanical 
shovel, generating set, ‘“‘ power pack,” industrial 
tractor, road roller, welding set, and a shunting loco- 
motive. 

The business was founded less than 20 years ago, and 
then concentrated on the production of four-cylin- 
der engines in a small workshop in Queen-street, 
Peterborough. Now that the main works is situated 
at Oxney-road, the Queen-street factory is used for 
engine reconditioning, etc. The early engines were 
adaptable for installing in motor cars as well as small 
commercial vehicles, and the maximum speed was over 
3,000 r.p.m. Pe easy sr it was decided to manufac- 
ture a six-cylinder engine suitable for fitting in existing 
medium-tonnage vehicles, in place of the petrol engine 
—a requirement which led to a reduction in specific 
weight and overall dimensions. This design, introduced 
in 1937, was the forerunner of the present standard P6 
engines, and whereas at first the engines were used 
to replace petrol engines, they are now supplied mainly 
for fitting in new vehicles, although the “ conversion ” 
engines are still made. The present P6 engine wei 
8-6 lb. per brake horse-power, which is a notable 
improvement over the 19 lb. per brake horse-power of 
the 1923 design. 

The P6 engine, as supplied for use on an agricultural 
tractor, is illustrated in Fig. 1, on page 700. The engine 
develops 70 brake horse-power at 2,200 r.p.m., and the 
maximum torque is 184 lb.-ft. It weighs 686 lb., with 
electrical starting equipment but without the flywheel 
and starter rings. The P4, which is the standard 
four-cylinder engine, has the same size of cylinders, i.e., 
34 in. bore and 5 in. stroke, but the capacity is 3-15 
litres, compared with 4-73 litres forthe P6. It develops 
46 brake horse-power at 2,200r.p.m., and weighs 490 Ib. 

The cylinder block and crankcase of the six-cylinder 
engine are in the form of a one-piece alloy iron casting, 
fitted with renewable alloy cast-iron liners. Valves 
and tappets are carried in the head, with the rocker 
gear mounted on top of the head and enclosed by a 
die-cast cover. A spherical combustion chamber is 
formed half in the head and half by a detachable steel 
cap. The camshaft is mounted high up on the outside 
of the cylinder block, thus eliminating push rods. 
Crankshaft main bearings are provided between all 
cylinders and at the ends, and the crankshaft is 
machined from a nickel-chrome-molybdenum steel 
forging. The H-section connecting rods are also made 
of this alloy steel, in the form of stampings. The 
pistons are of aluminium alloy, with three compression 
rings and one scraper ring above the gudgeon pin and 
one scraper ring below. The breathing system of the 
engine is connected to the air intake. C.A.V. fuel- 
injection equipment, with a pneumatic governor, is 
used; the atomisers each have two sprays, one 
directed into the combustion chamber and the other 
into the cylinder. The exhaust manifold is up-swept, 
to avoid heating the fuel pump. The cooling-water 
pump is situated high up in an accessible position, it 
is driven by belt from the crankshaft, and the fan is 
carried on its pulley. The engine can be arranged 
for either three-point or four-point suspension, and is 
provided with a Ki-gass injector pump, atomiser, prim- 
ing tank, induction heater and starter/heater switch. 

A brief description of the new factory may be in- 
cluded here, as it is a post-war construction designed 
and sited to allow, for future expansion. The work 
mainly carried out there consists of machining, assem- 
bling and testing. Castings, forgings, stampings, etc., 
are bought out, and some of the machining work is 
also done elsewhere. This circumstance is at least 
partly due to a rate of production which is already 
greater than the factory was built for; provision was 
made for extension, however, and work is in hand on 
this. Meanwhile, since all assembly must take place 
in the main factory, it is evident that any overload 
borne by sub-contractors must be machining or other 
work preparatory to assembly. 

The new factory, which has been in operation for 
nearly three years, comprises six acres of buildings 
on a site of 81 acres, and the appearance is 
enhanced by pleasing architecture, lawns and flower 
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beds. The buildings include the main factory block, 
office administration block, dining-hall block and 
power-house. The main factory block has a total area 
of 120,000 sq. ft. The height to the apex of the roof 
is 40 ft., giving an average of 6,000 cub. ft. ofair space 
to each employee, who number about 2,400. Three 
walls are of brick, but the fourth is of corrugated iron 
to allow for extension. The administrative block 
houses offices for material control, production drawing 
office, engineering and print room, accounts, costing, 
planning control, design and drawing office. 

In the factory, the overhead *bus-bar system of 
distribution of electrical supplies is used, so that 
machines can be ee and installed with the least 

ible disturbance to electrical fittings. Most of the 

ps in the main factory block are 400-watt high- 
pressure mercury-discharge lamps, but 10 per cent. of 
the total are 1,000-watt tungsten-filament lamps, the 
resultant combination providing some colour correction. 
The working intensity of lighting is 25 foot-candles. 
The general lighting supply is three-phase, with alter- 
nate mercury lamps on different phases to reduce strobo- 
scopic effect. In the test shop, where this effect would 
be particularly detrimental, tungsten lamps are used 
throughout, as well as being staggered on a three-phase 
supply. An independent electricity supply is available 
from two 400-kVA alternators driven by a 460-brake 
horse-power Diesel engine. 

Neither water nor sewage services could be provided 
by the local authority when the factory was built. In 
the special water system, which has a storage capacity 
of 2,750,000 gallons, rain water from buildings is col- 
lected in settling and cleaning tanks, whence it flows 
toalarge open pond. From there, the water is pumped 
to a static tank, then to an elevated tank to provide 
a pressure of 25 lb. per square inch. The present 
demand for water is 55,000 gallons per hour, most of it 
being for cooling engines under test, and for air com- 
pressors. A new 8-in. water main for domestic supplies 
has since been laid by the Peterborough Corporation 
Water Works. For factory heating, air is drawn from 
outside, heated in gas furnaces and circulated by fans 
and ducts. Cleaned air from inside the factory is 
recirculated to economise in gas consumption. Com- 
pressed air for tools and lifts is supplied at a pressure 
of 100 Ib. per square inch by two compressors with a 
combined capacity of 800 cub. ft. per minute. Another 
compressor is to be i All oil stores are isolated 
in a separate building, and, in general, each type of oil 
—lubricating oil for the test shop, Diesel oil, cutting 
oils and solvent cutting oils—are either pumped or fed 
by gravity through pipes to the required distribution 
points in the factory. In certain cases, the oils are 
pumped back after use for cleaning and filtering. 

The firm’s engineering department consists of 
design and drawing offices, a development section, 
and a research section. The design office initiates new 
projects, and arranges adaptations of existing engines 
for particular purposes. Schemes so prepared are 
translated into detail drawings by the production 
drawing office. The development section is responsible 
for, inter alia, the improvement of existing types, the 
preparation of prototypes for special applications, the 
general testing of component parts and assemblies, 
road testing, investigating the use of fuels and lubricat- 
ing oils, and investigating defects. The research section 
deals with problems connected with compression- 
ignition engines, and their design. 

The work of the process planning and jig and tool 
drawing office follows familiar lines. “‘ Processing ” 
falls into two main categories—line production, and 
batch and general-purpose production—which require 
different treatment in tooling; for example, on the 
cylinder-block line, tooling is highly developed, and 
handling and loading are facilitated by conveyors, 
pneumatic clamping fixtures, etc. 

In a short review such as this, we can do no more than 
touch on some of the more basic and interesting 
features of production methods. The range of Perkins 
engines has been reduced to four standard units, 
namely, vehicle, tractor, industrial, and marine. Each 
engine is machined, assembled and tested as one of 
these four standard units. There are, of course, minor 
variations, such as the use of cast iron instead of light 
alloy for pistons, but these do not affect the general 
principles of production. Special components to 
suit customers’ requirements, for example, flywheel, 
engine supports, etc., are added after the engines have 
passed their tests. The production of special items 
requires slightly different methods of processing, it 
being uneconomical to provide special-purpose machines 
and tooling for small quantities. Such components 
are produced not by “ line-flowing ’ them individually 
from one process to the next, but by each machine 
completing a batch which is then passed on to the 
next stage. 

The flow of material, from the rough condition to the 
finished component, follows conventional _ lines: 
‘* goods-inward ’’ inspection, main stores, machining 
lines, main stores, then, joining a bought com- 
ponents, to sub-assembling, and lly, to the main 
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SIX-CYLINDER HIGH-SPEED DIESEL ENGINE. 
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engine assembly line. The four photographs, Figs. 2 to 
5, reproduced on Plate XXVI, show the principal | 
shops. The machine shop, part 01 which is illustrated | 
in Fig. 2, contains a wide range of modern machine tools. 
Multi-tooling is much employed. Mention may be | 
made of an interesting special attachment which we 
examined during a visit to the factory. The attach- 
ment is mounted on a turret face of a combination | 


Srx-CyLinDEeR ENGINE FOR AGRICULIURAL TRACTOR. 


where it is prepared for test by being fitted with 
support brackets and flywheel, and the sump filled 
with oil. It is then loaded on to a test brake and fully 
tested and inspected for a predetermined time, during 
which it is run at varying speeds ranging from idling 
to maximum. Temperature readings of the lubricatin 
oil and cooling water are constantly checked, and fue 
consumption measured. Any necessary adjustments 


| fixture ; 
| feed of the turret to bring the pintle into the hole, | 


turret lathe, and is designed to drill simultaneously | are made in the test shop to ensure standard per- 
three holes (about } in. in diameter) in a casting which | formance of the engine. Throughout the test the 
is held in a chuck or faceplate fixture. The holes are | operator maintains a rigid check on engine performance, 
disposed equilaterally at the three corners of a triangu- | and, when he is satisfied, the inspector is notified. 
lar face. The drills are mounted in a rotatable head After his examination, the engine receives final ap- 
which forms the outer end of the attachment. The head | proval. Before the engine leaves the test shop, the 
is driven at the same speed as the workpiece by means | fuel pump and Venturi adjustment are sealed and the 
of a pintle which is fixed like a crankpin to one corner | engine history card completed and signed. The engine, 
of the head and engages in a hole in the faceplate | drained of oil and water, is then passed with its card 
the operator applies the quick traverse | to the engine finishing department. 

The test shop houses two banks of Heenan and 
and then starts the lathe spindle. An arrangement | Froude test brakes, 17 being ‘‘ Dynamatic ” dynamo- 
of gearing inside the attachment causes the three | meters and 11 water dynamometers. The Dynamatic 
drills to rotate about their own axes while the axes | type have the advantage of being instantaneously 


rotate synchronously with the head. Thus, the holes 
are drilled in one stage of the turret cycle. 
Dual-loading fixtures, or indexing fixtures with 
loading stations, are used in many cases to save idle 
time. For management purposes, the machine shop is | 
divided into seven sections, namely, general-purpose | 
machines, automatic machines, rocker-lever and rocker- 
shaft bracket line, machines for aluminium components, 
connecting-rod line and cylinder-head line, cylinder- 
head line, and the flywheel and flywheel-housing 
machines. The tool-room is a separate department. 
The assembly lines (Fig. 4) are equipped with 
ground-level conveyors, travelling at a predetermined 
speed and carrying engines at fixed distances apart in 
progressive stages of assembly. The assembly con- 
veyor travels at right angles to the initial processing 
lines, and the arrival of components at the line is 
timed to be in phase with the main assembly opera- 
tions. The cylinder block is fitted to a stand which 
enables sub-assemblies to be fitted to it. The first 
operation is the cleaning of the block by a high-pressure 
heated alkaline wash, and is carried on in a booth from 
which the block emerges on to the assembly line proper. 
Other components proceed through the sub-assembly 
department (Fig. 3), where they are “‘ line assembled ” ; 





they include, for example, connecting rods, fitted with 
big-end and small-end bearings, dowels and nuts and 
bolts. 

The standard engine is from the assembly 





line to the test shop, shown in Fig. 5, Plate XXVI, 


reversible, a necessary requirement when testing marine 
engines with reverse gearboxes. The Dynamatic test 
beds are now being further improved to obtain greater 
output. Formerly, when an engine test was completed, 
idle time was unavoidable while the tested engine was 
being uncoupled, water, fuel and exhaust systems dis- 
connected, and a new engine mounted and prepared. 
By making these test beds double-ended, one engine 
can be dismantled and replaced while the other is 
being tested, with a consequent increase in output 
from each bed of 25 to 30 per cent. Engines are 
loaded on and off the test beds by the use of one of 
the overhead cranes which traverse the full length of 
the shop. Until recently, engines under test were 
started by batteries, but a mains starting system has 
now been installed. Fuel and cooling water are avail- 
able over the whole of the test shop from separate 
compartments, thus ensuring tidiness and reducing 
waste. After use, the cooling water is returned to 
cleansing plant, where it is cleaned and cooled and 
pumped back to the test shop. 





** COMBUSTION IN INTERNAL-COMBUSTION ENGINES ” : 
ERRATUM.—The footnote to the title of the series of 
lectures by Professor Ir. J. J. Broeze, which appeared on 
pages 434, 464, 616 and 646, ante, stated that the lectures 
were delivered at King’s College, University of London. 
This is incorrect ; they were delivered at the invitation 
of the University of London, but at University College. 
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BOMBING-TARGET LAUNCH WITH RADIO CONTROL. 












































Fic. 2. THrotrie-Controt Unrr. 


RADIO-CONTROLLED MOTOR 
LAUNCH. 


A BADIO-CONTROLLED launch, designed as a fast 
sea-going bombing target for the Royal Air Force, 
was recently demonstrated in Portsmouth harbour to 
a party which included representatives of the Dominions 
and other overseas Governments. The launch, shown 
under test in Fig. 1, is a 68-ft. vessel of the type used 
by the Royal Air Force for air-sea rescue, but has been 
modified by the installation of radio-operated control 
gear and the fitting of armour capable of withstanding 
vertical attack by 25-lb. break-up bombs, dropped from 
25,000 ft. The structure with a rhombic outline, seen 
on the deck, is a radar reflector designed to assist 
location of the target. The automatic control equip- 
ment was designed by Mr. E. Parfitt, of Beme 
Electronic and Marine Equipment, Limited, Hythe, 
Southampton, and the modifications to the launch, 
including the armouring and the installation of the 
control gear, were undertaken by Messrs. Vosper, 
Limited, Portsmouth, for the Ministry of Supply. The 
armour plate was supplied by Messrs. Hadfields 
Limited, Sheffield. As modified, the vessel has a 
draught of 4 ft. 6 in. and a displacement of 35 tons. 
The propelling machinery consists of three Napier Lion 
engines, each developing 550 h.p.; at a cruising speed 
of 19 knots, the endurance is 19 hours. The launch is 
fully controllable by radio from an attendant vessel 
up toa range of eight miles or more, control involving no 
more than the operation of push-buttons and a switch 


Fie. 3. Courssz-Deviator Unit. 


.on & small portable control unit, connected by a flexible 
| lead to a plug point on the transmitter. The alterations 
| to the launch have been effected without removing the 
normal controls, and a change from radio to manual 
operation, or vice versa, takes about two minutes. 
Eight orders can be given to the launch by radio. 
Five push-buttons on the control unit enable the 
operator to start or stop the engines, open or close 
the throttles, or turn on the indicator lights. The 
latter are mounted over the deck on a framework 
resembling a T when viewed from above, and are 
arranged to flash intermittently when the target is 
being used at night. A sixth push-button operates 
a “spare” command. Finally, a two-way reversing 
switch controls a variable-speed motor, mounted in the 
control unit, which is geared to a compass card and 
drives a cam switch with contacts at intervals corre- 
sponding to 5 deg. of the compass. By this arrange- 
ment the launch can be steered to port or starboard. 
When the desired manceuvre is indicated by the card, 
the switch is returned to the “ off” position and the 
boat completes the order and settles down on its new 
course. The transmitter incorporates a  crystal- 
controlled master oscillator and is of conventional 
design. It radiates a single-channel amplitude- 
modulated carrier wave in the 10 to 14 megacycles per 
second frequency band with a bandspread of + 3-5 
kilocycles per second. Six Hartley oscillators provide 
modulation tones ranging from 490 to 3,500 cycles per 
second. The receiver is a pre-tuned superheterodyne, 
having a crystal-controlled oscillator and switching 














hig. 4. Sreerina Gear. 


for four spot frequencies in the 10 to 14 megacycle band. 
The intermediate frequency is 1-6 megacycles per 
second. The selector unit contains six channels 
fed in series from the receiver. Each incorporates a 
tuned low-frequency circuit feeding a metal rectifier 
in the grid circuit of a cathode-biassed pentode valve, 
connected as a triode and having a relay in its anode 
circuit. On reception of a low-frequency tone from the 
receiver, the appropriate tuned circuit resonates and 
applies a bias-voltage, via the rectifier, to the grid of 
the associated valve, resulting in operation of the relay. 
To reduce the possibility of accidental operation, 
tones are used in pairs for all orders except “ stop.” 
A single tone is used for the latter so that any serious 
interference will tend to stop the craft. By means of 
an A.V.C. circuit a potential is obtained for operating a 
further circuit containing a relay which makes or 
breaks an earth connection on the engine etos. 

A master switch on the launch transfers the starter 
and magneto circuits from manual operation to radio 
control via the relays. At the start of operations the 
magnetos are earthed, but, when the transmitter is 
switched on, reception of the carrier wave by the 
receiver results in the operation of the magneto relay 
and the breaking of the earth connection on the mag- 
netos. On reception of the “start ” signal, the circuit 
to the centre engine starter is completed via the appro- 
priate relay and also via a vacuum-operated switch 
in the intake manifold. When the engine starts, the 
vacuum switch breaks the circuit once more, but also 
completes the starter circuit of the starboard engine. 
The starting of the latter results in the subsequent 
starting of the port engine by a similar chain of 
operations. This series method of starting is used to 
avoid an excessive drain on the batteries. The throttle- 
control unit is shown in Fig. 2. It comprises a throttle- 
angle selector and a split-field motor with reduction 
gear driving a change-over gearbox. The angle 
selector has a steel ring with two sets of ratchet teeth cut 
diametrically opposite each other in its rim, and four 
trian, teeth at 90 deg. azimuth to them. An 
insulating plate is let into the front of the ring, which is 
mounted vertically, and this carries two semi-circular 
contact strips insulated from each other by two small 
isolating segments. A collector brush bears on each 
strip and the plate can rotate on a hollow bearing. 
A rotating contact arm carrying a contact roller which 
bears on the plate is mounted on a spindle in the hollow 
bearing, and the rear end of the spindle is linked to the 
change-over gear box. Movement of the plate is 
effected by either of two electromagnetic ratchets 
corresponding to “open” and “close” throttles, 
respectively, and a spring-loaded roller engages in the 
triangular tooth roots. The change-over gearbox is 
arranged to drive two spindles. One is linked to the 
moving arm of the throttle-angle selector and to a rod 
connected to the throttles, and the other is connected 
to the manual control rod from the wheelhouse. A 
change-over lever gears the manual control to the 
throttle, or, alternatively, gears the motor drive to 
the throttle and throttle selector unit. With the 
throttles closed, the moving arm of the selector rests 
with its roller on an isolating segment. The engines 
are then idling at about 700 r.p.m. Four throttle 





settings are available between the closed and full-open 
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positions. When the order to open is sent, the opening 
ratchet moves the selector plate round and brings the 
contact roller over the appropriate contact strip. 
This completes the circuit to the motor, which then 
proceeds to Le the throttle and to turn the contact 
arm back to the neutral position, after which the motor 
stops. “Throttle down” orders bring the other 
ratchet into operation and produce the opposite effects. 

Steering is effected by a reversible motor in the 
wheelhouse with a chain drive to the wheel and a 
hand-set clutch. Control of the motor is effected by 
the course-deviator unit shown in Fig. 3. This unit is 
similar to that used for throttle control, but requires 
provision for returning the rudder amidships after 
each operation. A stainless-steel ring, with 72 square- 
top teeth cut in its periphery, has an i i 
plate inset in it and rotates in a horizontal plane on a 
hollow bearing. Two ici contact strips, let 
into the upper face of the plate, are separated by small 
isolating segments, and the plate is also fitted with 
two slip-rings on the underside, one connected to each 
contact strip. Collector brushes connected to the 
steering-motor relays bear on these rings. A distant- 
reading gyro-magnetic compass maintains a constant 
beading and drives a repeater in the control unit 
through an “M” type transmitter. The repeater, 
shown in the under compartment of the unit, turns a 
spindle in the hollow bearing which carries a contact 
arm and roller at its upper end, making contact with 
the upper side of the plate. The body of the repeater 
is not — but is linked to a chain and wormwheel 
drive from the ing torque-tube. Two electrically- 
operated wile dates aoa side of the entra 
P in the upper compartment of the unit, serve to 
rotate the plate in either direction, while a solenoid 
plunger, seen in front of the plate, locks the latter 
after each operation. Before the start of operations, 
the rudder is set amidships and the compass and 
repeater are switched on. When _ pe has 
settled, the rotating arm in the deviator unit takes up 
a position determined by the repeater, and the contact 
plate is then rotated by local push-switches till the 
roller rests on the neutral segment between the contact 
strips. The motor.supply is then switched on and the 
clutch engaged. If, say, the order “30 deg. Port” 
is transmitted, the port ratchet operates six times, 
since the ratchet teeth are spaced at 5-deg. intervals, 
and moves the port contact strip under the roller. 
The steering motor now starts and proceeds to drive 
the rudder through the torque-tube. As the craft 
changes course, the gyro compass, which is maintaining 
@ constant bearing on the contact arm through the 
repeater, causes the arm to rotate back towards the 
neutral ition, which, in the absence of other control, 
it would reach when the craft had swung 30 deg. to 
port. In this event, the rudder motor would then 
stop, leaving the rudder hard over, so that the craft 
would continue turning. To obviate this, the mech- 
anical link, previously mentioned, which connects the 
torque-tube with the repeater body, operates in such 
a way that, as the rudder rotates, the repeater and the 
contact arm are rotated bodily, so that the latter 
reaches and passes the neutral segment before the 
turn has been completed. Before the end of the 
manceuvre, therefore, the rudder motor has reversed 
and the rudder has to return to the amidships 
position. By suitable choice of the -ratio between 
the torque-tube and the repeater, the operation may 
be made practically dead-beat, although this means 
a slower rate of turn. The actual gear-ratio has been 
chosen to give the best compromise between over- 
swinging and reduced rate of turn. Should the head 
swing when the craft is on a steady course, the contact 
arm will swing in sympathy and the contact roller 
will move off the neutral segment, this resulting in the 
automatic application of correcting helm. The steering 
motor, chain drive and hand-set clutch are shown in 
Fig. 4. The various controls are fitted with automatic 
limiting devices which prevent excessive demands 
being made on them. Both transmitter and receiver 
are operated from 24-volt supplies with the aid of 
rotary transformers. 





INSULATING OILS FOR TRANSFORMERS AND SwITcH- 
GEAR.—Information on the important subject of insulat- 
ing oils can be obtained by a detailed study of technical 
journals and books, but so far it does not seem to have 
been collected between two covers to any great extent. 
A well-illustrated brochure of nearly 100 pages, which 
has been published by the Shell Petroleum Company, 
Limited, St. Helen’s Court, Great St. Helens, London, 
E.C.3, should thereforé be found of service to those 
concerned with the maintenance of transformers and 
switchgear. The design of these two classes of equipment 
in relation to insulating oil is considered and installation 
and operation are dealt with in the same connection. 
Information regarding the manufacture of oils, specifica- 
tions, sampling, purification, and the examination of used 
oils are also given. There are some good illustrations, 


BRITISH STANDARD 
SPECIFICATION. 


TxE following publication has been issued by the 
British Standards Institution and is obtainable from 
the Sales Department of the Institution, 24, Victoria- 
street, London, 8.W.1, at the price quoted. 


Building Drainage.—The Council for Codes of Prac- 
tice for Buildings, Construction and Engineering Ser- 
vices, working under the aegis of the Ministry of Works 
has now issued, in final form, Code No. 301 covering 
buildings drainage. This Code was previously issued 
as six separate drafts for comment, namely, No. 301— 
drainage below ground ; No. 3.132—sewers and drains ; 
No. 301.101—excavation for drainage work ; No. 3.133 
—the concreting of sewers and drains ; No. 301.104— 
manholes ; and No. 3.135—sewer connections. These 
have now been merged into one Code and revised, in the 
light of comments received, by a committee convened by 
the Institution of Municipal Engineers. The Code deals 
with the design and construction of both foul-water 
and surface-water drains and also sewers between a 
building and the connection to a public sewer. It is 
concerned, moreover, with all necessary ancillary works, 
such as manholes, etc. A list of definitions includes 
many applying to the practical side of excavating and 
timbering, as well as to the design of drainage systems. 
Particular attention has been given to design considera- 
tions and guidance is given on general matters, such 
as lay-outs, gradients, Pipe sizes, the choice of materials, 
connections, access and ventilation, the support of 
pipes and traps. Work on site clauses and descrip- 
tions of inspection tests are included. [Price 7s., 
postage included.] 





BOOKS RECEIVED. 


National Coal Board. Information Bulletin No. EG (50) 1. 
Underground Trolley Locomotive Installations in the 
Ruhr. The Press Office, National Coal Board, Hobart 
House, Grosvenor-place, London, S.W.1. [Gratis.] 
Patents, Designs, and Trade Marks. Sizxty-Seventh Report 
of the Comptroller-General of Patents, Designs, and 
Trade Marks, with Appendices, for the Year 1949. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 6d. net.} 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 19. Snow Fences. 
By H. Lu. D. Pueco. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 1s. 9d. net.] 

Die vereinfachte Trdgerrostberechnung. By Dnr.-Ine. 
Fritz LEONHARDT and DIPtL.-ING. WOLFHART ANDRA. 
Verlag Julius Hoffmann, Rosenbergstrasse 122, Stutt- 
gart, Germany. [Price 32 DM.] 

International Association for Bridge and Structural Engi- 
neering. Publications. Ninth volume. 1949. Verlag 
Leemann, Stockerstrasse 64, Ziirich 2, Switzerland. 
[Price 45 Swiss francs.) 

Strength and Elasticity of Materials and Theory of Struc- 
tures. Soluti to E. inati Questions of the 
University of London. Volume l. Part One (Internal) 
B.Sc. (Engineering) 1938-1948. By Dr. W. H. Brooks. 
Macdonald and Company (Publishers), Limited, 43, 
Ludgate-hill, London, E.C.4. [Price 12s. 6d. net.] 
Einflisse auf Beton und Stahlbeton. By PROFESSOR 
ADOLF KLEINLOGEL. Part III. Fifth revised and 
enlarged edition. Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 7-50 DM.] Lamge, Maxwell and Springer, 
Limited, 41-45, Neal-street, London, W.C.2. [Price 
14s. 2d.) 

The British Electrical and Allied Industries Research 
Association. Technical Report No. G/T 228. Arcing 
Characteristics of Fuses with Small Over-Currents. 
(D.C. and A.C.) By H. W. BAXTER and M. T. CREE. 
[Price 7s. 6d.] No. G/T 240. Indexing and Filing 
System for Engineering Drawings Showing Details of 
Sub-Station Design. By DIPrt.-Inc. G. MEINERS. 
[Price 6s.] No. L/T 220. (Amended version). The 
Time Involved in Fast Electronic Processes in Amor- 
phous Dielectrics. By J. O7DWYER. [Price 3s.] No. 





L/T 221. Properties of Slow Electrons in Polar 
Materials. By H. Fr6stico, H. PELZER and S. 
ZIENAU. [Price 6s.] No. O/T 6. Electrolysis and the 


Bond Strength of Reinforced Concrete. The Effect of 
Direct Current. Supplementary Report. By Dr. G. 
MOLE. [Price 3s.] Offices of the Association, Thorn- 
croft Manor, Dorking-road, Leatherhead, Surrey. 

The Scope Year Book of Industry, Trade and Finance, 
1950. Scope Books Limited, 1, New Bond-street, 
London, W.1. [Price 45s.] 

Theory and Design of Electron Beams. By J. R. PIERCE. 
D. Van Nostrand Company, Incorporated, 250, 
Fourth-avenue, New York 3, U.S.A. [Price 3-50 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 26s.] 

Normal Elliptic Functions. A Normalized Form of 
Weierstrass’s Elliptic Functions. By A. R. Low, M. A. 
University of Toronto Press, Toronto, Canada. [Price 





and useful technical data are given in appendiees. 


PERSONAL. 


Sm RonaLD GARRETT has been re-elected chairman, 
and Mr. A. E. M. GALE, deputy-chairman and treasurer, 
of Lloyd’s Register of Shipping, 71, Fenchurch-street, 
London, E.C.3. Mr. H. BARRACLOUGH, deputy-chairman 
and chairman of the sub-committees of classification, has 
resigned this position and has been succeeded by SiR 
Guy Ropner. Mr. Barraclough, however, remains a 
member of the General Committee, to which Mr. G. 
Le@u-JONES and Sir HUBERT B. HEATH EVEs have been 
re-elected. Mr. J. Hopason has been appointed deputy 
to the chief surveyors (establishment). Mr. C. H. Spray, 
the Society’s statistical editor, is retiring and will be 
succeeded by Mr. W. H. CarsLaw, B.Sc. Among the 
surveyors retiring on June 30 are Dr. A. PICKWORTH, 
O.B.E., Mr. N. Dosson and Mr. E. R. MAcMILLAN, 
Mr. R. DuNSMUIR and Mr. A. W. JacKSON. Mr. J. F. 
NICHOLAS, senior surveyor at Southampton, has been 
appointed to the new position of principal surveyor at 
that port. 


Mr. T. G. N. HALDANE, M.A., M.I.C.E., M.I.EB.E., has 
accepted the invitation of the executive council to 
become President of the Association of Supervising 
Electrical Engineers, 54, Station-road, New Barnet, 
Hertfordshire, in succession to Mr. A. G. RAMSEY, 
C.B.E., B.Sc.(Eng.), M.1I.C.E., M.1.E.E., M.I.Mech.E., 
who is retiring from the position after two consecutive 
years of service. 


Mr. E. W. THompson, M.A., chairman and joint 
managing director of Messrs. John Thompson Water 
Tube Boilers, Limited, has been elected to the Council 
of the British Engineers’ Association, 32, Victoria-street, 
London, S.W.1, for the year 1950-51. 


Mr. DENIS REBBECE, M.A. (Cantab.), M.Sc., a director 
of Messrs. Harland and Wolff, Limited, Belfast, has been 
awarded the degree of Doctor of Philosophy by the 
Queen’s University of Belfast. 


Mr. Jonn Tarrs, publicity manager to the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, retires at the end of June after 45 years 
of service. 


Mr. HuGH CAMERON, who has been a member of the 
sales staff of the United Steel Companies, Limited, 17, 
Westbourne-road, Sheffield, 10, since 1934, has been 
appointed manager of the Sheffield district sales office, 
in succession to the late Mr. J. P. IBBoTSON. 


Mr. W. J. Brrp has been made sales manager of the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, for the London area. This 
includes responsibility for the company’s branches at 
Ipswich, Southampton and Plymouth, and the sales 
depots at Brighton, Canterbury, Croydon, Luton and 
Reading. 


At a meeting at York on June 15, fifteen firms making 
copper-tube fittings formed the CoprpeR FITTINGS MANU- 
FACTURERS ASSOCIATION. They are WILLIAM BARTON 
AND Sons, Limirep, Edinburgh ; H. BIssEKER, LIMITED, 
Birmingham ; DONALD BROwN, LimITED, Manchester ; 
ConEx TERNA, LimIreED, Tipton ; ALEC. FERGUSON AND 
Company, Glasgow; FYFFE AND COMPANY, LIMITED, 
Dundee; Kay AND COMPANY (ENGINEERS), LIMITED, 
Bolton ; LOVELL AND HANSEN, LIMITED, Dudley; THE 
Mint (BIRMINGHAM), LIMITED ; MANLEY AND REGULUS, 
LIMITED, Wolverhampton ; P.D.M. Firrincs COMPANY, 
LIMITED, Edinburgh ; PRESSURTITE, LIMITED, Surbiton ; 
SIMPLIFIX COUPLINGS, LIMITED, London ; SPERRYN AND 
CoMPaANy, Birmingham ; and THE YORKSHIRE COPPER 
Works, LimIrep, Leeds. The temporary secretary is 
Mr. E. Cutrrey, Messrs. Kay and Company (Engineers), 
Limited, Blackhorse-street, Bolton, Lancashire. 


Messrs. Brook Motors, LIMITED, Empress Works, 
Huddersfield, have opened a branch at 124, Union-street, 
Aberdeen (Telephone 21890) to serve the North of 
Scotland. Mr. W. J. Warp, of the firm’s Sheffield 
branch, has been appointed manager. MR. BRAILSFORD 
Syxes, A.M.I.E.E., formerly at the Liverpool office, has 
been appointed assistant sales engineer at Sheffield in 
place of Mr. Ward. 


As from Monday, June 26, Messrs. BORAX CONSOLI- 
DATED, LIMITED, will re-occupy their pre-war offices, 
which were requisitioned during 1939-45. Their address 
will be: Regis House, King William-street, London, 
E.C.4. (Telephone : AVEnue 7333-8.) 


Messrs. POLLARD BEARINGS, LIMITED, have trans- 
ferred their head office from Birmingham to Ferrybridge, 
Knottingley, Yorkshire. (Telephone: Knottingley 
320-1-2; telegrams: Balbearing Ferrybridge Knotting- 
ley.) Local service, however, can still be obtained from 
the firm’s factory at Tyburn-road, Erdington, Birming- 
ham, 24. (Telephone: Erdington 1196-7.) 

Messrs. DEWHURST AND PARTNER, LIMITED, Inverness 
Works, Hounslow, have opened a branch office, covering 
the Yorkshire area, at York House, 21, Park-street, 
Leeds, 1. (Telephone: Leeds 26553.) The new office 
is under the control of the firm’s resident engineer and 





1-25 Canadian dols.] 





manager, Mr. M. WOOSNAM. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The performance of local steelmakers 
during May was particularly praiseworthy, and made a 
due contribution to the national output for the month. 
The production of ingots and castings was equivalent to 
2,605,300 tons per annum, as compared with 2,581,000 
tons in April and 2,538,100 tons in May, 1949. The 
production for May was the second best monthly output 
this year, and was excelled only in February, when the 
record rate of 2,632,400 tons was established. An improv- 
ing trend in pig-iron production was also recorded during 
May, although the margin was smaller. The total was 
equivalent to 689,100 tons per annum, in contrast with 
685,200 tons in April. The output, however, fell well 
below that of 12 months previously, when it rose from 
an annual equivalent of 743,500 tons in April to 945,600 
tonsin May. The disparity this year reflects the improved 
scrap situation. Moreover, only two of Colville’s large 
furnaces at Clyde Iron Works are operating, against three 
a year ago; the No. 2 unit is still undergoing modifica- 
tion and re-lining. While the aggregate requirements of 
consumers are absorbing the current level of steel 
production, the inequality, evident between different 
branches of the industry for some time, has become 
i ingly app it recently. The large rolling mills 
of the steelmakers are working to capacity, supported by 
a steady flow of new business, while delivery dates for 
light sheets tend to lengthen as fresh bookings outpace 
production. Further weakness, however, has developed 
at the re-rolling works, where orders for small bars and 
light sections continue to decline. The merchant and 
guide mills of the makers are also in need of larger 
orders, while the demand for tube strips for lap-welded 
tube-making has been further reduced. 

Scottish Coal.—When Lanarkshire pits closed down on 
Friday for the annual summer holiday, fairly satisfactory 
supplies had been secured for coke ovens, gasworks, steel- 
works, and other important consumers in need of extra 
tonnages to tide them over the period. Full supplies 
are not likely to be restored at these pits until about the 
middle of next week. Arrangements, however, have 
been made for supplies to be delivered from outside areas 
to supplement the output. This restricts the quantity 
normally available for export, an experience to be 
expected while the divisional holidays last. Fair pro- 
gress is being made with the normal summer re-stocking 
programme. House-coal stocks, especially, have im- 
proved. Electricity works are maintaining their 
comparatively good ratio of reserves, and although gas- 
works do not hold the same margins, their position is 
improving. 








NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Orders have been received 
by local shippers for the supply of 30,000 tons of Welsh 
coals to the Portuguese Railways during the last half of 
the present year. This compares with only about 10,000 
tons delivered during the first six months of 1950 and is 
only about half the amount taken in the corresponding 
period of last year. Trading with Portugal for some 
months past has been held in check by difficulties that 
have arisen over payments. Since the war, finance has 
proved a stumbling block in the conduct of this business, 
and, on several occasions, shipments have been brought 
almost to a complete standstill. Portugal has always 
been a good client for Welsh coals; thus, despite keen 
competition from Continental producers, local shippers 
supplied 636,406 tons to that country in 1938. Of late, 
competition has again been making itself felt, particularly 
in this market, and chiefly from Poland and Belgium. 
It was recently announced that Belgian shippers had 
secured contracts for the supply of about 30,000 tons for 
delivery over the remainder of the year. This has given 
point to the claim made frequently by local shippers for 
the release of some better quality coals for export, 
as well as some price reductions. Meanwhile exports 
to France and Italy have proceeded along steady lines 
under standing programmes. Generally speaking, a 
sustained demand continues for all grades, but the usual 
seasonal lull in home demand has not yet materialised. 
Some inland consumers have certainly reduced their 
purchases, but this has been offset by others who have 
eagerly taken up any additional quantities obtainable, 
for stocking purposes. Some expansion in trade with 
the Argentine is evident now that difficulties over pay- 
ments have been removed. Cokes and patent fuel 
continue to encounter a sustained demand and outputs 
are well sold forward. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plate was again 
brisk, as both home and overseas buyers continued to 
cover their requirements for Period III. In consequence, 
a large volume of business was transacted. The strong 
demand for steel sheets continues, and the call for scrap 
iron and steel is unabated. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Adequate supplies of pig-iron and iron 
and steel scrap are hing the steel ks, so that steel 
production is maintained at a high level. The demand is 
not quite so strong as it was, but the situation is satis- 
factory, and with modernised and extended plants it is 
possible to effect quicker deliveries. A satisfactory 
feature is the retention of a good deal of export trade, 
especially in fine steels. There is a growing call for the 
new types of heat-resisting steels and also stainless steels. 
Both in the heavy and in the light engineering industries 
there is activity on home and export account. Manufac- 
turers are pleased with the response made so far to the 
displays at the British Industries Fair and the Inter- 
national Trade Fair at Toronto. There is continued 
activity in the agricultural-steel trades which are dealing 
with numerous orders for machine parts and edge tools. 
Some sections are in need of more skilled labour. The 
principals of leading agricultural-engineering firms have 
been paying visits to Australia, New Zealand and Canada, 
and are satisfied with trade prospects. In a wide variety 
of engineering products there is very satisfactory business 
with home and overseas buyers. The demand for hot- 
and cold-rolled strip is strong. The wire-rod rolling mills 
are well employed, and there is activity in wiredrawing 
and the manufacture of wire ropes. Cutlery manufac- 
turers and makers of silverware report a satisfactory rate 
of bookings, with, in some cases, a high proportion of 
export trade. 


South Yorkshire Coal Trade.—Supplies of coal have 
been disappointing owing to holidays and absenteeism. 
More miners have given up their jobs, and, although there 
are numerous recruits to mining, there is a deficit in 
man-power on balance. An effort is being made to 
build up reserves at industrial concerns and at gas and 
electricity works, as well as at the railway locomotive 
depots. Coking coal is in strong request and metallurgical 
coke moves freely. Gas coke is abundant. Very little 
response has been made to the lowering of house-coal 
prices for the summer. The demand for coal for export 
is well maintained, while patent fuel is active and firm. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

r General Situation.—The availabie supplies of iron and 
steel do not cope fully with customers’ large require- 
ments ; moreover, outputs will doubtless be somewhat 
reduced over the next two months although the stagger- 
ing of employees’ summer holidays will ensure con- 
tinuity of operation at producing plants. The various 
descriptions of raw materials continue adequate and 
enable many works to keep running at or near capacity 
limit, while deliveries of good iron and steel scrap are 
maintained at a satisfactorily high level. Supplies of pig 
iron have not overtaken the demand. There is still no 
tonnage available for export, but home requirements are 
receiving better attention than for some time past. Most 
finished commodities are wanted in much larger quantities 
than sellers can provide. 





Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron are securing rather better 
deliveries than of late from the Midlands, their main 
source of supply, and hope for a further increase in parcels 
from the producing area of that district. An occasional 
small local output of a substitute for ordinary foundry 
pig is mainly for makers’ own consuming plants. The 
Tees-side basic-iron branch of the industry presents no 
new features ; all the output is absorbed by the needs of 
the adjoining steel plants. 


Hematite, Low-Phosphorus and Refined Iron.—Further 
improvement in the delivery of East-Coast hematite is 
reported, but the usual buyers are asking for still larger 
parcels. The distributable quantities of all grades of 
low-phosphorus iron are eagerly taken up and there 
is a ready sale for the steady output of the refined-iron 
makers, who manage to allocate small parcels for ship- 
ment overseas after dealing satisfactorily with the 
delivery claims of home consumers. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron manufacturers have good order books 
and expect the inquiries circulating to lead to substantial 
bookings. Supplies of home-produced and Continental 
semi-finished steel are adequate for the heavy require- 
ments of users. Finished-steel producers are over- 
whelmed with orders and home and overseas customers 
experience great difficulty in making new purchases, 
even for delivery over periods well ahead. Heavy exports 
to Canada were made last month and loadings for South 
Africa and Australia have been unusually large. There 
is no reduction in the pressure for maximum deliveries 
of black and galvanised sheets, and plates and heavy 
sections are wanted in much larger quantities than are 
coming forward. Rails continue in strong request. 





NOTICES OF MEETINGS, 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF MeETAIS.—Tuesday, June 27, 6 p.m., 
4, Grosvenor-gardens, Westminster, 8.W.1. Extra- 
ordinary General Meeting to consider alterations to the 
Articles of Association of the Institute. (Members only.) 


INSTITUTION OF ELECTRICAL ENGINEERS.—North Mid- 
land Students’ Section: Tuesday, June 27, 6.30 p.m., 
The E.L.M.A. Lighting Bureau, 24, Aire-street, Leeds. 
Summer Technical Meeting. Open discussion on engi- 
neering problems. ‘ 


IRON AND STEEL INsTITUTE.—Iron and Steel Engineers 
Group: Wednesday, June 28, 4, Grosvenor-gard 
Westminster, S.W.1. 10.30 a.m., “‘ Heating and Ven- 
tilation in the Iron and Steel Industry,” by Mr. F. R. L. 
White. 11.45 a.m., “ Lighting in Iron and Steel Works,” 
by Mr. G. W. Levey. 1 p.m., Lunch Interval. 2 p.m., 
“The Supply and Distribution of Water to Iron and 
Steel Works,” by Mr. J. L. Daniel. 


Royal METEOROLOGICAL SOCIETY.—Wednesday, June 
28, 6 p.m., 49, Cromwell-road, South Kensington, 8.W.7. 
“ Tropical Hurricanes,” by Professor Tor Bergeron. 





NorRTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—In conjunction with the Joint Summer 
Meeting with the Institution of Naval Architects and the 
Institution of Engineers and Shipbuilders in Scotland. 
Thursday, June 29, 10 a.m., Neville Hall, Newcastle- 
upon-Tyne. ‘“ The Design of Seakindly Ships,” by Mr. 
J. L. Kent. 


RoyaL SaniraRy Instrrvure.—Thursday, July 6, 
10.30 a.m., Town Hall, Newark-on-Trent. (i) “‘ Hygiene 
in Communal Feeding,” by Mr. A. H. Walters. (ii) 
“ Rural Planning,” by Mr. R. A. Kidd. 


BRITISH STANDARDS INSTITUTION.—Tuesday, July 11, 
3 p.m., 24, Victoria-street, Westminster, S.W.1. Annual 
Meeting. 


INSTITUTE OF WELDING.—Wednesday, July 12, 2.30 
p.m., 2, Buckingham Palace-gardens, Westminster, 
S.W.1. Annual Meeting. 


INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, July 13, 7.15 p.m., Turk’s 
Head Hotel, Newcastle-upon-Tyne. “Fuels of the 
Northumberland and Durham Coalfields: Their Physical 
apd Chemical Properties,” by Mr. A. H. Edwards. 





LAUNCHES AND TRIAL TRIPS. 


8.S. ‘* MALTASIAN.”—Single-screw cargo vessel, to 
carry four passengers, built and engined by Messrs. 
William Gray and Company Limited, West Hartlepool, 
for Messrs. Westcott and Laurance Line, Limited, Lon- 
don, E.C.3. Main dimensions: 350 ft. (between perpen- 
diculars) by 53 ft. 2 in. by 32 ft. 9 in. to shelter deck ; 
deadweight capacity, about 5,300 tons on a draught of 
22 ft. Triple-expansion engines working in conjunction 
with Bauer-Wach turbine and two oil-fired boilers, to 
develop 2,950 ih.p. at 91 r.p.m. Speed, 12} knots. 
Launch, May 31. 


S.S. “ Boston Fury.”—Single-screw trawler, built and 
engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for the Boston Deep Sea Fishing and Ice 
Company, Limited, Fleetwood, Lancashire. Main dimen- 
sions: 185 ft. (between perpendiculars) by 32 ft. by 
16 ft. 9 in.; gross tonnage, 750; fishroom capacity, 
18,000 cub. ft. Triple-expansion engine and one water- 
tube oil-fired beiler, to develop 1,085 i.h.p. at 120 r:p.m. 
in service. Speed, 114 knots. Launch, June 1. 


S.S. “ Princess ELIZABETH.”—Single-screw trawler, 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, Yorkshire, for the St. Andrew’s Steam Fishing 
Company, Limited, Hull. Eleventh post-war ship for 
these owners. Main dimensions: 189 ft. by 32 ft. by 
16 ft. 3in. ; gross tonnage, approximately 750 ; fishroom 
capacity, 17,000 cub. ft. Triple-expansion engines and 
one oil-fired multitubular boiler, constructed and installed 
by Messrs. Charles D. Holmes and Company, Limited, 
Hull. Launch, June 2. 


S.S. “‘ ANDALUSIAN.”—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for the Mediterranean service 
of Messrs. Ellerman and Papayanni Lines, Limited, 
Liverpool. Main dimensions: 374 ft. 8 in. (overall) by 
53 ft. 2 in. by 23 it. 9 in. to shelter deck ; deadweight 
capacity, about 5,100 tons on a draught of 22 ft. Triple- 
expansion engines coupled to a Bauer-Wach exhaust 
turbine and two forced-draught oil-fired multitubular 
boilers. The Bauer-Wach turbine was constructed by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne. Speed, about 12$ knots. Trial trip, 
June 8. 
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Fig. 19. Stre-Form Concrete Lintna Macutne; Devtta-Menpota CANAL. 














Lintna MACHINE FOR ASPHALTIC-CONCRETE. 


Fig. 21. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


Telegraphic Address: 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should . crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 





places abroad, with the exception 
TES | Se @ 
BI inns snnscsisececstssivescatesvine fA 5 0 


Subscribers receiving incomplete copies through 
ne its are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper ber on the inside black and white pages 
and in the buff art ~— two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be teed. 

The charge for advertisements classified under the 
headings “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,”’ etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations ° i i 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display anriouncements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








The Proprietors of ENGINEERING regret that, 
— settlement of a dispute in the printing 
ustry in London, they are obliged, in common 
with other publishers of periodicals, to reduce 
temporarily the number of both the editorial 
and the advertisement pages. This makes it 
mecessary to hold over several articles which, 
otherwise, would have been included in the 
current issue. 
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THE BRITISH ELECTRICAL 
POWER CONVENTION. 


Tue British Electrical Power Convention, which 
has been in session at Harrogate this week, is the 
lineal descendant of those held annually for over 
half a century by the Incorporated Municipal 
Electrical Association, which only terminated when 
the electricity supply undertakings owned by the 
local authorities were merged in the national 
organisation. Although the present convention 
bears certain resemblances to its predecessors, 
hereditary is not an outstanding feature. A 
comparison of its conduct, content and objects with 
those which have gone before it is therefore worth 
discussing for a variety of reasons. 

When the Municipal Electrical Association was 
founded in the late nineties of last century, its 
principal aim was to provide a forum for the 
discussion of both the internal and external problems 
of a growing industry. A feature of its operations 
has always been the annual convention, but 
initially, apart from a few velected visitors, this was 
attended only by the chief engineer and chairman 
of the electricity committees of the member under- 
takings. The proceedings, generally speaking, were 
technical, although some concession was made to the 
‘‘laity ”’ by the introduction of administrative and 
commercial topics. Between the two wars qualifica- 
tion for attendance was widened by the admission of 
members, in addition to the chairmen, of the elec- 
tricity committees and by increasing the number of 
visitors, although these recruits were not given 
voting powers. Partly for this reason and partly 
owing to the energetic campaign which was instituted 
to increase the sale of electricity and electrical 
apparatus, technical matters ceased to occupy a 
leading place in the programme. In fact, a large 
part of the proceedings was taken up in dealing with 
questions of propaganda, tariffs, the law, et hoc genus 
omne. 

No criticism of this development, however, need 





of the convention was to maintain interest and to 
secure the enhanced sale of electricity. Moreover, 
that object was one which all those attending 


95 could further, while technical matters could be 


safely left to the engineering members. Moreover, 


99 | it is not going too far to say that the value of this 


annual gathering lay less in the information which 
was promulgated at the formal sessions than in the 
informal conversations which took place in private 
and on the more social occasions. Interchanges of 
views on policy and other less recondite matters 
between committee men from undertakings operat- 
ing under widely different conditions were thus 
common; and were, in fact, fruitful in advancing 
the causes of the Association. 

With the passing of the Electricity Act, 1947, it 
became clear that the Municipal Electrical Associa- 
tion could not continue on former lines. It was also 
felt that a periodical, if not an annual, convention, 
was desirable, at least for a time, principally for the 
reason, no doubt, that the interchange of ideas was 
as, if not more, necessary than heretofore, although 
that interchange might take place between different 
classes of individuals. It was also clear that those 
attending could no longer be divided broadly into 
delegates and visitors, but that all must be present 
in their own right and be as fully as possible repre- 
sentative of the various branches of the industry. 
The result was that at the first British Electrical 
Power Convention, which was held at Torquay last 
year under the presidency of Lord Citrine, member- 
ship was based on the British Electricity Authority 
and the Area Boards, while a number of associations 
representing the manufacturing, consulting and 
contracting interests of the industry also sent dele- 
gates. At this year’s convention the same system 
has been followed; and a break with municipal 
tradition has been made by selecting a manufacturer, 
Sir Vincent de Ferranti, as President. 

As regards attendance, therefore, emphasis has 
once again reverted to technology from commerce. 
The papers presented for discussion on both occa- 
sions exhibit the same trend. At Torquay last year 
communications were read on switchgear, cables and 
transformers, while on this occasion the subjects of 
Operation, boilers, turbo-generating plant and 
lighting have found a place. In addition, the two 
presidential addresses have presented a general 
survey of the electricity supply position and the 
important subject of economics in connection there- 
with has been dealt with exhaustively by Sir Henry 
Self. All these papers, as those who have studied 
them with the attention they should receive will 
agree, provide a useful volume of information 
regarding the main technical branches of the 
electricity supply industry ; and may be described 
with justice as forming a concise history of. past 
advances and of the present position. 

Sir Henry Self, for instance, in the paper he read 
at the meeting on Tuesday afternoon, considers 
the capital structure of the electricity supply 
industry ; and analyses the cost of generation and 
its impact upon the revenue position. He lays 
down, quite correctly, that its economic position 
depends largely upon the possibility of maintaining 
a ‘“‘cheap and abundant”’ supply of electricity, 
although we hope it will not be long before the use 
of this threadbare catch-phrase is abandoned. He 
points out the necessity for promoting electrical 
sales at ‘‘ off peak ’’ hours and argues, with justice, 
that many of the difficulties facing the industry 
‘* are attributable primarily to the economic climate 
of the nation.’”’ The nation must, therefore, be 
satisfied that the industry is being run in the most 
efficient way, not only as regards finance but as 
regards organisation. In his paper on ‘“‘ The 
Operation of B.E.A. Steam Generating Stations,” 
Mr. J. D. Peattie, like Sir Henry Self, opens with an 
historical introduction and a general survey of 
technical progress. The broad aspects of the 
financial background are set out to show the 
importance of generating costs in the Authority’s 
finances; and such important questions as coal 
supplies, handling and storage, boiler-house opera- 
tion, ash disposal, flue-gas treatment, feed-water 
supply, circulating-water problems, are informa- 
tively discussed in the light of present practice. 
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The two papers on ‘‘ Boiler Plant—Present and 
Future,” by Mr. W. F. Simonson, and on “ Large 
Modern Steam Turbo-Generating Plant,” by Mr. 
J.T. Moore, are naturally more specialist in charac- 
ter. The former author discusses present trends 
in boiler design. He also deals with future develop- 
ments, illustrating the text of both parts with 
numerous examples. He defines the dual func- 
tions of the boiler plant as the thermal conversion 
of the energy of the fuel into the heat energy of 
steam at the maximum possible efficiency, and the 
mechanical regeneration of the incombustible con- 
stituents of the fuel in‘the most effective manner 
practicable. The present constructional programme 
of the British Electricity Authority is dealt with 
under the heads of boiler capacity, operating 
pressure and temperature and methods of firing ; 
superheater design and control, the problems 
of dust extraction and ash being dealt with in 
detail. 

Mr. Moore gives descriptions of present, new and 
projected turbine plant and discusses such major 
features of design as supervisory control for high- 
pressure turbines, blading and governing. Stator 
and rotor windings, hydrogen-cooled alternators, 
condenser-tube layout and feed-heating systems are 
also referred to. Examples of plant in operation 
are again described in some detail, so that those 
interested are provided with a good account of the 
present position in this field. The same may be 
said of the paper on “‘ Advances in Lamps and 
Lighting,” by Mr. L. J. Davies, who gives an 
interesting practical description of the develop- 
ments that have taken place in incandescent-filament 
and discharge lamps, and deals in some detail with 
lamps for special purposes. 

It must be emphasised, however, that the common 
feature of all these papers is that they are much 
more historical than prophetic in outlook. In 
other words, the two conventions have produced 
a series of excellent accounts of what has been done, 
but have only glanced cursorily at what remains to 
be, and can be, done. In his presidential address, 
Sir Vincent de Ferranti expresses the hope that 
concentration at some future convention will be 
on the art of utilising electricity; we hope so 
too. We also trust that, in presenting that impor- 
tant subject for discussion, the proportion of space 
occupied in looking forward will be increased. 
History may be said to have had its day. We now 
know a great deal, if not all, about the past. It is 
in the future that the problems of the industry lie. 
The time has therefore come to formulate, discuss 
and, if possible, solve these problems, and sugges- 
tions for that solution might well be made the 
primary theme of any future convention. 

This question of the future is important, not only 
in its larger aspect, as it affects the industry, but as 
it affects the convention itself. As we have said, 
familiar ground has now been fully covered. It 
may, therefore, pertinently be asked what the next 
steps should be. We suggest that before the next 
convention takes place, and that need not neces- 
sarily be next year, its scope should be widened and 
that consumer interests should be represented and 
encouraged to take part in the proceedings. It 
is laid down in the Electricity Act, 1947, that 
Consultative Committees are to be appointed in 
each Area ; and that the duty of these bodies shall 
be to consider matters affecting the distribution of 
electricity in that area. So far, these bodies have 
shown little activity, or if they have the results 
have not been made public. In fact, doubts are 
beginning to arise as to their utility, although it is 
obvious that they could be of the greatest use. 
The British Electricity Authority would therefore 
be wise to encourage their activities in every possible 
way; and to show that they really desire to serve 
the public by letting any suggestions or criticisms 
that may be made see the light of day. A weakness 
of the present electrical organisation is that so much 
informed criticism must inevitably come from 
within. It is not everyone, however, who is bold 
or rash enough to comment publicly on the actions 
of his employers and superiors in office. On the 
other hand, the Consultative Committees can do a 
good deal to fill the role and, as a proportion of their 
members have sat upon electricity committees, 
they should be well equipped to do so. 





THE CONTROL OF ROAD 
TRAFFIC, 


Ir was pointed out by the British Road Federa- 
tion, in a memorandum issued a few days ago, that, 
with the increased taxes on petrol and commercial 
vehicles, road transport will be paying some 2501. 
million a year in licence duties and fuel and vehicle- 
purchase taxes, and that since the armistice less than 
501. million has been spent annually on the roads. 
As Sir Alker Tripp, who speaks with authority on 
this matter, states that the cost of road casualties 
in this country has been estimated at 100/. million 
per annum, it would appear that simply on financial 
grounds, and with no refreence to the death or 
injury of individuals, it would pay to spend consider- 
ably larger sums on road construction and repair. 
When the Road Fund was constituted in 1909, it 
was arranged that the net proceeds of the duties on 
motor spirit and the duties on carriage licences 
should be used to maintain and improve existing 
roads and construct new ones as “required for 
facilitating road traffic.” The Road Board, which 
administered the Fund, was succeeded by the 
Ministry of Transport in 1920, but the purpose 
for which the Fund was to be used was maintained. 

What at the time was described as the ‘“‘ raid 
on the Road Fund ”’ began in 1926, when, under the 
Finance Act, one-third of the net proceeds of the 
licence duties was retained by the Exchequer and 
not paid into the Fund. In later years, the propor- 
tion withheld was increased and, in 1936, the Fund 
was abolished and grants for road work voted by 
Parliament were substituted for it. The present 
position is that, apart from trunk roads, for which 
the Ministry of Transport is solely responsible, new 
road and road-improvement schemes are planned by 
loca] authorities and the Ministry may, or may not, 
contribute to the cost. Technically, all schemes 
are initiated by local authorities, but the Ministry 
exercises a negative control, as it can block any 
project by refusing to contribute to the cost. It is 
not altogether clear what role the Local Planning 
Authorities, set up under the Town and Country 
Planning Act, play in this matter. The Act 
provides for financial assistance to local authorities 
in reconstructing bomb-damaged and obsolete areas. 
This latter term has probably not been defined, 
and cannot be. There are many areas in large 
towns in which extensive reconstruction is necessary 
to facilitate traffic movement, but which, from other 
points of view, can hardly be described as ‘‘ obsolete.” 

As the improvement of existing roads, and the 
construction of new ones, must form major items 
in any campaign designed to reduce the number of 
road accidents, and the 100/. million per annum 
which they are costing, the present position appears 
to be unsatisfactory. Sir Alker Tripp, in a recent 
book,* states that “‘ neither the Ministry of Trans- 
port nor the Police, who are respectively responsible 
for traffic legislation and traffic handling, are able, 
either separately or in combination, to bring into 
effect any co-ordinated scheme of road layout, 
traffic signalling, etc., over a wide area... 
co-ordination is at present purely a matter of volun- 
tary arrangement.” 

Road accidents are caused by what Sir Alker 
terms “‘unexpected encounters.” These may be 
between vehicles or between vehicles and pedestrians. 
Their causes are many but, as is the case with 
accidents on railways and in industry, human failure 
is responsible for the majority. The book contains 
a diagram analysing the causes of road accidents in 
London in 1938. This attributes 89 per cent. of 
the accidents to human failure and only 1 per cent. 
to vehicle defects. Road defects account for 
2-2 per cent. The year 1938 is some time ago 
and, although there is no reason to suppose that 
the proportions indicated in the diagram would be 
greatly different in 1949, it is allowable to remark 
that none of the statistics quoted in the book are 
of very recent date. 

There are three methods of attempting to reduce 
the number of ‘‘ unexpected encounters”; these 
have been termed education, enforcement and engi- 





* Road Traffic and its Control. By Sir Alker Tripp, 
C.B.E. Second Edition. Edward Arnold and Company, 
41, Maddox-street, London, W.1. [Price 40s. net.) 





neering. The first, more usually referred to as propa- 
ganda, is continually being carried on; posters and 
signs recommending both drivers and pedestrians 
to exercise care in traffic matters are to be seen in 
all parts of the country. Enforcement is repre- 
sented by rules and regulations the ignoring of 
which is an offence. These enactments apply also 
exclusively to drivers; they are required to keep 
to the left, to observe speed limits and to obey the 
instructions conveyed by traffic lights. The pedes- 
trian, on the other hand, is left to do as he likes. 
Pedestrian crossings, guard rails, central islands 
over-bridges and other provisions have been made, 
designed to increase safety, but the pedestrian is at 
liberty to ignore them if he will. It is apparently 
not an offence to climb over, or get under, guard 
rails installed to prevent people crossing roads at 
dangerous spots. In some foreign cities the use of 
pedestrian crossings has been made compulsory, 
but here they are merely a convenience which may 
be ignored. Many pedestrians are killed when 
walking along the road, frequently in places in 
which no footpath has been provided, but the main 
danger is in crossing the road ; this action accounts 
for eight times as many deaths as walking along it. 

Both propaganda and the enforcement of regula- 
tions are necessary in any campaign to reduce the 
toll of road casualties but the most important 
measure, and the most neglected, is represented, 
not very appropriately, by the term “‘ engineering.” 
By this is meant road works and road layouts 
designed to facilitate the flow of traffic and at the 
same time to increase safety. Sir Alker Tripp 
says ‘‘the roads themselves, owing to their very 
imperfect design and layout, are a main cause of 
the accidents.”’ He adds “‘ restriction by laws and 
regulations is comparatively cheap, but it is by no 
means efficient . . . a complete reconstruction of 
the whole road system on scientific lines is the only 
real cure.” This is clearly a long-term policy, but 
that is no reason why remedial measures should not 
be undertaken. In the House of Commons, on 
June 15, the Minister of Transport, referring more 
particularly to traffic congestion, which is one of 
the causes of accidents, said ‘‘schemes to enable 
traffic to move with greater freedom in and out of 
London had been determined and only awaited the 
necessary funds. This represented, however, enor- 
mous capital expenditure.” 

In this important book, and elsewhere, Sir Alker 
has pointed out, or implied, that the best way to 
get regulations obeyed is to make it convenient to 
obey them. As an example, the case of pedestrian 
bridges, over or under, heavily-congested or high- 
speed roads may be instanced. As Sir Alker says, 
subwaysare to be preferred as the distance of descent 
and ascent need by only some 9 or 10 ft. compared 
with 16 ft. 6 in. when a bridge is used. Also, easy 
ramps are preferable to steps from the point of 
view of elderly people and persons pushing perambu- 
lators. Bridges with steps have been built across 
some of the by-pass roads, the crossing of which is 
highly dangerous. The steps, however, are steep 
and it is more convenient to cross the road than 
to use them, the result being that the bridges are 
largely ignored. Properly laid-out subways might 
have attained the end for which the bridges were 
built. An example of a subway designed with little 
attention to convenience is furnished in Westminster 
at the bottom of Whitehall ; it is badly lighted and 
approached by narrow inconvenient steps entering 
at right angles. This is a busy crossing and the 
pedestrians using it not only endanger themselves 
but delay the traffic. If the approaches were ramps 
in direct line with the subway it would probably be 
used by large numbers of people, not out of any 
regard for their own safety, but merely to save the 
time now lost in waiting for the traffic. 

The Minister of Transport is correct in indicating 
that steps taken to deal with the traffic congestion 
in central London would involve enormous capital 
expenditure, but that is no reason why other and 
less costly work should not be put in hand. An 
obvious case is the provision of dual carriageways, 
in place of the dangerous three-lanes, on some of 
the arterial roads. Cycle tracks should also be 
provided. In most cases the existing verges are 
wide enough to allow this to be done without 
‘* enormous capital expenditure.” 
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NOTES. 


Tae InstrruTion oF MECHANICAL ENGINEERS. 


Tue eity of Birmingham, the birthplace of the 
Institution of Mechanical Engineers, and the scene 
of many inventions and developments in engineering, 
was the venue of the summer meeting of the Insti- 
tution, which closes to-day. Mainly on account 
of the war, it is 23 years since the Mechanicals’ 
summer meeting was last held in Birmingham. 
The present visit has special significance for the 
Automobile Division of the Institution, since it is 
the first to provide members with an opportunity to 
visit the great centre of the motor-car industry in 
this country. Hence, no doubt, the large number 
of members and their ladies—actually, 762—who 
registered for the meeting. On Wednesday morn- 
ing, June 21, the proceedings were opened by the 
Lord Mayor of Birmingham, Alderman A. Paddon 
Smith, J.P., who welcomed the President, Dr. S. F. 
Dorey, C.B.E., F.R.S., the Council, and members 
of the Institution, with their ladies, in the Bir- 
mingham and Midland Institute, Paradise-street. 
The large theatre of the Institute was filled almost 
to capacity. Replying to the Lord Mayor’s wel- 
come, Dr. Dorey spoke of the instease in the 
membership of the Institution from 10,000 in 1927, 
at the time of the previous Birmingham meeting, 
to more than 34,000 at present, and recalled the 
many close connections between the histories of the 
City, the Institution, and the engineering industry. 
The meeting then heard Mr. F. Vincent Everard, 
M.I.Mech.E., present a paper on ‘‘ Mechanical 
Engineering in the Midlands, 1925-1950,” which is 
reprinted, slightly abridged, on page 713 of this 
issue. The paper evoked some enlightening com- 
ments from speakers in the discussion, and those 
members who only listened, hearing that (so it 
seemed) most mechanical engineering developments 
had taken place in Birmingham, might have been 
excused for wondering why the headquarters of the 
Institution were ever moved from Birmingham to 
London. On Wednesday afternoon, members started 
on @ series of visits to engineering works, which will 
occupy each morning and afternoon of the meeting, 
except for the Automobile Division paper on 
‘‘ Automobile Test Rigs,’’ which Mr. L. H. Dawtrey, 
M.I.Mech.E., presented in Coventry on Thursday 
morning. The evening functions comprised a 
reception in the Council House on Wednesday, the 
Institution dinner on Thursday, and a conversazione 
at the University on Friday. 


BICENTENARY OF Messrs. M. anp W. GRAZEBROOK, 
LIMITED. 


Less than a month ago, in recording the 200th 
anniversary of our printers, Messrs. Harrison and 
Sons, we remarked on the rarity of industrial 
bicentenaries ; only to receive, a few days later, an 
invitation to take part in celebrating another—that 
of Messrs. M. and W. Grazebrook, Limited, of 
Dudley, Worcestershire, who, during their long 
association with that district—actually considerably 
more than 200 years, if the history of the family be 
taken as the criterion—have operated a glassworks 
at Stourbridge, a mill and forge at Halesowen, and 
collieries at Coseley and Netherton, as well as the 
blast furnace which was the beginning of their 
present business as ironfounders and general 
engineers. The first Michael Grazebrook (1615- 
1689) arrived in Stourbridge from Middleton, in 
Warwickshire, in 1641, but it was his great- 
grandson, Michael III, who turned from glass to 
iron and his son, Michael IV, who operated the 
olast furnace and, in 1817, installed a Boulton and 
Watt blowing engine, which is still in working order. 
Michael V (1788-1838) and his brother William 
(1791-1879) carried on the business, being succeeded 
in due course by Michael VI (1822-1890) and his 
brother John (1826-1919). Michael VII, who was 
born in 1851, died in 1892; and Francis and Tom, 
sons of John, continued the family tradition until 
1945 and 1949, respectively. The present heads 
of the firm are Mr. Owen F. Grazebrook, M.A., J.P., 
son of Francis, and Mr. Christopber J. Grazebrook, 
son of Tom. At the commemorative luncheon, 
which was held in the Town Hall at Dudley on 
June 15 and was attended by the Lord Mayor of 





Birmingham (Alderman A. Paddon Smith, J.P.) 
and the Mayor of Dudley (Councillor G. 8. Marlow, 
J.P.), the occasion was marked by the presentation 
by the tirm to the City of Birmingham of the 
Boulton and Watt engine, previously mentioned, as 
a contribution to the Department of Science and 
Industry which is a part of the City Museum and 
Art Gallery. We understand that the engine is 
to be preserved on its present site. It is of the 
beam type and worked regularly until 1912, when 
a new blowing engine, by Thomas Perry and Sons, 
was installed in an adjacent engine-house. Until 
quite recently, however, the old engine was main- 
tained as a stand-by and was worked for a day in 
each month to keep it in good order. After the 
luncheon, at which, as chairman of the company, 
Mr. Owen Grazebrook presided, the guests inspected 
the two engines and then toured the works, now 
devoted to the production of cold-blast iron 
castings up to 15 tons in weight, heavy chemical 
and other plant, including large welded vessels, and, 
as a speciality, those requiring to be lead-lined. 
Tue InstiToTion oF MInInG ENGINEERS. 
The annual dinner of the Institution of Mining 
Engineers, which it is customary to arrange as part 
of the programme of the summer meeting, was held 
this year at the City Hall, Cardiff. The chair was 
taken by the President of the Institution, Sir 
Andrew Bryan, F.R.S.E., H.M. Chief Inspector of 
Mines. As is usual on such occasions, the speeches 
tended to emphasise the immediate concerns of the 
area in which the meeting was held rather than 
those of mining engineers in general, wherever they 
might be engaged, and to ignore the fact that coal 
is not the only mineral in which they are interested ; 
but this is not altogether a tendency to be deplored, 
as one of the principal aims of these summer meetings 
is to afford a first-hand acquaintance with the condi- 
tions and technical problems of a particular area to 
those whose experience has lain mainly elsewhere. 
The wider view was taken, however, by Professor 
J. A. 8. Ritson, D.S.0., O.B.E., in proposing the 
toast of ‘‘ The City and Industries of Cardiff,”’ and 
the number of new factories that have been started 
in Cardiff and district during the past three years 
or so provided a more varied selection than in 
pre-war years. The Lord Mayor (Alderman George 
Williams, C.B.E.), in his reply, expressed anxiety 
for the future of Cardiff as a port in view of the 
uncertain volume of coal likely to be available for 
export in the future. It had been hoped, he said, 
to expand the general industries of the district, 
especially the heavier industries, sufficiently to 
offset the diminution in coal traffic, but so far 
witbout success. The one thing that was needed 
above all others, in his opinion, was the construction 
of a trunk road from South Wales to North Wales, 
which would link Cardiff directly with the Midlands 
and with districts as far North as Yorkshire. 
Unfortunately, the Government could not be brought 
to see the need for it. In his response to the toast 
of ‘‘ The Institution of Mining Engineers,’”’ proposed 
by Principal Anthony B. Steel, O.B.E., of the 
University College of South Wales and Monmouth- 
shire, the President reviewed the great progress 
that had been made in mining during the existence 
of the Institution and the greater things still 
to be done. At the same time, while giving due 
weight to the educational work done in the industry, 
the improved working conditions, and the advan- 
tages of mechanisation, he uttered a warning 
against carrying the principle of mechanisation too 
far. Mr. T. S. Charlton, M.Sc., a vice-president of 
the Institution and President of the South Western 
Society of Mining Engineers, who proposed the 
toast of ‘‘The Guests,” supported the views ex- 
pressed by the Lord Mayor about the need, in 
South Wales, for more general industries. He urged 
that attention should be concentrated on bringing 
back to Cardiff and district the heavy industries 
which, he claimed, had made Cardiff great in the 
. The new developments in steel making in 
South Wales, and increased coal production, offered 
greater hope for permanent betterment in the district 
than did the light industries, many of which would 
not survive a real depression. ‘‘ The heavy indus- 
tries of South Wales,” he declared, “‘ must be given 
all the men that they need, and nothing should be 
allowed to stand in the way of their progress.” 





University CoLttzcr, Lonpon. 

Progress in the rebuilding of the war-damaged 
premises of University College, London, Gower- 
street, W.C.1, has been hampered by the prevailing 
economic conditions in the country, but nevertheless, 
the primary work of restoring the central main 
building has made distinct progress. It is stated 
in the annual report of the College Committee 
which, on this occasion, covers the period March 1, 
1948, to September 30, 1949, that the restoration of 
the dome is nearing completion and that work on 
the general library and on the north junction, 
which will connect the main building with a new 
science block, has been put in hand. Pressure 
on space in the chemistry department has been 
relieved by the completion and equipment of a 
large hut to accommodate the junior chemistry 
laboratory; huts have been erected also for 
physics laboratories and other purposes. It is 
pointed out in the report that the session 1948-49 
was the first in which a full course has been provided 
under the new four-year plan for undergraduates 
in mechanical engineering. This additional fourth- 
year included the theory of gas turbines; fluid 
mechanics, especially that relating to the flow 
in axial-flow machinery ; further study of vibra- 
tions ; lectures on engineering production ; and the 
theory of plasticity. The fourth-year students 
were also given special practical tasks to carry 
out. There were no material changes, during the 
period under review, in the undergraduate teaching 
in electrical engineering but, in the chemical- 
engineering department, both graduate and under- 
graduate students increased in number and all 
fourth-year students spent the Easter vacations of 
1948 and 1949 in chemical factories conducting 
operations on actual plant. Altogether, 61 B.Sc. 
(Engineering) degrees were obtained during the 
academic year ending September 30, 1949, eight of 
these being in chemical engineering. Six honours 
degrees were awarded in chemical engineering and 
30 in other branches of engineering. It is stated 
that future reports of the College Committee will 
cover the period of the academic year, namely from 
October 1 until September 30 in the subsequent 
year. 

Tue InstITUTION oF METALLURGISTS. 

The subject of the training and education of 
metallurgists is one of prime importance to the 
Institution of Metallurgists and, in consequence, 
the Council have recently set up an education com- 
mittee to which they can refer relevant matters for 
consideration and recommendation. This was one 
of the announcements made by Dr. Maurice Cook, 
the retiring President, in the course of his remarks 
at the annual general meeting of the Institution, 
held on June 14. In connection with education 
and training, Dr. Cook further stated that the 
number of candidates who had sat for examinations 
of the Institution in 1947, 1948 and 1949, were 
19, 54, and 72, respectively, and, this year, the 
number of entrants was 122. The membership of 
the Institution continued to increase at a fairly 
steady rate, although the intake was naturally not 
now as high as it had been in the first year or two 
of the Institution’s existence. The total member- 
ship in June, 1948, was 1,701; in June of last year 
it was 1,894; and, at the present time, it was 2,075. 
The question of membership was also referred to 
by Mr. E. W. Colbeck in a speech made after his 
induction as the President of the Institution for the 
forthcoming year. He stated that, during the 
past year, the Institution’s ranks had been opened 
to metallurgists overseas, and applications for 
membership from this field were coming in steadily. 
To help the membership committee in this country 
to assess the qualifications of applicants, panels 
had been formed in Australia, India, Canada and 
New Zealand. In matters of education there was a 
growing awareness in universities and technical 
colleges of the importance of a knowledge of the 
English language as a means of expression of 
scientific thoughts and ideas, and the allocation of 
short periods of time, in university metallurgy 
courses, to proper presentation and clear expression 
would appear to be most desirable. The Institu- 
tion’s new education eommittee, to which Dr. Cook 
had referred, had points such as these clearly in 
mind. 
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LETTERS TO THE EDITOR. 
ORTHOGRAPHIC PROJECTION. 


To THe Eprror oF ENGINEERING. 

Sir,—After reading their letter on page 630, 
ante, I should like to congratulate Dr. H. E. Merritt 
and Mr. Maurice Platt on the courage and foresight 
they displayed nearly 30 years ago in producing a 
book on Machine Construction and Drawing which 
made use of ‘‘ American” (third-angle) projection. 
No doubt, they decided to do so because they 
realised that the third-angle method had many 
advantages from the drawing-office point of view, 
and was much safer to use in workshops. 

In discussing the respective merits of both 
methods of projection, it should never be forgotten 
that originally the United States used the British 
(first-angle) system, but gave it up over 50 years 
ago because they had learned from experience that 
confusion, loss of time, and mistakes could result 
from first-angle methods. The decision to change 
over from first to third angle was a vital one for the 
engineering industry in America, but they faced up 
to it and the results proved the wisdom of their 
choice. I wonder how many details reach our 
scrap-heaps annually through being made “‘ wrong- 
handed,” merely because workpeople, and others, 
were not sure which way the draughtsman was 
looking when he placed the views on the drawing ? 
It is true that views can be protected to a certain 
extent by directional arrows on the drawing, but 
that in itself is an admission of the shortcomings 
of first-angle methods. American drawings suffer 
from no such ambiguity, for every view is alongside 
the surface that it represents and controls, and 
their workpeople have no doubt about the draughts- 
man’s intentions. 

Now that the.latest British Standard Specification 
includes third-angle projection, and our fighting 
Services and important sections of the engineering 
industry have gone over to that method, and others 
are in process of doing so, it is only a matter of 
time before the third-angle system is established 
practice in British workshops. In the interests of 
our industry, it is to be hoped that the change is 
effected without undue delay; otherwise artisans 
and draughtsmen who move from one works to 
another will be perturbed and perplexed, and serious 
mistakes may result. I speak feelingly on this point 
because, some 35 years ago, I had the mortification 
of consigning to the scrap-heap many large and 
valuable forgings, all finished-machined, and they 
reached their untimely end through this very cause. 

Yours truly, 

Cheltenham. Guy L. Murray. 

June 14, 1950. 





METHODS USED IN THE STUDY OF 
INTERNAL-COMBUSTION ENGINES. 


To tHe Eprror oF ENGINEERING. 

Smr,—In a recent lecture, the first part of which 
was published in your issue of June 9, on pages 
658-660, ante, I referred to the errors which may 
occur when a manometer is used to measure the 
time-mean of a fluctuating pressure. After the 
lecture, Mr. J. F. Alcock told me that the use of 
felt pads in the manometer connections provides a 
solution of this problem. I have since found 
confirmation of this statement in an account of an 
investigation which was carried out at a university. 

It appears very desirable that suitable methods 
should be made widely known. The subject is of 
commercial importance, for example, in acceptance 
tests of positive-displacement blowers. I am writing 
to the university in question to suggest that the 
work referred to above should be published, and I 
hope that, if any of your readers have reliable in- 
formation on this subject, they will make it known. 

I would take this opportunity to mention that 
the expression “‘ by a variety of mean values,” in 
the final paragraph in the centre column on page 660, 
ante, should read “ by a variety of means ”’. 

Yours faithfully, 
W. P. MansFIzELp. 
111-112, Buckingham-avenue, Slough, 
June 14, 1950. 
[We are obliged for this correction.—Ep. E.] 


TORSIONAL STRESS IN 
CLOSE-COILED HELICAL SPRINGS. 


To THe Eprror or ENGINEERING. 


Sm,—Dr. A. Morley is not correct when he states 
that curvature effects in helical springs have long 
been neglected. I have, myself, extended what he 
calls the “‘ eccentric rotation A’’ theory during the 
year 1947, the main conclusions having been 
published in a letter to ENGINEERING, vol. 164, 
page 280 (1947). 

Both Dr. Morley and Dr. Sopwith appear to 
object to the method of considering each com- 
ponent effect produced by the presumed axial 
loading of the spring. This method, however, is 
the one which can most easily be visualised by 
engineers, and follows the method of analysis which 
may now be taken as “‘classical.’’ One hastens to 
add that the much more elegant method given by 
the theory of elasticity will always have greater 
appeal for those capable of using it. But the 
former method possesses certain advantages. For 
example, my exact solution* was the first to give 
numerical values for the increase in shear stress 
due to the decrease in length of the spring ‘‘ fibres ” 
as the axis of the spring is approached. This true 
Réver effect accounts for 54 per cent. of the total 
increase in shear stress when c = 10, and for 61 per 
cent. when c= 3. The remainder is due to the 
effect of the combination of stresses due to torsion, 
direct shear and to normal stresses caused by the 
obliquity of the coils. It is the latter which have 
been ignored by Dr. Morley and this makes his 
treatment less cumbersome than mine, albeit less 
exact. It is well to note that the obliquity (a) of 


“--- d=2r --> 





the coils should be taken at the instant of maximum 
spring loading and this occurs when the spring is 
“solid,” assuming it to function as a compression 


spring. The relation tan « == applies to all 


compression springs and has been used in obtaining 
my expressions for C, x C, and C; x CR, given 
in my equations (3) and (4) of my letter to Enar- 
NEERING in 1947. Incidentally, the problem of the 
helical spring with zero helix angles does not exist 
in practice. The revised values for the product 


Cy x Cy = SO are — 


c= = 3 5 6 10 
O,xCg 1:555 1-306 1-249 1-142 
the value for c= 5 being taken from:a graph. 
These are in good agreement with the results given 
by the theory of elasticity. Other values for the 
practical range of c, i.e., from c= 4 to c = 16, 
were also given in my letter, so that the Adams’ 

formula is very simple to apply. 

The justification for the assumption of zero 
resultant shear force across a normal section of the 
spring, due to the applied torque W (R — h) cos «, 
is the simple fact that a couple can be balanced 
only by a couple, as noted by Dr. Morley. I must 
confess that I missed the objection inherent to the 
“‘ eccentric rotation A’’ theory, that it leads to a 
component stress normal to the surface of the 
spring bar. This effect is, however, small, since 
h = 0-0125 in. when c = 10, and A = 0-0252 in. 
when c = 5, the spring bar diameter being 1 in. 
in each case. 

An important fact should not be overlooked in 
compression springs which are ‘‘scragged’”’ before 
being used. The operation subjects the material 
of the spring to torsional overstrain, so that the 





* “ Shear Stresses in Helical Springs,” by L. E. Adams, 





The Engineer, vol. 151, page 698 (1931). 





“elastic core”’ of the spring bar is somewhat 
shown in the diagram herewith. The net result js 
that the elastic core is subjected to a higher ranve 
of shear stress and the eccentric annulus (dotted 
cross-hatching) bears a smaller and more unifor,, 
shear stress. Thus the stresses given by all ti» 
elastic theories hardly exist, in fact, in a compression 
spring. The present writer’s formule for the ‘‘ proof 
stress,’ Q, and for the axial ‘‘ solid” loading, \, 
given in equations (5) and (6) of his 1947 letter. 
take this matter of torsional overstraining ini. 
consideration. The attention of the Armament: 
Design Department of the Ministry of Supply is 
now drawn to them. 

In conclusion, I would thank you, Sir, for allowinz 
me some of your valuable space, and also Dr. 
Morley and Dr. Sopwith for their notice of my 1931 
article in The Engineer. 

Yours faithfully, 
L. E. Apams, B.Sc.(Eng.), Lond., 
(Carnegie Scholar). 
11, Milner-road, 
Kingston-on-Thames, Surrey. 
June 14, 1950. 





ASSESSMENT OF RATES ON A 
PROFITS BASIS. 


To tHE Eprror oF ENGINEERING. 


Stm,—I have read with great interest the letter 
from Mr. R. T. Medd, on page 658, ante, commenting 
on the article with the above title, which appeared 
in your issue of May 19. He points out that, having 
regard to the purposes for which rates are normally 
levied—‘‘ roads, drainage, police, etc.’’—the profits 
basis is entirely irrational. In this, I think, most 
people would agree with him; but, oddly enough, 
the legislature cannot be held responsible, save in 
this respect: Parliament has never intervened to 
adapt the law of rating to the circumstances of 
to-day. 

The principle enunciated in the first paragraph 
of the article, on page 570, ante, derives from the 
Parochial Assessments Act, 1836—an Act passed 
before Queen Victoria came to the throne and (to 
all intents) before the Industrial Revolution. That 
Act, in effect, assumed that all property was capable 
of being used by an imaginary person called “‘ the 
hypothetical tenant,” and the rateable value was, 
broadly speaking, to be the rent that he would be 
likely to pay. It soon became apparent, however, 
that there was much property which would never 
be, and could never be, the subject of a tenancy ; 
and so those who had to ascertain rateable value 
adopted, as one method, the profits basis. Their 
right to do this has been recognised by the judges. 
The difficulty that the ratepayer finds himself in is 
this: if he objects to an assessment he has a right 
of appeal to Quarter Sessions, but an appeal is a 
costly matter and, whatever the result, as often as 
not no reasons are given for the decision. If the 
ratepayer is aggrieved, he may appeal further to the 
Supreme Court—where the judges refuse to inter- 
fere on the ground that the basis of assessment is a 
question of fact, for the magistrates to decide. 

Mr. Medd suggests that manufacturers should 
strive to get a basis agreed on which they would 
pay proportionately to the services they receive 
from the local authority. He might bave empha- 
sised the fact that, of the rates paid in London, no 
less than 2s. 6d. in the £ goes to the London County 
Council to defray the cost of education, which is 
supposed to be a benefit, not to the individual rate- 
payer, but to the community as a whole. I heartily 
agree with Mr. Medd, but I fear that the chance of 
success is small indeed. It is a strange anachronism 
that many of those who ultimately pay the rates 
do not even know that they are doing so; it is the 
landlord of a tenement house who deals with the 
rating authority, his tenants’ rates being included 
in the rents that they pay. Unless there were a 
loud protest from the working classes themselves, 
however, it is not likely that the present administra- 
tion will do anything to redress the grievance. 

Yours faithfully, 
W. V. B. 


London, W.8. 
June 15, 1950. 
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THE EULER BUCKLING LOAD 
OF A STRUT WITH CROSSED 
PINS. 

By D. G. AsHweELL, M.A. 


Tur Euler buckling loads are known for struts 
with many varying end conditions, but that for a 
strut loaded at its ends by pin-joints, having pins 
not parallel with each other, does not seem to 
have been published. The author’s attention 
was drawn to this problem by Mr. B. C. Alford, 
B.Se., and this article seeks to deal with such a 
strut. The case considered is that of a uniform 
strut, initially straight, and having a cross-section 
with equal moments of inertia about all axes passing 
through its centroid—e.g., a square or circular tube. 
It is held at its ends by pins, the axes of which 
intersect the axis of the strut at right angles, but 
which make an angle « with each other (Fig. 1). 
The pins exert no restraint against rotation about 
their axes, but prevent all rotation about axes 
at right angles to them. The load is applied through 
the pins, along the axis of the strut. 

It must be assumed, to begin with, that, when the 
strut buckles, it may tend to rotate the pins rela- 
tively to each other about its axis, and the pins 
will be considered to be held against this rotation. 
This may introduce an axial torque at each end of 
the strut, and, in dealing with the effect of this 
torque, the usual assumption for twisted struts will 
be made, i.e., that the deformation due to twisting 
of the strut is negligible compared with that due to 
bending.* It will be found that, in fact, this torque 
is of a higher order of small quantities than the 
other forces and couples producing the buckling and, 
therefore, may be neglected. This means that, in 
practice, the crippling load of the strut will be 
independent of any torsional restraint at its ends. 

Rectangular axes are chosen as shown in Fig. 1, oz 
coinciding with the axis of the strut when unloaded, 
and ox with the axis of the pin atz=0. Let the 
strut be loaded axially until it buckles. The 
possible forces and couples introduced at z= 0 
are then P, the axial load; R, a force along oz; 
S, a force along oy; M, a couple about oy; and 
T, a torque about oz. Then, if Eis Young’s Modulus 
for the material of the strut, I is the moment of 
inertia of its cross section about all centroidal axes, 
and the usual bending theory is used, the following 
equations are obtained for the projections of the 
centre line of the distorted strut in the zz and yz 
planes :— 


dz dy dy 
a — oP — a i = Cie oe 
EI . Px +T (Ry ) 


d*y dx 
-BIin, of -Te 


2 
It is a condition of the Euler theory that z) 


shall be negligibly small compared with unity, and 
it also follows from the geometry of the deflected 


dx 
— Se + (Ry— Sz) — 
(Ry ” / 


strut that . is of the same order of small quantities 
2 
as &, and the same is true of (=) and =. Thus 
dz dz z 


the terms (Ry — Sz) = and (Ry — Sz) - may beneg- 
lected in comparison with Rz and Sz. Moreover, 


the twist of one pin relative to the other, about oz 
is equal to 


i 
‘dz\? dy dz 
|, (T — Ry + Sz) [(Z) + (#) Er 
where / is the length of the strut ; and, since it is 


specified that this shall be zero, T must be of the same 
order of small quantities as Ry and Sz. Therefore, 


the terms tT? and T bf may be neglected also. 
Thus to the order of accuracy of the Euler theory, 
the equations connecting x, y and z become 


az 
— Bio, ~ Ps - Be M 


@y . 
-EIs = Py — Sz 


* Strength of Materials, by J. Case, page 375 (Edward 
Arnold ard Company); Theory of Elastic Stability, by 
8. Timoshenko, page 167 (McGraw-Hill Publishing 
Company, Limited). 





The general solution of these is 


z= Acos mz + Bsin me + +—. . (1) 


lB |] 2 
1 


y =~ Coosme + Dsinme+—. . - (2) 


where m* = and A, B, C and D are constants of 


integration. 
The conditions for determining A, B, C, D, R, S 
and M. are :— 


(i) Ate = 0,2 = 0. 





Ci) Lad ” v -= 0. 
dz 
(iti) oe ” a =0. 
(iv) Atz=1,2=0. 
(v) ” » y=, 
dz dy 
(vi) ws (3) cos a + (32) aim =0 
Fig.1 P 
or 
</T 
Y 
oO 
‘ 
Se, ™§ 
mM 
¥y 
x 
Strut 
Pin 
a : 
(es21.4) 
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(9921.8.) « Deg. 
and finally, taking moments about the axis of the 
pin at z=1 

(vii) Msina = 1(S cosa — Rsin a). 

Using these conditions and (1) and (2), it is found 
that either = y=0 everywhere, and the strut 
does not bend, or 
ve ml sin ml (ml sin ml + 2 cos ml — 2) 

(ml cos ml — sin ml)* 

This is the relationship between P,, the critical 
value of P, anda. When « = 0, so that the pins are 
parallel, it reduces to sin ml = 0 or P, = P, =ni 
the usual Euler load for a pin-ended strut. When 
a = 90 deg., it reduces to tan ml = ml or P = 
20 -46 a This value deserves attention as it is 


the same as the Euler load for a strut pinned at one 
end and encastré at the other—a result. that is 





tan? « 





possibly unexpected. 





In Fig. 2, are plotted values of k, given by 
P, = kP, = kx —* and = where L is the length 


of the strut with parallel pins having the same 
value of P, (i.e., L is the “equivalent length ”’ of 
the strut), for values of « between 0 deg. and 90 deg. 
If the curve for k is extended to the right, it 
continues to rise, giving values of k for « = 180 deg., 
360 deg., 540 deg. . . . corresponding to the higher 
Euler loads for a strut with parallel pins, and for 
a = 270 deg., 450 deg. . . . values of k correspond- 
ing to the higher Euler loads for a strut encastré 
at one end and pinned at the other. In any 
practical case, the buckling load will be given by 
Fig. 2 for the acute angle between the pins. The 
analysis could be extended to cover the case of pins 
nclined to the axis of the strut as well as to each 
other, but this does not appear to be of interest. 





EXHIBITS AT THE 
MECHANICAL HANDLING 
EXHIBITION. 
(Concluded from page 686.) 


We conclude this week our description of some 
of the products displayed at the second Mechanical 
Handling Exhibition, at Olympia, which closed on 
Saturday, June 17. 

Messrs. Babcock and Wilcox, Limited, Babcock 
House, Farringdon-street, London, E.C.4, were 
showing a working model of a plant for removing 
ash and dust from a modern boiler house using 
pulverised fuel. Photographs of the model are 
reproduced in Figs. 7 and 8, on page 710. The 
Hydrojet system shown in this model has been 
developed to overcome the difficulties of handling 
large quantities of ash, and is in operation in many 
modern power stations. The Hydrojet is an inter- 
mittent high-velocity sluicing system; the ash is 
stored in hoppers and is emptied periodically into 
a sluice. The model shows the latest water-filled 
ash hopper; previously, ash hoppers in use in this 
country under pulverised-fuel boilers have been 
either of the dry type, in which the refractory walls 
attain a high temperature, and are liable to rapid 
deterioration when splashed by the high-pressure 
water jets used for sluicing ; or, alternatively, con- 
tinuous quenching has been used, with a loss effi- 
ciency of 1} to 2 per cent. In the water-filled 
hopper, a continuous supply of cold water is led 
into one end of the hopper, and overflows into the 
ash sluiceway at the other end, thus preventing 
the water from reaching a temperature which would 
lead to steam rising from the hopper. To remove 
the ash, a power-operated water-tight door is 
opened, and the ash and water mixture flows 
through into the sluiceway and thence to a sump, 
where crushers reduce the ash to a size suitable for 
pumping. Any ash remaining in the hopper is 
sluiced out by high-pressure water jets from nozzles 
fitted in the hopper. The sluices are run horizont- 
ally, with nozzles spaced along their length for 
providing a pressure flow. With a 3-ft. wide sluice, 
up to 120 tons per hour of solid material can be 
handled. In the example on view, the ash-water 
mixture in the sump is pumped, by a Hydroseal ash 
pump, to a low-lying dumping ground. An alter- 
native arrangement is also shown, the ash-water 
mixture being pumped to ash bunkers, seen on the 
left in Fig. 8; the water drains into the reservoir 
and, passing through a vertical screen, is pumped 
back into circulation. 

The model illustrates two types of dust-handling 
plant, wet and dry. In the wet handling system, 
dust is drawn from the bottom of the hopper through 
a cut-off valve, by a feeder ejector, in which high- 
pressure water passes through jets into a Venturi 
nozzle and mixes with the dust, which is drawn 
in to form a slurry and is fed by a gravity sluice 
to the ash sump and thence pumped to the dumping 
ground. Where an adequate water supply and a 
suitable area for dumping are not available, the 
Hydrovac dry-handling plant can be used to convey 
the dust from the hoppers to atmospheric bunkers, 
shown on the right in Fig. 8. Windswept. dust 
valves are fitted at the bottom of the collecting 
hoppers ; when a valve is opened, dust is admitted 
to the body of the valve and air is drawn in through 
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an atmospheric inlet by the vacuum system. The 
air, sweeping past the dust, conveys it to cyclones 
on top of the bunker, where the dust settles and the 
clean air is drawn out by an ejector operating on 
water at high pressure. In the model shown, 
there are three cyclones, of which two are in 
operation and one is a standby; each has a 
storage capacity of 1 to 1} tons, and takes 
about 2 or 3 minutes to fill, When the dust 
reaches a predetermined level in the cyclone, a 
hydraulically-operated gate in the bottom of the 
tank is automatically opened and at the same time 
a vacuum-breaker opens in the air suction line ; 
the dust is emptied into the bunker, and after a few 
seconds the gate and the vacuum-breaker are closed 
again. To relieve air pressure inside the bunker, 
a bag filter is arranged to form an air outlet, but 
does not allow dust to pass. When the bunker is 
full, the dust is fed to a mixer conveyor into which 
water is injected through atomising sprays and, by 
means of a contra-rotating paddle mechanism, is 
thoroughly mixed with the dust to form a suitable 
consistency for handling, and propelled to the 
outlet, whence it is loaded into trucks or wagons, 
or on to a belt-conveying system delivering to self- 
propelled barges for ultimate disposal at sea. 

Messrs. R. H. Corbett and Company, Limited, 
Burgess Hill Engineering Works, Burgess Hill, 
Sussex, were showing their Hydrum _lorry-loader, 
for loading barrels, drums, crates, etc., weighing 
up to 7 cwt.,in 5seconds. The height of the cradle 
can be adjusted to suit any lorry platform between 
3 ft. and 4 ft. 6 in. in height. Fig. 9 shows the 
loader in action ; the load is easily pushed on to the 
cradle, which is only 3 in. high in the lowered posi- 
tion. The lifting arms are operated by a hydraulic 
ram actuated by a plunger-type pump, which may 
be driven either by a Villiers 2}-h.p. four-stroke 
petrol engine or by an electric motor. The loader is 
equipped with a rubber-tyred retractable tricycle 
undercarriage, also hydraulically operated. Another 
7-cwt. hydraulic loader was on view, designed for 
loads which must not be tilted. 

Messrs. Pest Control Limited, Bourn, Cambridge- 
shire, were showing their model I timber carrier, 
a photograph of which is reproduced in Fig. 10, oppo- 
site. It is designed to straddle a load of timber 
40 in. wide, 48 in. high, and up to 29 ft. long; this 
is equivalent to a load of 5 tons of soft-wood timber, 
Speeds up to 20 m.p.h. can be obtained on a level 
hard road, and the vehicle has a turning circle of 
approximately 18 ft. to the inside wheels. The 
main frame of the timber carrier is of welded 
mild-steel construction, channel-section beams and 
channel or box-section cross members being used. 
The lifting hook consists of two cheek plates each 
carrying, at their lower end, a 6 in. by 6 in. by in. 
steel angle. Each side of the hook is raised by 
chains, connected to steel tubes. Power for raising 
and lowering the hook is obtained from the engine 
power take-off, through a friction drive to the hook- 
raising gearbox, whence the drive is transmitted 
by bevel gearing to a cross-shaft carrying the chain 
sprockets. The friction drive is operated by a lever 
from the driver’s seat. When the drive is not in 
operation, a spring-loaded clamping brake holds 
the load in position; the brake is disengaged 
when the friction drive is operating. Limiting 
stops are arranged to disengage the gear automatic- 
ally at the top and bottom of the travel of the hook. 
In its lowest position, the hook is 3 in. above the 
ground; a load of 5 tons can be raised through 
the full travel, 9 in. in about 5 seconds. 

The 84-b.h.p. Fordson V-8 engine and four- 
speed gearbox are mounted on the rear of the timber- 
carrier frame ; from the gearbox a drive is taken 
to the front axle, each end of which carries a 
sprocket driving the two front wheels through roller 
chains. The front-wheel axles, running in tapered- 
roller bearings, are supported from fabricated steel 
chain-cases rigidly bolted to the side beams. The 
steering wheel is connected by an Ackerman linkage 
to the rear wheels, which are carried in spring- 
loaded hydraulically-damped U-shaped brackets, 
the support tubes of which are clamped in cradles 
bolted to the side beams. Braking is effected by 
means of brake drums on the driving axle. 

The Didsbury Engineering Company, Limited, 
2896, Wilmslow-road, Fallowfield, Manchester, 14, 








THE MECHANICAL HANDLING EXHIBITION. 





PRowrrenc 


Fic. 7. 














Fig. 8. 
Fics. 7 anpD 8. Mopet or AsH- AND Dust-Hanp.Line PLAnt ; Messrs. Bascock anD WILCOX, LIMITED. 











Fic. 9. Mosme Lorry-Loaper; Messrs. R. H. Consett anp Company, Limrrep. 














JUNE 23, _1950._ 


ENGINEERING. 


711 








EXHIBITS 





AT THE MECHANICAL HANDLING 

















Fic. 10. Towser CarrizeR; Messrs. Pest Contron LiImireD. 





Fic. 11. 














12. 


Fia. 


were showing, for the first time, a new 15-cwt. 
Minilift hoist, which is illustrated in Fig. 11. The 
Minilift is a manually-operated portable hoist 
which can be slung on a hook from any suitable 
suspension. The new modol has a lifting height of 
12 ft. The hoist mechanism consists of a direct 
gear and two sets of sprocket and chain reduction 
gears, giving a choice of three speeds of lifting. 
The steel roller chain is housed within a casing 
which is integral with the support tube. The 
mechanism is assembled between plates connected 
to the tube, and the whole assembly is enclosed in 
an aluminium case. A shoe-type brake is per- 
manently engaged when the hoist is not in action ; 
it is disengaged automatically by a free-wheel 
mechanism when lifting, and for lowering it is 
released by pressure on a trigger in the handle. 
A centrifugal brake controls the rate of lowering. 





MrcHANICAL Barrow ; Messrs. WINGET, LIMITED. 


Messrs. Winget Limited, Rochester, Kent, were 
showing a new self-propelled barrow for concrete 
handling. A photograph of the barrow is reproduced 
in Fig. 12. It is pedestrian-operated and is con- 
trolled entirely by a steering wheel which is pivoted 
on the driving unit. Power is provided by a J.A.P. 
2-4-b.h.p. air-cooled four-stroke petrol engine, 
which drives a pair of driving wheels through a 
clutch, reduction gearbox and chain drive, all of 
which are mounted on a fabricated chaunel-section 
ring, forming a turntable running on two rollers in 
a track formed by the semi-circular end of the 
A-shaped frame, and a shaped cross-member which 
is bolted to the frame. When there is no load 
on the steering wheel, a spring automatically 
applies the brakes and disengages the clutch 
mechanism; but when the operator tilts the 
wheel, the brakes are released, the clutch is 





EXHIBITION. 


15-Cwr. “ Mrniuirt” Hoist ; Messrs. Dipspury ENGINEERING 


Company, Liurrep. 


engaged, and the barrow moves off in the direction 
in which it is set. An automatic governor on the 
engine regulates the speed of the barrow at 3 m.p.h. 
The driving unit can be rotated on its turntable 
through 360 deg. The side members of the A-frame 
provide a mounting for either a 9-cub. ft. skip or a 
platform body, which are readily interchangeable. 

Messrs. Barron and Shepherd, Limited, 251, 
Cromwell-road, London, S.W.5, were showing their 
new Roll-Race conveyor, which, it is claimed, can 
operate on one-fifth to one-twelfth of the power 
required for the normal heavy-duty conveyor. The 
principle is simple; it is a load-carrying belt 
running on a roller race, consisting of a series of 
power-driven slats, or a belt, running over two lines 
of rollers, linked together to form a continuous chain, 
which moves freely on the track at half the belt 
speed. The dead load on the slat is transferred 
directly through the rollers to the track and not, as in 
the conventional roller conveyor, through the pins of 
the rollers. The load which can be carried is, there- 
fore, not limited by the strength of the bearings 
and pins, and bearing friction is avoided, with a 
resulting saving in weight and power; the life of 
the belt or slats is prolonged, since, with the lower 
power required, the tension in the belt is correspon- 
dingly reduced. Roll-Race conveyors can be 
constructed to turn corners and to change eleva- 
tion. 

Messrs. Fraser Tractors Limited, 27, The Vale, 
Acton, London, W.3, were showing a compact 
crawler-type tractor designed for agricultural or 
industrial use. The overall length is 8 ft. and the 
width 5 ft. 2 in., and the weight 4 tons. A 45-h.p. 
and a 60-h.p. model are available, which can be 
fitted with standard four-cylinder or six-cylinder 
Diesel or petrol engines to suit customers’ require- 
ments. The drive is transmitted through an auto- 
matic single-disc friction clutch and a shock-absorb- 
ing coupling to the four-speed gearbox, thence to a 
bevel pinion and crown wheel, through rigid 
couplings to the steering clutches and the final- 
drive sprockets. Multi-dise dry-plate steering 
clutches are fitted, operated by two levers, which 
also operate the contracting-band type brakes. 
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THE ‘“*BRABAZON’’ AIRCRAFT AT 
LONDON AIRPORT. 


On Friday, June 16, a number of specially invited 
guests and some thousands of Londoners were able to 
see the world’s largest civil landplane, Brabazon 
Mark I, make a few short re tion a from 
London Airport on that day. Some photographs 
taken on this occasion are reproduced on Plate X XVII, 
which accompanies this issue. Full technical details 
of the aircraft, which was built by the Bristol Aeroplane 
Company, Limited, Filton, Bristol, and made its first 
flight from Filton on Sunday, September 4, last year, 
were given in a series of articles published in our 168th 
volume (1949), but we may remind our readers that its 
maximum take-off weight is 130 tons, and the main 
dimensions are: wing span, 230 ft., length overall, 
177 ft., and height, 50 ft. Although we understand, 
this aircraft will not be put into the North Atlantic 
service, it has been designed to comply with the require- 
ments for the operation of a non-stop service between 
London and New York, ms brag a still-air —_ of 
5,500 miles is necessary, altho e distance between 
the airports is only 3,450 a. Brabazon Mark I 
has a cruising speed of 250 miles per hour at half the 
full engine power and the estimated maximum speed 
is 300 miles per hour at 25,000 ft., which is the designed 
operational altitude ; the accommodation, however, is 
pressurised to the equivalent of an altitude of 8,000 ft. 
In normal service, accommodation would be provided 
for 100 passengers and a crew of 14. ~ 

The power plant consists of eight Centaurus-20 
18-cylinder sleeve-valve engines, each developing 
2,500 h.p. at take-off. The engines are in 
four pairs, each engine driving a three-bladed Rotol 
propeller, 16 ft. in diameter, the propellers being of the 
co-axial contra-rotating type with self-contained con- 
stant-speed, feathering and pitch-reversing mechanism ; 
the two sets of propellers on the starboard side of the 
aeroplane are clearly shown in Fig. 3, on Plate XX VII. 

It may be of interest to note here that Brabazon 
Mark IJ, now under construction at Filton, will be 
generally similar to Mark I, but will be fitted with 
** Bristol” Proteus turbo-propeller engines which will 
give a speed of 350 miles per hour at 35,000 ft. The 
Proteus turbo-propeller engine, we understand, ran 
for the first time in February, 1947, and was first run 
as a coupled unit, as it will be fitted in the developed 
Brabazon, late in 1949; the coupled unit, we under- 
stand, gives a maximum output of 7,000 h.p. The 
Brabazon Mark II could be put into service on the 
North Atlantic route and seven flights a week in 
both directions between London and New York could 
be maintained with three machines: two operating 
and one in reserve. 

Fig. 1, on Plate XX VII, shows the Brabazon Mark I, 
in the course of a demonstration flight over London 
Airport, notable features of the illustration being the 
air intakes to the eight engines and the clean lines of the 
aircraft ; the relatively large dimensions of the fin may 
also be noted. Fig. 2, on the same Plate, shows the 
machine after landing on No. 1 runway, and Fig. 3 is 
a view of the forward end of the fuselage showing the 
front wheels of the tricycle undercarriage and those on 
the starboard side. The doors which cover the recess 
into which the forward landing wheels are retracted in 
flight are clearly shown in this illustration and those 
for the starboard wheels can be distinguished. At the 
time the photograph used for the production of Fig. 3, 
was taken, the machine was standing on one of the 
runways before taking off on a demonstration flight. 
The take-off run seemed remarkably short, but it must 
be admitted that the aircraft was not fully loaded. 
A considerable part of what in service would be the 
passenger accommodation was occupied by panels on 
which a great number of instruments were mounted, 
doubtless for use in the development flights already 
carried out ; one section, however, was equipped with 
armchair seating accommodation such as. might be 
used for day travel. Another noticeable feature was 
the ease with which the aircraft could be manwuvred 
on the ground, turning through an angle of 180 deg. 
on a runway the width of which did not greatly exceed 

The machine was piloted on the occasion by Mr. 
A. J. Pegg, the chief test pilot of the Bristol Company. 
The notable malities among the guests included 
Lord Brabazon of Tara, Lord Pakenham, Minister of 
Civil Aviation, Mr. G. R. Strauss, Minister of Supply, 
Lord Addison, Lord Privy Seal, and several Members 
of Parliament. It had been intended to take a number 
of the guests for short flights, but it was found that the 
licence for Brabazon Mark I did not cover the carrying 
of passengers. 


rr. 





AIRORAFT DISPLAY AT FARNBOROUGH.—The eleventh 
Annual Display by the Society of British Aircraft 
Constructors will be held at the Royal Aircraft Establish- 
ment, Farnborough, Hampshire, from Tuesday, Septem- 





LABOUR NOTES. 


THE Government’s policy of restraint on increases 
in wages continues to be attacked in many quarters 
and from many angles. On June 19, the special 
economic committee of the Trades Union Congress met 
in London to consider how far the support hitherto 
given by the T.U.C. to that policy might be relaxed, 
in view of the growing opposition of many trade 
unionists. It may be = that, in January last, 
a conference of 1,600 trade-union delegates affiliated 
to the T.U.C. agreed, by a card-vote majority of 
657,000, to a wage standstill during the current year 
at least, provided that the cost of living, as recorded 
by the retail-prices index figure, did not vary outside 
the limits of from 106 to 118, and that that decision 
has since been repudiated in several directions. A 
number of claims have been put forward by individual 
unions and by no means all of these are in favour of 
lower-paid employees only. At the present time, some 
five million members of trade unions affiliated to the 
T.U.C. are concerned in demands for wage increases, 
either already submitted or about to be presented. 





No statement was issued after the meeting of the 
special economic committee on June 19 and its recom- 
mendations will be placed before a meeting of the 
General Council on Wednesday next for final decision. 
It is understood, however, that the committee is in 
favour of some concessions being made to cover the 
claims of lower-paid workpeople, but that it desires 
to emphasise the essential importance of maintaining a 
large measure of wage stability. The responsibility 
of determining which claims should proceed, if the 
General Council accepts the new interpretation of wage- 
restraint policy, will be left to individual trade unions. 
Suggestions that some central body should be set up 
to decide the merits of different claims and to settle 
which should receive priority, do not appear to have 
been favourably received. The formation of such an 
organisation would be resented, in all probability, by 
some unions as an encroachment on their own rights, 
and there might be great difficulty in securing the 
acceptance of its decisions. 


Outstanding characteristics of the present wage 
position are the conflict of interests as between one 
union and another, and the opposition of the craft 
unions to any relaxation of restraint which would lessen 
the differences which exist between the rates for skilled, 
semi-skilled, and unskilled grades. The craft unions 
state that these differentials have been decreasing 
during the last few years, especially in the engineering 
industry, and they insist that further shrinkage should 
not be allowed to take place. For instance, Mr. Jack 
Tanner, who is a member of the T.U.C. General Council 
as well as President of the Amalgamated Engineering 
Union, clearly indicated at the annual meeting of the 
national committee of the A.E.U. last week, that that 
Union was opposed to increases which would benefit 
only the lower-paid sections of the engineering industry. 
Mr. Tanner declared that he did not accept the views 
which had been expressed by the large unions with 
general memberships that the trade-union movement 
should concentrate on wage improvements for the 
lower-paid employees. He emphasised that the claims 
of the skilled craftsmen could not be set aside. 





In his presidential address at the annual meeting, 
Mr. Tanner stated that the differentials between the 
skilled and unskilled classes had been steadily narrowed 
during the past two decades and, in many instances, 
had now reached a very low level. This was particu- 
larly the case in the engineering industry. Labourers 
who, in 1914, received from 60 to 63 per cent. of the 
rate for craftsmen were now getting 84 per cent. The 
present differential of 16 per cent. between skilled and 
unskilled men in Britain compared with an average 
differential of 55 per cent. in the United States, and 
with one of from 70 to 100 per cent. in Russia. Mr. 


Tanner stressed the danger of permitting any further 





that an spetntion for an all-round advance would 
give quicker results. Later events, however, had 
shown that that was not so. 





Wage policy predominated over all other gubjects at 
the annual congress of the National Union of General 
and Municipal Workers, which opened at Great 
Yarmouth on June 19. Of the 346 motions on the 
congress agenda, 30 dealt with various aspects of 
wage, profit, or price problems and, of these, no fewer 
than 23 directly or indirectly attacked the executive 
of the Union for its support of the Government’s 
policy of wage restraint, as approved by the T.U.C. 
Some 450 delegates attended the co and they 
represented a membership of 804,564, of whom 152,041 
are women and girls. Mr. W. E. Hopkin, the chairman, 
in his opening address to the congress, urged that a 
“new and bold” national wage policy should be 
adopted, but he did not give any details of what policy 
he had in mind. He stated that from the standpoint 
of the trade-union movement, as well as that of the 
general community, serious consequences would result 
if the unions were to abandon all restraint in favour 
of an unrestricted and indiscriminate scramble for 
higher pay. 


If some sections of the movement, Mr. Hopkin 
declared, were determined to press their wage claims 
without regard to other sections, or to the precarious 
economic equilibrium of the nation, they would find, 
eventually, that they would gain nothing for their 
own members. The whole structure of the social 
services which, at the present time, yielded some 
300i. million more than previously, in the way of 
benefits to the public generally, would be swept away. 
The statesmanlike way, Mr. Hopkin continued, was 
for the movement to consider what measures could 
be taken to deal with the problems arising out of the 
present structure of the wage system. This, he consi- 
dered, was full of anomalies. If trade unionists 
desired to maintain a planned economy and full employ- 
ment, they must be prepared to remould their own 
movement to fit into the new order. One of the most 
significant features of last year’s industrial record, 
he concluded, was that wage questions accounted for 
only a relatively small proportion of the total number 
of strikes. 








Mr. James Matthews, national industrial officer of 
the N.U.G.M.W., deprecated the strike-or-arbitrate 
ballot now taking place in the engineering and ship- 
building industries, under the auspices of the Confedera- 
tion of Shipbuilding and Engineering Unions. The 
N.U.G.M.W. is one of the 37 organisations affiliated 
to the Confederation. Mr. Matthews felt that a desire 
to increase their membership totals had, perhaps, 
influenced some unions in their decision to press for 
the ballot. He declared that, although his Union 
and 27 others voted against the ballot, they were 
committed to it owing to the numerical superiorit 

of the seven unions which desired it to be held. If 
the ballot was decided in favour of strike action, the 
Confederation would still be compelled to give 21 days’ 
notice of intention to strike to the Minister of Labour 
and the issue would then be referred to arbitration. 
The only result of the decision to have a ballot had 
been to delay matters for six months. 





Negotiations of an informal character between 
officials of the National Union of Railwaymen and 
representatives of the Railway Executive on the wage 
claims of the N.U.R. were resumed on June 20. The 
Union is seeking to secure concessions for the lower- 
paid railway employees and aims at obtaining a mini- 
mum basic wage of 5l. a week for all adult workpeople. 
No immediate decisions are expected to be reached 
as a result of these meetings, but their taking place 
at the present time is an indication that some wage 
increase may eventually result in favour of the lower- 
paid railwaymen. 








reduction of differentials in Britain. 





undergo the many 


them for skilled employment. 





ber 5, to Sunday, September 10. 





One of our greatest assets as a nation, Mr. Tanner 
commented, was our sufficiency of highly-skilled 
operatives, and their remuneration must be such as to 
provide an incentive for the youth of the country to 

— of training necessary to fit 

It was for these reasons, 

Mr. Tanner continued, that he had advised the national 
committee, at last year’s annual conference, to con- 
centrate on a demand for a revision of the wage struc- 
ture in the engineering industry, rather than on the 
application for an all-round increase of ll. a week. 
Such a revision would have increased the differentials 
in the industry. The national committee had over- 
ruled him, partly, no doubt, because it considered 


Some decreases in membership totals are recorded 
by the two largest British trade unions, the annual 
reports of both of which were published on June 17. 
The Transport and General Workers’ Union, which is 
definitely the largest in the country, had a total 
membership of 1,305,056 on December 31, 1949, 
compared with a total of 1,323,679 on December 31, 
1948, a decline of 18,623. The income of the Union 
during 1949 amounted to 2,369,080/., while the total 
funds in hand at the end of that year amounted to the 
substantial sum of 6,575,3171. The membership of the 
National Union of General and Municipal Workers 
numbered 804,564 on December 31, 1949, against 
816,261 at the end of the previous year, a decline of 
11,697. This Union’s income during 1949 totalled 
1,007,263/., and its total funds in hand at the end of 
that year to 2,881,7501. 
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AIRCRAFT AT LONDON AIRPORT. 


THE BRISTOL AEROPLANE COMPANY, LIMITED, FILTON, BRISTOL. 
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MECHANICAL ENGINEERING IN THE 
MIDLANDS, 1925-1950.* 


By F. Vincent Everarp, M.I.Mech.E. 


BrmMIncHaM is the reputed home of a thousand 
trades, and the Birmingham district is the home of the 
steam engine ; 240 years ago the first self-acting steam 
engine in the world was set up by Newcomen, a few 
miles from the city centre. Sixty-four years later 
the Birmingham firm of Boulton and Watt com- 
pleted the first steam engine with separate condenser 
ever delivered to a customer. About a mile away, at 
Snow Hill, is the site where the first steam engine 
embodying connecting rod and crank was installed. 
Not very much farther afield, in the adjacent counties 
of Shropshire and Warwickshire, the hot-air engine 
and the gas turbine were first described. 

With the current tendency for steam pressure and 
temperature conditions to increase, the working con- 
ditions of modern power plants become more and 
more exacting. These more onerous conditions have 
been reflected by major developments in boiler design 
during the past 25 years ; particularly is this noticeable 
in respect of the size of individual boiler units. Larger 
boilers have generally followed the increase in size of 
the prime movers, and this is accentuated by the 
present tendency to adopt the unit system of one boiler 
per turbine, which has been successfully used in 
America for the past few years. The evaporative 
capacity of boilers for power stations has increased 
from 50,000-100,000 Ib. per hour to 500,000-600,000 Ib. 
per hour during this period; and, in general, the 
increase has been obtained without a corresponding 
increase in space requirements. This has been largely 
due to a better understanding of the problems of com- 
bustion, heat transfer, and materials. 

A typical 1925 power-station boiler had an evapora- 
tion of about 50,000 Ib. per hour, with final steam con- 
ditions of 200 lb. per square inch (gauge), and 650 deg. 





* Paper presented at the summer meeting of the 
Institution of Mechanical Engineers, held at Birmingham, 
on Wednesday, June 21. Abridged. 





F., the feed temperature being 120 deg. F. Of the 
changes which have taken place in boiler design, one 
of the most outstanding features has been the increased 
use of economisers, with the later introduction of air 
preheaters, the increased use of radiant water-walls in 
the combustion chamber, and the provision of accurate 
controls and instruments. These improvements have 
raised the boiler efficiency from between 70 and 75 per 
cent. to between 87 and 90 per cent. 

Economisers were originally arranged in a common 
flue to serve several boilers, but they now form an 
integral part of the individual boiler design, thus con- 
serving space. With the increased feed-water tem- 
peratures due to feed heating it was impossible to 
reduce outlet gas temperatures to that required for 
high efficiency, and, consequently, the air preheater 
was introduced, wherein the gases are reduced in tem- 
perature while heating the air for combustion. A 
small amount of water-wall surface was originally 
fitted to boilers, with the object of reducing brickwork 
maintenance by protecting the side walls, but, later, 
the easier steaming of boilers with water walls were 
noted, and the advantages of water cooling were recog- 
nised. In the large modern steam generator, 60 to 70 
per cent. of the total work is performed in the combus- 
tion-chamber heating surfaces, all this heat being trans- 
ferred by radiation. Comparatively low furnace rat- 
ings are used, with exit-gas temperatures maintained 
below ash softening points, to reduce the possibilities 
of slagging through grit or ash being in a fluxed con- 
dition ; the universal adoption of vee beahed pee firing 
instead of the mechanical stoker for large units has 
reduced ‘‘ outages ” due to bonded deposits. 

Higher steam pressures and temperatures have 
necessitated the use of special alloy steels, developed 
for relatively high working stresses with low creep 
rates at elevated temperatures, while the superheater 
has been moved progressively nearer the furnace, 
and, at the present time, is set behind a shallow bank 
of wide-pitched tubes which form a protective screen 
from direct furnace radiation. Increased steam tem- 
peratures are controlled over the normal load range 
of the boiler, to protect both the superheater and 


the turbine, the control being generally obtained by 
@ non-contact type of de-superheater or by damper 
control of gas distribution, the former being more 
popular in Great Britain. 

A typical modern steam generator is fired by pul- 
verised coal and would have an evaporative capacity 
of 540,000 lb. per hour, producing steam at about 
925 Ib. per square inch (gauge) at 915 deg. F. from 
feed water at 380 deg. F. It embodies a water-cooled 
furnace with small wide-pitch screen bank, a super- 
heater arranged in shallow banks to discourage slagging, 
an integrally designed economiser, air heater, and 
steam temperature control by gas by-passing. In 
view of the stress p upon availability in modern 
power stations, boilers are carefully designed to obviate 
“outages” as far as possible. Evaporators, de- 
aerators, and water treatment, in conjunction with 
steam drums having ample steam-release space and 
correctly designed steam baffles, are now used to 
eradicate internal tube corrosion and to protect turbine 
blading. The trend towards higher operating pressures 
has also resulted in the development of various forced- 
circulation types of boiler. 

The trend towards higher temperatures and pressures 
for increased thermal efficiency has had a very material 
effect upon turbine design during the last 25 years. 
The development of high-speed reduction gears has 
also had a marked influence on turbine design, though 
the effect of the latter has, of course, been more pro- 
nounced in the smaller turbine for industrial application 
than in the larger one. Twenty-five years ago, the 
normal size of the generating unit was 10,000 to 
20,000 kW, and anything much in excess of this was 
the exception rather than the rule. In any case, it 
would have been a 1,500-r.p.m. unit. The first 30-MW 
set running at 3,000 r.p.m. was commissioned in 1929, 
but it operated at only 200 lb. per square inch ; it was 
not until the next decade that pressures in the 600 lb. 
per square inch range and temperatures of the order 
of 850 deg. F. became general. These conditions are 
now standardised for 30-MW sets, and, with the advent 
of larger units, 900 lb. per square inch and 900 deg. F. 
are the conditions adopted for 60-MW sets. 4 

The modern tendency is still towards larger units 
and higher pressures, and the International Electro- 
technical Commission has adopted 100 MW at 1,500 Ib. 
per square inch and 1,050 deg. F. as a preferred stan- 
dard. Sets of this size and for these conditions are 
already being designed for the British Electricity 
Authority. The first steps towards these higher con- 
ditions were taken some time ago, and 30-MW sets 
operating at 1,300 lb. per square inch and 950 deg. F., 
were being installed early in the 1940-50 decade. A 
60-MW 3,000 r.p.m. unit, operating at 1,250 Ib. per 
square inch and 970 deg. F. will be commissioned 
at the Stourport “‘ B ” station in the second quarter of 
1950. The second 60-MW set for this station will 
operate at 1,500 Ib. per square inch and 1,050 deg. F., 
and will be the prototype of a series of machines for 
these conditions for power stations in the Midlands, 
namely, Drakelow and Meaford “ B.”” One of the major 
problems associated with these higher pressures is 
the design of the high-pressure feed-heaters. If these 
are to withstand the full boiler pressures they must be 
designed for a test pressure approaching 4,000 lb. per 
square inch. This difficulty has been overcome in 
certain cases by the introduction of a dual pumping 
system, in which feed-heating is carried out at a lower 
pressure than that of the final feed pump. . 

In regard to the smaller industrial type of turbine, 
the most interesting developments have centred round 
the compact type of unit, in which the whole of the 
auxiliary plant, condenser and associated auxiliaries, 
are disposed on the same floor level as the turbo- 
generator. This in turn led to the development, under 
war-time emergency conditions, of transportable and 
portable types of unit, in which the whole of the plant 
was mounted on a rigid under-base. Many such sets 
were built during the war for use on railway trucks, 
barges, quay sides, and other emergency locations. 
The compact design is illustrated in Fig. 1, herewith. 

The normal speed of turbines of up to 15,000 kW 
in one cylinder, direct drive, is 3,000 r.p.m. ; smaller 
turbines usually drive through gearing and, therefore, 
can be run at much higher speeds. In general, for 
high-speed high-pressure turbines, the smaller sizes 
run at speeds up to 6,000 r.p.m.; back-pressure sets 
run to 10,000 r.p.m. aoe 

During the 25 years, the major progress in oil 
engines for industrial plant has been in the heavy-oil 
engine, from what was the actual development of the 
Diesel engine to what is now the pressure-charged 
direct-injection oil engine. In 1925, the heavy-oil 
engine was almost exclusively of the air-injection type ; 
the fuel consumption and exhaust gas temperatures 
for an engine of that date are shown in Fig. 2, on page 
713. ‘Maximum cylinder pressures were of the order 
of 620 lb. per square inch, the brake mean effective 
pressure, about 75 lb. per square inch, and the fuel 
consumption, 0-450 lb. per brake horse-power-hour 
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with fuel having a net calorific value of 18,500 B.Th.U. 
per lb. At that time, the change to direct injection 
was well in sight, and though the prototype direct- 
injection engine ap long previously in the 
form developed by Akroyd Stuart, the air-injection 
principle was generally standard for engines other than 
small and medium sizes. 

In Birmingham, development work on the two-cycle 
direct-injection double-acting engine was being carried 
out in 1925. Research was discontinued and, in 1926, 
the totally-enclosed fully-force-lubricated engines of 
600 brake horse-power were being produced on the 
air-injection four-stroke design; this totally-enclosed 
engine ran at the then unusually high speed of 350 
r.p.m. At about the same time, the exhaust-gas 
turbine-driven blowers for pressure-changing heavy- 
oil engines were first being employed. Since then the 
capacity, or power output, of the four-cycle engine has 
been profoundly influenced by the adoption of exhaust- 
gas turbine-driven compressors for scavenging and 
pressure charging. The impetus for the change from 
air-injection engines to the direct-injection type was 
given by the introduction, in 1927, of the Bosch fuel- 
injection equipment. 

The development of the heavy-oil engine following 
on the adoption of direct injection had by no means 
an easy path. The change in the system of fuel injec- 
tion altered the combustion characteristics so that the 
engine framework, motion work, and bearings were 
subjected to more severe loading, and it was not long 
before bearing troubles were prevalent. As a result 
of this experience, great attention was given to bearing 
design, the materials used, and the filling process. 
The early bearings had largely followed steam and 
gas-engine practice, and consisted of cast-iron shells 
with relatively thick dovetailed white-metal linings. 
To-day, low-carbon steel-backed bearings with thin 
linings are generally used, with most reliable results. 
The technique of filling and the subsequent cooling of 
the bearing are most important factors. The floating 
gudgeon-pin, generally adopted at this time, also proved 
@ great advance. 

The early “A” frame design (Fig. 4, herewith) 
had proved satisfactory for slow-speed engines with 
ring-lubricated bearings, but this design gave way 
completely to the enclosed crankcase with separate 
cylinders attached when forced lubrication and higher 
running speeds were introduced. An engine of this 
type is shown in Fig. 5. The later fashion of complete 
enclosure of all.moving parts brought the monobloc 
design of framing very much to the forefront, largely 
because it facilitated the attachment of enclosure 
covers. Although the monobloc framing has certain 
advantages, it is a design more suitable for smaller 
engines and there is, therefore, a tendency in the larger 
units to revert to bolted-on individual cylinders. 

It is interesting to recall that, in 1925, the crankshaft 
size and cylinder centres were, respectively, 0-55 and 
2-35 of the cylinder diameter ; to-day the figures would 
be 0-75 and 1-7. This considerable increase in shaft 
diameter, plus the progressive reduction in cylinder 
centres, has resulted in short rigid crankshafts. This 
is a feature which has much simplified the torsional 
vibration problem. Research work inspired by this 
subject has made it possible to-day to calculate accur- 
ately the torsional vibration characteristics of the engine 
and driven machine before they are built or installed. 
Now, it is possible to eliminate, in the design stage, 
any possibility of trouble of this nature. 

During the past 25 years, piston speeds have gradually 
increased from 750 to 1,300 ft. per minute and over. 
With cast-iron pistons, which are generally favoured 
for heavy-duty industrial purposes, 1,300 ft. per minute 
is about the limit. In the process of increasing piston 
speeds and ratings, great attention has been paid to 
the detail design of pistons, cylinder liners, and piston 
rings, and to the materials used in their construction, 
to obtain minimum wear rates and freedom from scu 
and striation. Cylinder wear rates of about 0-0005 in. 
per 1,000 hours service are regularly being obtained. 

The lung capacity of the engine is of paramount 
importance in obtaining the greatest possible output 
from the heavy oil engine. Careful attention, therefore 
had to be paid to cylinder head, valve, cam, and mani- 
fold design, but normal aspiration does impose a limita- 
tion on engine output. It was for this reason that 
various methods of increasing the density of air at the 
engine intake by pressure charging were considered. 
Of the pressure-charging systems investigated, the one 
which has given the greatest promise and has been 
universally adopted is the Buchi system, so named 
after its inventor, Dr. Alfred Buchi. To-day, it would 
be no exaggeration to say that over 50 per cent. of the 
industrial oil engines of medium and larger sizes are 
pressure-charged in this way. 

The essential feature of turbo-charging is the appli- 
cation of a blower driven by an exhaust-gas turbine— 
an entirely self-contained unit with the engine. It is 
connected to the engine thermally—that is, through the 
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energy which, in the normal engine, is wasted. In most 
applications the increase in power with turbo-charging 
has been limited to 50 per cent.; this increase is 
obtained with little or no increase in heat stress or in 
maximum combustion pressures. The curves in Fig. 3, 
on page 713, show the fuel consumption and exhaust-gas 
temperatures for an engine pressure-charged to give 
50 per cent. increased output ; superimposed are the 
similar curves for the 1925 normally-aspirated air- 
injection engine. The great advance is apparent. 

At the present time, active research is being carried 
out to obtain substantially increased outputs with 
turbo-charging ; this necessitates a turbo-charger of 
high-pressure ratio, with cooling of the air before deli- 
very to the engine ; the results being obtained from a 
six-cylinder 500-r.p.m. oil engine are very promising. 
This unit would carry 300 kW with normal aspiration ; 
with high pressure-ratio turbo-charging it has carried a 
load of 750 kW. At this load the exhaust temperature 
at the valves is no higher than in the normal engine ; 
this has been achieved without the complication of 
four-valve cylinder heads. 

A further important development has been the intro- 





exhaust-gas and air manifolds—and utilises the exhaust 


duction of the dual-fuel engine, a unit capable of operat- 








Fig. 5. Atr-Inzgection Diese, Encine or 600 B.H.P. 


ing equally satisfactorily when burning gas with a small 
quantity of fuel oil for ignition purposes, or fuel oil only, 
or various proportions of gas and oil. The engine is a 
normal heavy-oil engine operating with normal com- 
pression ratio and having the necessary additional 
equipment which enables the gas to be naturally aspir- 
ated in controlled quantities. The first commercial 
application of this type of engine was at the Coleshill 
works of the Birmingham Tame and Rea District 
Drainage Board, where an existing National gas engine 
was converted by the makers to operate as a dual-fuel 
unit for use with sewage gas. This was in 1939. 
Since that date the development and use of this type 
of unit has been widespread, particularly in America, 
where the adequate supplies of natural gas make this 
design of prime mover most attractive. The Birming- 
ham Tame and Rea District Drainage Board —— 
the means of collecting and utilising as fuel the gas 
evolved during the digestion of —— sludge. The 
layout and design of equipment installed has been a 
model for other sewage undertakings throughout the 
world. Prior to the introduction of the dual-fuel 
engine, experiments were carried out early in 1935 in 
Birmingham with a small two-cylinder oil engine 
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converted to operate as a high-compression gas engine, 
with the hope of realising the thermodynamic advan 

of high compression. It was established that there 
was no practical difficulty in operating a spark-ignition 
gas engine with Diesel compression ratios. 

Hand in hand with the development of the oil 
engine and steam turbine have come improved tech- 
niques of manufacture. The development of machining 
methods has made possible the manufacture of difficult 
blade profiles, and this advance, together with the work 
of the metallurgist, has made the gas turbine practicable. 
In 1925 it was considered a phenomenal performance 
when a Fokker aeroplane, powered by a Napier Lion 
engine, attained an average speed of 165-7 m.p.h. over 
a distance of 100 km., carrying a load of 1,102 Ib. 
It was in 1927 that the world was staggered when 
Lindberg made a solo flight across the Atlantic. His 
monoplane was powered by a nine-cylinder Wright 
radial air-cooled Whirlwind engine of 220 h.p. 

The 1939-45 war emphasised the need for an oil engine 
larger than had been developed for lorries and motor 
cars, and smaller and lighter than had been developed 
for industrial and marine use. This engine was 
required for heavy tanks and heavy transport vehicles 
as well as for high-powered craft similar to those used 
for air-sea rescue. As the war progressed, it was all 
too apparent that the particular type of engine needed 
had been neglected during the inter-war years. Con- 
centration on the development of suitable engines for 
these purposes became intense, and was carried out 
largely in the Midlands. One of the chief features of 
an engine developed in this way is its high power/weight 
ratio. With a bore and stroke of 5-4 in. by 6 in., in 
eight-cylinder form it develops 320 brake horse-power 
at a speed of 2,400 r.p.m.; its dry weight ready for 
installation is 1,500 Ib. or 4-68 lb. per brake horse- 
power. This low figure has been obtained by the 
careful combination of high brake mean effective 

ressure, high piston speed, V-design, and the use of 
ight alloys. Cast iron has been practically eliminated. 

The smaller high-speed oil engine for the ordinary 
road vehicle has also advanced rapidly during the past 
25 years. In 1928, the first road vehicle powe by 
the direct-injection heavy-oil engine went into service 
in Great Britain. A particular application of the 
smaller engine is to the public vehicle. The impetus 
for the rapid development of the public vehicle was the 
gradual migration, from 1915 onwards, of the population 
of the bigger cities to the outer districts. This migra- 
tion was encouraged by the erection of municipal houses 
as well as by the construction of new roads in town 
planning. Short-distance travel started to fall away, 
and the motor ’bus offered obvious means of opening 
up the new areas. The commencement of the building 
up of the fleet of motor *buses which we see on the 
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streets of Birmingham to-day was in 1922, and in 1923 
Mr. Alfred Baker led this country, and possibly the 
world, by designing and constructing the first covered- 
top omnibus. By 1934, with 550 motor "buses in 
service, Birmingham owned the largest municipal *bus 
fleet in the world. 

Steady technical developments in the motor vehicle 
were taking place, which were to establish it as the ideal 
medium for road passenger transport. To the advan- 
tage of mobility in meeting temporary rises in traffic 
requirements was added the decrease in costs 
effected by the advent of the solid-injection oil engine. 
The normal life of a "bus to-day is ten years, but new 
*buses are now being made with improved all-metal 
bodies which will increase their life considerably. 

Traffic conditions requiring frequent stops and 
re-starts have enco many inventors to strive 
for an automatic clutch, which would eliminate de- 
clutching when bringing a vehicle to a temporary stand- 
still. Several methods have been developed. Among 
them may be mentioned the employment of weights 
mounted on the flywheel, to actuate the clutch by centri- 
fugal force, and methods deriving power from the 
suction in the inlet manifold, or from an engine-driven 
oil pump. A very successful method is the fluid trans- 
mission, which was pioneered and developed in the 
Birmingham district. In 1928, initial trials were carried 
out of a fluid coupling in a ‘bus chassis. The original 
intention was solely to eliminate declutching when 
bringing the car to a standstill. The coupling was used 
at first with an ordinary cone clutch and an orthodox 
gearbox, but in 1929 experiments were carried out to 
combine the fluid flywheel with an epicyclic gearbox, 
eliminating the clutch and making possible the pre- 
selection of gears. In the combination of the fluid 
coupling with the epicyclic type of gearbox, the best 
features of each are exploited to the full. An auxili 
clutch is not needed, yet the brake bands of the indivi- 
dual gear trains do not have to play the part of clutches. 
To many motorists the introduction of this system of 
transmission marked a great advance. The slip of the 
fluid flywheel at very low engine speeds (on full throttle) 
can be 100 per cent.—as it is when starting off ; it falls 
rapidly but smoothly to about 2 per cent. at normal 
travelling speed. 

In 1930, the first public-service omnibus with fluid 
transmission was put on the road ; and a large number 
of armoured cars and scout cars, produced for the Army 
during the 1939-45 war, were equipped with fluid trans- 
mission. Five-speed pre-selector gearboxes were em- 
ployed, with a separate reverse gear which enabled the 
vehicle to travel in reverse through all five — 
The use of fluid drive in motor vehicles is probably the 
most outstanding application of this form of trans- 
mission, and its successful development in this field 
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has done much to popularise its use for other p ’ 
Other applications of the fluid coupling include infinitely 
variable speed regulation of fans, and the drive of 
pumps, grinding and crushing machines, conveyors, and 
oil drilling equipment. 

Early in 1922, the first practical light 7-h.p. car was 
produced by a Birmingham manufacturer. Almost 
immediately it caught the imaginetion of the public. 
It was rated at 7-8 h.p. and was of unusual design, 
having transverse springing at the front and quarter- 
elliptic springs at the rear. Its overall length was only 
8 ft. 10 in., yet the body was so designed that it com- 
fortably held four adults, and it brought motoring to 
thousands of people who previously could afford to 
own only motor cycles and sidecars,-or cycles. The 
power unit was an orthodox four-cylinder water-cooled 
engine which developed 10-5 h.p. at 2,400 r.p.m. 
A three-speed gearbox was fitted, the final drive 
being through a solid shaft running through a torque 
tube to a semi-floating rear axle. 

From time to time the design was modified and, in 
1938, a car with an engine of 900 c.c. was developed. 
This, though incorporating many of the original fea- 
tures, was in appearance more in keeping with the 
current trend of design. This car remained in produc- 
tion until 1939, when it was superseded by one slightly 
bigger and with an engine developing 27 h.p. at 4,400 
r.p.m. The modern design was not actually a direct 
development of the previous models, but took the place 
of a 10-h.p. car that was produced in 1933, with an 
engine developing 21 brake horse-power at 2,400 r.p.m. 
The vehicle now current replaced these models in 
1947. It showed radical change both in chassis and 
bodywork. For instance, the front suspension was 
changed to independent coil springs, and the modern 
all-steel body was introduced. The four-cylinder 


iliary | overhead-valve power unit has a bore of 65-48 mm. 


and a stroke of 89 mm., giving a capacity of 1,200 c.c., 
and developing 40 brake horse-power at 4,300 r.p.m. 
The most recent development in the automobile 
industry is that of a gas turbine-engined car.* 
Developments in the machine-tool industry over the 
past 25 years can be divided roughly into three cate- 
gories: features introduced to improve actual cutting 
times, those aiming at a reduction in handling time, 
and those tending to reduce operator fatigue. Twenty- 
five years ago, carbide cutting tools had not been 
introduced; high-speed steel tools were universal, 
and machine tools were designed to suit the metal 
removal rates associated with this material. With 
the advent of carbides, it was found that machines 
were insufficiently powered, and often not rigid enough, 
to take advantage of the much higher cutting speeds 





* See page 305, ante. 
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made possible by the new material. Carbides, how- 
ever, could not be unive y applied, and therefore 
did not supersede high-speed steel in the same manner 
that, in the earlier years, high-speed steel had taken 
the place of carbon steel. Consequently, machines 
were demanded having much wider ranges of speed 
and feed than hitherto, together with increased horse- 
power. Attention was also paid to rigidity, both in 
the machine structure and in the drive to the tool, 
since carbide tools are very susceptible to damage by 
vibration, or lack of steadiness in the drive. Lathes, 
boring machines, milling machines, planers and 
shapers were influenced by the new cutting medium, 
but gear cutters, threading and screwing machines and 
drills were not affected to the same extent, as their 
tools were not suited to its use. 

Under the second heading, reduction in idle time 
has been achieved by improvements to both fixtures 
and machines. Pneumatic and hydraulic systems have 
reduced clamping time to a fraction of the former 
figure on the more elaborate jigs and fixtures, but, 
even with simpler hand-operated types, the tendency 
has been to reduce the number of movements n 
to clamp the workpiece, which, incidentally, results in 
a reduction in operator fatigue. Much attention has 
been paid in the past 25 years to the grouping of con- 
trols. Certain firms have adopted the principle for 
many years, but it is now a feature of most designs. 
Lathes and drilling machines, especially radial ariling 
machines, now frequently embody pre-selection o 
speeds and feeds. The ability to pre-set, by a single 
movement of a lever, the speed or feed for the next 
operation, and, by pressing a push-button, obtain an 
instantaneous change, greatly reduces production times 
on such machines. pane . tiie deal 

During the past ie, much use has n e, 
especially in America, of the transfer machine principle, 
whereby a component and its fixture is transferred 
automatically through a series of tool stations, usually 
set in a straight line, to machine completely a com- 
ponent, such as an automobile cylinder head or block. 
This principle had been adopted in 1925, for gear- 
boxes, by an English car manufacturer. 

The application of individual motor drives to ma- 
chines was quite usual 25 years ago, but many manu- 
facturers have adopted multi-motor schemes with the 
object of reducing mechanism, often with advantage. 
It is questionable, however, whether over-elaboration 
of electrical is desirable on a machine tool. 
Recently, more attention has been paid to the esthetic 
side, and machines are now designed with an eye to 
form as well as function. An attractively styled 
machine has sales appeal, but there is little doubt too 
that it has a beneficial effect on the operator, who 
tends to take more care of such a machine. The 
advance in design is illustrated in Figs. 6 and 7, on 

715. 

nder the heading of rust-proofing, many papers 
could be written, but reference is made only to one 
interesting development. The “ Rotodip” plant is 
the first of its kind to be used in the world. It is 
installed in this district for the express purpose of 
rust-proofing motor-car bodies and chassis frames. 
The process of ‘ bonderising ” is already well known, 
and “‘ Roto-bonderising ” has been especially evolved 
to meet the problems with which the motor industry 
is faced in preventing corrosion. 

The main section of this plant consists of a fabri- 
cated box-type of structure, 300 ft. long by 20 ft. 
wide by 21 ft. high, and weighs approximately 175 tons. 
The full capacity of the plant is 33 bodies, which are 
processed at the rate of 18 per hour. The bodies are 
mounted on a “ spit,” fitted with supporting wheels at 
each end and a sprocket which e on a roller 
type of rack on the driving side of the plant. The 
traction chain is such that the bodies are dipped into each 
tank of the cleaning and phosphating sections. r 
passing through this section, the bodies are transferred 
mechanically from the first traction chain on to a 
second, slower-moving, chain with dogs at closer 
centres, and are through a hot-air drying oven. 
On leaving the oven the bodies are cooled and con- 
veyed into the primer paint section. This comprises a 
paint tank of 5,000 gallons capacity. The paint is in 
constant circulation between the dip tank and the 
dump tank, and these tanks are also connected by 
large-diameter pipes to discharge the paint from the 
dip tank to the dump tank in case of fire. leaving 
the primer-paint tank the bodies are carried through a 
paint-draining section, and at this point the speed of 
rotation of the “‘ spit” is increased. After draining, 
they enter the baking oven, which is air-heated by 
means of oil-fired heaters. When the bodies are 
approximately half-way through the oven, rotation 
ceases, and they are conveyed to their discharge point 
and hoisted from the plant. 

In the background of most of the developments 
mentioned is the iron foundry. However much welding 
technique may have advanced during recent years, the 
iron foundry still holds its own irreplaceable, though 
not immaculate, place. During the past 25 years, 








changes in detail in the iron foundry have been just as 
numerous and as varied as in the machine-tool industry. 
One of the most neglected parts of the iron foundry 
for centuries has been the dressing F sage 

bpm originally introduced for 
cleaning paint and lime-wash off brickwork ; it is now 
used for cleaning out cores from large casti This 
job has always been an unpleasant one, associated with 
very hard, tedious work and clouds of dust, but with 
the introduction of the wet system of cleaning this 
conception has been changed completely ; laborious 
work has been eliminated, and there is no dust. The 
usual method of application is to present a hand- 
operated gan to the casting that has to be cleaned. 
This gun delivers a jet of water at 1,700 Ib. per square 
inch at a rate of 25 gallons per minute, and con- 
taining 70 lb. of sand per minute. The high velocity 
at which the jet of water hits the sand is a tee 
that the dust is laid at the source, and it falls away in 
the stream of'water. All of the sand and dust passes 
through a cleaning system, and the larger clean sand 
is returned to the gun to continue the process. Thus, 


ecessary | the working conditions are very much better than they 


were before, and the most complicated cores are fairly 
simple to remove. For replenishing the equipment 
with washing sand there is, all the time, a supply of 
classified washed sand available. 

With the diversity of trades found in the bi 
to-day, there is an in ing flow of men to the lighter 
mass-production trades. roadly speaking, when 
articles are mass-produced, the labour charges, within 
definable limits, are not a major factor in the price of 
the article. The craftsman is in a vi different 
position ; usually he is working on “‘ one-off ” articles, 
and direct labour cost has a very much greater bearing 
on the final selling price. This means, broadly, that, 
without making the price of the article prohibitive, 
ie is-acetior te Gar Ghia weap to 0 candied anne. 
production operative than to the craftsman. The 
casting on a craftsman’s machine may well be worth 
over 100/. before a cutting tool even touches it; 
should he err, the position is very much more serious 
than when a man producing large quantities of small 
pieces makes a mistake. Thus, the craftsman carries 
a very real responsibility. He is proud of his work as 
well as of his machine, but the attraction of the highly- 
paid semi-skilled job is a material one. 

There must be craftsmen, for mechanical engineers 
will always want special equipment individually built 
for special purposes. The semi-skilled man in the 
mass-production trades will need the complicated 
multi-process machine tools to operate. The solution 
may lie in an increase in price of the specially designed 
craftsman-built article. Is there, on the other hand, 
a possibility of making the craftsman proud of his 
attainment and skill by giving him some form of 
recognised status? He is the backbone of British 
engineering. 
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NOTES ON NEW BOOKS. 


Diamond Tool Patents IIIs : Truing of Grinding Wheels. 
By W. Jacossoun, A.M.I.Mech.E. Supplement 
1949. Industrial Diamond Information Bureau, 
32-34, Holborn Viaduct, London, E.C.1. [Price 
78. 6d.) 


Mr. JacoBsoun’s brochure supplements two surveys 
produced a couple of years ago under the auspices of 
the Industrial Diamond Information Bureau, both of 
which were reviewed in our 166th volume (1948), on 
pages 191 and 503, ively. These contained 
abstracts of patents issued from 1916 to the end of 
1946 ; the present supplement abstracts those issued 
in 1947 and 1948 by Great Britain, the United States, 
Germany, France, and, in the last three pages, those of 
Australia, Switzerland, Sweden and Canada. In addi- 
tion to the abstracts, there is a classified table of the 
patents, and a name index. Some of the abstracts are 
illustrated and these are intended primarily as examples, 
which may or may not have been published before ; 
most of them appear to be reproductions of illustrations 
from the official letters patent. 


British Fishing Boats and Coastal Craft. Part I: 
Historical Survey. By E. W. Wuirt, A.M.Inst.N.A. 
H.M. Station Office, York House, Kingsway, 


London, W.C.2. [Price 2s. net.] 
Tue Fisheries Exhibition of 1883 (which was described 
and extensively illustrated in ‘our vols. 35 and 36, in 
that year) can be seen now in retrospect to have been 
even more valuable than we and others judged it to be 
at the time ; for the models and general information 
then collected at South Kensington throw much light 
on vessels and methods that are disappearing rapidly. 
Most of the models are now in the Ticase Museum, 
where they provided the late Mr. G. S. Laird Clowes 
with much of the material on which he based the 
brochure, — in 1937, that preceded this new 





catalogue—that will be the function of Part II—but it 
contains descriptions in outline of the more important 
fishing-boat types as well as more philosophical discus- 
sions on the evolution of boats, gear, and the methods 
of employing them. The illustrations are relatively 
numerous and of excellent quality ; and the indexing 
(as in other books of the series) is above the average in 
extent and usefulness. The book may be profitabl; 
studied in conjunction with the drawings of British 
coastal draft which were made by the late Mr. P. J. Ok« 
for the Society for Nautical Research, and which are 
now housed in the National Maritime Museum at 
Greenwich. 


Screw Threading and Screw Cutting. By ‘ Durtex.” 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. [Price 3s. 6d. net.] 

THOUGH intended primarily for the amateur in engi- 

neering, this little book might be studied with advan- 

tage by apprentices and, possibly, by a few tool-room 
mechanics also. It goes considerably beyond the 
ordi workshop range of Whitworth and other 

British Standard threads, covering metric, American 

standard (though, curiously, the name of Sellars is 

not mentioned in this connection), British Association , 

and the special threads used in the cycle and watch- 

making trades. No reference is made to the new 

“* Unified ” series, adopted by international agreement 

between Britain, Canada and the United States ; but 

this is not a serious omission, as years are likely to 
elapse before this new standard begins to affect many 
of those for whom the book is written. 


Eighty Years of Enterprise, 1869-1949. By R. StanLey 
Lewis, M.I.Mech.E. Published for Ransomes and 
Rapier, Limited, by W. 8. Cowell, Limited, Butter 
Market, Ipswich. [Price 10s. 6d. net.] 

For 50 of the 80 years covered by this book, the 
author has been associated with Messrs. Ransomes and 
Rapier ; he joined the board ten years ago, on retiring 
from the office of chief engineer. He is, therefore, in 
an exceptionally favourable position to write the 
firm’s history—‘‘for the most part,” to quote from 
the title-page, ‘‘ with due regard to the susceptibilities 
of that would-be despoiler of a good story—Truth.” 
The character of the assurance sets the standard for 
that of the book: a rapid survey—too rapid, the 
reader is likely to conclude—of the growth of a firm 
who began by building railway equipment other than 
rolling stock, such as points and crossings, water tanks, 
turntables, etc., and rapidly expanded because they 
were prepared to undertake anything, and the more 
unusual the better. Sluice gates, cranes and, later, 
power shovels are the main items in the story, but due 
mention is made of the first railway in China, the 
revolving stage at the London Coliseum theatre, the 
Stokes mortar, aircraft-launching catapults, and the 
well-remembered ‘‘ Never-Stop Railway” at the 
Wembley Exhibition of 1924. So pee, the last- 
named, the author asks, ‘‘ Who shall say that it was 
not the forerunner of the modern escalator with which 
we are now so familiar and which the public now find 
so simple to tiate ?"’ It was not, however, by at 
least 20 years, though the slip is immaterial. London 
Transport’s first escalator was installed at Earl’s Court 
in 1911, but the word “escalator ’—originally a 

i trade name—dates from 1904, according to 
the Ozford English Dictionary. 





New IsoroPE SEPARATOR aT HARWELL.—A second 
electromagnetic isotope separation plant is now in 
operation at the Atomic Energy Research Establishment, 
Harwell, and is being used for separating grain quantities 
of the isotopes of the heavy elements, including uranium, 
at a high degree of enrichment for experimental work. 
The new plant was designed at Harwell and manufac- 
tured by the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, in conjunction 
with the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, and the British 
Thomson-Houston Company, Limited, Rugby. 


THE BRITISH SHIPBUILDING RESEARCH ASSOCIATION. 
—It is announced by the British Shipbuilding Research 
Association that the former Clyde paddle steamer Lucy 
Ashton, which they bought about six months ago for 
full-scale tests of hull resistance, should be ready for 
trial in the course of July. The experiments are unique 
in that, the paddles having been first removed, four 
Rolls-Royce Derwent V jet aircraft engines will be used 
as the means of propulsion. Two engines will be on 
each side of the hull in a frame placed amidship and so 
mounted that the thrust developed by each engine can 
be accurately recorded and controlled. By this means 
the complications of propeller slip, propeller wake, the 
slip stream of a towing vessel, and much of the appendage 
resistance will be avoided. The trials will be run on the 
measured mile in the Gareloch and will continue until 
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about mid-September. 
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JUNE 30, 1950 


AIRCRAFT-STRUCTURE 
TESTING EQUIPMENT AT 
FARNBOROUGH. 


Tue testing of aeroplane structures at the Royal 
\ircraft Establishment, Farnborough, is carried out 
on two equipments, the mechanical parts of which 
vere made by Messrs. Sizer and Company, Limited, 
Hull, while the electrical apparatus was supplied by 
the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, to the specifica- 
tions of the structure department of the Establish- 
ment. These two equipments, which are known 
as the ‘‘ Abbey ”’ and the ‘‘ Cathedral ’’ respectively, 
differ only in size. The latter, which is illustrated 
in Fig. 1, is the larger, and has a framework 126 ft. 
long. It is therefore capable of accommodating the 
complete wing span of an Avro Lincoln aircraft, 





120 ft. long, although it was necessary to use a half- 
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which are attached to lugs that have been specially 
provided for the purpose. The arrangement 
is shown diagrammatically in Fig. 3, on page 718 ; 
the tension links, and the strainers by which the 
applied forces are controlled, will be apparent. 
These strainers are mounted on a rigid test frame 
and can be moved both laterally and longitudinally. 
They can therefore be employed to cover any 
desired area of the structure. Additional strainers 
are arranged below the structure and, in some 
cases, dead anchorages are also provided, to which 
further connections can be made. The forces can be 
split up by a series of linkages and thus applied 
at a number of points. In the diagram the system 
is shown rigged so that the vertical forces on the 
structure can be ascertained. It can, however, 
be arranged so as to determine those in other direc- 
tions. A view of a typical test set-up showing the 
strainers and links appears in Fig. 6, on Plate 
XXVIII. 





produce errors in the readings, a drawback from 
which the irreversible strainer is almost free. With 
the latter type of strainer, moreover, the force 
automatically disappears when failure occurs and 
the structure is not damaged. On the other hand, 
the adjustment of any one irreversible strainer alters 
the force applied by the others, so that when they 
are used it is only possible to control local displace- 
ments and the final adjustment must be made on 
one jack. 

It will be clear, therefore, that neither type of 
strainer is universally satisfactory, as in some cases 
it is direct control of the force and in others direct 
control of the displacement that is required. The 
strainer used at Farnborough is therefore of the 
compound type and by embodying the characteris- 
tics of both the reversible and irreversible types 
produces a satisfactory compromise. A simplified 
diagram of a compound strainer is given in Fig. 4, 
on page 718. The screw jack is connected to the 








scale model in order to test the structure of the 
Bristol Brabazon. 

Before describing this testing equipment in detail, 
it may be recalled that one of the main objects of an 
aircraft designer is to obtain a structure which will 
fail at a load not greater than that likely to be 
encountered under the worst flying conditions, multi- 
plied by an appropriate safety factor. This is 
due to the fact that excess strength results in 
surplus weight and, in consequence, requires a 
heavier engine. In turn, a heavier engine necessi- 
tates a stronger and heavier structure. The effect 
of too massive a structure is therefore cumulative, 
so that an unduly weighty and cumbersome aircraft, 
which possesses no compensating advantages from 
the point of view of safety, is obtained. 

The loads, which will be imposed on the aircraft 
structure under the worst conditions, can be calcu- 
lated and the results, after having been multiplied 
by the appropriate factor of safety, can be utilised to 
determine the load at which failure should occur. At 
Farnborough, this determination is effected by 
applying loads at a large number, some hundreds, of 
points on the structure by means of tension links 


Fie. 1. 


Two types of strainer, the “‘ reversible ” and the 
“‘irreversible,” can be used to apply force to the 
structure. A reversible strainer, of which an hydraulic 
ram is an example, enables the applied force to be 
directly controlled ; the displacement of the struc- 
ture then follows in accordance with its elastic 
characteristics. When an irreversible strainer, of 
which a screw jack is typical, is used, however, the 
displacement is controlled directly, control of the 
force being indirect, although it is again dependent 
on the elastic characteristics of the structure. 
When a reversible strainer is used, it is possible for 
an abrupt change in force to occur. As the displace- 
ment might then become excessive, it must be con- 
trolled automatically. In the case of an hydraulic 
ram, this control is effected by incorporating a 
chamber in the hydraulic system so that the pressure 
in the latter does not vary as the ram moves up and 
down. Nevertheless, when the structure fails under 
these conditions damage may occur before the force 
can be sufficiently reduced, the results being not 
only the loss of a valuable structure, but uncertainty 
regarding the cause and nature of the failure. 





With this type of strainer, too, static friction may 


GENERAL View oF TESTING EQUIPMENT. 


structure under test, and is itself supported by a 
rocking lever. This lever, the movement of which 
is restricted by stops, is supported by an hydraulic 
load ram, while the deadweight of its floating por- 
tion is balanced by a secondary balance ram. The 
system as » whole is therefore irreversible, although 
the strainer itself can be reversed over a small range 
of travel. 

This arrangement enables the screw jacks to be 
adjusted coarsely so that the levers will float. In 
this condition the system will automatically exert 
the forces determined by the pressure applied to the 
rams. To obviate the necessity of controlling the 
pressure in each ram separately, the leverages of all 
the rocking levers are adjusted, so that the pressures 
in all the rams are the same at each load and final 
adjustment is made on one jack. Only a single 
pressure need therefore be controlled. The amount 
of fluid used is such that the system is about full 
when all the levers are in their mid-positions. There 
is no rvoir, but as all the rams are connected 
fluid passing out of one flows into the others. In the 
preliminary stages of a test the pressure is adjusted 
approximately by altering the jacks. 
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To spread what is virtually one load over what 
should, ideally, be an infinitely large number of 
points of attachment on the structure under test is a 
lengthy and laborious task and in practice often 
occupies as much as two months. A further com- 
plication in rigging the test equipment is that the 
deflections which occur along the wing span from 
tip to root differ by relatively large amounts. To 
compensate for these differences, each straining unit 
can be controlled by stopping or starting the screw- 
jack driving motor, by adjusting the speed of the 
latter or by changing the driving gears. As all the 
rams on the separate straining units are coupled 
hydraulically, any variation in the load on one 
affects all. The loads on all the strainers can there- 
fore be read on one hydraulic dynamometer. When 
a structure is ready for test, strain gauges, which 
may number as many as 600, are attached to the skin 
of the structure and are connected to a cathode ray 
oscillograph. This instrument is switched through 
the range of strain gauges in high-speed sequence 
and the readings recorded by a cine-camera. 

The ‘‘ Cathedral ”’ installation at Farnborough, 
which is illustrated in Fig. 1, consists of eight 
overhead and four ground straining units, each of 
which is capable of exerting a load of 18} tons. As 
shown in Fig. 7, on Plate XXVIII, each overhead 
unit is mounted on a carriage. This carriage in turn 
is supported on a gantry, which spans the width of 
the test frame, so that the strainers can be placed 
anywhere within a prescribed operational area. 

Each straining unit, as shown in Fig. 5, consists 
of a direct-current motor a, which drives two strain- 
ing screws 6 through a variable gearbox c containing 
spur and worm reduction gearing. The motor is of 
the variable-speed compound-wound type with an 
output of 4 h.p. at speeds between 820 and 1,700 
r.p.m., and the rate of travel of the screws varies 
from 1-07 to 13-06 in. per minute. The speed of 
the motor is also transmitted by a tachometer d to 
a remote indicator and over-speeding is prevented 
by a cut-out. Limit switches e are also provided to 
prevent the screws over-running in either direction 
and to control the associated indicator lamps. As 
will be seen from Fig. 5, the straining unit is 
carried on a balanced beam, which is operated by the 
ram f. A second ram, not shown in the diagram, 
balances the deadweight of the testing equipment. 
The position of the beam is indicated on the control 
desk through the switch and rack-and-pinion gearing 
shown at g. 

The equipment is controlled from a cabin in which 
the desk illustrated in Fig. 2 is installed. This desk 
carries a set of equipment for each straining unit and 
an hydraulic dynamometer, while the contactor 
cubicles for the motors are situated immediately 
outside it. The control equipment for each straining 
unit includes “‘strain”’ and “stop” push-buttons 
with indicator lamps, a field regulator, a selector 
switch for hand or automatic control, a beam- 
deflection indicator, a motor-speed indicator, and 
two lamps to show whether the beam is against the 
upper and lower limit stops. The equipment can 
be operated manually from each individual straining 
unit control panel or automatically from a central 
point alongside the dynamometer. The former 
method is more frequently employed. The load 
can be applied continuously throughout the test 
range, but it has been found more convenient to 
apply it in 10 per cent. increments, taking readings 
at each stage. 

When manual control is used the operator’s duty 
is to vary the speed of the motors by means of the 
field regulators so that the deflection of the aircraft 
structure and the consequent hydraulic out-of- 
balance, which is indicated by the individual beam 
positions, are counterbalanced. The general aim is 
to keep these beams in balance throughout the test. 
Automatic control is effected by bringing the 
regulators on the straining units (one is illustrated 
in Fig. 8, on Plate XXVIII) into use. This is done 
by turning selector switches on the control desk to 
“‘ auto-control,”’ and bringing into operation the 
master “strain,” ‘“‘unload” and ‘‘stop”’ push- 
buttons, which are situated immediately alongside 
the dynamometer. 

When the motors are started the straining 
screws come into action and cause the structure 
to deflect. Small departures from the amount 
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of deflection anticipated cause the load rams to 
move from their mean positions and the beams 
to tilt. As soon as any beam moves, the rack and 
pinion shown in Fig. 5 actuates a drum-type 
switch and this, in turn, operates a motor-driven 
speed regulator. The speed of the appropriate 
strain motor is therefore increased or decreased. 
When the strain motor reaches its correct speed, the 
beam is brought back to balance, thus switching out 
the automatic field regulator. The strain motor 
then continues to run at its new corrected speed. 

The tests are carried out under the control of a 
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installing the equipment and making the actual 
tests. All records of structure movement and 
deflection are in charge of a floor supervisor under 
whom are crews of trained observers for each 
section of the structure. As the main structure 
is progressively loaded the scales and strain gauges 
are read and the skin is watched for the appearance 
of wrinkles. The character and relative time of 
occurrence of these wrinkles are so important that 
unusually powerful lighting is installed to illuminate 
them in high relief and with such brilliance that they 
can be photographed at various stages throughout 





the test. 
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Die Geschichte der Bauingenieurkunst : ein Uberblick von 
der Antike bis in die Neuzeit. By H. Srraus. Verlag 
Birkh&user A.G., Elisabethenstrasse 15, Basle, Switzer- 
land. [Price 22-50 Swiss francs.) 

It is probably true to say that the art and science 
of engineering have at all times been a factor of 
great influence on civilisation in most countries. 
The records which have come down to the present 
day merit study for several reasons. First, there is 
value in discovering the path of pioneers in various 
ages and countries ; to-day, this field of intellectual 
curiosity can be studied more fully and more cor- 
rectly than ever before, because of the work of 
modern scholarship. It is a relief to escape from 
this mechanical age to one in which the craftsman 
counted for more and the machine for less, when 
intuition spanned the gaps in knowledge of natural 
phenomena. Excursions into this field enlarge the 
mind and release the imagination, and thus enable 
the student to get glimpses of other worlds, often as 
faulty as his own, but different from it ; and they 
suggest many things, some of great value, that man 
has thought, experienced and forgotten. One of the 
dimly remembered things is that it was not at any 
time society or society’s managers, but always the 
individual, who worked for knowledge. Other 
things under the same heading come to mind in 
reading Mr. Straub’s historical review of construc- 
tional engineering, for his work is characterised by 
considerable scholarship. 

Of the nine chapters in the book, the first deals 
with the subject down to medizval times, a period 
of great activity and achievement in the construc- 
tion of roads and bridges, canals and harbours, 
ships and buildings. In the reign of Tiberius, for 
instance, Rome received a daily supply of 1,000,000 
cub. ft. of fresh water, regarding which Fron- 
tinus, the waterworks commissioner of the city, was 
shortly afterwards to write a highly interesting 
monograph giving technical details, and the laws 
governing the use and maintenance of the system. 
The next three chapters bring the story down to the 
Renaissance, starting with the development of the 
Gothic type of arch and vaulting, and ending with 
the baroque style of architecture. It is an era of 
particular interest to the student, by reason of the 
contemporary improvement in the means of trans- 
port, by roads and bridges, the elaboration of the 
theory of statics, and the initiation of investigations 
into the strength of materials. Here, as in other 
parts of the treatment, the author’s method is of 
great service, in that it indicates at numerous 
places the interactions between practice and theory, 
the practitioners in one field waiting on those in 
the other. Few architects or engineers would have 
it otherwise when their vision was directed to St. 
Pcter’s in Rome, the Pont de Nétre Dame in Paris, 
a tall lighthouse at Genoa, or a large retaining wall 
at Alicante. As Chapters V and VI show, the 
growing appreciation of the mechanical properties 
of materials marks the Seventeenth Century as the 
beginning of a new phase, in which the military 
engineer is distinguished from the civil engineer, 
and the theory of structures is given great impetus 
in France and other countries. Then the directors 
of study in the mechanical sciences were Hooke, 
Navier, Clapeyron and their contemporaries, names 
which to many engineers of to-day may mean little 
more than a law, a formula or an equation. 

In perusing the final three chapters, the reader 
will easily realise how the industrial revolution in 
England, with its coal mines, steam engines, and 
railways, soon led to the production of iron as a 
new material for structures. There follows a mass 
of detail, the introduction of steel, the perfection of 
graphical statics, and the utilisation of cement, the 
consequences of which are to be seen in numerous 
enterprises of the last century: hydraulic systems 
involving tunnelling and dams, harbours and break- 
waters, and large structures in steel or reinforced 
concrete. The successful execution of these schemes 
has been more and more facilitated by the mechani- 
sation of the work of construction. Mr. Straub 
illustrates his informative book by numerous dia- 
grams and excellent photographic reproductions ; 
some of the latter are now of historical value, as 





is the case with that showing the battlemented Ponte 
Scaligero at Verona, which had withstood the 
ravages of time and circumstance from the Four- 
teenth Century up to two days before the capitula- 
tion in 1945, when it was blown up by the 
Germans. 





Steel and Ships: The History of John Brown’s. By Sir 
ALLAN GRANT. Michael Joseph, Limited, 26, Blooms- 
bury-street, London, W.C.1. [Price 15s. net.] 

Tue present firm of Thos. Firth and John Brown, 

Limited, represents an amalgamation of two famous 

firms of Sheffield steelmakers, namely, Thos. Firth 

and Sons, Limited, founded in 1842, and John 

Brown and Company, which began as the one-man 

business of John Brown, inventor of the conical- 

spring railway buffer, in 1837. Sir Allan Grant is 
particularly well fitted for the task of recording their 
growth and eventual combination, having spent 
some 34 years with them, first as assistant to the 
directors of John Brown and Company, rising 
eventually to the position of managing director and 
enjoying the unusual distinction of being knighted 
by King George VI actually in the Atlas Works at 

Sheffield. 

The book is of especial interest in the light that 
it throws upon the causes of what may appear to 
be curious relationships between industrial under- 
takings ; links that those who profess antagonism 
to big business and its ramifications are often apt 
to cite as evidence of an undesirable ‘‘ octopus ” 
tendency. The industrial connections of the Firth 
and Brown businesses were and are very wide, but 
it becomes evident, as the John Brown history 
unfolds, that most of them arose in a quite natural 
manner, by the conjunction of individuals having 
wide personal interests ; for example, the connec- 
tions with Palmer’s Shipbuilding and Iron Company, 
the Sheepbridge Coal and Iron Company, the 
Tredegar Coal and Iron Company, Bolekow Vaughan 
and Company, and the Staveley Coal and Iron 
Company, all originated in the fact that Henry 
Davis Pochin, manufacturing chemist, who bought 
John Brown’s business in 1864, had invested the 
profits derived from his own business in these 
various concerns. The growth of the original firm 
owed nothing to such amalgamations, however, but 
was the direct result of John Brown’s native acumen. 
His invention of the railway buffer, previously 
mentioned, was a mainstay of the business in its 
early years; but in or about 1860, on tour in 
France, John Brown saw the first ironclad ship, 
the Gloire, and—though refused permission to go 
on board—managed to ascertain the dimensions of 
her armour plates and to see that they had been 
forged under a hammer. He decided that he would 
make armour plates by rolling, and he did so; 
with the result that whereas, in 1857, he employed 
200 men, ten years later the number was 4,000. In 
his first year in business for himself, his turnover 
was about 3,000/.; in 1867, it was nearly 
1,000,0001. 

The Firth undertaking was started by Thomas 
Firth’s two sons, Mark and Thomas, in 1842, with 
six crucible furnaces. Their father joined them 
soon afterwards, but he died in 1850 and it was 
due to the sons that the business developed as it 
did; especially to Mark, who applied himself 
particularly to expanding overseas trade. When 
armour plate for ships was introduced, the Firths 
concentrated on the production of armour-piercing 
shot, and subsequently gun-forgings. In 1902, an 
interchange of shares with John Brown and Com- 
pany established a connection which developed 
eventually into the present amalgamation. The 
Clydebank shipyard and marine-engine works of 
Messrs. J. and G. Thomson had been acquired by 
John Brown and Company three years before, and 
so was also brought into the organisation, together 
with other industrial interests. All these are duly 
set out in Sir Allan Grant’s book, which contains 
also various brief biographies of the principal 
directors of the several firms and a number of 
excellent portraits and other illustrations. It 
forms a notable addition to the literature of the 
British heavy engineering industry and suffers only 
from two defects—it is not long enough (most 
readers are likely to wish for even more detail than 
the author has given) and it has no index. 





Strength of Materials. By PROFESSOR J. P. DEN HaRToa. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 
4 dols.]; and the McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 348.] 

THE strength of materials and the theory of struc- 

tures are so interwoven that a line of demarcation 

between the two subjects must be drawn quite 
arbitrarily. With the former there is a further 
division, in so far as it is conventional to assign the 
term ‘‘theory of elasticity”’ to the more mathe- 
matical part of it. Thus the treatment of the 
strength of materials offers considerable scope 
within the fields of interest covered by the testing 
of materials and the formulation of stresses in a 
given system. It also presents an increasing range 
of topics when account is taken of recent develop- 
ments in laboratory equipment, of which electrical- 
resistance strain gauges and photo-elastic apparatus 
are notable instances, and of the various devices 
employed when testing with rapidly-applied loads. 

In this book, Professor den Hartog has taken advan- 

tage of these circumstances in preparing a first 

course of study for engineers. 

Starting from the simplest ideas, he develops the 
fundamentals in five chapters which deal, in turn, 
with tension, torsion, bending, compound stresses, 
and the deflection of beams. Extension of the 
theory is given in Chapter VI, with special reference 
to beams of reinforced concrete, skew loads, the 
centre of shear, and plastic deformation. This 
exposition of modern views on the subject occupies 
rather more than one-half the text, the remainder 
being devoted to more advanced problems, under 
the chapter headings of cylinders and curved bars, 
the energy method, buckling of columns, and experi- 
mental elasticity. The presentation is novel in a 
number of ways: the treatment of beams from 
area-moment considerations is often replaced by 
successive applications of the formule for canti- 
levers; and Mohr’s circle is applied to moments 
of inertia and strains, as well as to stresses. The 
collection of 350 problems with answers, at the end 
of the text, is valuable and comprehensive, and will 
illustrate numerous points discussed in the previous 
pages. 

The most remarkable characteristic in a book of 
this kind, however, is that Professor den Hartog 
has been courageous in the matter of style, by ex- 
pounding the chief topics after the manner of a 
well-informed essayist who appreciates the value of 
useful diagrams; like a writer who realises that, 
in the struggle for place, the more enduring aspect 
of science, as an instrument of education and culture, 
has been lost sight of in the popular desire for mere 
acquaintance with the formule demanded by the 
exigencies of the moment. It cannot, however, be 
too soon or too often impressed upon the beginner 
that the accumulation of a number of facts is not 
the aim of scientific education, and that there is 
no royal road to learning other than that by which 
it is pursued for its own sake. Be this as it may, 
the author’s style is both stimulating and suggestive 
for those who desire a refresher course or for students 
using the work in conjunction with a text-book of 
the usual kind. It also brings the analysis into 
close relation with the problem of design, a point of 
practical value to those engaged in the drawing 
Office or the works. The beginner may prefer to 
focus his attention on the point under discussion, 
at several places, with the aid of a more elementary 
book ; a necessarily discursive style could perhaps 
have been remedied, however, by an adequate supply 
of illustrative examples in the text. The book 
merits the attention of lecturers on the subject, 
and of students with aspirations beyond the bare 
requirements of a university degree in engineering. 





Messrs. Cropa, LIMITED.—We have received from 
Messrs. Croda, Limited, Croda House, Snaith, Goole, 
Yorkshire, a booklet which they have issued to mark 
the 25th anniversary of the foundation of the company. 
The initial purpose of the firm was the extraction of 
wool grease from sudcake produced in the Bradford 
wool-scouring mills ; but, this process proving uneconomi- 
cal, was abandoned and the plant was devoted to the 
production of lanolin. The business expanded rapidly, 
and the field covered now includes the manufacture of a 
wide range of wool-grease derivatives for cosmetic 
pharmaceutical and industrial purposes. 
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GRAPHICAL SOLUTION OF 
AXIALLY-LOADED BEAMS. 


By R. C. Coates, B.Sc.(Eng.), AM.LCE., 
A.M.LMech.E. 


THE analytical solution of the axially-loaded 
beam is frequently a tedious process, particularly 
if the beam be continuous, or subjected to end 
moments and a number of concentrated lateral loads. 
To overcome this difficulty a graphical method of 
solution has been devised,*+ which, in the more 
complicated cases, was itself difficult to interpret. 
Details of a further method have been published,t 
giving an easily constructed and readily interpreted 
diagram, the scope of which has now beenextended 
to include the case of the two-span continuous beam 
simply supported at its ends. Throughout the 
discussion, the following convention of signs will be 
used. (a) Distances measured positive if upward, 
or to the right of an origin chosen at the left-hand 
end of the beam; (6) force measured positive if 
acting upwards ; (c) shear positive when caused by 
a positive force to left of the section considered ; 
(d) bending moment, positive if caused by a posi- 
tive force, i.e., positive if tending to make the beam 
concave upwards. 

Now, considering a beam of uniform cross section 
and homogeneous material (with flexural rigidity of 
EI inch units), subjected to a uniform lateral load 
of w Ib. per inch run, and an axial force of P Ib. 
(Fig. 1). The bending moment, M, caused at any 
point (co-ordinates x and y) will be given by the 
equation 

M=m-Py (1) 
where m is the bending moment caused at that 
point by the lateral loads alone. 

Differentiating twice with respect to x 





* Aeronautical Research Committee, Report and 
Memorandum No. 1233. H.B. Howard. H.M. Station- 
ery Office, London, 1933. 

+ “‘The Stresses in Aeroplane Structures.” 
Howard. Pitman. Page 71, et seg. (1933). 

$ “Camptograms for Beams in Compression.” V. 
Rojansky and R. A. Beth. Trans. Am. Soc. Mech. E., 
vol. 69, page A.202 (1947). 


H. B. 





Fig. 4 
Key ah Lb. per In. Run. 


w, 
--L, in.-- 
F 


1st. Span 


Ww, 


L, n- 


P 
Lb. 

b 
2nd. Span 











(9875.c) 


“ENGINEERING” 

The solution of this equation is 
M = — Acos(az — €) pe. 2, 

P 

where A and ¢ are constants, to be determined by the 
boundary conditions. This solution can be repre- 
sented as the ordinate of any point lying on the 
circumference of a circle drawn with centre of 


curvature (0, w=) and radius A. In the parti- 


cular case of pinned ends, since M = 0 when x = 0 
and x= L, we find that the boundary conditions 


are satisfied when « = 22 and 


4/2 (1 — cosa L) 

sin & L : 
In order to avoid the calculation of these constants, 
the technique is as follows. From an origin, O 
(Fig. 2) set off, along the M, or vertical axis, in a 
positive direction, a distance w es . With this point 


C, as centre, and radius w describe an arc 


subtending an angle aL radians at C. Let the 
tangents to this arc intersect at B. Then with 
radius C B, and centre C, describe an arc cutting 
the N, or horizontal axis, at A and B. 

This curve is the ‘‘Camptogram ”’ for the beam 


(3) 


EI 
sow 
at 
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A B, and its ordinate at any point gives the value 
of the bending moment at that point. Further 
from equation (3) the shear at any point 


S =aAsin(az — ¢), (4) 


but the abcissa, or N co-ordinate, of the similar 
point on the Camptogram is 


Asin (az — €). 


Therefore the N co-ordinate of a point on the 
Camptogram gives the shear at that point, if 
multiplied by «. 

If the beam be subjected to end couples of known 
magnitude and a uniform lateral load, the procedure 
is given in Fig. 3. On the M axis, find point C, 


distance vee above the origin. Draw a horizontal 


line, aa, distance M, above the N axis. Then end 
A of the Camptogram must lie on this line. With 
centre C and radius eet — M,, describe an arc 
dg, subtending an angle « L radians at C. Draw gg 
tangential to this arc, to cut the M, line at B. With 
centre C and radius C B, describe an arc cutting aa 
at A. AB is the required Camptogram. Such 
diagrams may be drawn with equal facility for 
cases of concentrated loads, stepped changes of 
magnitude of uniformly distributed load, change of 
flexural rigidity, moment applied at some inter- 
mediate point, etc.* 

For a two-span continuous beam, simply sup- 
ported at its ends, an intervening step is required. 
Assuming uniform lateral loads, of magnitude w, 
and w, acting on bays of length L, and L, (Fig. 4), 
proceed as follows. Set up point C, on the M 
axis distan aon T from the origin O. In this case 
M, will be zero, and the erd A of the Camptogram 
must lie on the N axis. With centre C, and radius 
C,0 describe an are Of, such that OC,f=aL,, 
and draw the tangent ff. Then point B of the 
Camptogram must lie on ff. Taking moments 
about end A of the beam, we obtain 
w, Li 

2 
F,, F,, and F,, being the positive reactions produced 
at A, B, and D. 

About support B we obtain 

Ws LS 


Ms, = Fp L, + 2 . 


0 = Ms +. + (Fs + Fp + w, Ly) Ly . (5) 





* Rojansky and Beth, loc. cit. 
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Substituting for F,, from (6) in (5) 

a ae 1 
Lz, +L, " 2(L; + Lg) 
The change of shear at B will equal to F,, (since the 
beam is continuous), and we may write F, as « Nj 
where N} is the change’of N at B. 


Ms = 





Ms = — (w, L} Ly +, L L}). 


_ aly Le 1 

Ly +L, ® 2(L, + Ly) 
This may be drawn as a straight line on the M-N 
graph, to give the line gg. Add algebraically the 
abscisse of the lines gg and ff to give the straight 
line hh. Then the point on the Camptogram 
representing the left-hand end of span 2 must lie on 
hh. Set off the point C, on the M axis at a height 
ae . and turn hh about C, through an angle 
a L, to cut the N axis at D. With centre C, and 
radius C,D describe an arc to cut hh at B,. Project 
B, horizontally to cut the line ff at B,. With 


(w, L? Ly + Ly L}). 








” 


centre C, and radius C,B, describe an arc to cut the 
N axis at A. Then AB,B,D is the required 
Camptogram. 

In Fig. 4, the following values have been used. 


w, = 2 Ib. per in. a = 0-0316 
w, = 4 1b. per in. WET _ 9,000 Ib.-in. 
P = 4,000 Ib. 

EI = 4 x 10°Ib.-in.? mE = 4,000 Ib.-in. 


aL, = 1-895 radians 
= 108-5 deg. 
aL, = 1-264 radians 
= 72-5 deg. 


ly = 60 in. 


L, = 40 in. 





*« FIBREGLASS.” —New offices have been opened at 63 
to 65, Piccadilly, London, W.1, by Messrs. Fibreglass, 
Limited, Ravenhead Works, St. Helens, Lancashire. 
They include showrooms containing display cabinets 
and exhibits to demonstrate the various uses and possi- 
bilities of Fibreglass. 
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HIGH-PRESSURE BOILER PLANT 
FOR IMPERIAL CHEMICAL INDUS- 


TRIES, LIMITED, GRANGEMOUTH. 

An interesting new boiler installation was put into 
operation recently at the Grangemouth Works of 
Imperial Chemical Industries, Limited. At present 
the installation comprises two high-pressure boilers 
complete with coal- and ash-handling plants, but the 
site is suitable for further installations up to a maximum 
of seven boilers. The two boilers already in position 
are of Foster-Wheeler design and were manufactured 
by Messrs. Richardsons, Westgarth and Company, 
Limited, Hartlepool Engine Works, Hartlepool. Each 
has a peak evaporative capacity of 56,250 lb. per hour, 
&@ maximum continuous rating of 45,000 lb. an hour, 
and an economical evaporation of 34,000 Ib. an hour. 
The superheater outlet temperature, when operating at 
the maximum continuous rating, is 315 deg. C., and 
the corresponding pressure, 650 Ib. per square inch ; 
the boiler design pressure, however, is 730 lb. per square 
inch. The boiler heating surface is 6,394 sq. ft., the 
water-wall surface, 1,465 sq. ft., and the super- 
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| the combustion chamber and they automatically | 
| tighten their grip on the tubes as*they expand. t 
patie >, _ The front water wall is fed from the steam and water | per cubic foot of combustion-chamber volume. The 





drum through downcomer tubes which connect the 
drum to the lower front header. The bottom and top 
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The furnace has ample proportions for burning the 
| required quantity of fuel without excessive heat release 


ena +i 


| , 
re -92. 


| ignition arch, which is kept as short as possible, is of 
| the Detrick uncooled type. The rear arch is formed 


heater surface 722 sq. ft. Both economisers and air | headers are outside the furnace and are connected by | by the lower portion of the rear-wall tubes, which are 


heaters are provided, the surface area of the former 
being 2,764 sq. ft. and of the latter 5,850 sq. ft., while 
the feed temperature to the economiser is 70 deg. C. 
The grate area is 192 sq. ft., and the volume of the com- 
bustion chamber 3,342 cub. ft. 

The construction of the boilers can best be understood 
by reference to the drawing reproduced in Fig. 1, on 
page 721, which shows a cross-sectional elevation. It 
will be seen that each consists of a steam drum and a 
water drum connected to each other by vertical banks 
of tubes; these are expanded into the drums in the 
usual manner. The combustion chamber is arranged 
in front of the main bank of tubes and is water-cooled 
on the sides, front, rear and roof, the water-wall 
circulation being integral with that of the boiler. 
The side water walls are supplied through tubes 
connecting the water drum to the bottom headers, 
which are located so that their top surfaces are level 
with the grate, suitable provision being made to protect 
them from any abrasive action likely to be brought 
about by fuel spilling over the sides of the grate. The 
bottom and top headers are connected by riser tubes 
which form the water-cooled side walls, and the circuit 
is completed by tubes which connect the top headers 
to the steam drum, the tubes being bent to form the 
upper roof of the combustion chamber. The lower 
portions of the side-wall tubes adjacent to the stoker 
are protected by cast-iron Blizard blocks fitted in 
sections and arranged so that they give good metallic 
contact over approximately two-thirds of the tube 
circumference. The blocks present a flat surface to 


| riser tubes which form the water-cooled front wall, 
| the circuit being completed by tubes which connect 
|the upper header to the steam drum to form the 
| lower roof of the combustion chamber. The bottom 
| header for the rear water wall is connected by tubes 
to the water drum, and riser tubes from the bottom 
header are connected to the steam drum to form the 
rear water wall. The lower parts of these tubes also 
form a water-cooled rear arch, while the upper portions, 
where the gases enter the convection bank, are staggered 
to increase the spacings of the tubes. 

The steam and water drums are of solid forged-steel 
construction with integral ends, each end being pro- 
vided with a 16-in. by 12-in. hinged manhole door. 
The internal fittings of the steam drum consist of 
chevron eliminators, Tracy purifiers and perforated 
feed pipes, the last-named being situated below the 
water level. The main banks of tubes connecting the 
two drums together have an outside diameter of 2 in., 
but the two rows of tubes nearest the furnace and all 
water-wall tubes, have an outside diameter of 3} in. 
The steam drum is supported at each end by slings, 
which, in turn, are suspended from the cross-members 
of the main structure, the slings being provided with 
rocking washers to permit longitudinal expansion of 
the steam drum relative to the boiler framework. The 
water drum is carried by the main tube banks and is 
free to move to allow for expansion. The main-bank 
tubes and water drum for No. 1 boiler can be seen in 
Fig. 5, on Plate X XIX, while the supporting steelwork 





for No. 2 boiler is illustrated in Fig. 6. 


| backed by a refractory lining bolted to the arch casing 
|so that no weight is taken by the tubes. Both the 
front and side walls of the combustion chamber are 
lined with 3}-in. thick firebrick tiles backed by a 3-in. 
layer of high-temperature insulation and a 2}-in. layer 
of low-temperature insulation, the whole of which is 
covered by a }-in. layer of hard-setting cement rein- 
forced by wire mesh. In accordance with usual prac- 
tice, an air space is left between the insulation and the 
boiler-casing plates. The tiles are supported in sections 
from tie-back lugs welded to the tubes. These lugs 
are bolted to angles which, in turn, are attached to the 
boiler steelwork, due allowance being made for differ- 
ential expansion. The cast-iron Blizard blocks re- 
ferred to previously are backed by a 3}-in. thickness 
of plastic refractory followed by a 3-in. layer of high- 
temperature insulation and one of low-temperature 
insulation. 

In way of the main bank of tubes, the side walls 
are lined with 3}-in. firebrick, followed by layers of 
high- and low-temperature insulation, each 3 in. thick. 
The lower roof is formed by the riser tubes from the 
front water-wall header, which are covered with 2}-in. 
firebrick tiles followed by 4 in. of high-temperature 
insulation in way of the superheater box. Above the 
upper-roof tubes is a 3-in. layer of high-temperature 
insulation, and a 2}-in. layer of low-temperature 
insulation, enclosed by screen plates. attached to the 
underside of the roof casing. The wall between the 
boiler and the economiser is built up from 14-in. fire- 





! bricks and is supported by steel girders. 
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vertical adjustment being 12 ft. All dust is removed 
from the air, before it passes to the pump, by a cyclone ; 
this is fitted inside the receiver and is provided with an 
external rotary seal and a chute which directs the 
separated dust back into the main feed. A water 
filter is also provided ; this is situated at a lower level 
and traps the light dust which is deposited in a sludge 
tank. The plant is capable of being extended to 
double the present capacity by the addition of an 
air receiver, filter,‘ connecting pipes to the vacuum 
pumps, and a belt conveyor. 

The ash-handling plant comprises a submerged-belt 
conveyor arranged underneath the boilers, which con- 
veys the quenched ash outside the boiler house and 
deposits it on an inclined band conveyor. The band 
conveyor discharges the ash on to a further inclined 
band conveyor which, in turn, elevates it into an over- 
head storage bunker ready for loading into wagons. 
The ash bunker is of steel construction and is lined 
internally with Gunite. The inclined conveyors and 
the ash bunker can be seen in the photograph repro- 
duced in Fig. 4, on Plate X XIX, and in the drawings 
reproduced in Figs. 8 and 9, on page 723, the latter 
drawing showing a plan view of part of the plant. 

The building is of steel-frame construction, brick 
panelled except on one side and one end which are 
sheeted to allow for future extensions. In addition to 
the boiler house proper, an annexe is provided at the 
north end to accommodate the water-treatment plant, 
feed pumps, de-aerators, etc. ing to the poor 
quality of the land, the bearing load on raft founda- 
tions was limited to 10 cwt. per square foot ; in order, 
therefore, to carry the heavy loads imposed by the 
boiler plant, it became necessary to use piles. Investi- 
gations carried out by Messrs. Soil Mechanics, Limited, 
indicated that piles approximately 85 ft. long would be 
required and it was eventually decided to use steel-box 
piles comprising two Larssen 4B piles welded back to 
back. The piles were delivered on site in 40-ft. lengths 
and the first section was driven in until it projected 
some 2 ft. to 3 ft. above the ground. The second 
section was then suspended over it and the two sections 
welded together, the completed pile then being driven 
home ; the usual form of reinforced-concrete raft was 
then built on to concrete beams spanning the pile caps. 

During tests carried out on the boilers, the 
overall efficiency at an evaporation of 48,110 lb. an 
hour was found to be 84-91 per cent. The correspond- 
ing design efficiency for this load is 83-9 per cent. so 
the test efficiency exceeded the design efficiency by 
1 per cent. During the test, the steam outlet pressure 
was 654 lb. per square inch gauge, the steam tempera- 
ture 370 deg. C., and the feed-inlet temperature 
68 deg. C. As previously mentioned, the boilers are 
being used to supply process steam ; as a consequence, 
some 80 per cent. of the feed has to be made up. 
make-up is treated Grangemouth town-supply water, 
which is coagulated, filtered and softened by the base- 
exchange process. The softened water is then de- 
zrated by means of a vacuum-type dezrator for the 
removal of dissolved oxygen and, at the same time, is 
heated to approximately 70 deg. C. The feed water is 
treated continuously with caustic soda and sodium 
sulphite and is finally “‘slug-dosed” with sodium 
phosphate. 





MOSAIC WALL DIAGRAMS FOR 
ELECTRICAL NETWORKS. 


Tue wall diagrams in the control rooms of electric 
power systems or large industrial installations are 
intended to aid the control engineers by showing them 
the general state and the switching arrangements in 
the circuits represented. In some cases, however, 
these di s cannot be readily altered to allow for 
reconstructions in the power network or its further 
development—a disadvantage largely overcome in the 
mosaic t of di produced by the Automatic 
Telephone and Electric Company, Limited, Strowger 
Works, Liverpool, 7, and already installed in the 
control rooms of several electrical] ms. This type 
of diagram consists of interchangeable marked- and 
unmarked, square-shaped blocks which can be quickly 
fitted into vertical metal panels to form the pattern of 
the required circuit. Some of the blocks representing 
switchgear can be made to incorporate small switches 
and indicating lamps, so that if desired the diagram 
can be used for remote control. 

The normal type of mosaic diagram is built up from 
one-inch square blocks about 4 in. thick, but having 
— for fitting into the panels. Some of the 

locks are engraved with colo symbols to represent 
generators, transformers, circuit-breakers, ’bus-bars 
and feeders, etc., while others are not marked in any 
way, but form a pale-green background against which 
the main diagram stands out clearly. Operating 
changes in the electrical system are recorded quickly 
and easily by rotating a central circular portion of those 
blocks representing isolators and switchgear. These 
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portions can be rotated through 360 deg. in steps of 
90 deg. by pressing and turning with the finger tip. 
Any alteration in the layout or extension of the 
system is recorded simply by re-arranging the blocks 
in the mosaic. Tempo: flag-indicators are inserted 
over the appropriate blocks to indicate emergency or 
breakdown conditions; plain white fi indicate a 
disconnection, for example, and red and white flags 
with an earth symbol indicate earthed equipment. 
The colour code of the British Electricity Authority is 
employed, namely, black markings or lines for equip- 
ment operating at 132 kV, brown for 66 kV, n for 
33 kV, yellow for 22 kV, blue for 6-6 to 6 kV, and 
orange for 6 kV to 415 volts. Letters, enamelled in the 
appropriate colour, are engraved on certain blocks so 
that the names of the stations can be built into the 
diagram ; other blocks have markings or numbers, for 
similar reasons. 

The blocks are attached to the vertical panels by the 
— which are ee See holes in the 
panels and secured by spring-clips at the rear. Figs. 
1 and 2, showing the cok on front of the Ben 
respectively, illustrate the method of assembly ; the 
centre block in the incomplete horizontal row has a 
rotatable centre to represent a two-position earthing 
switch. The various panels are supported on an 
angle- and channel-section steel frame, and are made up 
in vertical sections 6 in. wide, and of the same height 
as the complete diagram board; this is 
6 ft. 6 in. in large power stations. Each section can be 
removed from the front by unscrewing a wing nut, 
and access to the rear is therefore unnecessary so that 
the diagram can be placed close to a wall if desired. If 
there is insufficient wall space for a large flat diagram, 
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the supporting framework can be designed in a suitable 
curve to allow the surface of the diagram to remain 
smooth and uniform. A photograph of a diagram 
representing a relatively small network is reproduced 
in Fig. 3. 

If the mosaic diagram is also required as a remote- 
control board, the rotatable centres in the blocks 
representing isolators and switchgear are designed as 
small switches to make or break contacts to bring about 
the required change. The visible faces of the switch- 
blocks have the standard markings, but each incor- 

rates a translucent cross-piece to transmit light 

m an associated “‘ discrepancy ” or indicating lamp. 
This glows until the required change has taken place, 
or if the change occurs automatically. Jumper connec- 
tions at the rear facilitate wiring and enable any block 
with electrical connections to be moved to any other 
position within a certain area of the diagram. 





Messrs. JOHN HARPER AND COMPANY, LIMITED.—The 
general engineering firm Messrs. John Harper and Com- 
pany, Limited, Willenhall, Staffordshire, was founded by 
William Harper in 1790 on a site in Walsall-road, Willen- 
hall, but hardly any records have been preserved of the 
first half-century of their oareer. Nevertheless, in 
celebrating their recent removal to new premises in 
Clarke’s-lane, Willenhall, by the publication of an illus- 


ly | trated brochure entitled The Story of the Old Works, 1750- 


1949, they have managed to collect sufficient material to 
provide a reasonably connected account of the under- 
taking, the various difficulties inherent in its development, 
and the successive members of the Harper family who 
were concerned in ite direction. 
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0-8-0 TANK LOCOMOTIVE FOR SPAIN. 


NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, GLASGOW. 


Cee ¢ Ko 


ts 








t 
}/ 


“4 


= 





aa — 





ee 


0-8-0 TANK LOCOMOTIVES FOR 
SPAIN. 


Four 0-8-0 tank locomotives, one of which is shown 
above, have been built by the North British Loco- 
motive Company, Limited, Springburn, Glasgow, for 
the 4-ft. gauge lines of the Tharsis Sulphur and Copper 
Company, Limited, Spain. They have been dis- 
mantled and packed for shipment to Huelva. The 
tractive effort at 85 per cent. of the boiler pressure is 
25,715 lb., and, the total weight in working order being 
53-1 tons, the adhesion factor is 4-6. The design is 
similar to that of the class F built in 1914 for the 
Company, but tanks and bunkers of larger capacities 
have been provided, and the boiler mountings and 
fittings are of modern design. Also, the front and 
hind buffer beams and drag-boxes have been modified 
to carry a central coupler as well as standard side 
buffers. 

The heating surfaces provided in the boiler are: 
small tubes 487 sq. ft., large tubes 203 sq. ft., firebox 
97 sq. ft., superheater 200 sq. ft.; thus, the total 
evaporative heating surface is 787 sq. ft., and the com- 
bined total is 987 sq. ft. The boiler works at 160 lb. per 
square inch, and the grate area is 18 sq. ft. The boiler 
barrel is in two rings, 4 ft. 2§ in. outside diameter at 
the front end, and 4 ft. 3} in. at the throat plate. 
There are 108 small tubes, 1} in. outside diameter, and 
15 superheater flue tubes, 5} in. in diameter. The 
Melesco superheater has 15 elements, and the regulator, 
with mushroom valves, is situated in the dome. Copper 
plates are used for the inner Belpaire firebox, which is 
stayed to the outer firebox by direct roof stays of steel, 
four rows of “sling” stays at the front to allow for 
expansion, and copper water-space stays. 

The connecting rods, which drive the third pair of 
coupled wheels, have adjustable big and little ends ; 
the big end is adjusted by a cotter, and the little end 
by a wedge and screw. The wheels are 3 ft. 6 in. in 
diameter, and the wheelbase is 12 ft. The cylinders, 
which have a bore of 19 in. and a piston stroke of 
22 in., are lubricated by a Silvertown eight-feed 
mechanical lubricator. Walschaerts valve gear actu- 
ates 8-in. diameter piston valves, which consist of 
cast-iron heads separated by a distance piece and 
fitted with four rings } in. wide. The valves, with a 
steam lap of }} in. and no exhaust lap, have a travel 
in full forward gear of 4,4 in., over ports 1§ in. wide, 
the cut-off being then 79 per cent. The lead is con- 
stant at } in. for all cut-offs. The by-pass valves 
fitted to the cylinders, as shown in the illustration, 
allow a direct connection between opposite ends of the 
cylinder when the regulator is shut ; when it is open 
steam pressure from the superheater header forces 
the by-pass valve on to its seating. The valve works 
vertically, and both it and its spindle are integral with 
two pistons, the lower and larger of which is actuated 
on by steam from the header. The valve is opened by 
a helical spring. 

The main frames are of steel plates 1}-in. thick, 
stayed by steel castings and sections. Cast-steel 
axleboxes, which are fitted with gunmetal bushes lined 
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with white-metal, work in axlebox guides of the horn 
type, and are lubricated by oil. The laminated bearing 
springs are underhung and not compensated. The 
steam fittings include two No. 8 R.S.C. cold-water 
injectors supplied by Messrs. Gresham and Craven, 
Limited, Manchester ; two combination valves of the 
same make; two 2-in. diameter Ross “ pop” safety 
valves ; and two sets of water gauges. The electric- 
lighting equipment, including a Tonum “ R ” headlight 
at the front and rear of the engine, as well as cab 
lights, is provided by Messrs. J. Stone and Company, 
Limited, Deptford. The locomotive is fitted with 
steam and hand brakes, and the reversing gear is 
actuated by a hand screw. Some additional dimensions 
of interest are: height from rail to top of chimney 
11 ft. 6 in., length over buffers 30 ft. 7% in., water 
capacity of tanks 1,250 gallons, and coal capacity of 
bunker 2-1 tons. 





SHIP FIRES IN PORT. 


Mucs attention is paid to the matter of fire risks 
in merchant ships, particularly passenger liners, but 
emphasis is laid mainly on the danger of fires at sea. 
In recent years, however, many ship fires have occurred 
in port, sometimes with disastrous results, as in the 
case of the Monarch of Bermuda. Clearly, any struc- 
tural arrangements designed to check the spread of 
fire should be equally effective in port as at sea, but 
the control arrangements in the two cases may be 
very different. In the case of the destruction of the 
Normandie in New York harbour, much subsequent 
dispute took place about who was responsible for the 
safety of the ship when lying in port under repair. 
In fighting the fire, so much water was pumped aboard, 
flooding upper compartments, that the liner capsized 
and ultimately became a total loss, and apparently 
there was no one present with the authority and 
knowledge necessary to direct the work of the fire 
brigade so as to prevent this disaster. 

To examine and report on the subject of ship fires 
in port, the Minister of Transport appointed a working 
party in 1948; its report has recently been published 
under the title Fire Prevention and Fire Fighting 
in Ships in Port (H.M. Stationery Office. Price 9d. 
net). In many cases, particularly in large fires involv- 
ing much destruction, it is impossible to trace the 
origin of the fire, but from the information available 
it is thought that burning and welding apparatus 
must be placed at the head of the list of causes, smoking 
coming second. Sparks from burning and welding 
operations may be carried some distance and settle 
on inflammable material, and such material on the 
reverse side of a deck or bulkhead being operated on 
may be ignited by the heat generated. In both cases, 
the solution is care and proper inspection, and it is 
recommended that the vicinity of all operations of this 
class should be frequently inspected for at least two 
hours after work has stopped. Smoking is a matter of 
regulations and ships under repair are not the only 
places in which it may be difficult to get them obeyed. 





There are suggestions about shore water supplies 
and the standardisation of hydrants and couplings, 
but the main recommendations of the report may be 
summarised thus: that clearly-defined instructions 
should be issued on fire prevention and fire fightmg 
and that the “right type of man as patrolman ” 
should be employed. More particularly, however, 
there should be a clear, and preferably written, agree- 
ment between the owners and repairers about the 
responsibility for fire protection. The terms should 
cover the question of pumping water into the ship in 
case of fire. The responsibility attaching to this 
matter requi that the official exercising overall 
control should have, or should have access to, informa- 
tion about the stability of the ship and knowledge of 
which lower compartments may or should be flooded, 
if much water has to pumped into upper ones. The 
report deals with patrol arrangements, temporary 
electric wiring and many other matters in some detail 
and should be in the hands of all ship repairers, 
builders and owners. 





SCIENCE AND UNITED STaTES FOREIGN POLIcYy.— 
A committee of the State Department of the United 
States have recommended the establishment of a Science 
Office in that Department, “‘ at the policy level,” and 
the attachment of scientific staffs to diplomatic missions 
sent to other countries. The functions of the proposed 
Science Office would be “ to render scientific and tech- 
nological guidance to the Department appropriate to 
its formulation of foreign policy ; to help to bridge the 
gap between sources of scientific competence and the 
programme planners; and to advise these officials 
generally of the relationship between the scientific and 
technological aspects of the programmes and the achieve- 
ment of U.S. objectives.” The committee maintain that 
science offers a common language and can provide a 
material and intellectual basis for mutual understanding, 
and that it should be taken into consideration in the 
formulation of foreign policy. 





CONFERENCE ON ELECTRICITY AS AN AID TO PRODUC- 
TION.—With the object of demonstrating how the employ- 
ment of electrical methods in factories can increase pro- 
duction and improve the quality of the manufactures, 
the Utilization Section of the Institution of Electrical 
Engineers will hold a conference on productivity at 
the Institution on Wednesday and Thursday, November 
15 and 16. The conference will consist of a series of 
lectures, each followed by a discussion, and is intended, 
in the main, for factory executives who specialise on 
production ; such officials are invited to participate, 
irrespective of the size of their establishments. The 
subjects which the conference will cover include motive 
power in factories, industrial heating processes, welding, 
the handling and inspection of materials, and factory 
lighting, heating and ventilation. The proceedings will be 
published and circulated as widely as possible. Applica- 
tions to attend, and requests for further information, 
may be sent to the secretary, the Institution of Electrical 
Engineers, Savoy-place, London, W.C.2. 
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CONTRACTS. 


Messrs. BRITISF INSULATED CALLENDER’S CONSTRUC- 
‘TION COMPANY, LIMITED, are to design, supply and erect 
two 750-ft. television masts, similar to that put up by 
them at Sutton Coldfield, for the British Broadcasting 
Corporation’s projected television stations at Holme 
Moss, near Huddersfield, and Kirk O’Shotts, near 
Glasgow. The masts will be to the B.B.C.’s specification 
but will be built on the same lines as that at Sutton 
Coldfield. This, it may be recalled, is of stayed lattice- 
steel construction with a 9-ft. triangular cross section 
for the first 600 ft., and tubular steel construction for 
the next 110 ft. Surmounting this section is a short 
square tower carrying the television aerial system. Itis 
anticipated that the Holme Moss mast will be completed 
this autumn and that the erection of the Kirk O’Shotts 
mast will be commenced in 1951. 


During last month the British Electricity Authority, 
has ‘Placed contracts for power-station, switching- and 
tr station and transmission equipment amount- 
ing, in the aggregate, to 3,620,1201. The principal 
contracts include two 377-ft. reinforced-concrete chim- 
neys for Barking “‘ C ” power station, with TILEMAN AND 
COMPANY, LIMITED; 132-kV, 2,500-MVA switchgear for 
East Yelland station, near Barnstaple, with BriTisH 
THOMSON-HovsTON CoMPANY, LIMITED; various cables 
and 132-kV overhead lines for Oldbury, Worcestershire, 
and elsewhere, with BRITISH INSULATED CALLENDER’S 
CaBLES LIMITED; 132-kV and multi-core cables for 
Portsmouth, with ENFIELD CaBLES LIMITED; trans- 
formers and earthing transformers of various types for 
Grimsby substation, with FULLER ELECTRICAL AND 
MANUFACTURING COMPANY, LIMITED, for Sowerby Bridge 
Substation, Yorkshire, with HACKBRIDGE AND HEWITTIC 
ELEctRic Company, LIMITED, for Newcastle-under- 
Lyme substation, Staffordshire, and Thornhill substation, 
Yorkshire, with ENGLISH ELECTRIC COMPANY, LIMITED, 
for Sale substation, Cheshire, with METROPOLITAN- 
VICKERS ELECTRICAL COMPANY, LIMITED, and for 
Lockleaze substation, Bristol, and Boston and Altrincham 
substations with FERRANT!I LIMITED. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL Com- 
PANY, LIMITED, Trafford Park, Manchester, 17, have 
received an order from the Ministry of Works, New 
Zealand, for hydro-electric generators for the new 
Whakamaru Power Station on the Waikato River, North 
Island. The tender submitted was for four 27,777-kVA 
generators to run at 136 r.p.m., and generate at 11 kV. 
Two stations already existing on the Waikato River, at 
Arapuni and Karapairo, are equipped with the firm’s 
generators. Messrs. Metropolitan-Vickers Electrical 
Company Limited have also received a contract for the 
supply of hydro-electric hinery to the Saltos del Sil 
S.A. undertaking for the San Esteban power station 
on the River Sil in North-Western Spain. The project 
envisages the installation of four 90,000-h.p. generating 
units, the initial order comprising three generators, 
together with the necessary power transformers and 
switchgear. The value of the electrical portion of the 
contract is in excess of 1,300,0001. The contract for the 
hydraulic turbines has been obtained by Aktiebolaget 
Karlstads Mekaniska Werkstad, of Sweden. 


Messrs. THE LOEWY ENGINEERING COMPANY LIMITED, 
Manfield House, 376, Strand, London, W.C.2, have been 
entrusted with the design and execution of a continuous 
sheet-bar and billet mill, complete with flying shear and 
other auxiliaries, to be installed at the works of the 
Lianelly Steel Company (1907), Limited. 


Messrs. LEYLAND Motors LIMITED, Leyland, Lanca- 
shire, have received an order from Autobuses Modernos 
8.A., Havana, Cuba, for a fleet of 620 single-deck Diesel- 
engined omnibuses to replace the tramway cars of the 
city. The value of the contract is 8,680,000 dols. The 
vehicles have a wheel base of 17 ft. 6 in., an over-all body 
length of 31 ft. 6 in., and are capable of seating 40 passen- 
gers. The chassis are of the firm’s Royal-Tiger type 
with air pressure braking and with the engine, radiator 
and other units mounted below the level of the frame, 
thus allowing an uninterrupted level floor to extend the 
full length of the vehicle. The Leyland horizontal 
125-h.p. Diesel engine, clutch and gearbox are of unit 
construction. The all-metal bodies have been specially 
designed for service in Havana by Messrs. SAUNDERS 
ENGINEERING AND SHIPYARD LIMITED, Beaumaris, 
Anglesey, and are fitted with double-skinned insulated 
light-alloy roofs. An air-operated entrance door, for- 
ward of the rear wheels, and a similar exit door, in front 
of the front axl, are provided to speed up loading and 
unloading. 


MEssrRsS. HaLL, RUSSELL AND COMPANY, LIMITED, 
Aberdeen, have received an order from the Crown Agents 
for the Colonies for the construction of a single-screw 
Diesel-engined research trawler for Sierra Leone. The 
vessel is to have a length of 100 ft., between perpen- 
diculars, a moulded breadth of 25 ft., and a moulded 
depth of 12 ft. 6 in. It is to be of special design for 
carrying out fishery research work. The Diesel pro- 
pelling engine will be of 350 s.h.p. 








BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of enginee interest 
have been issued by the British Stamiands Tetioetioe. 
Copies are obtainable from the Sales De ent of the 
Institution, 24, Victoria Street, London, S.W.1, at 
the price quoted at the end of each paragraph. 
Verification of Testing Machines.—The more efficient 
use of engineering materials and the increase in the 
amount of mechanical testing carried out in recent 
years has given rise to a need for a standard method of 
verifying the testing machines employed. The advan- 
tages of verifying a testing machine under load, up 
to its maximum capacity, are self-evident but it has 
not always been ible to do this in the past. The 
uction of hi geneien, portable, load-m 
at yi and th ; 6 installation, at the Natio 
ysi rato: t¢ bin Ge t primary 
standard of load, ‘or the p of calinatiee such 
devices, have now made possible the verification, under 
load, of many types of ‘alien machine. In pursuance 
of this the Institution has issued a new caine, 
B.S. No. 1610: Part 1. Section one of thie publice- 
tion describes methods of load verification Which are 
oy applicable to most types of testing machines. 
Section A eals with tensile and compression machines 
and it is intended that further publications will deal 
with other machines. [Price 2s., postage included. 


Centralised Domestic Hot-Water Supply.—The Counci 
for Codes of Practice for Buildings, Construction and 
Engineering Services, working under the gis of the 
Ministry of Works, has now issued, in final form, 
Code No. 342, covering centralised domestic hot-water 
supply. The publication comprises a main or head 
code and six sub-codes bound under one and the 
same cover. The six sub-codes concern, respectively, 
boilers, calorifiers, storage vessels, pipework, electrically- 
driven circulators, and thermal insulation. The head 
code deals with central hot-water supply in general, 
while the sub-codes cover in detail the subjects indicated 
in their titles. Each sub-code contains a list of the 
relevant British Standard Specifications, and cross- 
references to the head code and to other sub-codes are 
inserted ae a appropriate. The Code gives 
guidance, at all stages, on the setting up and the 
maintenance in good order, of installations to provide 
hot water for domestic use in buildings ranging from 
small dwelling houses to hotels and schools. [Price 
8s., postage included.] 


BOOKS RECEIVED. 


Ministry of Transport. Requirements for Passenger Lines 
and Recommendations for Goods Lines of the Minister 
of Transport in Regard to Railway Construction and 
Operation. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

Ministry of Fuel and Power. Twenty-Seventh Annual 
Report on Safety in Mines Research, 1948. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
3s. 6d. net.) 

Ministry of Health. Interim Report of the Departmental 
Committee on the Deterioration of Cast Iron and Spun 
Iron Pipes. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 3s. 6d. net.) 

National Coal Board. Production Department. Informa- 
tion Bulletin No. EG(49)1. Pithead Power Plant in 
Germany and Holland. The Press Office, National 
Coal Board, Hobart House, Grosvenor-place, London, 
S.W.1. ([Gratis.] 

Department of Scientific and Industrial Research. Building 
Research. National Building Studies. Bulletin No. 8. 
Mortar for Brickwork, Block Construction, and Masonry. 
By H. ANDREws. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. net.] 

Welding Design and Processes. By B. RICHARD HILTON. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 36s. net.] 

Les Hautes Températures et leurs Utilisations en Chimie. 
Published under the direction of P. LEBEav. In two 
volumes. Masson et Compagnie, 120, Boulevard 
Saint-Germain, Paris (6e), France. [Price 8,200 francs 
in paper covers ; 9,000 francs in boards.) 

United States National Bureau of Standards. Circular 
No. 491. Control of Odors. By ELMER R. WEAVER. 
[Price 10 cents.] No. 492. Solders and Soldering. By 
R. W. Mess and WM. F. RoEsER. [Price 15 cents.] 
The Superintendent of Documents, U.S. Governnient 
Printing Office, Washington 25, D.C., U.S.A. 

British Iron and Steel Research Association. Specifica- 
tion for Heavy Duty Electric Overhead Travelling Cranes 
for Use in Iron and Steel Works. Offices of the Asso- 
ciation, 11, Park-lane, London, W.1. [Price 15s.] 

Tube Works Gauges and Gauging Practice. Compiled by 
F. W. CLargk. Stewarts and Lloyds, Limited, Brook 
House, Upper Brook-street, London, W.1. [Price 5s.] 

Bosch Kraftfahrtechnisches Taschenbuch. Tenth edition. 
Robert Bosch G.M.B.H., Forststrasse 9, Stuttgart, 
Germany. [Price 6 DM.) 











PERSONAL. 


The honorary degree of Doctor of Laws was conferred 
upon Sir EDWARD APPLETON, G.B.E., K.C.B., D.Sc., 
F.R.S., Principal of Edinburgh University and upon Mr. 
A. S. MacLELian, B.Sc. (Glas.), M.I.N.A., managing 
director of Messrs. Alexander Stephen and Sons, Limited, 
Glasgow, at a Commemoration Day graduation, held on 
June 21, at the University of Glasgow. 


Mr. ROBERT Cralrz is relinquishing his appointment as 
general manager of the Cunard Steam Ship Company, 
Limited, Cunard Building, Liverpool, 3, to-day (June 30), 
but is retaining his seat on the board. Mr. FRANK H. 
Dawson, C.B.E., M.C., a director and deputy general 
manager of the company, has been appointed to succeed 
Mr. Crail as from July 1. 


Mr. W. R. Cook, M.Sc., who has been director of 
Physical research at the Admiralty since 1947, has been 
appointed Chief of the Royal Naval Scientific Service in 
succession to Stk FREDERICK BRUNDRETT, with effect 
from July 1. 


Mr. J. CUNNINGHAM, M.B.E., M.I.Mech.E., M.I.P.E., 
general manager of the Boiler Division and Mr. R. C. 
SHEPHERD, general foundries manager, have been ap- 
pointed to the board of Messrs. Ruston and Hornsby, 
Limited, Lincoln. 


Mr. H. R. DAVENPORT, A.M.I.C.E., M.I.W.E., deputy 
water engineer of Sheffield since 1944, has been appointed 
waterworks engineer and manager to Bolton Corporation. 
Mr. Davenport was formerly deputy engineer to the 
latter authority. 


Mr. JoHN Garpom, of Ripley, has been elected 
national President of the National Technical Trades 
Societies, in succession to Dr. J. E. Hurst, F.1.M., 
M.I.Mech.E., J.P., the first national President, who has 
been elected a permanent member of the National 
Executive Committee. In addition to Mr. Gardom, 
Mr. H. W. Hopson, of Darlington, and Mr. A. G. B. 
OwEN, of Wednesbury, have been elected vice-presidents, 
Mr. W. H. Davies, of Wednesbury, honorary treasurer, 
and Mr. W. H. Bourton, secretary. 


Mr. SELBY T. Rosson has been appointed a director 
of Messrs. Head, Wrightson and Company, Limited, 
Thornaby-on-Tees. He has been London manager of 
the firm for nearly 20 years. 


Mr. WiLi1aM S. RicwarRps has been elected a director 
of the Brightside Foundry and Engineering Company, 
Limited, Sheffield. 


Dr. R. T. ACKROYD has been appointed full-time 
lecturer in electrical engineering in the University of 
Sheffield. 


Mr. L. J. E. Hooper, chairman and joint managing 
director of Doulton and Company, Limited, Doulton 
House, Albert-embankment, London, S.E.1, has relin- 
quished his position as joint managing director but will 
retain that of chairman. Mr. E. Bast GREEN has been 
appointed managing director as from July 1. 


Mr. R. P. Ratkes, D.S.O., who joined the publicity 
department of Marconi’s Wireless Telegraph Company, 
Limited, Marconi House, Chelmsford, as deputy publicity 
manager in 1949, has been appointed publicity manager 
to the firm, as from June 19, in succession to the late 
Mr. W. G. RICHARDS. 


Mr. M. W. PAYNTER has been appointed secretary of 
the Institute of Packaging with effect from July 1, on 
which date the headquarters of the Institute will be 
transferred from Broad Street-place, E.C.2, to 55-61, 
Moorgate, London, E.C.1. (Telephone : MONarch 6226.) 
Press inquiries, however, should continue to be sent to 
Mr. HOWARD WILLIAMS, press officer of the Institute, 
80, Lancaster-avenue, London, S.E.27. (Telephone : 
GIPsy Hill 4859.) 


Mr. J. H. Lorn, an executive director of the Dunlop 
Rubber Company, Limited, has been elected vice-presi- 
dent of the Federation of British Rubber Manufac- 
turers’ Associations. 


Messrs. F. J. EDWARDS LIMITED, 359-361, Euston- 
road, London, N.W.1, have appointed Messrs. WILLIAM 
JACKS AND COMPANY, LIMITED, Hamilton House, Gra- 
ham-road, Bombay, to be their representatives in India, 
Pakistan, Malaya and Burma. 


SHEEPBRIDGE STOKES LIMITED, is the new name for the 
business formerly carried on by THE SHEEPBRIDGE 
STOKES CENTRIFUGAL CASTINGS COMPANY, LIMITED. AS 
from July 1, SHEEPBRIDGE ENGINEERING LIMITED 
Group SALEs, the combined sales office of SHEEPBRIDGE 
STOKES LIMITED, SINTERED PRODUCTS LIMITED, BRITISH 
VAN DE Horst LIMITED, and AUTOMOTIVE ENGINEERING 
COMPANY, LIMITED, will operate from Drayton House, 
Gordon-street, London, W.C.1. Mr. A. E. AKERMAN 
and Mr. J. A. SPARKS have joined the staff of Sheep- 
bridge Engineering Limited, and will be working for 
Group Sales from Drayton House; Mr. Akerman will 
remain resident in the Midlands and Mr. Sparks in 
London. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.— Business conditions in the shipbuilding 
industry here constitute the barometer by which the 
prospects for the steelmakers are largely forecast. This 
is due to the large proportion of the steel-ingot output 
which is absorbed by the yards in one form or another. 
In the opening months of the year the outlook was not 
particularly bright, but, recently, there has been some 
improvement. Since the beginning of 1950 about 
300,000 tons gross of new shipping have been ordered 
from Clyde shipyards, which, in the same period, have 
launched 47 ships aggregating nearly 240,000 tons gross, 
so that, for the time being, the tonnage ordered is exceed - 
ing the tonnage launched. The bulk of the work has 
gone to six of the larger concerns now mainly building 
tankets. Consequently, the demand for plates is on a 
high level and specifications for sheets are also numerous. 
Black and galvanised products are in equally strong 
request, and many months of work are represented by 
orders on the books of sheet makers. On the export side, 
activity is mainly confined to galvanised sheets, but 
several important inquiries for black sheets are circulat- 
ing from the United States and Canada. The lighter 
gauges of tube strip are meeting with little demand. A 
number of re-rolling works continue to operate on a 
part-time basis for lack of orders; the home demand 
remains poor, while the drastic undercutting of Belgian 
and other Continental producers seriously hampers the 
placing of business by foreign buyers. 


Scottish Coal.—For several weeks now the distribution 
of coal to consumers in the division will bristle with 
complexities arising from the extended staggering of 
holidays in the coalfields. While the marketing authori- 
ties will have to exercise even more ingenuity than in 
previous years, there is, however, a general feeling that 
the flow of supplies from the pits will be more even, as 
any acute shortage developing for a particular user will 
be remedied from fresh coal tonnages. Overall, of course, 
the total output is the kernel of the whole situation, and 
in this respect the position has not been so good. During 
the first 24 weeks of this year production amounted to 
10,922,000 tons, some 273,000 tons below the quantity 
available in the corresponding period last year. The 
loss of output last week caused by the Lanarkshire 
holidays was estimated at 100,000 tons, but the arrange- 
ments for extra tonnages to essential consumers proved 
satisfactory, supplementary supplies being railed from 
other areas. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Dislocation of production has been 
caused at the works of the English Steel Corporation by 
a token strike of over 4,000 employees who downed tools 
as a@ protest against the suspension of a crane driver who 
had taken a week’s holiday although permission for this 
had been refused by the management. The week’s 
suspension was due to expire on Monday, June 26, on 
which date the strikers undertook to return to work. 
What is virtually a new branch of Sheffield industry has 
been started at the works of the Osborn Foundry and 
Engineering Company, Limited, which has entered into 
a@ five-year agreement with the Ohio Steel Foundry, 
U.S.A., to manufacture the American company’s type 
of oil-refining equipment at Sheffield because of the 
difficulty the American company has experienced in 
exporting its products to the Sterling area. The Ameri- 
can company is providing full technical advice and 
designs. Additional equipment is being provided at 
Messrs. Osborn’s Sheffield works and it is understood 
that about one-quarter of the local firm’s moulding area 
will be devoted to oil-refinery and similar work. There 
is in prospect business with Australia and with South 
Africa, where an oil refinery is being built. In other 
branches of Sheffield industry the trade barometer is 
described as ‘‘set fair.”” Order books are satisfactorily 
filled except in a few odd instances. Mining-engineering 
firms continue to be well employed ; many orders for 
coal-cutting and loading machinery have been completed. 
Makers of excavators and other machinery for opencast 
mining are well booked. 


South Yorkshire Coal “Zrade.—Miners’ leaders are 
perturbed at the rapid fall in man-power at the pits and 
the high proportion of elderly men at work at Yorkshire 
collieries. Coal production, however, is on steady lines, 
but the demand is ahead of the supply in most qualities, 
with the exception of house coal which moves slowly, 
in spite of Summer price reductions. The demand for 
locomotive hards does not ease, and there is an urgent 
call for industrial steams which are needed to build up 
reserves. Electricity-generating plants are receiving 
adequate supplies of deep-mined and opencast coal. 
Coking coal is in high request to keep coke works in full 
activity and provide all the metallurgical coke required. 
Export business is progressing while patent fuel is active 
and firm. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—The prospects of an expansion 
in the trade with Spain which, at the moment is at a very 
low ebb, have been discussed on the Welsh steam-coal 
market in the past week, following the announcement 
by the Board of Trade that, as a result of trade talks, 
Spain was to take more British goods. At one time 
Spain was a large-scale consumer of Welsh coals but 
payment difficulties have made themselves felt. These 
financial difficulties have been responsible for bringing 
operations to an end on several occasions and are also 
the cause of the present hold up of shipments. Some 
slowing down in the rate of shipment to France has also 
become apparent in the past week or so. This is due to 
the steady expansion which is taking place in the produc- 
tion of coal at the French pits. Local shippers, however, 
have considerable orders still in hand for France. Trade 
with Portugal and the Argentine bas been on a better 
scale in the past week or so. This is the result of the 
recent placing of contracts by the Portuguese Railways 
for the supply of 30,000 tons and the settlement of out- 
standing debts by the Argentine Railways. In this 
latter market considerable arrears of delivery have piled 
up under the 750,000 tons contracts for 1950. Italian 
consumers have maintained a good attention and fair 
quantities are being reserved for this market. The bulk 
of current outputs, however, continues to be earmarked 
for the inland market. In spite of seasonal influences 
which have caused some buyers to suspend operations 
for the time being, the total requirements are sufficient 
to account for a very substantial part of the production. 


Swansea Steel-Sheet Industry—Tbe market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was active as both 
home and overseas buyers were placing orders for de- 
livery during Period 3 and later. In the aggregate a 
heavy volume of business was transacted. There is no 
relaxation in the call for steel sheets, while scrap iron and 
steel continues to be sought after by the steelmakers. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Producers of nearly all descrip- 
tions of iron and steel have well-filled order books and 
report good inquiries circulating. Buyers are keen to 
cover their expected needs over periods ahead and 
unhesitatingly purchase, at recognised market values, 
commodities, the delivery of which is assured. Some 
shrinkage in Cleveland ironstone is reported and users 
experience difficulty in securing satisfactory deliveries, 
but distributable tonnages of other raw material con- 
tinue at a rate adequate for the needs of consumers. 
Merchants are still able to provide large quantities of 
good iron and steel scrap for the market. Record 
unloadings of scrap from abroad have not eased the large 
demand for parcels from home sources. Users have been 
able to add slightly to their stocks but their requirements 
are enormous and they readily accept all tonnages 
offered. Pig iron is wanted in larger parcels than are 
coming forward and small imports of foreign makes are 
still necessary to supplement the home tonnage. 


Foundry and Basic Iron.—The production of ordinary 
foundry pig iron is negligible. Consumers have to 
obtain virtually the whole of their supplies from the 
Midlands and are calling persistently for larger deliveries. 
Tees-side blast furnaces are chiefly occupied in the pro- 
vision of basic iron for the melting shops. 


Hematite, Low-Phosphorus and Refined Iron.—Dis- 
tributable quantities of East-Coast hematite are almost 
adequate for the requirements of regular customers, but 
the shortage of low- and medium-phosphorus grades of 
iron continues to occasion considerable complaint. 
Refined-iron manufacturers are handling satisfactorily 
the extensive delivery claims of consumers. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers are actively engaged on substantial 
contracts. Generally speaking, inquiries are numerous 
and the requirements of customers promise to keep 
works well occupied over the third quarter of the year. 
In the various branches of the steel industry, plants are 
operating at high pressure and the tonnage outputs of 
several commodities are extremely heavy. A slight 
increase in stocks afford a welcome means of dealing with 
emergency requirements. The huge total production of 
the heavy rolling mills has enabled the raising of exports 
to a very high level. The recent spate in shipbuilding 
orders has contributed greatly to dispel the fear that 
buyers of many commodities had covered their prospec- 
tive needs as extensively as seemed necessary. Home 
and export buyers of sheets, plates, heavy sections, rails 
and all railway requisites are in the market with sub- 
stantial orders. Continental competition for orders for 





re-rolled products, however, is very severe. 





NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





RoyaL Sanrrary Instirvore.—Thursday, July 6, 
10.30 a.m., Town Hall, Newark-on-Trent. (i) “ Hygiene 
in Communal Feeding,” by Mr. A. H. Walters. (ii) 
“ Rural Planning,” by Mr. R. A. Kidd. 

BRITISH STANDARDS INSTITUTION.—Tuesday, July 11, 
3 p.m., 24, Victoria-street, Westminster, S.W.1. Annual 
Meeting. 

INSTITUTE OF WELDING.—Wednesday, July 12, 2.30 
p.m., 2, Buckingham Palace-gardens, Westminster, 
8.W.1. Annual Meeting. 

INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, July 13, 7.15 p.m., Turk’s 
Head Hotel, Newcastle-upon-Tyne. “Fuels of the 
Northumberland and Durham Coalfields: Their Physical 
and Chemical Properties,” by Mr. A. H. Edwards. 





220-KV PRESSURE CABLE FOR 
FRANC 


On page 288 of our 167th volume (1949) we gave an 
account of an underground electric cable of the impreg- 
nated pressure type, which had been designed by 
British Insulated Callender’s Cables, Limited, Norfolk 
House, Norfolk-street, London, W.C.2, to carry 
200 MVA continuously at a service voltage of 220 kV. 
A test length of this cable, consisting of a 110-yard 
(100-metre) three-phase loop of single-core cable, has 
since been installed in conjunction with Trefileries et 
Laminoirs du Havre in the grounds of the Fontenay 
(Clamart) laboratories of Electricité de France for 
long-term field tests, preparatory to possible use on the 
French 220-kV network. The conductors in this 
cable are 91/0-104 in. (91/2-64 mm.) stranded tinned- 
copper wires in circular form, over which a metallised- 
paper screen is laid. To protect this screen and to 
ensure positive contact with the lead sheath, a copper 
woven-fabric tape is wound over the completed 
dielectric. As a protection against longitudinal and 
circumferential expansion, narrow copper strips are 
laid along the sheath on a suitable bedding and are 
bound round with copper tapes. The cable is finally 
protected with a special anti-corrosion serving con- 
sisting of alternate tapes of rubber and impregnated 
bitumen. The over-all diameter is 3-94 in. (10 cm.). 

In order to comply with the conditions laid down by 
Electricité de France, a 20-yard length of the cable, 
complete with a joint and two sealing ends of the 
condenser-cone type, has been subjected to tests in 
this country. During one of these tests a voltage of 
350 kV was applied between the-conductor and the 
sheath for a period of 24 hours and was followed by 
a voltage of 450 kV for one minute. A series of 
impulse tests was also carried out at the National 
Physical Laboratory on a further length of cable, 
complete with joint and sealing ends embodying 
stabilising-glazed porcelains. ing this test the 
cable was subjected to ten surges of 1,080 kV peak 
on the positive polarity, followed immediately by ten 
surges at the same voltage on the negative polarity. 
Similar tests were later carried out in the presence of 
M. Maurice Laborde, chief engineer for research of 
Electricité de France, and all ‘proved satisfactory. 

It is interesting to note that the impulse tests pro- 
posed by the International Electrotechnical Commis- 
sion only specify 800 kV for impulse tests on equipment 
connected to 220-kV overhead-line systems. 





STRUCTURAL-STEEL DeEsiIGN.—Suggestions for the 
practical solution of some of the problems encountered 
in the design of steel-framed buildings are given in a 
brochure entitled ‘‘ Examples of Structural Steel Design 
to Conform with the Requirements of British Standard 
449-1948,” by V. H. Lawton, M.I.Struct.E., issued by 
the British Constructional Steelwork Association. This 
is the first technical document prepared by the Associa- 
tion to be made available to non-members; it may be 
obtained gratis on application to the offices of the 
Association, Artillery House, Artillery-row, Westminster, 
London, S.W.1. 

New GENERATING PLANT AND EXTENSIONS.—The 
British Electricity Authority have received the consent 
of the Minister of Fuel and Power to erect two new 
generating stations, one at Fleetwood, Lancashire, and 
the other at Goldington, Bedfordshire. Each of these 
stations will have an ultimate capacity of 180 MW, 
although to begin with only one 30-MW set and one 
300,000-Ib. boiler will be installed. Initially, there will be 
one cooling tower at Fleetwood and two at Goldington. 
The existing Blackburn station is to be extended bya 
40-MW set, three 150,000-Ib. boilers and one cooling 
tower, making the total installed capacity 150 MW. 
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TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








The Proprietors of ENGINEERING regret that, 
— settlement of a dispute in the printing 
ustry in London, they are obliged, in common 
with other publishers of periodicals, to reduce 
temporarily the number of both the editorial 
and the advertisement pages. This makes it 
mecessary to hold over several articles which, 
otherwise, would have been included in the 
current issue. 
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BRITAIN AND THE SCHUMAN 
STEEL PLAN. 


By the time that this issue of ENGINEERING is in 
the hands of our readers, the House of Commons will 
have debated the question of British participation 
in the discussions initiated by the French Govern- 
ment on the international—or rather, supra- 
national—control of European steel and coal pro- 
duction, and may, perhaps, have cleared the air 
somewhat regarding the more controversial features 
ofthe Schuman Plan. The preliminary interchanges 
between the French and British Governments have 
been well summarised in the statement published by 
H.M. Stationery Office* and the statistical back- 
ground has been admirably presented by the British 
Tron and Steel Federation in the May issue of their 
Monthly Statistical Bulletin. With the aid of these 
two publications, an attempt may be made to put 
on record the essential features of the proposals, 
and the position of the British steel industry, 
particularly, in relation to any supervisory control 
authority that may be set up. The arguments that 
have been adduced for and against the scheme, it 
may be remarked, appear to have been inspired 
almost wholly by consideration of the steel industries 
of the principal producing countries ; but it should 
be remembered that control of coal production was 
equally a fundamental feature of the Schuman Plan, 
though the factors likely to affect a decision are not 
all identical in character or weight with those 
relating to steel production. 











* Anglo-French Discussions regarding French Proposals 
for the Western European Coal, Iron and Steel Industries, 
(Cmd. 7970). H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 4d. net.] 





created which should take over the control and 
production of all steel and coal in Western Europe. 
It would not have ownership rights, but it would 
have controlling power.” It was claimed that this 
was “the first concrete proposal to bring about the 
unity of Western Europe ’’—which seemed to 
incline to the optimistic; and it was further ex- 


24| plained that the French Government proposed, as a 


start, the establishment of an authority to control 
Franco-German production of coal and steel 
‘‘ within the framework of an organisation open to 
the participation of the other countries of Europe ” 
(not, it will be observed, only the nations now linked 
by military co-ordination). The response of the 
British Government, transmitted on May 25 by the 
Foreign Secretary, Mr. Ernest Bevin, was the 
expression of their opinion that “‘ the most desirable 
step would be the earliest institution of direct 
conversations between France and Germany ” and 
the assurance that ‘“‘H.M. Government would like 
to participate in these from the outset . . . in the 
hope that, when they obtain a clearer picture of how 
the proposals might operate, they would be able to 
join the scheme ”’ ; it was added, however, a couple 
of days later, that “‘H.M. Government could not 
accept a commitment to pool resources as a prior 
condition of joining in international discussions.” 

The French Government replied, on May 30, that 
they did not think that any prior-commitment was 
involved (though the unbiassed observer might have 
been forgiven, in our opinion, for supposing that it 
was, on the terms of the original scheme) ; the aim, 
they averred, was merely to secure agreement on 
principles and fundamental objectives. H.M. 
Government, on the following day, gave an assurance 
that they would “participate in the proposed 
conversation in a constructive spirit,” and in the 
hope that, as a result, there would emerge a scheme 
in which they would be able to join; but, they 
added quite definitely, “‘they cannot at this stage 
enter into any more precise commitment.” The 
French Government then revised their proposal 
putting it in the form of a statement that ‘‘ The 
French, German, Belgian, Italian, Luxembourg and 
Dutch Governments, in their determination to 
pursue a common action for peace, European 
solidarity, and economic and social progress, have 
assigned to themselves as their immediate objective 
the pooling of coal and steel production and the 
institution of a new high authority whose decisions 
will bind. . . .”’ Since then, the French Govern- 
ment have fallen from office, though it has been 
announced officially that this will not affect the 
progress of the negotiations on the Schuman Plan. 
“Britain is in the happy position of possessing large 
reserves of both coal and iron ore, though it is still 
found expedient, if not absolutely essential, to import 
ore from Sweden and from North Africa, because of 
the relatively poor quality of much of the British 
ore. In this respect, however, the British position 
is no worse, but probably better, than that of the 
Continental countries most closely concerned with 
the possible repercussions of the Schuman Plan ; 
for, in broad terms, those which have good ore lack 
coal (or, at any rate, satisfactory coking coal) and 
those which have the coal are obliged to import 
all or most of their ore. The interchange of ore and 
coal between the various countries presents, indeed, 
a remarkable pattern of mutual dependence and 
the fact that it has functioned so smoothly in the 
past, in spite of its intricacies, suggests at the outset 
some doubt whether there is such a pressing need for 
an overriding control authority as the French 
proposals suggest. The problem is complicated, of 
course, by the circumstance that the Saar, which 
was effectively a part of Germany before the war, 
now contributes to the French total of production, 
and comparison with any pre-war basis of European 
statistics is made difficult by the post-war 
limitation of the term ‘‘Germany.” There are 
differences of moment, also, between the pre-war 
and the post-war flows of scrap. 

France, like Britain, has good reserves of low- 
grade ore and has been a major source of supply to 
Belgium and Luxembourg; but both of these 
countries, like Britain and the Ruhr, have found it 
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necessary to import the high-grade Swedish ore, 
though the reason in this case is primarily the lack 
of good coking coal. More than half of France’s 
requirements of metallurgical fuel (coal and coke) 
is imported, largely from the Ruhr, where there are 
ample reserves. Germany, however, is another 
country where the native iron ore is of relatively 
poor quality, and, even before the war, something 
like 70 per cent. of the ore smelted there was 
imported, mainly from Sweden. The shortage of 
coke in Belgium appears to be temporary and is 
becoming less acute as local production improves ; 
the coal is there, and its coking quality is adequate, 
so that a return to a pre-war balance of trade in 
this respect is a reasonable forecast. Luxembourg 
has ore, but neither coking coal nor coke, the whole 
of which must be imported, mainly from the Ruhr, 
but partly from Belgium. Italy, as is well known, 
is poorly supplied with native ore and has no coal 
reserves ; in the past, imports of scrap (especially 
in the form of old ships) have equalled almost half 
of the annual output of steel. Sweden, possessing 
immense reserves of ore, of very high quality, has 
no coal and therefore exports ore in very large 
quantities ; Britain is now the principal purchaser, 
having displaced Germany from that position, 
and now takes practically the same amount (about 
3,160,000 metric tons a year) as Germany does, 
though this total is little more than a third of the 
amount that Germany imported before the war. 

The British Iron and Steel Federation’s Monthly 
Statistical Bulletin, referred to above, quotes an 
illuminating tabular statement, from the official 
publication, Huropean Steel Trends in the Setting of 
the World Market, showing in percentages the 
mutual interdependence of nine European steel- 
producing areas in respect of ore, scrap and coal. 
The comparisons for ore are based on iron content 
and not on total weight transported, and the figures 
for coal are adjusted to include the coal equivalent 
of imported coke. On these bases, it is found that 
Britain imports 45 per cent. of the total consumption 
of iron ore and 10 per cent. of scrap, but no coal. 
France imports neither ore nor scrap, but the Saar 
requires 100 per cent. of imported ore; the two 
together import 50 per cent. of the coal needed. 
Germany (that is, Western Germany) imports 45 
per cent. of the ore used, but no scrap and no coal. 
Belgian imports of ore are 100 per cent. and those 
of Luxembourg are 50 per cent. of requirements ; 
their combined scrap imports are 20 per cent. ; ani 
their coal imports are 25 per cent. in the case of 
Belgium and 100 per cent. in the case of Luxem- 
bourg. Italy imports 10 per cent. of the ore, 35 per 
cent. of the scrap and 100 per cent. of the coal 
required ; Sweden’s dependence on imports is nil 
for ore, 20 per cent. for scrap and 100 per cent. for 
coal; and the Netherlands imports 100 per cent. 
of the ore required but no scrap and no coal. 

These relative proportions cannot be expected to 
remain stable indefinitely, though they may be 
substantially so for a number of years in the case of 
ore and coal; the scrap position is likely to vary 
first, as Germany is now the principal source of 
supply. This, however, is a direct result of the war, 
and the availability of German scrap for export to 
other countries is bound to diminish as the war 
wreckage is cleared away. Moreover, the re- 
establishment of German steel production will lead 
to the domestic use of a larger proportion of the 
available supplies. The United States, which 
formerly exported scrap, is now requiring it for 
home production, so that some difficulty may arise 
in Europe, in the course of the next few years, in 
maintaining the proportion of scrap needed by the 
European steel-producing areas. 

The more that the Schuman Plan is examined, in 
our opinion, the more does it appear that the British 
Government have acted prudently in declining to 
enter into any binding agreement for an overall 
control without the fullest possible consideration of 
all the factors involved, not all of which may be 
obvious at a first glance. France, of course, wants 
to ensure a positive control of the Ruhr as well as 
the Saar, which is understandable ; France has been 
invaded by German armies three times in living 
memory and is not likely to forget how closely 
‘blood and iron ”’ have been associated in German 
political philosophy. The steel production of 





Western Germany in 1949 was already equal to that 
of France, omitting the Saar, and any considerable 
increase in German steel capacity, unless under 
strict control, must cause misgiving. United 
Kingdom steel exports are mainly to countries 
outside of Europe ; but, for that reason, the British 
steel industry cannot afford to have its production, 
assessed purely on “‘ global’ figures, regulated and 
restricted mainly in the interests of the balance of 
steel power in Continental Europe. Much adverse 
criticism has been directed in the past against 
European cartels, but, in broad terms, it would seem 
better for the health of the industry that any 
regulation of production that may be necessary 
should be directed by the industry itself rather than 
by politicians or even statesmen. Let them confer 
together, by all means ; but it is difficult to take 
seriously any contention that European peace will 
be jeopardised by the reluctance of the British 
Government to accept the principle of an overriding 
control before the conference begins, or that it will 
be promoted by agreement in advance to a control 
of unspecified and possibly unwarranted rigidity. 





POWER DEVELOPMENTS 
IN ONTARIO. 


Ontario has the largest population of the various 
provinces of Canada, the figure in 1949 being 
4,411,000 ; the second place, in this respect, is 
taken by Quebec with a population of 3,887,000. 
In area, Ontario comes only third in the list, being 
surpassed by the sparsely-populated North-West 
Territories and by Quebec. Under modern con- 
ditions, the power-station capacity of a country, or 
a province, gives a rough measure of its industrial 
activity ; this is particularly the case in Canada 
where so large a proportion of the total power supply 
is obtained from hydro-electric central stations. This 
measure, however, must be used with discretion. 
The installed horse-power per thousand of population 
in Ontario is 657, but in Yukon and the North- 
West Territories it is 1,182. These large areas have 
a total population of only 24,000 and the total 
installed capacity is only 28,469 h.p., much less than 
that of a single unit of the Des Joachims station in 
Ontario, the first part of which is going into operation 
this year. The high figure of horse-power in terms 
of population in Yukon and the North-West 
Territories is due to the fact that power plants 
have been built to serve mining operations with 
high power demands per individual worker, and that 
the small local populations are dependent on the 
electrical supply for all domestic services. 

A fairer comparison may be made between 
Ontario and Quebec. The installed capacity of the 
latter province is 6,130,097 h.p. compared with 
2,896,540 for the former, the respective figures of 
horse-power per thousand of population being 1,577 
and 657. It is stated in the 1950 edition of 
Whitaker's Almanack that “‘ Ontario is the chief 
manufacturing province of Canada”; the gross 
value of manufactures in 1946 is given as 3,754 
million dollars, the corresponding total for Quebec 
being 2,497 million. In view of these figures, it 
might not have been expected that Quebec would 
show a so much higher total installed capacity and 
capacity per head of population. Part of the reason 
may be that Montreal, the largest city in the 
Dominion, is in Quebec, and that this province also 
has large power-consuming industries, such as 
aluminium production and paper manufacture. 

In one respect, Ontario occupies the leading 
position among the provinces in virtue of the fact 
that it has the largest power-producing and dis- 
tributing organisation in Canada. This is the 
Hydro-Electric Power Commission, which operates 
56 generating stations with a total capacity of over 
2,000,000 b.p., the largest being the Queenston 
plant on the Niagara River, with a capacity of 
560,000 h.p.; in addition, the output of nearly 
1,000,000 h.p. of plant is purchased on contract. 
The Commission supplies power to more than 900 
municipalities and serves some 106,000 farms. In 
the report on the Water-Power Resources of Canada 
for the year 1949, issued by the Department of 
Resources and Development, it is stated that only 
the minor increase of 2,300 b.p. was made to the 





Commission’s generating capacity in that year, but 
that it has ‘‘ a tremendous program of construction 
actively under way.” This report covering, as it 
does the whole country, does not deal in detail with 
individual developments, but has the merit of 
appearing shortly after the termination of the year 
to which it relates. It thus forms a useful supple- 
ment to the report of the Hydro-Electric Power 
Commission of Ontario which is a document of more 
than 400 pages and contains an enormous mass of 
detailed information. This compilation clearl, 
requires much time and the latest issue deals with 
affairs only up till the end of October, 1948. 

As hydro-electric projects of any importanc: 
involve constructional work extending over man) 
years, the information given about the major 
developments which were in hand in 1948 adequately 
indicates the progress being made. It is stated in 
the Commission’s report that actual construction 
was proceeding on five major developments, three 
were on the Ottawa River at Des Joachims, Chenaux 
and La Cave, one at Pine Portage on the Nipigon 
River and one at the Tunnel site on the Mississagi 
River. Some information about the scope of these 
developments and the civil-engineering work in 
hand in 1948 is given in the Commission’s report and 
the condition of affairs at the end of 1949 is indicated 
in the report of the Department of Resources and 
Development. The ultimate total capacity of the 
five plants will exceed 1,000,000 h.p. 

The station at Des Joachims is much the largest 
of the new projects in hand ; it will contain eight 
generating units and have a total capacity of 
480,000 h.p., thus approaching in size the Queenston 
station on the Niagara River. The situations of the 
two stations are very different, one from the other. 
Queenston is in the highly-developed part of the 
country at the eastern end of Lake Ontario, whereas 
Des Joachims, on the Ottawa River, is in the 
relatively-undeveloped north and, in a straight 
line, is more than 200 miles from Toronto ; by the 
transmission line route, it is much farther. In 
order to transmit power to Southern Ontario, 
800 miles of 230,000-volt lines are being constructed 
to various terminal stations in this area. To serve 
the station, a main dam has been built across the 
river above the Des Joachims rapids and the power 
house is situated on the main channel. It is stated 
in the Commission’s Report that the closure of the 
main dam was expected to take place in June or 
July, 1949, and that six units would be in operation 
in 1950. This programme has evidently not been 
quite achieved, but the Department of Resources 
Report states that three units are expected to be in 
operation this year. 

As already mentioned, two of the other new 
stations are also situated on the Ottawa River 
which, for a considerable part of its length, forms the 
boundary between Ontario and Quebec. The Com- 
mission already has an important station on this 
river at Chats Falls, the output of which is shared 
with Quebec, but supplies received from this source 
are smaller than those furnished in each case from 
stations on the Niagara, Abitibi and Nipigon Rivers 
and the Welland Canal. The Niagara River is the 
greatest source of power, the installed capacity of 
its various stations totalling 825,000 h.p. The new 
developments on the Ottawa River, however, will 
ultimately result in it becoming equal in importance 
as a power source to the Niagara River. Of the 
two other stations being built, that at La Cave, 
which will have an ultimate capacity of 240,000 h.p., 
is situated some 50 miles north of Des Joachims, in 
the neighbourhood of Lake Nipissing. A dam, 
2,500 ft. long, is being built across the river at 
La Cave rapids, and the station will form an integral 
part of the dam. The first units are expected to 
go into service in 1952. The other station at 
Chenaux is more advanced and two 20,000-h.p. sets 
are expected to be started up this year. Chenaux 
is considerably farther south than the other stations 
on the river and is only some 50 miles from Ottawa. 

The Pine Portage station on the Nipigon River 
will have an ultimate capacity of 160,000 h.p. This 
river flows from Lake Nipigon into Lake Superior, 
and it is stated that almost perfect regulation of the 
river is possible owing to the enormous storage 
capacity of Lake Nipigon. The Commission already 
has two stations on this river, at Cameron Falls and 
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Alexander, but it is stated that Pine Portage is the 
last available site. A dam has been built across the 
river and the layout includes special arrangements 
for the passage of timber rafts. The Department 
of Resources states that the first two units are 
expected to be in operation this year. The last of 
the five new stations, that at the Tunnel site on 
the Mississagi River, is of smaller capacity, the 
ultimate installation being 56,500 h.p. This appears 
to be the first station built by the Commission on 
the Mississagi River, which is situated to the north 
of Lake Huron. The so-called Tunnel is a narrow 
gorge on the river across which a dam has been 
built. Again, work is well forward. 

Although hydro-electric stations form the main 
source from which the Commission draws its sup- 
plies, it is building a steam station at Windsor, 
which is to have an ultimate capacity of 320,000 h.p. 
Two 60,000-kW generating sets are on order. In 
spite of new hydro-electric stations and the exten- 
sion of old ones, the demand shows signs of over- 
taking the installed capacity, particularly in drought 
years, and a number of small steam and Diesel 
stations have been built in busy areas. 





NOTES. 


ENGINEERS AND SHIPBUILDERS AT 
NEWCASTLE-UPON-TYNE. 

THE joint summer meeting in Newcastle of the 
North-East Coast Institution of Engineers and 
Shipbuilders, the Institution of Naval Architects, 
and the Institution of Engineers and Shipbuilders in 
Scotland opened on Tuesday, June 27, with a civic 
welcome by the Lord Mayor of Newcastle (Alderman 
Norman H. Chapman), extended to the members in 
the lecture theatre of the Literary and Philosophical 
Society. The chair was taken at the outset by 
Mr. Mungo Campbell, C.B.E., M.A., President of the 
North-East Coast Institution, who, on behalf of 
that Institution, extended a welcome to the other 
two societies ; the objects of all three, he observed, 
were essentially the same, and many shipbuilders 
and engineers belonged to them all. He then 
invited the Lord Mayor to open the meeting. 
Alderman Chapman, in welcoming the visiting 
members, remarked that, during the war, the 
improvement of ships was a topic that claimed the 
attention even of the daily papers. Now that the 
war was a memory, however, they tended rather to 
emphasise the risks of shipbuilding and the fear of 
unemployment in the industry. This, he thought, 
was a matter for regret, and it was refreshing to 
find himself among a body of men who were con- 
cerned solely with the improvement of ships. He 
welcomed especially those members who had come 
from overseas to attend the meeting, for science— 
even technical science—knew no_ geographical 
frontiers. Admiral of the Fleet Viscount Cunning- 
ham of Hyndhope, as President of the Institution of 
Naval Architects, and Professor G. Cook, D.Sc., 
F.R.S., President of the Institution of Engineers and 
Shipbuilders in Scotland, having acknowledged the 
Lord Mayor’s welcome on behalf of their respective 
institutions, Mr. Campbell invited Lord Cunningham 
to accept the diploma of Honorary Fellowship of the 
North-East Coast Institution of Engineers and 
Shipbuilders, “‘in recognition of his outstanding 
service in the war of 1939-45 ’’—a war in which, he 
said, Lord Cunningham, as Commander-in-Chief in 
the Mediterranean, had carried a burden that was 
only made tolerable by great faith. The Honorary 
Fellowship, he added, was the highest award that 
the Institution could bestow, and one which Lord 
Cunningham would share with Jellicoe, Beatty and 
Haig. Lord Cunningham, having received the 
diploma amid prolonged applause, and signed the 
roll of the Institution, said that he accepted the 
honour as a tribute to the whole of the Royal Navy, 
and did so with pride, as a life-long user of ships. 
Turning to the building of ships, however, he 
inclined to the view that, in these days, young men 
were rather too much absorbed in academic achieve- 
ments ; there was a tendency, he felt, to over-value 
theoretical training by contrast with the practical 
training that a shipyard provided, whereas the need 
was for thoroughly trained practical men who would 
bear constantly in mind the men who must handle 
the ships at sea. The naval architect ought to to go 





sea in the ships that he designed—and in all weathers. 
The Tyne and the Clyde had great advantages in 
being able to offer the right combination of theory 
and practice, together with professional societies 
where the young man could meet the leaders of his 
profession. Mr. Campbell then vacated the chair in 
favour of Professor Cook, who proceeded to confer 
upon Sir Maurice Denny, Bt., the honorary member- 
ship of the Institution of Engineers and Shipbuilders 
in Scotland, in recognition of his services to ship- 
building and naval architecture, stressing not only 
the outstanding position occupied by the family and 
firm of Denny for nearly a century and a half, but 
the recent work of Sir Maurice as chairman of the 
Research Board of the British Shipbuilding Research 
Association. Sir Maurice Denny having acknow- 
ledged the honour, Lord Cunningham took the chair 
and the technical proceedings began, Sir Maurice 
returning to the dais to present his paper on “‘ The 
British Shipbuilding Research Association—The 
First Six Years.” We hope to print a summary of 
this paper and of the discussion in next week’s 
issue. 


NATIONAL AERONAUTICAL COLLECTION. 

On Saturday, June 24, the National Aeronautical 
Collection of the Science Museum was reopened to 
the public. It has been transferred to the Western 
Galleries of the Science Museum, Imperial Institute- 
road, South Kensington, London, 8.W.7, where it 
will remain while the main block of the Science 
Museum is being rebuilt. The collection, which 
illustrates the history and development of aero- 
nautics from the earliest conception of flight, 
occupies the whole of the five rooms which constitute 
the gallery, and is arranged in chronological order. 
It includes models of balloons, airships and aircraft, 
a collection of aeronautical instruments, and notable 
aeroplanes and aircraft engines. Among these, it 
is interesting to note the reappearance of a sectioned 
Bristol Jupiter IV engine, which had previously been 
removed for overhaul. Other interesting engine 
exhibits include one of the two original Whittle 
jet engines which, it will be remembered, was pre- 
sented last year to the Science Museum by Messrs. 
Power Jets, Limited, while the other was presented 
to the United States; and the Rolls-Royce Trent 
engine, the first turbo-propeller to be used in flight. 
A recent addition to the collection of aircraft models 
is a case of modern air-liners, all to ?;th scale, in 
which can be seen the relative sizes of the Bristol 
Brabazon, the de Havilland Comet, Dove and Heron, 
and the Vickers Viking. A number of historic air- 
craft are suspended from the ceiling, ranging from 
the Lilienthal glider, built in 1895, to the first 
British jet-propelled aircraft to fly (in May, 1941), 
the Gloster Whittle E.28/39, and including a replica 
of the Wright aeroplane, which was the first power- 
driven aircraft to fly. The replica was built by the 
de Havilland Aeronautical Technical School; the 
original aircraft, it will be recalled, was exhibited in 
the collection from 1928 until 1948, when it was 
returned to the United States. The Vickers-Vimy 
Rolls-Royce aeroplane, which, in 1919, made the 
first direct trans-Atlantic flight, piloted by the late 
Captain Sir John Alcock and Sir Arthur Whitten- 
Brown, is also on view, but owing to its wing-span 
being too great to be accommodated in the width 
of the gallery, it has been necessary to dismantle 
the wings from the centre section. Full-scale 
aircraft also include a sectioned German V-I flying 
bomb and a recently acquired Japanese Baka 
“suicide ” aircraft. These dive-bombing aircraft, 
released from a parent aircraft, carried a pilot and 
were flown into the ship or target which they were 
attacking. 


THE PRroFressionaL CuassEs Arp CouNCIL. 

The annual report of the Professional Classes Aid 
Council, for the year 1949-50, is somewhat unusual, 
but pleasantly so, in that the Council are able to 
describe their finances as being ‘‘in a more satis- 
factory condition than they have been for the past 
few years’; the deficit which previously hampered 
their work has been cleared, and they finished the 
year with a small balance in hand. The “ P.C.A.C.,” 
as the organisation is most widely referred to, com- 
prises representatives from almost all of the leading 
professional bodies and ‘works in close liaison with 
their various benevolent funds. Its function is, in 





fact, largely one of co-ordination, though direct 
assistance is given in many cases, not only to 
applicants who have no direct claim on other funds, 
but also to those which may he described as ‘‘ mar- 
ginal” in that restrictions on the use of other 
funds may render deserving applicants ineligible 
for aid from some of them. During the year, 
expenditure on relief amounted to 11,564l., the 
number of families helped being 267. Numerous 
other applicants were advised of other sources to 
which they might apply. Educational grants 
accounted for 4,6341., the recipients including 65 
boys and 51 girls. Applications for training grants, 
it is stated, showed a considerable fall, though 
1,4051. was expended in this way ; but applications 
for help of a general character—temporary main- 
tenance, convalescence, payment of life insurance 
premiums, etc.—increased, the amount spent being 
2,7521. The secretary of the Council is Miss G. M. 
Walters, whose office is at 20, Campden Hill-square, 
London, W.8. 





LETTERS TO THE EDITOR. 
INVENTION OF THE ESCALATOR. 


To THE Eprror oF ENGINEERING. 

Str,—In your review of Mr. R. 8S. Lewis’s Highty 
Years of Enterprise, 1869-1949, on page 716, ante, 
you refer to the invention of the escalator. This, of 
course, was the work of the famous American firm, 
The Otis Elevator Company, founded by Elisha 
Graves Otis (1811-61), a descendant of the English- 
man John Otis, who, in 1635, settled in Hingham, 
Massachusetts, U.S.A. A sketch of the history of 
the firm was given to the Newcomen Society’s 
American Branch by Mr. L. A. Petersen on Novem- 
ber 14, 1945. In his address Mr. Petersen referred 
to the first elevator equipped with an automatic 
device to prevent it from falling (1853), the first 
passenger elevator (1856), the advent of the geared 
hydraulic elevator (1872), the first two successful 
electric elevators (1889), and added that “‘ In 1900, 
a new and unique type of vertical transportation 
was made available by the Otis Elevator Company 
in the form of the first electric stairway—trade- 
marked ‘ Escalator ’.”’ The address of Mr. Petersen, 
who is the President of the Otis Company, was 
entitled ‘‘ Elisha Graves Otis, 1811-1861, and his 
influence upon Vertical Transportation.” 

Yours faithfully, 
Epaar C. SMITH, 
Eng. Capt., R.N. (Ret.). 
Horley, Surrey. 
June 25, 1950. 





FINSBURY TECHNICAL COLLEGE 
OLD STUDENTS’ ASSOCIATION. 
To THE EprTor oF ENGINEERING. 
Srr,—There is a strong connection between Mr- 
W. B. Thompson’s letter on the above subject, in 
your issue of June 2, and Mr. C. E. R. Sams’s letter 
on the subject of ‘‘The Elderly Engineer,’ which 
you published on April 28. Both are concerned 
with elderly engineers and the City and Guilds 
Colleges, the Imperial College, and Finsbury Tech- 

nical College. 

Charity begins at home. It seems to me, as an 
old Finsbury man, that the obvious solution to 
Mr. Thompson’s problem is to hand over all assets 
of the Finsbury Technical College Old Students’ 
Association, the S. P. Thompson Memorial Fund, 
and the Streatfield Memorial Fund to the Old 
Centralians Association, as all old Finsbury students 
are eligible to join the Old Centralians—a fact which 
may not be known to old Finsbury students. 

Alternatively, such funds could be handed over 
to the Benevolent Funds of the Institutions of Civil, 
Electrical, Mechanical and Chemical Engineers ; 
but this has the disadvantage of splitting the Funds 
into small amounts. 

Yours faithfully, 
J. G. BULGER. 
Abteistrasse 34, 
Hamburg 13, 
Germany. 
June 14, 1950. 
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SUMMER MEETING OF THE 
INSTITUTION OF 


MECHANICAL ENGINEERS. 
THERE is probably nowhere in this country with a 


encouraging to see in recent years the trend to use 
science and properly trained technologists in that 
field. Mr. F. Walker, O.B.E., M.I-Mech.E., re- 
viewed some advances made in the rubber industry 
during the past 25 years, and Mr. S. A. Couling, 
M.I.Mech.E., dealt similarly with the manufacture of 


greater diversity of engineering works than Birming- | 8°8TS 


ham and the surrounding Midlands area. The 
Summer Meeting last week, of the Institution of 
Mechanical Engineers, which was centred on the 
“ity of a thousand trades,” was notable for the 
number of important engineering establishments 
visited, but it will also be remembered, by the many 
members and their ladies who took part, for the 
excellence of the civic and social arrangements. 

As noted on page 707, ante, the proceedings 
opened on Wednesday, June 21, at the Birmingham 
and Midland Institute, Paradise-street. The Lord 
Mayor of Birmingham, Alderman A. Paddon 
Smith, J.P., and members of the reception com- 
mittee, welcomed the President of the Institution, 
Dr. S. F. Dorey, C.B.E., F.R.S., the Council, 
members and their ladies. Mr. F. Vincent Everard, 
M.I.Mech.E., then presented his paper, ‘‘ Mechanical 
Engineering in the Midlands, 1925-1950,” which was 
reprinted in last week’s issue of ENGINEERING. The 
discussion was opened by Professor T. U. Matthew, 
B.Se.(Eng.), Ph.D., A.M.I.Mech.E., who spoke of the 
value of time study, remarking that it was unfortu- 
nate that time study had become associated with 
the introduction of direct piece-work incentives. It 
was only one of @ series of objective engineering 
methods of analysis, and the general term ‘‘ work 
study’ was being used increasingly to denote 
research on production, quality, productivity, the 
cost of production, the processes which started with 
research, and the production processes themselves. 
Work study and the objective approach were being 
developed so that they could be applied by the 
supervisor in charge of the production section in a 
mass-production industry. 

In many cases, Professor Matthew continued, the 
production operations accounted for only a few 
per cent. of the total man-hours required for 
production. In consequence, conveyor systems were 
extensively used, and many assembly lines and 
processes were re-designed round the material- 
handling equipment. One of the current problems 
was to ensure the rapid application, in the effective 
fields, of research results obtained in a specialised 
field, and the translation of the combined results of 
accumulated research into practical engineering 
development. He suggested that a new approach 
was required to the type of organisation which was 
best suited to the co-ordination of research in the 
different branches of pure and applied science which 
had contributed so greatly to mechanical engineering 
during the past 25 years. 

Mr. W. Semple, M.I.Mech.E., drew attention to 
the rise in the production of light commercial 
vehicles during the period, and to the reduction in 
the ratio of unladen weight to pay-load weight ; 
further advances, he thought, were possible in the 
latter direction. He welcomed the proposal to set 
up an industrial museum in Birmingham, and sug- 
gested that it was not too late to form a collection of 
prototype mechanisms from which potential engin- 
eers and inventors might draw inspiration. Claims 
made from the other side of the Iron Curtain to the 
effect that certain inventions had been anticipated 
many years previously by scientists and engineers of 
semi-Asiatic origin were, of course, false, but they 
were believed by some 200 million people, and by 
three times that number if China were included. 
Unless the rightful claims were made periodically to 
the world, those claims would be lost. 

Dr. D. F. Galloway, B.Sc.(Eng.), Wh.Se., member 
of Council, amplified some developments in machine- 
tool and production engineering which had taken 
place in the Midlands. He referred particularly to 
the introduction of tests for machine tools, the 
measurement of surface finish, and “‘the growing 
trend of manufacturers to make use of scientifically- 
determined data for the development of production 
techniques.” Whereas the mechanical engineer had 
used the results of scientific research as a basis for 
calculations for the design of his products, the 
manufacture of the products had been very much a 
hit-and-miss type of development, and it was 





Professor G. F. Mucklow, D.Sc., M.I.Mech.E., 
recalled the history of the School of Mechanical 
Engineering at Birmingham University, remarking 
that the major development had taken place since 
1939, due to the influence of the war. As 4 result, 
the Department had to be re-housed ; work on this 
was in progress. It was the teaching policy now 
to aim at the scientific approach rather than the 
acquisition of detailed knowledge of engineering 
practice. Full advantage was taken of post- 
graduate courses of practical training which were 
provided by many engineering firms. Professor 
Mucklow described a scheme introduced at Birming- 
ham in 1943 to facilitate the entry of young men 
of exceptional promise who had combined engineer- 
ing apprenticeship with study at a technical college ; 
the Lucas Graduate School of Engineering, which 
dealt with “the strategy rather than the tactics 
of production control and administration,” being 
initially restricted to men with honours degrees 
in engineering ; and the establishment of further 
graduate classes (in the Department of Mechanical 
Engineering) in chemistry, metallurgy and engi- 
neering production. These classes would require 
support from engineering firms. Some of the 
teaching would have to be done by specialists 
drawn from industry and Government establish- 
ments. 

On Wednesday afternoon the members commenced 
their visits to engineering works in the district ; 
this programme was continued during Thursday 
and Friday, and, in all, 34 works were visited. The 
Lord Mayor and Lady Mayoress of Birmingham, 
Alderman A. Paddon Smith and Mrs. Donald 
Paddon Smith, held a Reception in the Council 
House on Wednesday evening. The members and 
their ladies were entertained with music and 
dancing, and were able to visit the adjoining Art 
Gallery. 

The Automobile Division of the Institution held a 
meeting at St. Mary’s Hall, Coventry, on Thursday 
morning, at which Mr. L. H. Dawtrey, M.I.Mech.E., 
presented a paper on “ Automobile Test Rigs.” 
The meeting was preceded by the Mayor of the City 
of Coventry, Alderman J. Howat, J.P., welcoming 
the Chairman of the Division, Dr. E. A. Watson, 
O.B.E., M.I.Mech.E., and members of the Institution 
with their ladies. Mr. Dawtrey’s paper gave 
particulars and the results of a number of test rigs, 
including those for fatigue failure in the suspension, 
frame, body and transmission; impact failures ; 
body and chassis “‘weaving’’; tractor and car 
transmissions; valve-port flow; roller-bearing 
wear; and vehicle air-resistance measurements. 
The discussion was opened by Mr. E. C. Grinham, 
who remarked that caution had to be exercised in 
the use of test rigs, as they could be designed to 
result in early and drastic failures. This resulted in 
the designer adding too much weight to the 
part. 

At the Institution Dinner, held at the Grand 
Hotel on Thursday evening, Sir Raymond Priestley, 
M.C., D.Sc., LL.D., gave his views on the education 
of engineers; though a geologist, he is deeply 
concerned with this controversial matter as Vice- 
Chancellor of the University of Birmingham. He 
thought that there would be a danger of going too 
far too fast; for example, it had been suggested 
that some 20 technical colleges in this country 
should be converted into university colleges. He 
was not averse from taking, as a long-term objective, 
the elevation of one or two existing technical colleges 
to the rank and status of institutes of technology of 
the American type, but they had to remember that 
the United States, with its highly mechanised 
industries, its 150 million people, and its university 
population of 1 in 50, against 1 in 500 in this 
country, had been able to afford only three such 
institutions of first rank. There was really no 
proof that it was because America had more or 
better scientists and engineers that her output per 
man-hour was larger. In his view, it was at least 





as likely to be due to the fact that the majority of 
her high-level executives in industry and business 
had lived in college with the scientists and engineers 
that they employed. 

Regarding short-term policy, he had no doubt 
at all; if more money could be spared for new 
buildings and new staff, surely it should be employed 
in expanding existing institutions to deal ade- 
quately with the students who overcrowded them 
to-day. He was firmly convinced that the proper 
place for education of university standard was the 
university, where all faculties were grouped to- 
gether, and where characters could be rounded out 
and interests broadened through day-to-day contact 
with other scholars studying every subject under 
the sun. He knew from personal experience that 
that was rather belatedly realised in the United 
States. Two American institutes, when he visited 
them in 1936, were spending many hundreds of 
thousands of dollars a year in developing faculties 
of arts. Nevertheless, their students lacked the 
stimulus of the company of first-class brains 
specialising in history, philosophy, languages, art 
and music. 

In Birmingham University they were about to 
experiment in general education for scientists and 
arts men alike, but he believed that the bulk of 
general education should be done outside the 
laboratory and lecture room through student 
activities, so that student could educate student. 
Halls of residence and an insistence on one year’s 
community life were essential. Referring to recent 
criticism of the so-called ‘‘ Redbrick ’’ universities, 
such as Birmingham, he said that the lay element in 
the university councils, contrary to what a critic had 
suggested, was one of the strongest features of the 
“civic” universities. Like Antzeus, they gained 
new strength from contact with the earth. Oxford 
and Cambridge had their own part to play, a part 
perhaps best played in academic solitude, but the 
civic universities had an increasingly important role 
in national life. They were still very far behind 
Oxford and Cambridge in the amenities of staff and 
student life, but they were a society of scholars ; 
they did not need trade unions for the welfare of the 
staff; and the students had more autonomy and 
freedom than those of his two Cambridge colleges 
ever had. In their closer liaison with industry they 
had a power and a contact with life that would 
make them the universities of the future, as Oxford 
and Cambridge had been the universities of the 
past and the present. 

Mr. A. C. Hartley, C.B.E., Vice-President, in the 
unavoidable absence of Mr. A. Roebuck, M.I.Mech.E., 
proposed the toast of “‘ The City of Birmingham.” 
He recalled the early history of the Institution, 
which was founded in Birmingham, and spoke of 
the benefit to members of the visits to works. 
The Lord Mayor, responding to the toast, deplored 
the expansion of the City which resulted in en- 
croachments on valuable farm land. Referring 
to the proposed museum of science and industry, 
he mentioned the recent presentation to the City 
(reported on page 707, ante) of a Boulton and Watt 
engine. Dr. S. F. Dorey, President, who proposed 
the toast of ““ The Guests,” expressed the members’ 
thanks for the hospitality of the civic and indus- 
trial authorities. Sir Raymond Priestley’s speech, 
summarised above, was in response to this toast. 

On, Friday evening, the Summer Meeting was 
concluded with a Conversazione in the University, 
given by the Midland Branch Committee. The 
guests were received by Mr. E.S. Legat, M.I.Mech.E., 
Chairman of the Branch, and Mrs. Legat, and by 
Sir Raymond Priestley and Miss Margaret Priestley. 
Demonstrations were given in the science labora- 
tories, except that of the department of mechanical 
engineering, which is being rebuilt. The laboratories 
visited included those of civil engineering, where 
research on riveted joints was particularly noted ; 
electrical engineering, where an analogue computer 
for designing servo systems, also apparatus for 
research on the dielectric strength of fluids under 
pressure and for analysing the manual response of a 
human operator, were available for inspection ; 
metallurgy and industrial metallurgy ; physics (the 
Nuffield and Poynting laboratories, housing Syn- 
chroton and Cyclotron installations); electron 
physics ; and chemistry. 
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THE BAY WHARF SHIPYARD, 
GREENWICH. 


Tue Bay WuHarF Construction Company, who are 
a subsidiary firm associated with the Proprietors of 
Hay’s Wharf, Limited, London, have recently com- 
pleted the equipment of a shipyard on the south bank 
of the Thames, at East Greenwich, for the building and 
repair of barges, tugs and similar small craft. The 
accompanying illustrations, Figs. 1 and 2, show two 
views of the yard, which is entered from Tunnel-avenue, 
8.E.10. It was previously an undeveloped site, and 
was laid out primarily for the construction and repair 
of vessels belonging to the owners’ lighterage business, 
which is carried on by another associated firm, Messrs. 
Humphery and Grey (Lighterage), Limited. Similar 
work will be undertaken, however, for outside cus- 
tomers, one such contract, completed recently, being 
a pontoon ordered by the Port of London Authority 
for the West India Dock pier. 

The foundations and piling were put in by Messrs. 
John Shelbourne and Company, Limited, of London 
and Greenwich, who also built the tug jetty and the 
engineers’ shop. The superstructure, and the rein- 
forced-concrete barrel roofs, were constructed by 
Messrs. F. Bradford and Company, Limited, of Totten- 
ham, and the building work was carried out by Messrs. 
Walter Lawrence and Son, Limited, London. The 
whole of the civil engineering work was supervised by 
the Bay Wharf Company’s surveyor, the late Mr. 
H. J. M. Skidmore and his successor, Mr. W. H. E. 
Hogben, A.M.I.Struct.E. The mechanical and electrical 
engineering work included the provision of overhead 





travelling cranes, electric light and power, compressed- 


2. 


air services, welding plant, a winch on the slipway, a 
5-ton travelling crane on the jetty, etc., all of which 
was undertaken by the engineering department of 
Hay’s Wharf Limited under the direction of their 
chief engineer, Mr. H. Randal Steward, B.Sc., 
A.M.I.C.E. The establishment comprises, in addition 
to the eight covered slipway berths and the tug jetty, 
an area behind the slipways, on which barges, etc., are 
built ; a mould loft, platers’ shop, carpenters’ shop, 
engineers’ shop and tarpaulin shop. Work at present 
in hand at Bay Wharf includes the re-engining, with a 
350-h.p. Ruston and Hornsby Diesel engine, of the tug 
Flanchford. A sister ship, the Rocott, was re-engined 
with a 350-h.p. Polar Diesel engine in 1948 at the 
company’s older yard at Point Wharf, a little lower 
down the river. 





HAWKER P.1081 JET-PROPELLED FIGHTER AIRCRAFT. 
—A new jet-propelled fighter aeroplane, the P.1081, 
designed and built by Messrs. Hawker Aircraft Limited, 
Canbury Park-road, Kingston-on-Thames, Surrey, has 
recently made its first flight, and took part in the flying 
display held on June 25 in connection with the recent 
International Aeronautical Exhibition at Brussels. The 
P.1081 is a development of the Hawker P.1052 research 
aircraft, some details of which were given on page 289 of 
our 168th volume (1949), and is powered by a single 
Rolls-Royce Nene jet engine; the bifurcated jet pipe 
of the P.1052, however, has been replaced by a single-jet 
exhaust in the tail. The wings and tail surfaces of the 
new fighter are swept back ; the span is 31 ft. 6 in. and 
the length 37 ft. 4 in. No other information has been 
released. 





RESEARCH AND DEVELOPMENT 
LABORATORIES OF BAKELITE 
LIMITED, BIRMINGHAM. 


THE manufacture of thermoplastic and thermosetting 
peas materials is carried on by Messrs. Bakelite 

imited, at factories at Tyseley, Birmingham, while the 
development of phenolic materials is concentrated, at 
Aycliffe, County Durham, where work on urea, 
melamine and Vybak products is pursued, and at Ware, 
Hertfordshire, where nie of Warerite lamin- 
ated plastics are developed. Improvements in the 
properties of plastics depend mainly on the resource 
of the chemist, and fundamental investigations into 
the molecular structure of these materials have been 
conducted systematically for many years by Messrs. 
Bakelite. On account of bomb damage, research work 
at Tyseley, the largest of the firm’s factories, has had 
to be conducted in temporary accommodation for some 
years past, and, in order to concentrate research and 
development activities under one roof, it has been 
decided to erect a large block of buildings at the junction 
of Redfern-road and Wharfdale-road in the south-west 
corner of the works site at Tyseley. A portion of this 
block, representing between one-quarter and one-third 
of the projected structure, has now been completed and, 
last week, we were given an opportunity of inspecting 
the building and its equipment. 

The overall dimensions of the newly-opened building 
are 125 ft. long by 45 ft. wide and it consists of two 
floors each divided longitudinally by a 6-ft. wide 
central corridor. The structure is of steel-framed 
brick construction and is furnished with an insulated 
flat roof. On the ground floor there are a number of 
offices, physical-chemistry and organic-chemistry re- 
search laboratories and an infra-red rometer room. 
On the upper floor are arranged chemical-analysis, 
physics, and development laboratories and a library. 
Among the special features of the building are concealed 
ducts and pipes for the accommodation of all supplies, 
services and wastes, including fume extraction. These 
ducts and pipes are connected to mains and delivery 
shafts which are also concealed in the central corridors 
where, however, they are easily accessible. The flat 
roof is insulated by means of foamed-slag and covered 
with built-up bitumen three-ply roofing material. 
Fluorescent lighting has been adopted throughout the 
new laboratories. The general contractors responsible 
for the construction of the building were Messrs. 
B. Whitehouse and Sons Limited, Birmingham, and 
the architects, Messrs. Harrison and Cox, Birmingham. 

In the physical-chemistry research laboratory is 
arranged apparatus for the study of vinyl polymerisa- 
tion, the kinetics of phenol-formaldehyde reactions and 
the determination of viscosity. In a small adjoini 
dark room a Hilger spectrometer is installed for the 
determination of the infra-red absorption spectra curves 
and the chemical constitution of phenol-formaldehyde 
and other products. The organic-chemistry research 
laboratory contains apparatus for the rational synthesis 
of new plastic intermediate products and for the study 
of the relation between chemical constitution and 
physical properties. In an adjoining room—which is 
called the phenolic surface-coating resin laboratory— 
determinations of the melting points and the flow and 
heat reactivities of resins are carried out. Experiments 
are also conducted on the dip-coating of metal tubes 
and rods with Bakelite lacquer and the subsequent 
baking of the deposit by passage through a low- 
frequency induction-heating coil. 

The physics and development laboratories and that for 
chemical analysis, on the first floor of the new building, 
are all well equipped, the work in the physics laboratory 
including the carrying out of tensile, impact and other 
mechanical tests on specimens of plastics and the 
determination of resistivities and other physical 
properties of these products. The work carried out in 
the development laboratory includes such operations 
as the study of methods for separating phenols from 
tar-acid fractions, the construction of a fractionating 
column for tar acids, the assessment of new types of 
chemical testing equipment, and the examination of 
the breakdown under heat of polyviny] resins. 

Much practical development work is conducted in 
an experimental-plant building which is close to the 
new research block. This contains experimental stills, 
mixing, grinding, extrusion and preheating equipment 
and a number of compression, transfer, and injection 
moulding presses. Moulding materials are made on a 
pilot-plant scale and their properties tried out in an 
injection or other press according to the type of material 
involved. The building also contains semi-scale plant 
for development work on laminated materials, including 
experimental impregnators, drying ovens, hydraulic 
presses and tube-rolling machines. Much of the depart- 
ment’s apparatus and plant is designed and constructed 
in the experimental engineering workshop which is in 
this buildi It is furnished with a wide range of 
machine tools, and the services of a well-equipped 
drawing office are also available. 
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THE HARWELL ATOMIC ENERGY |the discharge holes to receive the rods removed from | ciated, therefore, that the Bepo pile has a useful 
|the pile. The lead screening is required because the | application in the study of new materials and of 

RESEARCH ESTABLISHMENT. | rods are very radioactive after having been in the | chemical actions under the conditions existing in the 

In a previous illustrated article, published in| pile. The face opposite to that used for experimental | pile. 
ENGINEERING, vol. 166, page 97 (1948), an account | work is occupied by the control rods and their associated | A further important problem in pile design is that 
was given of the origin and work of the Atomic Energy | gear, and is also used for the loading and unloading | of recharging the pile and processing the nuclear 
Research Establishment at Harwell, and of the equip- | necessary in the production of radioactive isotopes. | fuel. These problems are all so difficult of solution 
ment in use or in construction at that date. On| The Bepo pile is designed to operate at a power level | that the time which must elapse before nuclear energy 
Thursday, June 22, representatives of the Press were | of 6,000 kW. As explained in our previous article, | can become a useful source of power on a large scale 
afforded a further opportunity of visiting the establish- | this implies that, as a result of the nuclear fissions, | is still a matter of speculation. At the Press conference 
ment and of seeing and hearing something of the progress | heat, in this case low-grade heat, is generated in the [held during the visit, Sir John Cockcroft, C.B.E., 
which has been made since the previous visit nearly two | pile at a rate equivalent to a power of 6,000 kW. One| F.R.S., director of the Harwell establishment, did 
years ago. The initial programme of building has now | kilowatt is equivalent to 56-89 B.Th.U. per minute. | not feel disposed to alter his previous estimate of 
been largely completed and most of the experimental | The control room of the pile is shown in Fig. 2, on|ten years as the minimum time required for the 
facilities have been installed, while the necessary staffs | page 728. | necessary advances to be made. The most promising 
have also, in the main, been recruited. Thesecondand| It is almost certain that the only way of obtaining | application of nuclear energy appears to be to ship- 
larger experimental pile, known as Bepo, which had | useful power from nuclear reactors will be through the | propulsion, because of the great saving in the weight 
just been started up at the time of the previous visit, | conversion of the heat released into mechanical and | of fuel. On the other hand, for large-scale power 





has now come fully into operation and is being used to | 
a large extent to produce radioactive isotopes which | 
have important applications in medicine, industry and | 
research. Indeed, the output of activated chemicals | 
has now increased to over 500 consignments a month. | 
The pile is also being used to study the effect of neutron | 


electrical energy. Broadly speaking, schemes for 
obtaining this power depend upon the removal of the 
heat from the fuel rods by a cooling agent, either 
liquid or gaseous, which would be circulated through 
a heat exchanger, such as a steam boiler, or, if gaseous, 
pass directly to a turbine. The main advantage of 


| generation on land, it would be necessary to solve the 
problem of securing continuous, trouble-free operation 
over long periods and to devise methods of handling 

| and processing the intensely radioactive fuel discharged 

| from the reactor. 

| As was noted on page 621 of our 168th volume (1949), 


and gamma ray bombardment on materials which have | this form of power lies in the large amount of heat | the Harwell Cyclotron came into operation on Dec- 


possible applications in future reactors and for experi- | which can be produced from small quantities of fuel. | ember 2 


1949. Our earlier article contained details 


ments in nuclear physics and neutron diffraction. For|The disadvantage is that, in existing experimental | and a photograph of this item of equipment in course 


the latter work, use is made of a collimated beam of | 
neutrons derived from the pile. 

Visitors to the recent British Industries Fair at 
Olympia could see there a one-sixth scale model of 
Bepo in which the operation of the control and shut- 
down rods was demonstrated. Fig. 1, on page 728, | 
is a view of the actual installation at Harwell in which | 
the face of the pile which is used for experimental | 
work is shown with some of the ports which communi- | 
cate with the interior. The pile is roughly a cube 
with 30-ft. sides. The core is of graphite in block 
form, which is used as the moderator, and contains a 
lattice of uranium rods, the whole being surrounded 
by a concrete shield 6 ft. thick with a steel facing. 
The uranium rods lie horizontally and are encased in 
aluminium sheaths to prevent the radioactive atoms 
produced in nuclear fission from escaping into the 
cooling air. This air is drawn through the channels 
in which the uranium rods lie by fans, and is exhausted 
through a 200-ft. chimney stack to ensure a safe 
level of radioactivity at ground level. The uranium 
rods are loaded into the pile at one face and dis- 
charged at the opposite face. To facilitate these 
operations, hoists are provided at the faces and lead 





containers, known as coffins, can be placed opposite 


piles, the heat conducted away is low grade and so 


| can be exchanged only at low efficiency. It is possible, 


however, that, by a major change in the design of 
the pile and by the use of suitable refractory materials, 
considerably higher working temperatures may even- 
tually be permissible. The materials of construction, 
such as the tubes to convey the coolant and the sheaths 
to cover the uranium rods, must not only operate 
satisfactorily at the temperatures required, but must 
also have suitable nuclear properties, such as low 
neutron-absorbing power. The latter requirement 
rules out many of the more orthodox materials of 
construction and has prompted investigation into 
materials which are not commonly used in industry, 
such as beryllium and zirconium. The question of 
whether to use a gas or liquid as the coolant is 
important. A gas has the disadvantage that consider- 
able power is required to circulate it. On the other 
hand, gases do not absorb neutrons strongly and, as 
is the case with helium, may be chemically inert and 
non-corrosive. Liquids, including liquid metals, are 
very suitable for heat removal and make for economy 
in pumping, but the majority would corrode the 
structural materials at present available and would 
absorb neutrons wastefully. It will readily be appre- 


|of construction. Two views of the completed instal- 
| lation are given in Figs. 3 and 4 on page 728. Fig. 3 
shows the side of the Cyclotron into which the 
radio-frequency accelerating voltage is fed. This 
voltage is supplied by a 150-kW short-wave oscillator 
and its frequency is modulated by a rotating condenser. 
This modulation is necessary to keep the charged 
particles in synchronism with the accelerating voltage 
throughout their successive circuits of the chamber of 
the Cyclotron, since, owing to the relativistic increase in 
their mass, which becomes appreciable at high velocities 
the particles take rather longer to complete the outer 
circuits of their path. As is well known, the circulation 
of the particles in the Cyclotron results from their 
motion in a magnetic field at right angles to their path. 
This field is produced by an electromagnet having 
circular poles 110 in. in diameter and 12 in. apart. 
The coils of the magnet are contained in the two 
circular drums visible in the photograph. The field 
strength between the poles is 16,000 gauss and the 
energising power exceeds 300 kW. Oil cooling of the 
magnet coils is installed. The atomic nuclei which 
are accelerated, are produced by a low-voltage arc 
discharge in a gas-filled chamber at the centre of the 
magnet. The whole of the acceleration chamber is 
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evacuated to a high degree by pumps which operate 
continuously, and the mein parts of the Cyclotron are 
cooled by circulating purified water. At present, the 
machine is — a total accelerating voltage of 
approximately 160 million volts and the protons at 
present being accelerated therefore possess a final 
energy of 160 million electron-volts, under which 
conditions they travel at more than half the velocity of 
light. 

eo obtain a source of high-velocity neutrons, a 
target is placed in the path of the protons. The tube 
through which such targets are inserted is seen in 
Fig. 4, on page 728, which shows the opposite side of the 
Cyclotron from that shown in Fig. 3. Owing to the 
modulation of the frequency of the exciting voltage, 
the stream of neutrons obtained from the target is not 
continuous. Instead, bursts of neutrons are obtained 
at intervals of approximately 10 milliseconds. The fast 
protons and neutrons obtained in this way and deflected 
out of the Cyclotron, are capable of causing many 
kinds of nuclear disintegration and of producing new 
species of atomic nuclei when they strike target 
materials placed in their path. At the higher energy 
of 180 million electron-volts, which will shortly be 
attained, it may be possible to create mesons, the 
nuclear particles of mass intermediate between those of 
the electron and the proton, which are believed to act 
as bonds between the neutrons and protons in atomic 
nuclei. 

To assist the work of the establishment generally, 
two new buildings have been completed and equipped. 
These are the chemical-engineering and radiochemical 
laboratories. The first of these is largely concerned 
with the development of methods for the treatment of 
uranium-bearing ores and with the study of new 
methods of chemical separation ; for example, for the 
separation of plutonium from uranium which has been 
irradiated in the pile, the separation of radioactive 
fission products, such as radioactive iodine for use in 
hospitals, and the separation of hafnium from zirconium 
in order to produce pure zirconium for new reactors. 
The chemical-engineering department also designs and 
operates pilot plants, but where intense radioactivity 
is involved, as in the separation of plutonium from 
uranium, these are installed in the radiochemical 
laboratory where a high degree of protection has been 
provided for the staff. A brief note on the radio- 
chemical laboratory was included on page 15 of our 
168th volume (1949) and further information con- 
cerning it will be found in the recently-published article 
by Dr. Denis Taylor, entitled “‘ Electronic Instrumen- 
tation in Atomic Research,” on pages 631 and 644 
ante. 

Two of the items of equipment used in the metal- 
lurgical laboratory are shown in Figs. 5 and 6, opposite. 
The first of these, shown in Fig. 5, is an extensometer, 
which has been developed by the laboratory staff, for 
testing the tensile properties of metals under stress in a 
pile where, owing to high temperatures and radiations, 
only remote methods of measurement are possible. The 
specimen is attached to two parallel plates which form 
two sides of a closed passage through which a constant 
flow of air is maintained. As the specimen lengthens 
under load, the distance between the plates and, conse- 
quently, the area of the air-passage, alter in the same 
proportion, and this causes the differential pressure 
across the gap to decrease. This change in differential 
pressure unbalances a Wheatstone-bridge type of air 
circuit, in which the potential differences in the arms of 
the true Wheatstone bridge are replaced by pressure 
differences and the electrical galvanometer by a form of 
air-operated galvanometer. The latter registers its 
deflection by means of an electrical bridge circuit. It 
is claimed that strains of the order of one part in ten 
million can be measured on a test piece 1 in. long. The 
second piece of apparatus, shown in Fig. 6, is an argon 
arc furnace, in which highly refractory metals can be 
melted. The special characteristic of this furnace is 
that no container or crucible is required and, conse- 
quently, contamination of the melt is avoided. The 
specimen forms one electrode and a carbon rod, which 
is manipulated by the observer, the other, the whole 
being enclosed in argon gas. 

The photographs reproduced to illustrate this article 
are Crown copyright. 





ELECTRONICS SYMPOSIUM AND EXHIBITION.—The 
Electronics Section of the Scientific Instrument Manu- 
facturers’ Association, 17, Princes-gate, South Kensing- 
ton, London, 8.W.7, is to hold its annual symposium of 
technical papers on electronic subjects from Tuesday, 
September 5, to Friday, September 8. These meetings 
will take place at the Examination Hall, Queen’s-square, 
London, W.C.1. During the same period there will be 
an exhibition, at the Examination Hall, of the latest 
types of British scientific and electronic instruments, 
most of which will be shown in operation. Tickets, 
admitting to both the symposium and the exhibition, 
are obtainable from the secretary of the Association. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


Tuts list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 








ROTTERDAM HARBOUR EXHIBITION.—Thursday, June 
15, to Tuesday, August 15. Information from the 
commercial manager, 87, ’s-Grayendijkwal, Rotterdam, 
Holland. 

EXHIBITION OF THREADING MACHINERY.—See page 
736. 


INSTITUTE OF PETROLEUM, OIL SHALE AND CANNEL 
CoaL CONFERENCE.—Monday, July 3, to Friday, July 7, 
at the Royal Technical College, Glasgow. Apply to the 
honorary secretary, Mr. W. M. Stirling, c/o Messrs. 
Scottish Oils, Limited, Middleton Hall, Uphall, Brox- 
burn, West Lothian. (Telephone: Broxburn 34.) 

CONFERENCE ON CIVIL ENGINEERING PROBLEMS IN 
THE COLONIES, 1950.—Monday, July 3, to Friday, July 7. 
Organised by the Institution of Civil Engineers and held 
at the Institution building, Great George-street, London, 
8.W.1. Apply to the secretary of the Institution. (Tele- 
phone: WHlItehall 4577.) For details, see page 219, 
ante. 

ROYAL AGRICULTURAL SOCIETY’s ANNUAL SHOW.— 
Tuesday, July 4, to Friday, July 7, at Kidlington, 
Oxford. Apply to Royal Agricultural Society, 16, 
Bedford-square, London, W.C.1. (Telephone : MUSeum 
5905.) 


INSTITUTION OF ELECTRICAL ENGINEERS, SUMMER 
MEETING.—Tuesday, July 4, to Friday, July 7, at 
Cambridge. Supply Section Summer Visit, Thursday, 
September 21, to Sunday, September 24, at Stratford-on- 
Avon. For particulars, apply to the secretary of the 
Institution, Savoy-place, Victoria-embankment, London, 
W.C.2. (Telephone : TEMple Bar 7676.) 

“* METALS IN THE SERVICE OF MANKIND ” EXHIBITION. 
—Friday, July 7, to Saturday, September 30, at the 
Science Museum, South Kensington, London, S.W.7. 
Organised by the Institution of Metallurgists, 4, Gros- 
venor-gardens, London, S.W.1. (Telephone: SLOane 
0061.) 


ACHEMA IX EXHIBITION OF CHEMICAL APPARATUS.— 
Sunday, July 9, to Sunday, July 16, at Frankfurt. 
Apply to the German Society for Chemical Apparatus 
(Dechema), Ulmenstrasse 10, Frankfurt-am-Main 4, 
Germany. 

CONFERENCE ON THE PROPERTIES OF SEMI-CONDUCT- 
ING MATERIALS.—Monday, July 10, to Saturday, July 15, 
at the University, Reading. Under the auspices of the 
International Union of Physics in co-operation with the 
Royal Society. Communications to Dr. H. K. Henisch, 
Department of Physics, University, Reading. (Tele- 
phone: Reading 81785.) 

FouRTH WORLD POWER CONFERENCE.—Monday, July 
10, to Saturday, July 15, at London. Conference office : 
414, Cecil Chambers, 76-88, Strand, London, W.C.2. 
(Telephone : TEMple Bar 1234, Extension 473.) 

FOURTH ANNUAL SUMMER SCHOOL ON MANAGEMENT. 
—Saturday, July 15, to Saturday, July 22, at Oriel 
College, Oxford. Sponsored by the Institute of Industrial 
Administration, in co-operation with the British Institute 
of Management. For particulars, apply to the secretary, 
the British Institute of Management, 8, Hill-street, 
London, W.1. (Telephone : GROsvenor 6000.) 


MANCHESTER ELECTRONICS EXHIBITION.—Tuesday, 
July 18, to Thursday, July 20, at the College of Tech- 
nology, Manchester. Organised by the North-Western 
Branch of the Institution of Electronics. Apply to 
Mr. A. Hickson, 205, Parrs Wood Road South, East 
Didsbury, Manchester, 20. 

SrxTtH INTERNATIONAL CONGRESS AND TECHNICAL 
EXHIBITION OF RADIOLOGY.—Monday, July 24, to Friday, 
July 28, at Royal Horticultural Halls, Vincent-square, 
London, S.W.1. Details from the Technical Exhibition 
Secretariat, British Institute of Radiology, 32, Welbeck- 
street, London, W.1. (Telephone : WELbeck 6237.) 

INDUSTRIAL RADIOLOGY Group, INSTITUTE OF PHyY- 
sics, SUMMER MEETING AND EXHIBITION.—See page 736. 

UNITED STATES INTERNATIONAL TRADE Fair.—Mon- 
day, August 7, to Sunday, August 20, at Chicago. 
Agent: Mr. A. P. Wales, 16, Shelton-street, London, 
W.C.2. (Telephone: TEMple Bar 2972, Extension 14.) 

MODEL ENGINEER EXHIBITION.—Wednesday, August 
9, to Saturday, August 19, at the New Royal Horticul- 
tural Hall, Greycoat-street, London, S.W.1. Organisers : 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. (Telephone: CHAncery 
6681/4.) 

Srxta INTERNATIONAL CONGRESS FOR THE HISTORY 
oF SCIENCE.—Monday, August 14, to Sunday, August 20, 
at the University, Amsterdam, Holland. Apply to 
Professor Ir. R. J. Forbes, Haringvlietstraat 1, 
Amsterdam-Z., Holland. 





CANADIAN NATIONAL EXHIBITION.—Friday, August 25, 
to Saturday, September 9, Toronto, Ontario. Agent: 
Canadian National Exhibition Representative, 3, Lower 
Regent-street, S.W.1. (Telephone: WHItehall 2794.) 

British TIMKEN SHoOw.—Friday and Saturday: 
August 25 and 26, Duston, Northampton. Apply to 
Messrs. British Timken, Limited, Duston, Northampton. 

IMPFRIAL COLLEGE SUMMER SCHOOL IN RELAXATION 
METHODs.—Tuesday, August 29, to Friday, September 
22, at Imperial College of Science and Technology, South 
Kensington, London, S.W.7. Particulars obtainable 
from Mr. D. N. de G. Allen, at Imperial College. A 
similar course will be held in the United States in June 
and July. See also page 279, ante. 


INDUSTRIAL FINISHES EXHIBITION. — Wednesday, 
August 30, to Thursday, September 7, at Earl’s Court, 
London, W.14. Organisers: Messrs, Industrial Finishes 
Exhibition, Limited, 26, Old Brompton-road, London, 
S.W.7. (Telephone : KENsington 0025.) 

BrITIsH ASSOCIATION.—Wednesday, August 30, to 
Wednesday, September 6, at Birmingham. Apply to 
the joint local secretaries, British Association, Council 
House, Birmingham, 1. See also page 471, ante. 

PRODUCTION ENGINEERING SUMMER SCHOOL.—Wed- 
nesday, August 30, to Sunday, September 3, St. Peter’s 
Hall, Oxford. Organised by the Institution of Pro- 
duction Engineers. Application form and programme 
may be obtained from the secretary of the Institution, 
36, Portman-square, London, W.1. (Telephone: WEL- 
beck 6813.) 

SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIA- 
TION.—See column 1 on this page. 

RoyaL NETHERLANDS INDUSTRIES Fatr.—Tuesday, 
September 5, to Thursday, September 14, at Utrecht, 
Holland. Agent: Mr. W. Friedhoff, 10, Gloucester-place, 
London, W.1. (Telephone : WELbeck 9971.) 


17TH NaTIONAL RADIO EXHIBITION.—Wednesday, 
September 6, to Saturday, September 16, at Castle 
Bromwich, Birmingham. Apply to the Radio Industry 
Council, 59, Russell-square, London, W.C.1. (Telephone : 
MUSeum 6901.) 

FLiyInc DISPLAY AND EXHIBITION.—Wednesday, 
September 6, to Sunday, September 10, at the Royal 
Aircraft Establishment, Farnborough, Hampshire. Or- 
ganisers: Society of British Aircraft Constructors 
Limited, 32, Savile-row, London, W.1. (Telephone: 
REGent 5215.) 


INTERNATIONAL CONFERENCE ON SPECTROSCOPY AT 
RapD10-FREQUENCIES.—Monday, September 18, to Satur- 
day, September 23, at Amsterdam. Organised by the 
Netherlands Physical Society, and supported by the 
International Union of Pure and Applied Physics. Apply 
to Professor J. de Boer, Bunsenstraat 98, Amsterdam-O., 
Holland. 

ASSOCIATION OF PUBLIC LIGHTING ENGINEERS, ANNUAL 
MEETING AND CONFERENCE.—Monday, September 18, to 
Friday, September 22, Town Hall and Winter Gardens, 
Bournemouth. Particulars from the secretary of the 
Association, 22, Surrey-street, Strand, London, W.C.2. 


ASLIB ANNUAL CONFERENCE.—Friday, September 22, 
to Monday, September 25, at Bristol University. Apply 
to the secretary, Aslib, 4, Palace-gate, London, W.8. 

LAUNDRY DRYCLEANING AND ALLIED TRADES EXHI- 
BITION.—Thursday, September 28, to Saturday, Octo- 
ber 7, at Olympia, London, W.14. Organisers: Messrs. 
F. W. Bridges and Sons, Limited, Grand Buildings, 
Trafalgar-square, London, W.C.2. (Telephone: WHIte- 
hall 0568.) 

CONFERENCE ON ELECTRICITY AS AN 
DUCTION.—See page 725. 


AID TO PRo- 


BRITISH EXHIBITION OF HOSIERY AND KNITTING 
MACHINERY (INTERNATIONAL).— Wednesday, October 11, 
to Saturday, October 21, at Granby Halls, Leicester. 
Particulars from Messrs. Textile Recorder Machinery and 
Accessories Exhibitions, Limited, Old Colony House, 
South Kings-street, Manctester, 2. (BLAckfriars 7234.) 

ENGINEERING INDUSTRIES ASSOCIATION.—Tuesday and 
Wednesday, October 17 and 18, at the Royal Horti- 
cultural Hall, Vincent-square, London, S.W.1. Apply 
to the secretary of the Association, 9, Seymour-street, 
London, W.1. (Telephone : WELbeck 2241.) 

35TH INTERNATIONAL MOTOR EXHIBITION.—Wednes- 
day, October 18, to Saturday, October 28, at Earl’s Court, 
London, W.14. Organisers: The Society of Motor 
Manufacturers and Traders, Limited, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040.) 

PUBLIC WORKS AND MUNICIPAL SERVICES CONGRESS 
AND EXHIBITION.—Monday, November 13, to Saturday, 
November 18, at Earl’s Court, London, W.14. Particu- 
lars from Mr. J. Pattisson, 68, Victoria-street, London, 
S.W.1. (Telephone: ViCtoria 9132/3.) 

SMITHFIELD SHOW AND AGRICULTURAL MACHINFRY 
EXHIBITION.—Monday, December 4, to Friday, Decem- 
ber 8, at Earl’s Court, London, W.14. Information frem 
the Smithfield Show Joint Committee, 148, Piccadilly 
London, W.1. (Telephone : GROsvenor 4040.) 
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NOTES ON NEW BOOKS. 


we History of Transatlantic Steam Navigation. By 
H. P. Spratt, B.Sc. H.M. Stationery Office, York 
House, Kingsway, London, W.C.2. [Price 2s. net.] 
Wuite this hand-book is intended primarily as a guide 
to its subject, illustrated by reference to the models 
and other records housed in the Science Museum, it 
may be recommended to those who have no access to 
that collection equally with those who have. Mr. 
Spratt has not merely summarised earlier works, such 
as those of G. S. Laird Clowes, G. L. Overton and Sir 
George Holmes, but has contributed the results of much 
original research of his own, some of which was pre- 
sented by him in a paper to the Newcomen Society in 
1948 and reprinted on 30 of our 167th volume 
(1949). The text of the d-book is divided into 
chapters on “The Paddle Era,” ‘Early Screw 
Steamers ” and “‘ Modern Turbine Ships”’; but these 
chapters are, to a gngat extent, groups of separate 
paragraphs dealing with individual ships and read as 
though they were drafts of the descriptive labels on 
Museum exhibits. They follow a more or less stereo- 
typed pattern, and often repeat identical turns of 
phrase ; so that, while the chronology is progressive, 
there is little sense of a connected narrative. The 
facts are there, however, and it is for the sake of its 
store of reliable facts that the book is likely to be 
t and kept. 


Flow Measurement and Meters. By A. Linrorp. E. 
and F. N. Spon, Limited, 22, Henrietta-street, 
London, W.C.2. [Price 30s. net.] - 

THE primary aim of the author of this book has been 

not so much to review fundamentals and research in 

fluid mechanics, as to give details of designs of fluid 
meters and discuss their applications. In this aim he 
has largely succeeded. A wide range of instruments 
and methods of using them industrially is considered and 
the book is well illustrated with drawings and diagrams 
so that the operation of most of the instruments can be 
readily understood. Installation and maintenance are 
also discussed at length. In his descriptions of meters 
and metering, the author is on familiar ground, but he 
is less happy on fundamental fluid dynamics and 
occasionally gets'into very deep water indeed. For 
instance, mathematicians will raise their eyebrows at 
the derivation, on page 77 of the book, of the relation 
between pressure and viscous resistance in a fluid 
flowing steadily in parallel planes. This relation has 
so often before been correctly derived that there is 
really no excuse for blundering over it now. Elsewhere 
in the book, mathematical formule are occasionally 
disfigured by errors which are clearly not all attributable 
to faulty typesetting. On the subject of fluid mechanics 
a confusion appears to exist in the author’s mind 
between what [ calls “‘ truly turbulent flow ” and the 
flow of an ideal fluid. For instance, streamline flow 
of the latter, through a conduit, is described as turbulent 
flow, and the following curious statement is to be found 
on page 70: ‘“‘ The law of conservation of energy states 
that the work done on a mass of fluid is equal to the 
change in its potential and kinetic energy. Under these 
conditions the particles of the fluid do not follow paths 
parallel to the direction of flow, but form little eddies 
or sinuosities, causing an expenditure of kinetic energy 
to keep the fluid in a state of motion . . . In practice 
there are other factors .. . viscosity...” Such 
mis-statements of fundamentals, while serious, are 
fortunately confined to a small proportion of the book. 

The author has included a classified list of references, 

mainly to scientific papers and technical articles. The 

usefulness of this list would be greater if numbered 
references to relevant papers were given throughout the 
text. 





EXHIBITION OF THREADING MAOCHINERY.—Messrs. 
Alfred Herbert, Limited, are holding an exhibition of 
threading machinery at their Red Lane Works, Coventry, 
from Monday, July 3, to Friday, July 14, both dates 
inclusive. Among the machines to be demonstrated 
will be a British-made Landis screwing machine, a 
Herbert-Scrivener thread grinder, a Herbert “‘ Flashcap ” 
lathe, and two sizes of the Cri-Dan high-speed threading 
machine. Thread ring eq t and various small 
tools relating to threading operations will also be shown. 





INSTITUTE OF PHysIcs.—The summer meeting of the 
Industrial Radiology Group of the Institute of Physics 
will be held at the Royal Horticultural Hall, Vincent- 
square, London, S.W.1, from Tuesday, July 25, to 
Friday, July 28. Lectures and discussions will take 
place each day. Admission to these and to the summer 
exhibition of the Group will be by ticket only, and these 
are obtainable, free of charge, from the secretary of the 
Institute, 47, Belgrave-square, London, S.W.1. The 
tickets also admit to the technical exhibition of the 
International Congress of Radiology, which will be held 
from Monday, July 24, to Friday, July 28, at the same 


LABOUR NOTES. 


New wage claims which, if met in full, would increase 
the wage bill of the coal-mining industry by approxi- 
mately 15 million pounds in a full year, were formally 
presented to representatives of the National Coal 
Board at a meeting of the two sides of the joint national 
negotiating committee for the coal industry on June 21. 
The demands were made by officials of the National 
Union of Mineworkers, who asked that the national 
minimum rates of payment for all day-wage miners 
should be increased by 2s. 6d. a shift. As stated on 
page 634, ante, miners who work five shifts in a week 
are paid for six under the five-day week agreement, 
and, as the N.U.M. desires the increase to apply to 
bonus shifts as well as to those actually worked, the 
effect of the increase would be to raise the minimum 
wages of those concerned by 15s. a week. This would 
bring the minimum rates of pay of day-wage men to 
5l. 15s. for operatives engaged on surface work, and to 
61. 10s. for those engaged underground. 


In order to preserve the existing differentials in the 
industry, the N.U.M. proposed that day-wage men 
receiving payment at rates above the minimum scale 
also should receive the extra 15s. a week. The Union 
estimate that some 400,000 miners, in all, would benefit 
from the increases. Local piece-rate agreements apply 
to the remaining employees in the coal-mining industry, 
who number about 300,000. The vast majority of 
these are engaged on work at the coal face and they 
earn considerably more than the rates which apply 
to the men employed on a day-wage basis. The 
employers’ side of the joint committee, after hearing 
the Union’s arguments in favour of the demands, 
stated that it would report to the National Coal Board. 
The annual conference of the N.U.M. commences at 
Llandudno on July 3, and it is expected that negotia- 
tions between the executive committee of the Union and 
representatives of the N.C.B. will have reached a 
definite stage before then. The new claims are under- 
stood to have been put forward as alternatives to those 
for the revision of the cost-of-living sliding-scale 
agreement, which were rejected. 


Some 5,000 hand compositors in the London area 
are to receive an increase in their minimum wage rates 
from 71. to 71. 3s. 6d. a week, as the result of an award 
by the National Arbitration Tribunal. A dispute had 
arisen between the London Society of Compositors, 
to which the men belong, and the London Master 
Printers’ Association owing to the breakdown of nego- 
tiations on certain man-power and wage questions, 
and, on May 18, the Society banned overtime at a 
number of London printing ‘establishments. When 
the case came before the Tribunal, the Society protested 
that an increase in wages was unwanted as, ‘‘ whatever 
negotiations might have taken place previously,” it 
had withdrawn its claim. The Society stated, however, 
that any increase which might be awarded would be 
accepted as it would have no option in the matter, 
once an award was made. From evidence presented 
to the Tribunal by both sides, it appeared that the 
main point at issue was the admission of newcomers 
to the trade. Proposals by the employers for an 
increase in the number of apprentices, to meet the 
present shortage of compositors, were rejected by the 
Society. 


The wage increase awarded by the Tribunal to 
hand compositors is to come into force as from the 
beginning of the first full pay period after the date on 
which the ban on overtime is lifted. The Tribunal 
referred back to the two organisations the question of 
increases in the minimum wage rates for Readers and 
Monotype, Linotype and Intertype operators, for 
settlement by negotiation. Should no agreement be 
reached within three months, either side will be free 
to reopen the case before the Tribunal. That authority 
also recommended, in its award, that the L.M.P.A. and 
the L.S.C. should resume their negotiations for an 
increased recruitment of man-power, to meet the 
existing acute shortage of compositors. The L.M.P.A. 
has expressed its willingness to meet the Society to 
endeavour to settle these questions as soon as the 





Society’s “ aggressive action,” including the ban on 
overtime, is ended. The Society has summoned a 
special delegate meeting for July 6, to discuss the whole 
matter and, in the meantime, the ban on overtime is to 
continue. 


Engine drivers and firemen employed by the Western 
Region of British Railways have passed resolutions 
demanding strike action as from midnight to-night, 
owing to a dispute regarding superannuation. Some 
18,000 footplate men in the Region object to a decision 
of the Railway Executive which will place their 
compulsory contributory superannuation scheme on a 
volun basis as from July 1. The scheme was 








address. 


established several years ago by the former Great 





Western Railway, and both the management and the 
employees have paid contributions to the fund, to 
which membership has been compulsory for all grades 
of railwaymen leading to the rank of engine driver. 


The Railway Executive claims that the scheme, 
which is known as the Great Western Enginemen’s, 
Firemen’s and Cleaners’ Mutual Assurance, Sick and 
Superannuation Society, is the only compulsory one in 
the country. As it is frequently necessary to move men 
from one Region to another, now that the railways are 
nationalised, this has lead to a good deal of confusion 
when transfers to or from the Western Region have 
taken place. Mr. J. G. Baty, the general secretary of 
the Associated Society of Locomotive Engineers and 
Firemen, to which most of the men concerned belong, 
stated on June 26 that the demands for strike action 
were quite spontaneous and not at all surprising. H 
added that the executive committee of the A.S.L.E.F. 
had been trying for over two years to have pension 
schemes extended to all Regions and membership of 
them made a condition of employment. 


The mated Union of Foundry Workers, 
which was established on July 1, 1946, as the result of 
an amalgamation of three smaller unions, held its 
fifth annual delegate conference at Bridlington from 
June 19 to 23. The annual report of the general 
secretary, Mr. J. Gardner, shows that the membership 
of the Union declined in number during 1949, for the 
first time since the Union’s formation. It commenced 
the year with 78,922 members and had 78,273 at the 
end, a reduction of 649. Employment in the founding 
industry also declined during 1949. On December 31, 
1948, there were 143,205 employees in ironfoundries 
and 19,562 in steel foundries, a total of 162,767, but, 
on December 31, 1949, these numbers had declined to 
139,400 and 19,315, respectively, a total of 158,715. 


The report indicates, however, that productivity in 
the ironfounding industry reached new levels of 
efficiency during 1949. In ironfoundries, in that year, 
an ave labour force of 139,864 persons produced 
3,388,121 tons of castings, an average of 24-23 tons per 
employee. The average hours worked were 46-4 
during the six months ending April, 1949, and 46-5 
during the corresponding period ending October, 1949. 
In 1948, an average man-power of 141,470 produced 
3,283,901 tons of castings, an average of 23-21 tons 
per employee. The average hours worked were 46-5 
during the six months ending April, 1948, and 46-7 
during the six months ending October, 1948. In steel 
foundries, an average labour force of 19,396 persons 
produced 236,055 tons of castings in 1949, an average 
of 12-22 tons a head ; but 236,580 tons were produced 
by an average man-power of 18,910 in 1948, an average 
of 12-45 tons a head. The report states that every 
effort will be made to render the Union’s new monthly 
journal one of the brightest and most informative in 
the trade-union movement. 


Considerable alarm at the proposals contained in the 
Schuman Plan was expressed in a resolution passed by 
the delegates to the annual conference of the Amal- 
gamated Union of Foundry Workers on June 23. The 
resolution called upon the Government to continue to 
oppose the Plan. One delegate stated that it was 
understood that Marshall aid to this country would be 
cut unless Britain agreed to take part in the Schuman 
Plan. Workpeople generally had e to receive 
considerable advances in their economic circumstances 
as a result of nationalisation. How would their cir- 
cumstances be affected if the country were dragged into 
taking part in the Plan? Would wage rates in Europe 
be increased to the level obtaining in Britain, or would 
wages here be reduced to the standard of European 
workpeople ? 


Mr. Gardner reported to the conference on June 20 
that the voting on the strike-or-arbitrate ballot of the 
Confederation of Shipbuilding and Engineering Unions 
had resulted, so far as the A.U.F.W. was concerned, in 
a@ majority against strike action. A substantial 
majority of the Union’s members in Scotland and the 
North were in favour of striking to obtain their demands, 
but this view had been reversed by the voting in other 
areas. At the annual conference of the National 
Union of General Workers at Great Yarmouth Mr. 
James Matthews, the national organiser, is understood 
to have announced that some 80 per cent. of the ballot 
papers returned to that Union had contained votes 
against strike action. In view, however, of the strong 
recommendation of the Union’s executive committee to 
the membership to vote against organising a strike, the 
result in this case was not so unexpected as in the case 
of the A.U.F.W. Much will depend upon the voting 
of the Amalgamated Engineering Union. The 37 
unions affiliated to the Confederation have been con- 
ducting their ballots individually and are due to report 
their voting figures to the Confederation to-day. 
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GASES AND STEEL.* 
By Sm Anprew McCance, D.Sc., LL.D., F.R.S. 


EVERYONE engaged in the practical art of maki 
castings, no matter what metal he uses, is also oman 
in a perpetual battle with two major antagonists— 
contraction cavities and blowholes. The perfect 
casting, it would be agreed, contains neither, but it 
would ill become me, speaking as a steel founder, 
to suggest how often perfection is achieved in everyda 
life. Nevertheless, on that subject at least, we all 
deserve the highest credit for our good intentions. 
The battle with contraction cavities is one in which 
the main forces deployed are the skill of the moulder 
and his experience in the art of founding, pitted against 
the physical behaviour of the metal in its transition 
from the liquid to the solid state. It seems a simple 
issue, but we know how complicated it can be in its 
practical consequences. The battle with the problem 
of blowholes has always been a major conflict and 
the more one wrestles with this issue the wider becomes 
the front on which the fight is carried on ; but it must 
also be admitted that, to a metallurgist, the interest 
in the problems that arise extends far beyond the 
original field of inquiry. 

It was for such reasons that the title of this lecture 
was chosen as the interaction of gases with metals. 
The effect of gases on the properties of metals has 
been the subject of intensive study in recent years, 
and I thought that a brief review of progress might 
well be justified. If my references are almost wholly 
devoted to the behaviour of steel, it is not only because 
that metal has been most studied, but also because it 
has always been one of my own main interests. 

In the very earliest days of steelmaking, when 
Bessemer and Siemens were struggling with the diffi- 
culties of making mild steel in bulk, the presence of 
gases in liquid steel was most troublesome. It was 
not uncommon for a 5-ton or 10-ton lot of steel to 
be ejected completely from the ladle by a sudden 
evolution of gas. The steelmakers of the day did 
not mention it very often in their public discussions, 
for reasons with which we can have every sympathy, 
but, when they did, it was always with an air of puzzled 
surprise. They were familiar with soda water as a 
typical example of the solution of gases in liquids, 
and Henry’s law, discovered in 1803, controlled in 
their minds the relations between all gases and all 
liquids. So they made their steel hotter to get less 





* The 1950 Edward Williams Lecture, delivered on 
Wednesday, June 7, 1950, during the 47th Annual 
Conference of the Institute of British Foundrymen, held 
at Buxton, Derbyshire. Abridged. 
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gas in solution and the hotter they made it the more its 
effervescent and flighty nature was revealed when 
it got into the ladle. Henry Marion Howe, in his 
monumental treatise on the Metallurgy of Steel, devotes 
several pages in trying to bring the facts into line with 
current theory, although one detects in his discussion 
an underlying note of scepticism about it all. 

In their methods of estimating the quantity of gas 
contained in steel, there was the same questioning, if 
questionable, approach. illing steel samples with 
sharp or blunt drills under water, oil or me , and 
collecting the i given off was started by Muller 
( 1879), follow by a number of other workers over a 
period of nearly forty years. Naturally, the results 
obtained, particularly when water was used, were highly 
variable and inconsistent. A blunt drill could gudions 
50 times more gas than a sharp drill, but that, they 

ed, was only to be expected. 

t was only with the work of Sieverts, commencing 
in 1907, that the beginning of a proper understanding 
of the relations between gases and metals was made 
and modern development began. His results for 
h and iron, and those of later workers, are 
typical, and the relative volume of this gas, absorbed 
by a thin mild-steel wire at different temperatures, is 
shown in Fig. 1, on this Page Both in the solid 
state and in the liquid, the solubility rises with tem- 
perature, a state of affairs quite contrary to the idea 
of solution as a gas. Under the same conditions of 
constant pressure, the amount of gas absorbed by a 
liquid decreases with rising temperature. The solu- 
bility of a solid, on the other hand, increases with 
temperature, so that the behaviour of hydrogen and 
iron is in keeping with the idea of solubility as a solid 
compound. 

This is confirmed also by the fact that the amount 
dissolved, 8, can be represented exactly by an equation 
of the type . 

S=8,.e *T 
where S, and Q are constants. This equation has 
already been well established to express the variation 
in solubility with temperature for a large number 
of solids, so that its applicability in this case strengthens 
the inference that solid compounds are involved. 


‘|a@ certainty under ordinary 


The quantity of gas which the metal is capable 
of retaining is negligible below 300 deg. C. ; it increases 
rapidly to the melting point when the amount is 
approximately volume for volume, while there are 
discontinuous changes in solubility at each of the 


c points. 
nweile I have been dealing so far only with hydrogen, 
it is evident that with nitrogen the behaviour of 
iron is closely similar. The solubility in a-iron rises 
with temperature in a similar way (Fig. 2); there are 
even more marked differences at the change points 
and again a large increase at the melting point. Proof 
that nitrogen is concerned as a solid compound is, 
moreover, quite definite, since the appearance of 
nitrogen needles under the microscope, due to the 
precipitation of Fe,N, is universally accepted, and the 
equilibrium diagram for this and other en 
oo has been worked out accurately and fully. 
ile visual evidence in the case of hydrogen has not 
so far been obtained, it is likely that it can be expected. 
Definite hydrides of other metals are known. 

With both gases, there is greater solubility in y-iron 
than in a-iron, but the variation with temperature is 
reversed—nitrogen de ing in amount as the tem- 
perature rises. These sedis are for atmospheric 
pressure, and at other pressures the amounts absorbed 
can be taken as being proportional to +/P—at least, 


for small pressures. This is further evidence of a 
ri anger m the normal behaviour to be expected 
m 


gases for which the solubility varies directly with 

the pressure. 
On melting, there is a large increase in the solubility, 
of approximately 50 per cent., and it is at once obvious 
that it is this fact which gives rise to blowhole formation 
during solidification. the amount of gas present is 
in excess of that which the solid is capable of holding 
in solution, the excess must be rejected at the surface 
of separation, giving rise to cavities filled with gas. 
The most convincing evidence of this can be obtained 
by melting small samples of iron in an atmosphere of 
any given gas and allowing the sample to —y 
under the same conditions, bene a similar sample 
melted in a vacuum as a control. When four such 
samples are melted in a vacuum and in n, hydrogen 
and ni' , respectively, the first two, after sectioning, 
are found to be completely solid, while those melted 
in hydrogen and in nitrogen show very definite cavity 
formation. 

While the conditions which give rise to blowhole 
formation are quite clear, when the amount of gas in 
the metal is in excess of the solubility for that tempera- 
ture, it is conceivable that on many occasions this excess 
is just not enough to make the creation of a blowhole 
atmospheric pressure. 
Any pressure less than atmospheric on such occasions 
would help the gas to come out of the metal and to form 
a gaseous bubble. Such conditions of negative pressure 
exist in those parts of a mould filled with liquid metal 
which, during solidification, are on the point of forming 
contraction cavities. Similarly, liquid metals contain- 
ing definite but small quantities of uantities 
which can be much below those required for blowhole 
formation—will have a greater tendency to cavity 
formation than gas-free metals. 

ile contraction cavities and blowholes have been 
regarded as belonging to two entirely separate sets of 
phenomena, I am of the opinion that there are many 
occasions when they are not quite so separate and 
independent as has generally been thought. A gas 
content below that necessary for the formation of idio- 
morphic blowholes can make the production of contrac- 
tion cavities an easier occurrence. A small quantity of 
dissolved gas can tly assist in the formation of a 
surface of separation, which is the essential first stage 
in the birth of a cavity. 

Founders are accustomed to describe steels which 
do not form contraction cavities easily as “‘ good 
feeding steels ”"—meaning that the risers and heads 
on a casting feed their metal into the body of the 
casting without much difficulty. There are clear-cut 
differences in this respect. Converter steel is reckoned 
the best, acid open-hearth steel is next, and it is agreed 
that basic electric-furnace steel requires by far the 
greatest care in the size and placing of heads to get 
sound castings free from cavities. 

It is not without significance that the average con- 
tent of hydrogen for steels made by these processes 
increases in the same order. Acid steel averages 4 to 
6 ml. per 100 gm., while basic steel, both open-hearth 
and electric, ae 6to9ml. Even taking unusual 
precautions to exclude moisture and moisture-bearing 
materials from electric-furnace charges, the hydrogen 
is only reduced to 4 to 4-5 ml. per 100 gm. There 
do not seem to be any reliable figures available for 
converter steel, but the turbulence caused by air 
being blown through the converter and the general 
oxidising conditions which exist a the refining 
period would lead one to expect a low hydrogen 
content. 

In regard to nitrogen, the above steels should be 





placed in a different order—open-hearth (both acid and 
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basic), electric-furnace, then converter ; but the amounts 
retained under normal practical conditions oo grad 
well below the saturation limit for the solid at the 
melting temperature and it is probable that this gas, 
at least in comparison with hydrogen, contributes 
in a very minor extent only towards assisting the 
formation of contraction cavities in steel castings. 
There is also support for this in the very much slower 
rates of diffusion for nitrogen in comparison with these 
for hydrogen. 
I have mentioned for the content = 
come within the range of 5 to 10 per 100 gm. o: 
steel. Such amounts are frequently referred to in 
terms of the volume of gas relative to the volume of 
steel from which it was extracted. In this case, the 
range would be approximately 0-40 to 0-80 relative 
volumes (RV) and this is often a convenient way of 
stating and comparing results. The most reliable 
method of estimation is the vacuum-fusion method, 
which gives the oxygen content as well as the hydrogen 
and nitrogen. A t deal of work has been done in 
ing this method and making it reliable, particu- 
ly at the National Physical Laboratory during the 
last decade, and we owe much to Lat ———— 
encouragement originally given by Hatfield to this 
class of research. — 

There have been many puzzling differences in the 
quantities of hy m found by different analysts, 
even in the same billet, and it has only been recently 
appreciated that the amount of hydrogen in steel is 
never static—it is always diffusing from the centre 
to the surface, always escaping from the surface to the 
atmosphere, even at ordinary temperatures. 

Hy is a very light element, with the lowest 
atomic weight, and, under similar conditions, its atoms 
will move nearly four times faster than a free nitrogen 
atom would and fifteen times faster than the movement 
of a nitrogen atom bound in solution to an iron atom. 
People who wish to determine the true hydrogen 
content in a sample of steel, therefore, have to get off 
their mark quickly or they will be left well behind. 
In Fig. 3, on 737, the amount of hydrogen e ied 
from a sample of steel withdrawn from a liquid bath 
and quickly immersed in a U-tube filled with mercury 
is expressed in terms of the number of seconds which 
have elapsed since the sample was taken. The rapidity 
with which the excess hydrogen is discarded is some- 
what astonishing and illustrates very clearly the 
difficulties of trying to obtain accurately the quantities 
of gas which are really t under the conditions of 
any series of experiments. The lack of full appreciation 
of this behaviour has, without doubt, accounted for 
much of the variability in the results of earlier workers. 

To counteract this, samples for gas determination 
are now held at low temperatures in carbon-dioxide 
snow or in a deep-freezer to make this diffusion-loss 
negligible. At ordinary temperatures, the loss goes 
on for days and follows a curve of the type— 


L=1,(1—«" V# 

which is the theoretical curve for this kind of diffusion- 
loss. Since the loss varies as the square root of the 
time, the initial of casting are extremely impor- 
tant in determining the liability of any gas content to 
form either blowholes or cavities. One can well 
a in fact, that if conditions are such that 
troubles due to gases are liable to occur, they will have 
taken place in some part of the casting before pouring 
is complete. The only method of control, indeed, is 
to reduce the total gas content to the lowest practicable 
limit during the ing period. 

A good deal of information is available regarding 
the variations in the hydrogen content of open-hearth 
and electric steels, elthough there are many matters 
not yet understood. The question to be answered 
is, of course, the content of hydrogen in the raw 
materials used and the additions that are made to the 
bath when the steel is being made. 

The raw materials are essentially pig iron and scrap, 
and I should think that, in every case where cold charg- 
ing is used (and that covers practically all foundries), 
such materials are in a rusty condition when c 
into the furnace. The composition of rust is FeO (OH), 
so that there is here an important source of hydrogen, 
for rust, when heated, gives off moisture which is 
immediately reduced by the steel and the hydrogen 
absorbed. 

In making certain classes of nickel-chromium steel 
in the electric furnace, which are very prone to hydro- 
gen cracking, the lecturer’s firm has made it a practice 
to select scrap with as little rust as possible, generally 
using heavy, massive sctap. with a minimum surface 
for its weight. Light scrap, with a co’ ndingly 
large surface area for a given weight, should always 
be avoided when making high-class and important 
compositions, since the total amount of rust per unit 
weight of such scrap is certain to be large. As hydrogen 
diffuses into the atmosphere in the manner shown, 
there will obviously be some advantage in allowing 
works scrap to be stored for a period before re-use, to 
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Reduction in Area, per Cent. 


Hydrogen per Cent. x 10+ 


“ENGINFERING” 


A very comprehensive study of the gas content of 


(s0#7.<c.) 


all the raw materials used in making steel was carried 
out by Hatfield in 1944 and his results for pig iron 
have been confirmed recently by Hurst and Riley. 
Both hematite and basic pig iron contained normal 
amounts of hydrogen, as might have been expected— 
on the average about 2 to 5 ml. per 100 gm.—although 
Swedish iron, strangely enough, has been reported as 
containing much larger quantities. Such figures 
should, however, be taken with reserve since they will 
be minimum rather than average amounts, owing to 
the time factor not having been taken into account. 
Nevertheless, they are representative of the amounts 
which can be expected to exist in the pig iron as used 
under normal works conditions. 

Any materials used as additions which contain 
moisture will add to the hydrogen content of the steel. 
Thus lime, which is so very hygroscopic, and iron ore 
are potent sources. It is common practice in many 
works, when -grade electric steel, to dry 
these materials and to keep them in airtight containers 
until required for use. It is also an advantage to 
substitute limestone for lime, since it seldom contains 
much moisture and does not require to be kept in this 
way. Dolomite, for furnace bottoms, is another 
source and, since the moisture in this case is mainly 
confined to the dust, the wisdom of using only lumpy 
well-fired dolomite for fettling is fully justified by both 
theory and practice. 

An observation made by the American metallurgists, 
Powell, Hains and Morris, on the behaviour of stainless 
steel made in the electric furnace, indicates another 
aspect of the indirect influence which ordinary atmo- 
spheric humidity can have on the hydrogen content. 
The curves are so illuminating that I have reproduced 
them in Fig. 4, on page 737. They show that the 
number of stainless-steel charges, from which the 
ingots rose in the mould and bled, followed during the 
course of a year the variations taking place in the 
seasonal atmospheric humidity. Such bleeding was 
undoubtedly due to a supersaturation of hydrogen in 
the liquid metal consequent on the introduction of 
moisture into the charge through the medium of the 
lime additions, which, in their turn, had absorbed it 
from the air. The temperature of casting has, of 
course, an important influence on the control of this 
type of behaviour. 

When making high-grade nickel-chromium castings 
during the war period, it was suspected that sub- 
stantial additions of hydrogen were coming from the 
various ferro-alloys used in the melting shop, so an 
extensive inquiry into their hydrogen content was 
carried out.* Samples of a ferro-alloy were placed in 





* This investigation was carried out by Dr. R. 





allow as much gas to escape as possible. 


Hunter and Dr. J. Cameron of the Clyde Alloy Steel 
Company, Limited. ‘ 
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an evacuated silica tube and heated for one hour to 
the temperature required, and the gases evolved were 
pumped off and analysed. The hydrogen evolved at 
each temperature was plotted and gave the curves 
shown in Fig. 5, herewith. A horizontal line indicated 
that all the hydrogen had been evolved and that 
further heating could not extract any more. All the 
ordinary ferro-alloys, with one exception—ferro- 
silicon—belong to this type, although they contain 
varying amounts of gas. Ferro-manganese contains 
the greatest quantity—about 30 ml. per 100 gm., and 
ferro-chromium contains the least, about 1 ml. to 2 ml. 
per 100 gm. The hydrogen content of ferro-man- 
ganese is quite significant, since making the addition 
required for a 14 per cent. Mn steel may add 0-6 ml. 
per 100 gm. to the steel. 

The most striking behaviour was shown by ferro- 
silicon, however, for the quantity of hydrogen extracted 
kept on increasing as the temperature was raised, and 
it showed no sign of flattening out at 1,000 deg. C., 
the highest temperature used. Clearly, there is some 
chemical bond between silicon and hydrogen which 
places this ferro-alloy in a category by itself, a deduc- 
tion confirmed by the course of the curve, which does 
not follow any standard pattern. 

Anyone who has tried to make castings in 4 per cent. 
silicon steel is well aware of the peculiar power of this 
composition of liquid steel to absorb hydrogen, which 
it rejects on solidification, so that making sound castings 
is an exceedingly difficult task. There are still some 
questions not understood in these relations, since it 
has been reported that silicon in high percentages 
decreases the ability of iron to dissolve this gas, and 
more work on this subject is evidently required. It 
does not appear, however, that silicon in the amounts 
normally found in steel casting compositions, i.e., 
from 0-2 to 0-4 per cent., has any marked effect on 
hydrogen solubility. 

When making high-carbon steels, such as for rails, 
it was formerly a common practice to run the carbon 
down in the furnace and then to recarburise to the 
composition required by the addition of coke or anthra- 
cite to the ladle. Both of these materials contain large 
amounts of hydrogen—coke to the extent of 1 to 2 per 
cent. and anthracite from 2 to 5 per cent. Many of 
the inferior properties of steels made in this way can 
be ascribed to the high hydrogen content which they 
inevitably contain. It is a practice which is now 
largely being abandoned in this country. 

If we could select our raw materials from sources 
that were free from gas contamination and use only 
additions that were equally free, what would be the 
chances of making gas-free steel ?_ The answer would 
first depend, naturally, on the steelmaking furnace we 
intended to use. If it happened to be an electric 
furnace, there would be a reasonable chance of suc- 
ceeding. If it were an open-hearth furnace, there 
would be almost no chance at all. Whether the furnace 
is fired by producer gas, coke-oven gas or oil, part of 
its heat is obtained from the combustion of hydrogen 
in the fuel used, and, in consequence, the burning 
gases over the hearth have a fairly high content of 
water vapour. 

Between the furnace atmosphere and the bath of 
liquid steel there is a layer of slag, composed essen- 
tially of silicates—silicates of lime, magnesia, iron and 
manganese. As students of mineralogy know, there 
are a very large number of minerals, containing the 
same oxides in combination with silica, which are 
hydrated—that is, have molecules of water as an 
intimate part of their molecular structure. When 





heated in a closed vessel, they give rise to a vapour 
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pressure of steam, or, conversely, if the pressure of 
vapour is raised above the equilibrium value, they will 
absorb moisture. There is a very definite and clear 
affinity for water possessed by silicates—a fact which, 
after all, is not surprising, since they are merely 
compounds of a feeble acid, namely, silicic acid, 
H,0.S8i0,. 

That affinity must persist in some degree even 
at high temperatures, so that it can be expected that 
slags should have relatively a high solubility for water 
vapour. Few experiments have been carried out on 
this subject, but a recent determination gave the 
following figures, which confirm this point : acid slags, 
5 to 40 ml. per 100 gm., and basic slags, 30 to 175 ml. 
per 100 gm. Water vapour from the furnace gases 
will be absorbed by the slag layer and will reach a 
balance with the iron and manganese oxides which it 
contains and the metal bath which it covers, according 
to the reaction :— 

(Fe .Mn)O + H, = (Fe.Mn) + H,O 


This hydrogen will be absorbed by the steel until 
its concentration balances with the slag/metal parti- 
tion. This, of course, will take time, but the net effect 
will be that, so long as the furnace gases which arise 
from the combustion of the fuel contain water vapour, 
the hydrogen in the steel will keep on increasing until 
a balance appropriate to all the complex conditions 
has been reached. This steady rise during the course 
of the charge has been confirmed experimentally. It 
may account in part for the fact, often observed, that 
charges which take a long time to work in the furnace 
never produce best-quality steel. 

It is a widely-held belief among steelmakers that 
charges cast from a newly-lined ladle are more prone 
to defects and troubles than subsequent charges cast 
from the same ladle. It has always been a matter for 
which it was difficult to find any adequate reason, but 
in spite of this, the belief persisted, and it must be 
admitted that statistical evidence supported it. A 
recent study of the hydrogen absorbed from the ladle 
would seem now to provide a quantitative explanation. 
Firebricks absorb moisture which they do not give up 
readily, and Carter, in America, has shown recently 
that, in new or badly-dried ladles, there is an appre- 
ciable increase in the hydrogen content of steels which 
have been poured into such ladles. The use of clay or 
ganister, for patching or making-up the ladle, is an 
obvious and frequent source of trouble. His conclusion 
is that ‘‘hydrogen increases, from improperly-dried 
ladles, spouts, etc., apparently ruin more heats than 
conditions within the furnace.” Hydrogen pick-up 
from the ladle could be prevented by thorough drying, 
but considerable pre-heating at high temperatures is 
required to do this effectively. 

I think this is an interesting example of the true 
character of proper experience. Many of us have 
doubted the correctness of views held by employees 
in the shops because, at the time, we could not see any 
scientific basis for them. It is perhaps wise to main- 
tain an open mind in such matters. 

I have mentioned so many ways in which gases can 
be introduced into steel that my audience may begin 
to think that there are no ways of getting them out 
again. Fortunately, this is not altogether true, although 
the methods available have not yet been developed to 
the stage of exact control. Swinden showed, so far as 
steel was concerned, that, when saturated with hydro- 
gen in the liquid state, the hydrogen could be removed 
subsequently by flushing with nitrogen or carbon 
monoxide. 

If a cavity is created in a liquid by means of an 
inert gas, any other gas in solution in the liquid will 
diffuse into the cavity until its partial pressure is in 
equilibrium with its pressure in solution. Since the 
latter varies as the square root of the former, the rate 
of diffusion in the early stages of formation is very 
rapid, with a correspondingly rapid removal of the gas 
in solution. During the boiling stage in steelmaking, 
the appropriate cavities are gas bubbles of carbon 
monoxide, formed from the carbon oxidation. They 
can effect a substantial reduction in the hydrogen 
content of the charge, provided the boil is a vigorous 
and active one; a quiet boil does very little good. 
These conclusions are in line with the views held by all 
experienced steelmakers, with the added advantage of 
offering an understandable explanation. 

We are now in the position of being able to follow 
the changes in gas content which occur during the 
working of a charge. Steelmakers are beginning to 
realise that many of the differences in the behaviour 
and properties of steel may be traceable to the differ- 
ences in gas content, particularly the content of hydro- 
gen. While it has long been known that, after pickling, 
the mechanical properties of wire were seriously im- 
paired and that the cause of these bad effects was the 
occlusion by the metal of hydrogen arising from the 
acid attack, we have been very slow to appreciate that 
there might be sufficient hydrogen from ordinary 
sources during manufacture to influence the physical 
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properties in a similar way. That has only been a 
development of recent years. 

I first came across a peculiar behaviour which 
puzzled me, more than 20 ago, in rail-steel 
charges which had been recarburised with anthracite. 
Tensile test-pieces cut from the head of the rail and 
broken immediately gave the results “ A ” in the Table, 
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Test Results. bone ag es 4 = tan 
q. in. per cent. 





“4 '—Tested immediately | 48-4 
“B"—Tested 7 days later | 47-9 





8-0 | 26-2 
14-5 43-6 





while, if allowed to rest for a week and then tested, 
they gave results ‘‘ B,” with much better elongation 
and reduction in area. Longer resting did not have 
much effect and with mild steel the differences, while 
noticeable, were not nearly so marked. We now 

ise this as one of the improvements in physical 
properties that arise from the escape of hydrogen from 
the surface of the test-piece at ordinary temperatures, 
and it is the practice, in the works, as has already been 
stated, to catch the carbon on the way down and to 
avoid the use of recarburisers, with their inevitable 
contamination. 

The improvement in physical properties can be has- 
tened by heating steels to a low temperature, 200 to 
400 deg. C., for a short time, just as the “‘ blueing ” after 
pickling restores the properties of the metal. That the 
ductility is seriously affected by hydrogen can be 
demonstrated by saturating thin wires with the 
and determining the number of standard bends before 
fracture ioe pees. Fig. 6, opposite, from the results 
of the German scientists, Bardenheuer and Ploum, 
indicates how rapidly the ductility, as measured by 
this test, falls off. 

A more detailed investigation by Marshall, Garvey 
and Llewellyn, in the United States, demonstrates 
(Fig. 7) that with mild steel the reduction of area in 
a standard test-piece is reduced directly in proportion 
to the amount of hydrogen contained. With 0-00070 
per cent., equivalent to 0-80 relative volume, it will 
pei altogether, making the steel behave like a 
comp —_ brittle material. This will indicate how 
very 8 are the amounts of hydrogen required to 
destroy the ductile behaviour of ordinary mild steel, 
and emphasise, if emphasis were needed, that hydrogen 
is an important constituent of all commercial steels. 

This leads to the suggestion that it may be due in 
some degree to the hydrogen content that large masses 
of steel do not seem to possess the same physical 
properties as smaller pieces, particularly in regard to 
their toughness. This difference is often referred to 
as the “scale effect,” and it is a common experience 
that forgings and castings of large cross-section seem 
unable to stand up to stresses which should have been 
well within their capacity to resist. While hydrogen 
escapes from the surface rapidly in large masses, it 
must first diffuse to the surface and at ordinary tem- 
peratures its rate of diffusion is slow after the first 
initial escape. In the centre of large pieces, the 
hydrogen content may persist for a considerable time 
and so affect the toughness as to contribute in a very 
definite degree to the scale effect for which no adequate 
explanation has as yet been found. 

ere is another defect to which hydrogen gives rise, 
which has received a great deal of attention recently 
and has been one of the main reasons why the relations 
between gases and metals have been receiving so much 
intensive study. I refer to hairline cracks or flakes, 
which are minute cracks which arise during manufac- 
ture in certain ranges of alloy-steel compositions which 
possess self-hardening characteristics on air-cooling. 
Very extensive and important investigations into the 
cause of hair-line cracks have been carried out by 
Andrew and his collaborators, and the literature is 
already so extensive that the subject would require a 
whole series of lectures to be adequately presented. 





MAGNETIC SWEEPER FOR AIRPORTS AND WORKSHOPS. 
—The General Electric Company, Limited, Kingsway, 
London, W.C.2, have produced a prototype electro- 
magnetic sweeper for removing steel articles such as 
nuts and bolts from the taxi-tracks or runways of 
aerodromes with the object of reducing damage to 
undercarriage tyres. The sweeper incorporates a hori- 
zontally mounted electromagnet, energised from an 
18-volt 64 ampere-hour battery, both housed in a 
box about 2 ft. long, 1 ft. 6 in. wide and 1 ft. 3 in. 
deep. The height of the magnet above the ground can 
be varied up to 2} in. to suit different requirements, and 
a@ small indicating lamp glows when the battery supply is 
switched on. A steering handle is fitted to enable the 
equipment to be wheeled along. The prototype is also 
suitable for indoor uses, such as the clearing of magnetic 
material from workshop floors. 








BRITISH ELECTRICITY SUPPLY 
PROBLEMS. 


Art a conference of the staff of the British Electricity 
Authority, which took place at Harrogate on Monday, 
June 19, Lord Citrine referred to the demand that 
an audit committee should be set up, so that Parliament 
and the public would be assured that the electricity 
supply industry was being carried on efficiently. The 
Central Authority and the Area Boards were, however, 
fully capable of taking the necessary measures to that 
end. The growth of demand was a major problem. The 
number of consumers was now about 12} million, or 
900,000 more than on vesting date. The maximum 
load during the winter of 1949-50 was 11,022 MW, 
compared with 9,501 MW in the last winter before 
vesting date. The cost of building and equipping 
generating stations was now about 541. per kilowatt. 
Shortage of boiler plant was a principal difficulty ; 
and capacity was being increased by ing for 
John Brown and Company to manufacture boilers, 
while pipes were being obtained from Messrs. Parsons 
—_ from German firms, and low-pressure valves from 

y- 

The Central Authority had approved in principle the 
construction of a 275-kV grid. The strengthening of 
interconnection capacity to the Scottish, North- 
Eastern and Cambrian zones was necessary. The 
erection of a 275-kV double-circuit line from Tilbury 
to North-West London was also pro . All these 
lines would initially be operated at 132 kV. The cost of 
connecting consumers had risen steeply since the war, 
and could only be counteracted by. increased sales. 


885 Reductions in price and the improvement of load factor 


had been stultified, however, by restrictions on new 
construction, and by the continued rise in generating 
costs, so that increases in charges might be necessary. 


Loap SHEDDING AND Loap SPREADING. 


In the course of a paper on “‘ The Problem of Load 
Shedding and Load §S ing,” Sir John Hacking 
said that, although the Authority regarded the provision 
of an adequate capacity of generating plant as their 
most pressing problem, they would not be in a position 
to meet all demands for at least another five or six 
years. This year a deficit of at least 1,889 MW was 
likely and the position during the coming winter would 
be little less critical under severe weather conditions 
than it had been in the past. This being the case, the 
restriction of demand would be unavoidable and the 
most immediate way of doing this was to modif: 
tariffs, so that low load-factor demands bore their full 
share of the kilowatt cost and were thereby discouraged. 
Apart from arrangements for spreading the load, it 
was often necessary to reduce it at short notice. This 
could be effected by reducing the =o frequency 
or by disconnecting the supply, the not being 
generally enforced until the other two methods had 
provided the maximum possible relief. Load shedding 
might also be necessary in the summer, owing to over- 
haul and maintenance work or to abnormally cold 
weather. A further summer problem was that of 
voltage regulation, especially in the northern industrial 
areas. The only solution to these problems was the 
provision of the required capacity of new generating 
plant. It would be unfortunate if the Authority’s 
efforts towards this end were to be largely nullified by 
a Government decision to reduce the amount of plant 
to be commissioned in any r below the maximum 
which could, in fact, be i 4 


ELectriciry, GAS AND THE CONSUMER. 

The subject of electricity, gas and the consumer 
was dealt with in a paper by Mr. E. R. Wilkinson, in 
which he pointed out that, in October, 1948, the 
Minister of Fuel and Power had laid down the terms 
of a long-term national fuel policy which embodied 
two main principles—co-ordination and competition— 
which should govern the relations between the fuel and 
power industries. There was, however, only a limited 
justifiable field for co-ordination between electricity 
and gas and this did not include any attempt to control 
the rate of capital expenditure artificially. In fact, 
the scope for such co-ordination lay chiefly in the need 
for arranging for clear and correct information, free 
from bias and taking all factors into account, to be 
available to the consumer. Inherent in the funda- 
mental right of the consumer to choose the means of 
fulfilling his requirements for heat, light and energy was 
the principle of competition ; and if this competition 
was desirable it was necessary for the electricity supply 
industry to determine the basis on which it should be 
conducted. 

During the past twelve months there had been an 
intensification of competition by the gas industry, 
which, unfortunately, the electricity supply industry 
had not been in a position to counteract. This intensifi- 
cation included claims as to productive efficiency and 
as to the efficiency and cost of utilisation. With refer- 
ence to the former, arguments were advanced regarding 
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the peak-load problem, coal conservation and thermal 
efficiency which could not be fully substantiated ; 
while, in the field of utilisation, it was contended that 
gas could meet the need for heat in a wide variety of 
industrial processes and that almost the only contribu- 
tion electricity supply could make in that field was to 
provide motive power. With only 20 per cent. of 
their product going to industrial users, the sales effort 
of the gas industry was most clearly apparent in the 
domestic field. Something like three-quarters of all 
households still cooked by gas and the loss of that 
load would be fatal. They were making the most 
strenuous efforts to secure the installation of gas cookers 
in as high a proportion of new houses as possible. That 
these endeavours were achieving some success was clear 
from the fact that, in recent months, deliveries of electric 
cookers in the home market had been declining. 

In future, competition was likely to intensify 
and much would be heard of the merits and demerits of 
particular pieces of apparatus, of comparative costs 
and of tariff structures. It was therefore necessary, 
in particular, for the question of costs to be dealt with 
more comprehensively, so that the figures used might 
be on a sure foundation. Agreement must also be 
reached on the course of action to be taken against false 
pro da. As regards the ents that electricity 
could not be obtained at the low rates advertised and 
that the unit charge in two-part tariffs were uneconomic, 
it must be pointed out that the poor load factor and 
peak responsibility of supplies, such as lighting, justified 
a high price and that the majority of pre-war two-part 
tariffs were not in themselves uneconomic. There 
was no reason of national interest to impede the 
electricity supply industry from the most 
strenuous efforts to meet gas competition. 





ANNUALS AND REFERENCE 
BOOKS. 


Bulletin de L’Association Technique Maritime et 
A éronautique.—The present 48th volume of the Bulletin 
of l’Association Technique Maritime et Aéronautique, 
the French learned society concerned with naval 
architecture and aeronautics, contains a detailed report 
of the proceedings at the 1949 meeting of the Associa- 
tion. The report of the Council, treasurer’s report, 
and the 34 papers presented at the meeting are all 
reproduced in full, together with the discussion to which 
they gave rise. The papers on naval architecture and 
engineering deal with such subjects as water-tight 
subdivision and the stability of ships after accidents, 
prefabricated structures in merchant ships and naval 
vessels, anti-fouling paints, the utilisation of fuel oil in 
marine Diesel engines, echo depth-sounding equipment, 
the calculation of wave resistance, the rolling and 
pitching and stabilisation of ships, the combined 
operation of the gas turbine and the steam engine, and 
an electrical method for the determination of the 
frequency of torsional vibrations in shafts. The papers 
on aeronautics concern bad visibility landings, aircraft 
stability, the application of harmonic methods to the 
mechanics of flight, the control of aircraft in flight, and 
other subjects. A useful feature of the work is a 
complete list and subject index of all the papers 
published in the last ten volumes issued (1935 to 1939 
and 1945 to 1949). The present Bulletin contains 900 
pages and, bound in the familiar maroon-cloth covers, 
it is obtainable, at the price of 3,500 francs net, from 
the Secrétariat Général of the Association, 1, Boulevard 
Haussmann, Paris (9e). 


British Non-Ferrous Metals Directory.—A second 
edition of this handy and compact directory of pro- 
ducers and suppliers of raw and semi-finished non- 
ferrous metals in this country has now made its appear- 
ance. The first edition was published in 1947 and the 


END OF THE ONE HUNDRED 





present issue has been pa av | revised and brought 
up to date. The book is divided into two main parts, 
namely, a classified section and an alphabetical section. 
In the first, lists of a very wide range of non-ferrous 
metals and alloys, in various forms, are given, together 
with details of producers, merchants, stock-holdi 
merchants, and, in a number of cases, agents an 
overseas producers. The alphabetical section contains 
the names, addresses and, where available, the tele- 
ap numbers and telegraphic addresses of all the 

appearing in the classified section. The Directory 
contains 261 Pages, and — price 10s., free, 
may be obtained from the publisher, the Metal Informa- 
tion Bureau, Limited, Birkett House, 27, Albemarle- 
street, London, W.1. 


French-English Technical Glossary.—At the request 
of the Fédération Nationale des Travaux Publics, the 
Institut Technique du Batiment et des Travaux 
Publics, 28, Boulevard Raspail, Paris (7e), has pre- 
pared and issued a French-English and English-French 
Lexique Technique Concernant le Matériel de Travaux 
Publics. The work is intended primarily to help 
French contractors when ordering t or 8 parts 
manufactured in the British Empire or in the United 
States. The ground covered is wide, and includes not 
only plant used in building and public works, but also 
engineering equipment in general. When different 
words are used for the same French term in this 
country and America, this fact is noted by the added 
abbreviations (Ang.) and (Amér.), although the word 
“center” is the only one used in the | precede in such 
expressions as centre of gravity or of inertia, and no 
mention is made that it is an American word. Never- 
theless, the little book—it contains 184 bears 
the hall-mark of careful preparation and deserves a 
wide circulation in its i field. At the end of 
the glossary are to be found 35 pages of useful conver- 
sion tables relating to avoirdupois and metric weights 
and measures. The book is bound in red cloth, and 
the price is 700 francs net. 


Machinery’s Screw Thread Book.—This well-known 
reference book, first published in 1915, has now reached 
its 15th edition, in which a number of additions have 
been made. The most important of these is a series 
of tables giving the recommended forms of thread, and 
systems of diameters and pitches, agreed upon last 
year between Britain, Canete and the United States, 
and generally known as the “‘ Unified ” system. Other 
new matter includes ee of the Dardelet and 
the Horological (N.H.S.) , and of stub threads. 
References are given to the various relevant British 
Standard Specifications. The book is well 
and clearly printed, and the line illustrations also main- 
tain a high standard of clarity. The publishers are the 
Machinery Publishing Company, Limited, National 
House, West-street, Brighton, 1, Sussex ; and the price 
is 7s. 6d. 


The Gauge and Tool Makers’ Association Handbook, 
4th Edition.—The principal features of this hand-book 
are an alphabetical list of the member firms in the 
Association, with their postal and telegraphic addresses 
and their telephone numbers; and a classified list of 
gauges, tools and other products, with the names of 
the firms who supply them under each heading. 
included are a statement of the aims and objects of 
the Association, and a survey of its activities and of 
the services i The membership of the Council 
and of the various committees is also set out, and there 
is a note on the Craftsman’s Certificate which is con- 
ferred upon apprentices who satisfy the stringent 
requirements imposed as a means of maintaining the 
necessary high standard of competency so essential in 
this branch of engineering industry. e hand-book is 
obtainable on application to the secretary of the 
Association, Standbrook House, Old Bond-street, 
London, W.1. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ BriTisH ConsuL.”—Single-screw tanker to carry 
petroleum in bulk, built and engined by Messrs. Harland 
and Wolff, Limited, Govan, Glasgow, for the British 
Tanker Company, Limited, London, E.C.2. Last vesse) 
of an order for three. Main dimensions: 463 ft. (between 
perpendiculars) by 61 ft. 6 in. by 34 ft.; deadweight 
capacity, about 12,300 tons on a draught of 27 ft. 7 in. 
Harland-B. and W. six-cylinder single-acting four-stroke 
Diesel engine. Speed, about 12 knots. Trial trip, June 
6, 7 and 8. 

M.S. “ La Srerra.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Buries Markes, Limited, 
London, E.C.3. Main dimensions: 435 ft. by 60 ft. 
by 29 ft. 3 in.; deadweight capacity, 9,360 tons on a 
draught of 26 ft. Doxford five-cylinder opposed -piston 
oil engine, to develop 5,150 b.h.p. at 108 r.p.m. Speed 
14 knots. Trial trip, June 7. 

8.8. “‘ CHusan.”—Twin-screw vessel, to carry 475 
first-class and 551 tourist-class passengers, built and 
engined by Messrs. Vickers-Armstrongs Limited, Barrow- 
in-Furness, for the Eastern service of the Peninsular and 
Oriental Steam Navigation Company, London, E.C.3. 
Main dimensions : 672 ft. (overall) by 85 ft. by 48 ft. to 
“KE” deck; gross tonnage, about 24,000; draught, 
29 ft. Two sets of Parsons-type geared turbines and 
two large and two small Foster Wheeler water-tube 
boilers, to develop an aggregate of 42,500 s.h.p. at 139 
r.p.m. and to give a service speed of 22 knots. Trial 
trip, June 12. 

M.S. “ BRITISH BUILDER.”—Single-screw oil tanker, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the British Tanker Company, 
Limited, London, E.C.2. Third vessel of an order for 
four. Main dimensions: 490 ft. (overall) by 61 ft. 9 in. 
by 34 ft. 1 in.; deadweight capacity, 12,150 tons on a 
draught of 27 ft. 7 in. Doxford four-cylinder opposed- 
piston oil engine to develop 3,100 b.h.p. at 105 r.p.m. 
and give a speed of 114 knots. Launch, June 14. 

H.M.S. “ Diamonpd.”—Third of the Daring class of 
destroyers, built by Messrs. John Brown and Company, 
Limited, Clydebank. Length 390 ft. by 43 ft. beam. 
To carry six 4-5-in. guns and six smaller guns, and to 
mount two Pentad torpedo tubes above water. Geared 
steam turbines, constructed by the shipbuilders, will 
be installed. Launch, June 14. 

8.S. “ Crry or BEDFORD.”—Single-screw cargo vessel, 
built and engined by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, Glasgow, for the Ellerman 
Lines, Limited, London, E.C.3. First vessel of an order 
for two. Main dimensions: 450 ft. by 61 ft. 6 in. by 
32 ft. 9 in.; deadweight capacity, 10,750 tons on a 
draught of 28 ft. 2 in.; gross tonnage, 7,350. Parsons 
steam turbines to develop 6,050 s.h.p. and a service speed 
of 14 knots. Launch, June 14. 

M.S. “ BRaTSBERG.”—Single-screw tanker, to carry 
petroleum in bulk, built and engined by Messrs. Harland 
and Wolff, Limited, Govan, Glasgow, for Aktieselskabct 
Borgestad, Borgestad, Norway. Main dimensions : 
460 ft. (between perpendiculars) by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, about 12,000 tons on a draught of 
27ft.6in. Harland-B. and W. six-cylinder single-acting 


Also | four-stroke Diesel engine. Launch, June 14. 


M.S. “ ATLANTIC DucHEsSs.”—Single-screw tanker, 
built and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Mr. 8S. G. Livanos, London, 
E.C.3. Main dimensions: 470 ft. (between perpen- 
diculars) by 62 ft. 6 in. by 35 ft. 6 in.; deadweight 
capacity, about 12,500 tons on a draught of 28 ft. Two 
British Polar six-cylinder oil engines, each developing 
2,324 b.h.p. at 250 r.p.m., coupled to one propeller shaft 
through Vulcan hydraulic clutches and reduction gearing 
manufactured by Messrs. David Brown and Sons (Hud- 
dersfield), Limited, Huddersfield. Speed, 13 knots. 
Launch, June 15. 
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Sluice Valves up to 48” diameter, 








and parallel 














Slide Valves up to 16” diameter for all conditions. 
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“Foster” Reducing Valves covering all 




















requirements for close and normal pressure control. 




















Iron and Steel Globe Stop Valves with a wide range 




















. of Trims up to 12” diameter. 




















Iron and Steel Check Valves for normal and 














difficult conditions. 


























All types of Valves for Steam, Oil, Gases and other 














mediums in Iron, Steel and Bronze. 
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BULL BRIDGE WORKS, 
e ‘. Telephone No. : 2779 
Accrington, Lancashire. Telegrams: “Conveyor.” Accrington. 














SPIRAL CONVEYORS, 


BUCKET ELEVATORS, Etc. 


P.H.C. Type Pump with Single inlet impeller gq AT E A U 


CENTRIFUGAL PUMPS 


OF ALL SIZES AND TYPES 


Robust Construction High Efficiency 
Noiseless Economical in Operation 


We have a range of Centrifugal and Axial Flow Pumps 
to meet all industrial requirements. 


THE BRYAN DONKIN CO., LTD.., Engineers, CHESTERFIELD 


“The Bridle for Air-Horsepower 


Assembly of oss Air ‘Valves 
controllinga series of aperations 
on @ four high rever$ging Strip 
Mill 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LIMITED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1. WORKS: DARLASTON, SOUTH STAFFS. 
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The construction of Marine Dredging 
Plant is a highly specialised business 
with which the name of SIMONS has 
become synonymous. Specially 
designed to meet every dredging 
problem, Simons Dredgers are oper- 
ating in every quarter of the globe. 


BARGE LOADING, BUCKET AND 
PUMP HOPPER DREDGERS 
o 
RECLAMATION, RADIAL, TRAILING & 
CUTTER SUCTION HOPPER DREDGERS 


ALLUVIAL RECOVERY =ODREDGERS 


REPLACE PARTS FOR EXISTING 
DREDGERS 


London Office: 157, VICTORIAST., WESTMINGTER, S.W.! 


RENFREW SCOTLAND 














Yours the problem- 
Harveys the answer! 


Whenever it is a question as to ‘‘ where 
to get” Woven Wire Screens, fer 
all Screening, Grading, Sorting, or 
Sifting operations—remember 
Harveys. For “ Harco’”’ Screens, made 
by Harveys in any Gauge or Mesh, 
ensure more accurate and therefore 
more profitable screening. They are 
designed to give increased output 
with long and uninterrupted service 
under all the exacting conditions 


A typical section of a “Harco” screen 
is illustrated here. For full details 
send for Catalogue EG.269. 
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might have been specially 
planned for the present-day 
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SAVES ON COAL 


BURNS INFERIOR FUEL 


SAVES TIME & LABOUR 


GIVES. MORE STEAM 


PROC TOR’ 


MECHANICAL STOKE 


AND FAN-FORCED DRAUGHT 
FT a 
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JAMES PROCTOR, LIMITED 
HAMMERTON ST. IRONWORKS BURNLEY 















| eh ol ] ad 7 
Daher i 4 dee ae 
Constructed to a particularly robust 
design to stand abnormally heavy strain. 
Can be relied upon to give dependable 
service under any conditions. 
For heavy drives—Internal Combustion 
Engine drives —ram pumps — planing 
machine drives. Designed specially to 
withstand shock loads, alternating 
stresses and vibration. 


%& PLEASE SEND FOR 
FULL DETAILS 


DOUGLAS, LAWSON 


AND CO.LTD. 
ENGLAND 


*LE&EDas 
TELEPMONE BATLEY 598 AND 599 


TELEGRAMS PULLEYS” BIRSTALL LEEDS 


BIRSTALL 





SOUTHDOWN WORKS - POINT PLEASANT - WANDSWORTH - LONDON - 8.W.18. VANDYKE 4706/9 














lts a Whivacle- 
-/#5 Miraclo’ 
—l#s new! 







STRETCHLESS 


YET 


RESILIENT 





The teers dream come true! “ Miraclo” offers maximum efficiency 
in the Transmission of Power by Belt, giving uninterrupted production 
with no snags and no breakdowns. 

Thin, flexible and resilient. Nine times stronger than leather. 60% lighter 
than ordinary belting. Pulley ratios up to 23 to |. High co-efficient of 
friction. Higher H.P. Capacity than any other belting. Speeds up to 
10,000 f.p.m. Water, heat and chemical resisting. 

Send for details of the amazing ‘ Miraclo” Belting and a Stephens Pocket Computor. 


STEPHENS BELTING CO.,LTD 


STATION WORKS, SNOW HILL, BIRMINGHAM 4. PHONE : CENTRAL 8086/7/8 
SOLAR RIES ER NTRS ICTS BAAN TRIER TES sora 
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Eleectro-hydraulie Thrustors 


Just switch on- 
the thruster does the work ! 





Designed to exert a smooth straight-line 
constant-pressure thrust throughout full 
stroke without shock or jar. Admirably 
suited to applying pressure, actuating 
lever mechanisms, or replacing muscular 
effort through the medium of electric 
control on any mechanism it is desired to 
operate. Applications include, (1) brakes, 
(2) clutches, (3) conveyors, (4) valves. 
doors, guillotines, presses, etc 


From 40 lb. thrust up to 2 in. stroke 
To 800 Ib. thrust up to 12 in. stroke 


Flameproof Thrustors are available 





BRITISH THOMSON-HOUSTON. 


THE BRITISH THOMSON-HOUSTON CO. LTD. RUGBY. ENGLAND ane 














0 
BOILER FEED REGULATORS 


AVAILABLE IN VARIOUS PATTERNS 


‘ High pressure pattern with FORGED STEEL inclined 
power producer suitable for use where flow charts are 
kept. 


EXCESS PRESSURE REGULATORS 


for use with CROSBY feed Regulators ensure a constant 
differential across feed regulator and therefore accurate 
regulation. 


Pioneers of Feed Regulators 
and Automatic Controls 





HUNDREDS OF REPEAT ORDERS 





BRITISH MANUFACTURE 


Pamphlet E1197 on request to:— 


CROSBY VALVE & ENGINEERING Co. Ltd. 


CROSBY WORKS, EALING ROAD, WEMBLEY, MIDDX. 











at 
Sea... 


« + + im the field and in the factory, SHANKS malleable iron castings 

take strain and stress without fear of fracture. Why? Because SHANKS 
castings are made to pass tests superior to the 

on the normal in Whiteheart Malleable 
Cast Iron. Nearly every ship that leaves Clydeside 

slipways has SHANKS malleable iron castings in its structure. 





requirements 


Railways, 


manufacturers of agricultural and textile machinery 


>) 
ume e200 and many others depend on SHANKS, both for 


Whiteheart Malleable and for Repetition Grey Iron castings 


Write for full details and specimens 


MALLEABLE IRON CASTINGS 


ALEXANDER SHANKS & SON LTD 
Dens Iron Works, Arbroath, Scotland. 


Office : 66, Victoria Street, S.W.1. 








(Member of the Technically Controlled Castings Group) 











Under the Factory Act, 1937 and 1948 and the Building (Safety, Health 
and Welfare) Regulations, 1948, no chains, rope or lifting tackle shall be 
taken into use for the first time unless they have been tested and 
thoroughly examined by a competent person, and a certificate of such 
test and examination, specifying the safe working load and signed by 
the person making the test and examination, has been obtained and is 
kept available for inspection. All chains, rope or lifting tackle shall be 
thoroughly examined by a competent person at least once in every 
period of six months, or at such greater intervals as the Act prescribes. 


CHAINS and CHAIN HEMP and WIRE ROPE 
SLINGS, SHACELES, etc. BLOCKS 


CHAIN BLOCKS and PORTABLE CRANES, 
TRAVELLING STACKING M/Cs. 
CARRIAGES JACKS, etc., etc. 


HAND and ELECTRIC 
WINCHES 


At our LONDON WORKS we are equipped for the annealing of chains, 
etc., and for the repairing and testing of hand lifting tackle of every 
description and are competent to issue the required Test Certificate. 
Full details of the services we are able to offer will be sent on request, 
and our Representative will be pleased to visit your works if desired. 

We are also in a position to supply all types of NEW GEAR, includ- 
ing the making up of Chain Slings to any specification. Our service and 
technical advice on any lifting or handling problem is at your disposal. 


Carriage paid within the limits of 


x *« *’®© *« #* FreeRailway DeliveryinGt.Britan kek *k* *« * * 


GEORGE COHEN sons & CO. LTD 
WOOD LANE, LONDON, W.12. ’Phone: Shepherds Bush 2070 | | 


And at Leeds - Kingsbury (Nr. Tamworth) - ie ee ee i 
Dunfermline - Manchester - Morriston, P + Bath- Belfast - Brussels 
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Ace AOLTBURN 
GAS VALVE 


FOR PRODUCER GAS 


- 


The Holtburn Valve has been developed 
as a dependable means of isolating and 
controlling producer gas mains and 
supply systems, and has these out- COVER 
standing advantages :— 
* Instantaneous closure is obtained 
with perfect gas seal. 
* may om p wen Mp valve will 
ive 
p bn efficiently even after. being 
pone for long periods. 
parts mounted 
* pd prom + pana be reece 
without affecting the valve body 
and pipe line assembly. 
oe The vaive is of light construction 
and may be mounted in pipe lines’ 
without additional support. 
ok Holtburn Valves of all sizes have 
been in continuous use for periods 
up to five years, without repairs or 
adjustment. 
Standard sizes, 2 in. to 18 in. diameter. 
Other sizes can be supplied. 





SUMP CLEANING DOOR 


R cooDWIN ; SONS LTD 


TOKE. # TRENT 


1256 HANLEV@ STOKE ON TRENT @ STAFFS 





DRILLING, BORING, TAPPING and 
HONING SPECIALISTS 


HORIZONTALS 
igi n. dia.to4 in. dia. Spindles 


RADIALS 2ft. 6in. to 12 ft. Radius 


VERTICALS | in. dia. to 5m. dia, Capacity 


Send for Complete Catalogue. 


Messrs. KITCHEN & WADE LTD. 


ARUNDEL STREET, HALIFAX, ENGLAND 
Telephone: HALIFAX 61173 











BURTONWOOL 


UNIVERSAL OIL SEAI 


Seals of 4} ft. diameter or 

a mere jinch—seals for a 
giant steel rolling mill, or the 
smallest bearing. The Burton- 
wood Universal Oil Seal is 
today being specified for every 
Lranch of engineering. Write 

for detailed particulars 

reference US/EG. 


The seal of satisfaction 


BURTONWOOD ENGINEERING CO, LTD 


BURTONWOOD. WARRING TON.LANCASHIRE. Tel.: Newton-le- Willows 3311(10 lines) 





IE; COMPRESSED AIR OPERATED | ¥ 


PUMPS —, \ \ | 
LIQUIDS 


including suspended abrasives 


BY PNEUMATIC 
ACTION ONLY 


NO ROTATING PARTS 
NO BEARINGS 

NO PACKINGS 
NO GLANDS 

NO LUBRICATION 
NO TROUBLE 


Send for List 70C THE EJECTOPUMP British Patent No. 580792 


SELF PRIMING AND PORTABLE FOR SUCTION LIFTS 

UP TO 20ft. AND DISCHARGE HEADS OF 50 ft. 

with Compressed Air at 30 to 50 Ibs. per square inch. Complete 

apparatus including Delivery Pipe. can be blown clear after 
pumping operation is finished. 


: re ate 
Ree meeeene | ine 


London Office: 14 GT. PETER STREET, WESTMINSTER, LONDON, S.W4 
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Hoppers, 
Chimneys, 


Air Receivers, 

Buoys, Road TAN KS 
Wagons, Tanks Ducting. 
EVERYTHING FROM MILD STEEL PLATE 


JOHN BELLAMY 


EAST 1892 TED - 1860 
MILLWALL. E.14 1216 


YARROW 


& 0O., LTD. 
GLASGOW 
SHIPBUILDERS 
MARINE ENGINEERS 7560 
LAND AND MARINE BOILER MAKERS 


RESERVOIL 


OIL RETAINING BEARINGS 
SEND FOR LEAFLET 8120 TO 


THE MORGAN CRUCIBLE COMPANY LTD. 
BATTERSEA OHUROH BROAD, LONDON, 8.W.11 


MOSS orcss sis 2:20 
GEARS 


THE MOSS GEAR CO., LTD. 
Crown Works, Tyburn, Birmingham. 7332 





FRASER 
BOILERS 


FRASER AND FRASER LTD. 


BROMLEY-BY-BOW. LONDON E.3 


BROTHERHOOD 


AIR AND GAS 


COMPRESSORS 


PETER BROTHERHOOD LTD. 
PETERBOROUGH 6988 


CRADLEY 
BOILERS 


CRADLEY BOILER CO 


~CRADLEY HEATH, SeAFES” 7453 


COOPER 


SPLIT 
ROLLER BEARINGS 


KING’S LYNN 7255 NORFOLK 





METAL SLITTING 


AWS 
GROUND FLAT STOCK 


WILLIAM WARD & SON (SHEFFIELD) LTD., 
OENTENARY WORKS, WOODSEATS ROAD. 
SHEFFIELD 7264 


TATTERSALL 


& SONS LTD. 
BRICK CHIMNEYS, STOVES, 
BLAST FURNACE LININGS. 


187, SOUTHFIELD ROAD, 


EST. 1898. MIDDLESBROUGH. 


PATTERNS 


WOOD & METAL 
B. LEVY & CO. 


1, OSBERT STREET, VINOENT SQUARE, 8.W.1 
Telephone: VIOtoria 1073 & 7486 


B.S.A. TOOLS ‘” 


HIGH-CLASS MACHINE & SMALL TOOLS 
BIRMINGHAM - ENGLAND 
{GENTS THROUGHOUT THE WORLD 
Bole Agents in Great Britain 

BURTON, GRIFFITHS & CO., LTD. 


MARSTON GREEN, SIRMINGHAM 
& BRANCHES 





JOINT BOXES 
CABLE GLANDS 


AND 
Accessories for Armour Cable 
WRITE FOR LEAFLETS 
W. & H. NELSON LTD. 


NELBEST WORKS MOSSEND 
LANARKSHIRE SCOTLAND 
Tel. : Bellshill 3133 ‘Grams ‘‘Nelbest,’’ Bellshill 








PUMPS.. Te! 


London Holborn 4271 (5 lines) Newark 601-2-3-4 

Manchester Blackfriars 3810 Newcastle 22333 

am Midland 5310 Glasgow Pollok 2256 & 7 
Liverpool Central 1877 Leeds 52651 Bristol 24650 


WORTHINGTON - SIMPSON 


COMPLETE THREADING 
EQUIPMENT 


ALFRED HERBERT LTD 
COVENTRY 


“The LANCASTER” 
CAST IRON MACHINE MOULDED 
WHEELS anv BLANKS 


LANCASTER & TONGE LTD. 
PENDLETON MANCHESTER 
Tel.: PENdleton 1484/5/6. Grams: Pistons, Manch 





ES 


GEORGE RUSSELL & OO., LTD., 
Motherwell 


DREDGERS 


FERGUSON BROS. “(fort-Giacgow), LID, 


PORT-GLASGO 7135 





SpENCER-BONECOURT 
Patent Waste Heat Boilers 


Audrey House, Houndsditch, London, E.C.3 7536 


WAGONS 


HURST NELSON & CO., LTD 


MOTHERW ELL 


FORGINGS. 


>}WALTER SOMERS, LTD., 


HALES OWEN 711 3 


DISCOUNT, WEIGHT 
AND 
WAGES CALCULATORS 


SEND FOR LISTS OF LATEST EDITIONS 
F. H. WAKELIN LTD., Calculator Specialists, 
Printers and Publishers, 354 SEELER STREET, 

BIRMINGHAM 1 


Phone: Nor. 0989 Grams: chines,” B'ham. 





BIBBY 
COUPLINGS 


WELLMAN BIBBY CO., 
Parnell} House, Wilton Road, pt TRW. 1 


7026 


STEPHENS 


ENDLESS 


MIRACLO BELTS 


Send for particulars: 


STEPHENS BELTING Cw. LTD. 
STATION WORKS 
SNOW HILL RIRMINGHAM, 4 


VISCO 


AIR FILTERS 
DUST COLLECTORS 
COOLING TOWERS 
THE va ENGINEERING CO., LTD. 


ord Road, Croydon. 
"Phone: OROydon 4181/4 & 2471 7132 


ALLDAYS « 
ee 


SMITHY PLANT 





PRECISION BAR 
MADE SCREWS 


all types, all metals 1/8" to |” diameter. 


H. FORDSMITH LTD., 
Hadfield $t. Works, Cornbrock, MANCHT “TER, 16 
Afford Park 1615 and 1616 7452 


BARRY 
SCREENS 


BARRY, HENRY & COOK, LTD. 
ABERDEEN. 7455 


SPECIAL MACHINERY 
MADE TO ORDER 
*Phone: EUSTON 8176 (4 lines). 

co. 


GEORGE WAILES & £§;. 


382-8 EUSTON RD., LONDON, N.W.1. 
Specialists since 1855. 


WEIR 


FEED HEATERS 


G.&J. WEIR LTD. GLASGOW. 








LOCOMOTIVES 


STEAM OR DIESEL 

| HUDSWELL CLARKE & Co. Ltd. 
RAILWAY FOUNDRY, LEEDS 

London Office: 46, Victoria St., 8.W.1 


Telephone: Victoria 1183 8559 


TAYLOR anpb 
CHALLEN 
POWER PRESSES 


TAYLOR AND OHALLEN LIMITED 2858 
DERWENT WORKS, BIRMINGHAM, 19 


wu. MAYBREY co. 170. 
ALUMINIUM 
GRAVITY AND SAND 
aio. CASTINGS ans. 


WORSLEY BRIDGE ROAD, 8.E.26. BEC S844 


SAMUEL PLATT LIMITED 


King’s Hill Foundry, Wednesbury, Staffs. 
UPSET FORGING MACHINES 
DROP STAMPS, PRESSES, 

DRAWBENCHES 7210 





SECTIONAL 
PRESSED STEEL 
TANKS 


VETED PLATEW ORK, 
STORAGE 1! TANKS, *RUOTS, CHIMNEY, 
BUNKERS, 8, HOPPERS, Ete. 


BROWN, LENOX & CO. 
(LONDON), LIMITED. 
Contractors to the Admiralty since 1808 
MILLWALL LONDON, E.14. 
Telephone: East 3261/2. 7412 





ELECTRIC MOTORS 
AND 
CONTROL GEAR? 


NATURALLY TRY 


ELECTRICAL DISTRIBUTORS, 
11, KING EDWARD BUILDINGS, 
BURY OLD ROAD, MANCHESTER, 8 
Tel.: CHEETHAM HILL 1303 & 1363. 





RESEARCLY 


ENGINEERS LTD 


FOR 


PROTOTYPES 


POR DETAILS 





SEE FIRST CLASSIFIED PAGE 


PATERSON 


SPECIALISTS 


IN ALL FORMS OF 


WATER TREATMENT 


FOR 


MUNICIPAL 


AND 


INDUSTRIAL 


PURPOSES 7412 





83, KINGSWAY, LONDON 























ENGINEERING. . _ JUNE 30 


SULZER 


DIESEL ENGINES 


ate A 


Now manufactured in Great Britain by Richardsons, Westgarth & Co., Ltd. 


SULZER BROS (LONDON) LTD, 31, BEDFORD SQUARE, LONDON, W.C1 


+ _ AT 


(INCORPORATII 


HORN, DAVEY & CO, LTD) 


SULZER BROTHERS LIMITED HAVE OFFICES AT :—WINTERTHUR - PARIS - NEW YORK «MADRID BUCHAREST - CAIRO - RIO DE JANEIRO + BUENOS AIRES 

“SHANGHAI - KOBE + AGENCIES AT :—BRUSSELS - AMSTERDAM - MILAN - LISBON - COPENHAGEN - OSLO + STOCKHOLM - HELSINGFORS - BELGRADE - SOFIA 

ATHENS - ISTANBUL - JOHANNESBURG - BOMBAY - KARACHI - BANGKOK - MANILA - MELBOURNE - SYDNEY - WELLINGTON + SINGAPORE - MONTREAL 
MEXICO CITY - CARACAS + BOGOTA - LA PAZ + LIMA *® SANTIAGO (CHILE) 


’ 


1950. 
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CHAPMAN > AND HALL 


Recently published 


WELDING, DESIGN AND PROCESSES 
b 
B. Richard Hilton 


Size: 83” = 53” 344 pages 218 figures 36s. net 


HYDROELECTRIC HANDBOOK 


Edited by 
William P. Creager & Joel D. Justin 


Second Edition 


THE RIGID-FRAME BRIDGE 


by 
Arthur G. Hayden & Maurice Barron 
Third Edition 
Size: 9}” x 6” 250 pages 77 figures 11 plates 40s. net 


Ready July 18th ; 
BODY ENGINEERING 


THE DESIGN AND CONSTRUCTION OF 
MOTOR VEHICLE BODYWORK 

















Size: 9}” x 6” 1184 pages Profusely illustrated 100s. net by 
Contains essential data on the design and operation of hydroelectric 
power projects, including their mechanical, electrical and structural 
features. 


S. F. Page, M.1.B.C.A.M. 


Size: 83” x 5h” 192 pages 148 figures 24s. net 

















37, ESSEX STREET, LONDON, W.C.2. 




















DIESEL ENGINE FUELS THE TECHNOLOGY OF THE HEAT PUMPS AND 
AND LUBRICANTS 


FISCHER-TROPSCH PROCESS THERMAL COMPRESSORS 


B. H. WEIL & J. C. LANE (Four Lectures delivered at King’s College, London) 
Edited by C. M. Cawley (Dept. of Scientific and S. J. DAVIES, D.Sc., Ph.D. 
Industrial Research). Demy 8vo. 242 pages. 22s.6d.net. Ex. Cr. 8vo. 126 pages. Illustrated. 9s. net. 


NSTABLE & Co. Ltd 


10 ORANGE ST., LONDON, W.C.2 


E. WRIGHT, Ph.D., B.Sc., and 
H. F. P. PURDAY, B.Sc. 


Demy 8vo. 162 pages. Illustrated. 12s. 6d. net. 




















The first POST-WAR EDITION of 


ENGINEERING DIRECTORY 


is now in course of preparation. 





Mailing lists are being prepared and applications for this new edition can now be made to 
The Manager, ENGINEERING LTD., 35-36, Bedford Street, Strand, W.C.2, 


who will forward copies, gratis, when ready. 























ABBOTT & — (NEWARK) —_— 


Telegrams : ‘‘ Abbott, Ne nae 34.’ 


Te ites: Newark 
Codes: A.B.C. 4th and 5th h Biitions Oo ng 


Marconi International. 
Makers of 
STEAM BOILERS, AIR RECEIVERS, VULCANIZERS 
JACKETED PANS, CIRCULAR AND RECTANGULAR 
TANKS OF RIVETED OR WELDED CONSTRUCTION. 











FLANGED and WELDED WORK of every description. 
MOTOR VAN BOILERS, HYDRO’ CASINGS, REPAIR FIRE-BOXES, EVAPORATOR 
SHELLS, CHEMICAL PLANT, EXPANSION PIECES 


Contractors to the— 
Admiralty, Air Ministry, War Office, India Office, Board 
of Customs, Crown Agents, etc., etc. 
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REDUCING VALVES %: Air-Gas-Water-Steam 


Designed by experts to give a minimum sympathetic pressure drop 

‘ . . ALL MODELS 
with variations of upstream pressure and a maximum flow with cyaraNTEED 
minimum working drop and absence of pressure creep with no flow. for 12 MONTHS 
Well balanced. Adjustable. No glands. Nosticking or chattering ss 
under any conditions. For upstream pressures of 400 Ibs. per aii Technical Details 
sq. in. and any lower pressure. Every valve tested before despatch. 
Please state purpose of valve and pressure range when ordering. 
Other vaives for Air only up to 3500 Ibs. per sq. in. pressure. 


GLOUCESTER 


WILLIAMS & JAMES ncincens) uimiten Stoucestts 


PUMPS. 


BALL BEARING PATTERN MOTOR-DRIVEN PUMP 


DRUM ENGINEERING CO., LIMITED, 


Telephone No. 2358 B R A D F Oo R D e Telegraphic Address: 


**DRUM-PHONE-BRADFORD.” 


London Office’: 38, VICTORIA STREET. Telephone No.: ABBEY 396! 
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_ STANWELD \ 


OPEN STEEL FLOORING STAIR TREADS & HAND-RAIL STANDARDS 


> "oe 


dth of length : STANWELD has been specified 
@ Every bar rk loose @ Spaced bars permit light polar honekoves : 
rivets to WO fee and air circulat a8 IPSWICH, NOTTINGHAM, 
Weight carryin 4 ting 2 HULL, MEAFORD (STAFFS), 
2 & depth an sy pain 
minimum oP easy CONSETT’S IRON & STEEL 
weight 4 tread cleansing Co. (Co. Durham) 


. serrate , 
€ Non slip “ Photograph by courtesy of 
Petrecarben Led. 


wi 
welded, no @ A” 
jon also 


STANWELD ENGINEERING Co. Ltd. 54 Upper Duke St.. Manchester {5 
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